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PREFACE

Nutrition science is undergoing a period of remarkable transformation, driven by advances in
molecular biology, microbiome research, metabolic medicine, and personalized nutrition. As
our understanding of the complex interactions between diet, metabolism, and human health
continues to expand, novel nutritional strategies and bioactive compounds are increasingly
being integrated into both preventive and therapeutic healthcare approaches.

This book, Frontiers in Metabolic Regulation and Therapeutic Nutrition, brings together
contemporary topics that reflect some of the most promising developments in nutritional and
metabolic research. The chapters included in this volume explore the physiological and clinical
significance of glucagon-like peptide-1 (GLP-1), the emerging role of postbiotics as bioactive
agents, and the scientific foundations and health implications of fasting-mimicking diets.
Although these topics originate from different areas of nutrition science, they collectively
contribute to a deeper understanding of metabolic regulation and evidence-based nutritional
interventions.

GLP-1 has gained considerable attention due to its critical role in glucose homeostasis, appetite
regulation, and the management of metabolic diseases. Similarly, postbiotics have emerged as
a novel class of functional bioactive compounds with promising applications in gut health,
immune modulation, and chronic disease prevention. Meanwhile, fasting-mimicking diets
represent an innovative nutritional strategy that seeks to harness the physiological benefits of
fasting while maintaining nutritional adequacy and feasibility in clinical practice.

By integrating these emerging concepts, this book aims to provide researchers, healthcare
professionals, academics, and students with a comprehensive overview of current scientific
evidence and future directions in metabolic and clinical nutrition. It is our hope that this volume
will contribute to ongoing scientific dialogue and inspire further research in the rapidly evolving
fields of nutrition and metabolic health.

I would like to express my sincere gratitude to all contributing authors for sharing their expertise
and scholarly efforts. Their valuable contributions have made this book possible. I also extend
my appreciation to the publisher for supporting the dissemination of scientific knowledge.

I hope this book serves as a useful resource for researchers, clinicians, dietitians, and students
interested in advancing the science and practice of nutrition.

Asst. Prof. Dr. Gokhan DEGE
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CHAPTERO

GLP-1: ITS ROLE IN METABOLIC REGULATION
AND CLINICAL APPLICATIONS

MERVE KILIC!

Introduction

The global rise in obesity, type 2 diabetes, and related
metabolic disturbances has intensified interest in the biological
systems that coordinate nutrient handling and energy balance. In this
framework, the gastrointestinal tract is now understood not only as
an organ of digestion and absorption, but also as an endocrine
network that actively shapes whole-body metabolism. Rather than
acting solely as a classical incretin, GLP-1 can be considered part of
a broader regulatory network that integrates nutrient sensing with
systemic metabolic responses. Following food intake, it is secreted
from intestinal L cells and contributes to glycemic control through
coordinated modulation of insulin and glucagon secretion in a
glucose-dependent manner. This regulatory mechanism enables fine
adjustment of postprandial metabolism without significantly
increasing hypoglycemia risk (Holst, 2007:14009).

' Ogr. Gor., Dogus Universitesi Meslek Yiiksekokulu, Anestezi, Istanbul/Tiirkiye,
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GLP-1 is an incretin hormone secreted predominantly by
intestinal L cells after food intake. Once released, it promotes insulin
secretion in a glucose-dependent manner and suppresses glucagon
release, thereby contributing to postprandial glucose control (Nauck
& Meier, 2018:5). This coordinated endocrine response is one of the
main reasons GLP-1 occupies a prominent place in metabolic
physiology. In addition to its pancreatic actions, GLP-1 slows gastric
emptying and influences appetite-regulating neural circuits, which
together reduce caloric intake and help maintain energy balance
(Miiller et al.,, 2019:72). In parallel, GLP-1 influences
gastrointestinal motility and central satiety pathways, linking
peripheral metabolic signals with neural control of food intake.
These combined effects highlight its role not only in glucose
regulation but also in overall energy balance.

Over the last decade, the scientific view of GLP-1 has
expanded considerably. It is no longer regarded solely as an incretin
involved in glucose homeostasis. Experimental and clinical studies
increasingly indicate that GLP-1 signaling may affect cardiovascular
health, inflammatory tone, renal physiology, and even neuronal
function (Drucker, 2018:740). Because of these broader actions,
GLP-1 has become more than a physiological mediator; it has also
emerged as a major therapeutic target. Indeed, the development of
GLP-1 receptor agonists has changed the management of type 2
diabetes and obesity, while also opening new possibilities for other
chronic disorders (Zheng et al., 2024:234).

This chapter discusses the structure and biosynthesis of GLP-
1, the molecular basis of its actions, its systemic physiological
effects, and the clinical implications of GLP-1-based therapies. In
addition, current directions and future perspectives are considered in
light of the rapidly evolving literature.

Biogenesis and Molecular Features of GLP-1
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GLP-1 originates from the proglucagon gene, but the final
peptide products derived from this precursor differ by tissue because
proglucagon processing is cell-specific. In pancreatic a-cells, the
precursor is mainly converted into glucagon, whereas in intestinal
enteroendocrine L cells, an alternative processing pattern generates
GLP-1 together with GLP-2, oxyntomodulin, and glicentin
(Drucker, 2018:740). This distinction largely depends on the
differential expression of prohormone convertases, particularly
PC1/3 in the intestine and PC2 in the pancreas.

The biosynthetic process begins with transcription of the
GCG gene and translation of proglucagon, a precursor peptide
approximately 180 amino acids in length. In L cells, prohormone
convertase 1/3 cleaves this precursor into several biologically active
fragments, among which GLP-1 is one of the most important (Miiller
et al., 2019:72). The main active molecular forms are GLP-1 (7-37)
and GLP-1 (7-36) amide, with the amidated form representing the
predominant circulating isoform in humans (Holst, 2007:1409).

A defining biochemical feature of native GLP-1 is its very
short half-life. After secretion, it is rapidly degraded by dipeptidyl
peptidase-4 (DPP-4), which limits its persistence in the circulation
to only a few minutes (Nauck & Meier, 2018:5). This rapid
inactivation suggests that GLP-1 functions within a tightly
controlled temporal window, enabling a highly dynamic response to
nutrient ingestion.

Although meal ingestion is the principal trigger for GLP-1
secretion, the process is more complex than a simple luminal nutrient
effect. Carbohydrates and lipids are particularly effective stimuli, yet
vagal activity, enteric neural signaling, and endocrine feedback
mechanisms also modulate L-cell secretion. Moreover, GLP-1 is not
confined to the gastrointestinal tract. Smaller amounts are also
produced in neurons of the nucleus tractus solitarius in the
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brainstem, supporting the idea that GLP-1 signaling integrates
peripheral and central metabolic responses (Zheng et al., 2024:234).

Molecular Mechanisms of GLP-1 Action

The actions of GLP-1 are mediated primarily through the
GLP-1 receptor (GLP-1R), a G protein-coupled receptor expressed
in several tissues, including pancreatic islets, the brain, the heart, and
the vasculature. This signaling cascade does not operate in isolation
but interacts with multiple intracellular pathways that coordinate
hormone secretion and cellular adaptation. The increase in cAMP
activates downstream effectors such as PKA and Epac, which
together regulate insulin exocytosis and cellular responsiveness
(Campbell & Drucker, 2013:819). This rise in cAMP triggers
downstream signaling pathways such as protein kinase A (PKA) and
exchange protein directly activated by cAMP (Epac), both of which
contribute to the cellular effects of GLP-1.

In pancreatic B-cells, GLP-1 amplifies insulin secretion only
when glucose levels are elevated, which is one of its most clinically
advantageous features. Mechanistically, it modulates ATP-sensitive
potassium channels, facilitates membrane depolarization, and
promotes calcium influx through voltage-dependent calcium
channels. The resulting increase in intracellular calcium supports the
exocytosis of insulin granules (Seino et al., 2011:2118). At the same
time, the cAMP/Epac pathway enhances the mobilization and
priming of insulin-containing vesicles, thereby improving both the
magnitude and coordination of insulin release.

GLP-1 signaling also appears to support B-cell integrity
beyond its acute secretory effects. Experimental evidence suggests
that receptor activation can mitigate endoplasmic reticulum stress,
reduce apoptosis, and preserve B-cell function under adverse
metabolic conditions (Yusta et al., 2006:391). These protective
actions are particularly relevant in the context of chronic
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hyperglycemia and lipotoxicity, where B-cell failure contributes to
the progression of type 2 diabetes.

Outside the pancreas, GLP-1 influences additional signaling
networks linked to vascular and metabolic health. In endothelial
cells, receptor activation has been associated with enhanced nitric
oxide production and improved endothelial responsiveness, findings
consistent with vasoprotective effects (Ban et al., 2008:2340). GLP-
1 may also interact with AMP-activated protein kinase (AMPK), a
central regulator of energy balance. Through this pathway, GLP-1
signaling has been linked to increased lipid oxidation and improved
metabolic efficiency, especially in states characterized by insulin
resistance or excess adiposity (Zheng et al., 2024:234).

Another important dimension of GLP-1 biology relates to
inflammation. Experimental studies indicate that GLP-1 receptor
activation can attenuate inflammatory signaling and reduce cytokine
production, suggesting a potential contribution to the control of
chronic low-grade inflammation commonly observed in metabolic
disease (Arakawa et al., 2010:1030). Taken together, these findings
indicate that GLP-1 acts through an interconnected signaling
network that links endocrine secretion, nutrient sensing, cellular
stress responses, and inflammatory regulation.

Systemic Effects of GLP-1

The influence of GLP-1 extends well beyond glycemic
regulation. Rather than functioning in isolation, GLP-1 participates
in  coordinated inter-organ communication that affects
gastrointestinal activity, central appetite control, cardiovascular
physiology, renal function, and overall energy homeostasis.

Within the gastrointestinal system, GLP-1 slows gastric
emptying, delaying the movement of nutrients from the stomach into
the small intestine. This delay in gastric emptying represents a key
mechanism through which GLP-1 modulates postprandial glucose
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excursions, ensuring a more gradual absorption of nutrients.This
delay reduces the rate at which glucose enters the circulation after
meals, thereby blunting postprandial glycemic excursions. In
parallel, GLP-1 affects gastrointestinal motility through vagal and
enteric neural pathways, indicating that its digestive effects are
partly mediated by neurohumoral mechanisms (Marathe et al.,
2011:1).

In the central nervous system, GLP-1 contributes importantly
to satiety and feeding behavior. GLP-1 receptors are present in
several brain regions involved in energy regulation, particularly the
hypothalamus and brainstem. Activation of anorexigenic pathways,
including proopiomelanocortin neurons, together with reduced
orexigenic signaling such as neuropeptide Y activity, leads to lower
appetite and decreased food intake (Blundell et al., 2017:1242).
These central effects are among the main reasons GLP-1 receptor
agonists have proven successful in obesity treatment.

Cardiovascular actions of GLP-1 have also become a major
focus of recent research. Large clinical outcome trials have shown
that GLP-1-based therapies can reduce major adverse
cardiovascular events in high-risk populations. Although the
underlying mechanisms are likely multifactorial, proposed
contributors include improved endothelial function, reduced
vascular inflammation, modest blood pressure reduction, and
favorable effects on body weight and glycemic burden (Gerstein et
al., 2019:121). There is also evidence suggesting that GLP-1 may
improve myocardial energy handling and increase resistance to
ischemic injury.

The kidney has emerged as another relevant target organ for
GLP-1 action. Clinical studies indicate that GLP-1 receptor agonists
may reduce albuminuria and slow the decline in renal function in
some patient groups. These benefits may reflect a combination of

hemodynamic, natriuretic, anti-inflammatory, and metabolic effects
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(Mann et al., 2017:839). Given the strong overlap between diabetes,
obesity, and chronic kidney disease, these observations have
increased interest in GLP-1-based approaches in nephrometabolic
medicine.

The effect of GLP-1 on body weight also involves more than
appetite suppression alone. It reflects integrated changes in feeding
behavior, caloric intake, insulin sensitivity, and adipose tissue
metabolism. For this reason, GLP-1 is increasingly recognized as a
broader regulator of energy balance rather than a hormone limited to
glucose handling (Miiller et al., 2022:201).

Emerging data additionally point to possible neuroprotective
effects. Experimental studies have suggested that GLP-1 signaling
may reduce oxidative stress, improve synaptic function, and
modulate pathological processes associated with neurodegeneration.
Although these findings are still evolving, they raise the possibility
that GLP-1-based therapies could eventually find applications
outside conventional metabolic disease management (Siddeeque et
al., 2024:113537).

Overall, GLP-1 can be described as a pleiotropic hormone
whose actions are distributed across multiple organ systems. Its
biological relevance lies not only in its individual effects, but also in
its capacity to coordinate metabolic adaptation at the whole-body
level.

Therapeutic Development of GLP-1-Based Agents

The therapeutic use of GLP-1 was initially limited by the
instability of the native peptide. One of the primary challenges in the
clinical use of native GLP-1 is its rapid degradation by the DPP-4
enzyme, which results in a very short duration of action. To address
this limitation, structurally modified GLP-1 receptor agonists have
been developed with increased resistance to enzymatic breakdown,

allowing for prolonged therapeutic effects. This challenge led to the
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development of GLP-1 receptor agonists with greater resistance to
enzymatic degradation and longer durations of action. These agents
now occupy an important place in the treatment of type 2 diabetes
and obesity.

GLP-1 receptor agonists are commonly divided into short-
acting and long-acting compounds. These pharmacological agents
differ mainly in their duration of activity. Short-acting formulations
tend to exert stronger effects on postprandial glucose levels, whereas
long-acting compounds provide more stable glycemic control
throughout the day.By contrast, long-acting agents including
liraglutide, semaglutide, and dulaglutide provide more sustained
receptor stimulation and influence both fasting and postprandial
glucose control (Meier, 2012:728). The introduction of once-daily
and once-weekly regimens has also improved convenience and
adherence in routine practice.

A major advantage of this drug class is that insulin secretion
is enhanced in a glucose-dependent manner. As a result, the risk of
hypoglycemia is lower than with several conventional antidiabetic
therapies when GLP-1 receptor agonists are used without
sulfonylureas or insulin. At the same time, these agents promote
weight reduction, making them particularly useful in individuals
with type 2 diabetes accompanied by overweight or obesity. Clinical
trials have repeatedly shown meaningful improvements in glycemic
control together with clinically significant reductions in body
weight, especially with liraglutide and semaglutide (Wilding et al.,
2021:989).

The cardiovascular dimension of GLP-1 therapy has further
strengthened its clinical importance. Landmark trials such as
LEADER and SUSTAIN-6 demonstrated that liraglutide and
semaglutide, respectively, reduced major adverse cardiovascular
events in patients with type 2 diabetes at elevated cardiovascular risk

(Marso et al., 2016:1834). In parallel, the REWIND trial expanded
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this evidence base for dulaglutide (Gerstein et al., 2019:121). These
findings have influenced treatment guidelines, which increasingly
recommend GLP-1 receptor agonists in patients who require
cardiometabolic risk reduction in addition to glucose control.

In obesity management, GLP-1 analogs have moved from an
adjunctive option to a central therapeutic strategy. Trials from the
STEP program demonstrated that higher-dose semaglutide produced
substantial and sustained weight loss in adults with overweight or
obesity (Wilding et al., 2021:989). These benefits are explained not
only by reduced appetite, but also by altered reward-related eating
behavior and improved adherence to lower caloric intake over time.

As with all therapies, tolerability and safety remain important
considerations. Gastrointestinal adverse effects, especially nausea,
vomiting, early satiety, and occasionally diarrhea, are the most
commonly reported problems. These effects are usually dose-related
and often diminish with continued treatment. Less common but
clinically relevant concerns include gallbladder-related events and
pancreatitis, both of which continue to be monitored through long-
term pharmacovigilance and post-marketing data (Davies et al.,
2016:222).

Recent developments have widened the therapeutic
landscape even further. Oral semaglutide has offered a non-
injectable alternative, representing a major advance in patient
acceptability. In addition, dual incretin-based therapies, particularly
agents targeting both GLP-1 and GIP receptors, have shown
impressive metabolic efficacy and may redefine future treatment
strategies for obesity and type 2 diabetes.

In this sense, GLP-1 analogs are no longer viewed as drugs
that simply lower blood glucose. They have become multifunctional
agents capable of influencing body weight, cardiometabolic risk, and
possibly a wider spectrum of chronic disease pathways.
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Conclusion and Future Perspectives

GLP-1 has gradually shifted from being viewed as a hormone
with a relatively narrow physiological role to a much broader
regulatory signal that participates in complex metabolic
coordination. Earlier interpretations largely emphasized its incretin
effect, particularly its ability to enhance insulin secretion after meals.
However, accumulating evidence now indicates that its function
cannot be confined to glycemic regulation alone. Instead, GLP-1
appears to operate at the intersection of multiple physiological
systems, linking nutrient intake with hormonal, neural, and
metabolic responses.

This expanded understanding is reflected in the clinical
impact of GLP-1-based therapies. The benefits observed with GLP-
1 receptor agonists extend beyond reductions in blood glucose
levels. Improvements in body weight, appetite control, and
cardiovascular outcomes suggest that these agents influence
interconnected aspects of metabolic disease rather than targeting a
single biochemical pathway. Such a profile is particularly relevant in
conditions like obesity and type 2 diabetes, where dysregulation
involves multiple overlapping mechanisms.

Despite these advances, important gaps in knowledge
remain. One of the ongoing challenges is to clarify how much of the
therapeutic effect is driven by direct receptor activation in specific
tissues and how much arises from secondary systemic adaptations.
In addition, clinical experience has shown that not all individuals
respond similarly to GLP-1-based treatments. This variability points
toward the potential influence of genetic background, metabolic
phenotype, and environmental factors, although these relationships
are not yet fully defined.

Another area of growing interest is the development of
therapies that act on more than one metabolic pathway
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simultaneously. Agents that combine GLP-1 receptor activity with
other incretin or metabolic targets, such as GIP, have demonstrated
enhanced effects on both weight reduction and glycemic control.
These findings suggest that future treatment approaches may
increasingly move toward multi-target strategies designed to address
the complexity of metabolic disorders in a more integrated manner.

Beyond traditional indications, there is also increasing
curiosity about whether GLP-1 signaling may have relevance in
other disease contexts. Preliminary data from experimental and
clinical studies have raised the possibility that GLP-1-based
interventions could play a role in neurodegenerative conditions,
inflammatory processes, and kidney-related disorders. Although
these areas are still under investigation, they highlight the potential
for GLP-1 to be considered within a wider biomedical framework.

In this context, GLP-1 should not be regarded merely as a
pharmacological target limited to glucose control. Rather, it
represents a dynamic component of the metabolic network, capable
of integrating signals across different organ systems. Future research
that combines mechanistic insights with carefully designed clinical
studies will be essential for clarifying its full range of actions. Such
efforts may ultimately contribute to more individualized and
effective therapeutic strategies, particularly in the management of
complex, multifactorial diseases.
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CHAPTERO

POSTBIOTICS AS BIOACTIVE AGENTS:
MECHANISMS AND CLINiCAL USES

OSMAN EREN!

Abstract

Postbiotics are defined as bioactive compounds derived
from the metabolic activity of live microorganisms, exerting
beneficial effects on the host organism without requiring the
administration of viable cells. These compounds encompass cell
wall components, enzymes, peptidoglycans, short-chain fatty
acids, exopolysaccharides, and diverse secondary metabolites.
Mechanistically, postbiotics modulate host immunity, inhibit
pathogenic microorganisms, attenuate inflammatory responses,
reinforce intestinal barrier integrity, and mitigate oxidative stress,
reflecting a multifaceted spectrum of biological activities.
Production is achieved through controlled fermentation of
selected probiotic strains, followed by isolation of cell-free
supernatants or inactivated microbial fractions, thereby ensuring
stability, safety, and reproducibility without the challenges

! Dr, Hazine ve Maliye Bakanhgi-Agn Defterdarligi, Orcid: 0000-0002-2016-
7671
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associated with live microbial administration. In clinical contexts,
postbiotics  exhibit promising potential in  managing
gastrointestinal disorders, enhancing immune competence,
modulating metabolic pathways, and mitigating chronic
inflammatory states. Their antimicrobial and antiviral properties
further position them as adjunctive agents in infection risk
reduction. The inherent physicochemical stability of postbiotics
confers advantages in storage, formulation, and targeted delivery,
distinguishing them from traditional probiotics. Accumulating
evidence underscores their capacity as next-generation
biotherapeutics, offering high bioavailability, safety, and
mechanistic specificity. Consequently, postbiotics represent a
transformative paradigm in microbiome-based interventions,
bridging the gap between microbial metabolites and precision
therapeutics in contemporary clinical and translational medicine.

Postbiotic Concept

The conceptual framework of postbiotics is rooted in the
etymological fusion of the Greek terms post (“after”’) and bios
(“life”), reflecting the transition from microbial viability to
biological functionality independent of cellular life. In its
contemporary usage, the term encompasses a diverse array of
inanimate microbial preparations, including structurally intact but
non-viable cells, cell wall fragments, surface-associated
molecules, and fermentation-derived metabolites, all of which
retain the capacity to modulate host physiology through defined
mechanistic pathways. Historically, the field has been marked by
considerable terminological heterogeneity, with descriptors such
as paraprobiotics, non-viable probiotics, ghost biotics, and heat-
inactivated probiotics appearing throughout the literature.
However, the taxonomic and functional ambiguity associated
with these alternative terms has led to the predominance of

postbiotic as the preferred descriptor in contemporary microbial
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therapeutics. A major conceptual refinement was introduced by
the International Scientific Association for Probiotics and
Prebiotics (ISAPP), which defines postbiotics as “a preparation
of inanimate microorganisms and/or their components that
confers a health benefit on the host.” This definition is
deliberately inclusive: it removes the requirement for the source
microorganism to meet probiotic criteria and rejects the long-
standing assumption that postbiotic effects are confined to the
gastrointestinal tract. Instead, it positions postbiotics as a
mechanistically heterogeneous class of bioactive agents capable
of engaging host pathways across multiple organ systems,
including mucosal, metabolic, neuroimmune, and systemic axes.
By decoupling microbial viability from functional efficacy, the
ISAPP definition expands the conceptual landscape of host-
microbe interactions, enabling the integration of postbiotics into
broader frameworks of microbial-derived therapeutics, immune
modulation, and precision microbiome interventions.
Consequently, postbiotics now occupy a distinct and increasingly
influential niche within microbiome science, bridging the gap
between classical probiotic theory and next-generation microbial
therapeutics (Anandharaj et al., 2014; Icier et al., 2022; Vinderola
et al., 2022).

Postbiotic preparations consist of bioactive, soluble products that
are predominantly located in the supernatant fraction. This
molecular repertoire may include microbial enzymes, vitamins,
complex polysaccharides, short-chain fatty acids (SCFAs), cell-
surface associated proteins, various organic acids, peptidoglycan
derivatives, and structurally or functionally diverse
exopolysaccharides. However, ISAPP explicitly emphasizes that
although such metabolites may be present within a postbiotic
formulation, they do not qualify as postbiotics when considered
in 1isolation. This position provides a more stringent and
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mechanistically coherent framework in which the postbiotic
concept is not reduced merely to free microbial metabolites,but is
instead anchored in the biological activity derived from inanimate
microbial structures and their composite preparations (Figure 1)
(Moradi et al., 2020; Vinderola et al., 2022).
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The Function and Biomedical Relevance of Postbiotics

The importance of intestinal health has become
increasingly evident, accompanied by a rapid expansion of
research focused on the gut ecosystem. Over the past several
decades, accumulating evidence has demonstrated that the gut
and its resident microbiome exert profound short and long term
influences on host physiology, with particularly strong
mechanistic links emerging between the microbiome and the
immune system. Within this conceptual landscape, probiotics
have traditionally been regarded as the primary agents capable of
modulating gut health. According to the World Health
Organization (WHO), probiotics are defined as “live
microorganisms which, when administered in adequate amounts,
confer a health benefit on the host.” However, emerging scientific
evidence indicates that the beneficial effects attributed to
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probiotic bacteria are not exclusively dependent on microbial
viability. Instead, bacterial metabolites, structural components,
and products of microbial lysis increasingly appear to constitute
the primary mediators of the health-promoting outcomes
historically ascribed to probiotics. Consequently, current research
has shifted toward non viable cellular fractions, including cell
lysates and metabolite rich preparations, thereby positioning
postbiotics as a compelling alternative within the broader domain
of microbiome-derived therapeutics. Postbiotics exhibit several
biotechnological and physiological advantages over live probiotic
microorganisms. Their superior absorption, metabolic handling,
and systemic distribution enable more predictable
pharmacokinetic and pharmacodynamic profiles. In contrast,
probiotics as living biological entities are subject to numerous
limitations, including challenges in storage stability, viability
during food processing, survival through the gastrointestinal tract,
and the ability to effectively colonize the host environment.
Furthermore, viable microorganisms pose inherent risks such as
translocation across the intestinal epithelium, especially in
immunocompromised hosts, and the potential acquisition or
transfer of antibiotic resistance genes. By circumventing these
viability-associated risks, postbiotics offer enhanced safety,
significantly longer shelf life, and stability across broad ranges of
salinity, pH, and temperature. Their inability to produce biogenic
amines (BAs), lack of transferable antibiotic resistance
determinants, structural reliability, and ease of formulation and
storage collectively place them at a clear advantage over
conventional probiotics for both food and pharmaceutical
applications. Accumulating evidence indicates that postbiotics
possess a wide spectrum of therapeutic properties, including
antimicrobial, antioxidant, anti-inflammatory, antiproliferative,
and immunomodulatory activities. Together, these biofunctional

attributes underscore the growing recognition of postbiotics as
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next-generation microbial-derived interventions with significant
potential in precision microbiome modulation and host-targeted
therapeutic strategies (Sanders et al., 2019; Moradi et al.,2020;
Icier et al., 2022; Liang & Xing, 2023; Rahman et al.,2025).
Postbiotics exert a far broader spectrum of biological activities
than those initially recognized. Numerous studies have
demonstrated that postbiotic preparations inhibit pathogenic
microorganisms,  exhibit  pronounced  anti-inflammatory
properties and modulate immune responses through both
immunosuppressive and immunoregulatory mechanisms. They
have been shown to attenuate the production of pro-inflammatory
cytokines, induce interferon-y secretion, and contribute to
antiviral defense pathways. Moreover, postbiotics participate in
host energy metabolism by suppressing lipogenesis, reducing
cholesterol ester and triacylglycerol levels, and improving
dysregulated gene expression profiles, thereby contributing to the
control of carcinogenic processes. Additional evidence indicates
that postbiotics may exert neurohormonal effects, possess
antibiofilm activity, and even hold potential applications in
dermatological care. Experimental findings further reveal that
postbiotic preparations retain antimicrobial efficacy against
clinically relevant pathogens such as Escherichia coli,
Salmonella  Typhimurium, and  Staphylococcus  aureus,
maintaining their bioactivity for up to one month at both 4°C and
20°C. Collectively, these attributes underscore the substantial
advantages of postbiotics over traditional probiotics, positioning
them as highly stable, mechanistically versatile, and
therapeutically robust alternatives within the expanding field of
microbiome-derived interventions (Bleau et al., 2010; Nikolic et
al., 2012; Kareem et al., 2014; Murofushi et al., 2015; Makino et
al., 2016; Khmaladze et al., 2019; Aguilar-Toald et al., 2020;
Teame et al., 2020; Engevik et al., 2021; Yesilyurt et al., 2021;

Rahman et al., 2025). Advances in fermentation technology and
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contemporary bioengineering methodologies provide substantial
opportunities for the tailored synthesis of diverse postbiotic
preparations. However, because postbiotics represent a
comparatively novel class of microbiome-derived agents relative
to prebiotics and probiotics, their consumption necessitates
careful consideration of potential risk factors, supported by
rigorous safety assessments. Ultimately, postbiotics are reactive
biological products derived from living microorganisms;
therefore, improper formulation, contamination, or inadequate
purification may theoretically precipitate adverse outcomes,
including sepsis or various gastrointestinal disturbances. As such,
the development and application of postbiotics must be guided by
stringent production standards, comprehensive toxicological
evaluations, and evidence-based regulatory frameworks to ensure
their safe integration into biomedical and nutritional interventions
(figure-2) (Aggarwal et al., 2022).
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Mechanisms of Action of Postbiotics

Although the physiological benefits attributed to
postbiotics have been increasingly recognized, their mechanistic
underpinnings remain only partially elucidated. Nevertheless,
several plausible biological pathways have been proposed. These
include modulation of the resident gut microbiota, reinforcement
of epithelial barrier integrity, enhancement of both local and
systemic immune responses, regulation of systemic metabolic
processes, and the transmission of signals via neural circuits
implicated in the gut-brain axis. Postbiotics not only preserve the
functional architecture of the intestinal mucosa but also constrain
the colonization and expansion of pathogenic microorganisms. In
doing so, they contribute to the maintenance of intestinal
microflora homeostasis while simultaneously exerting beneficial
influences on intracellular signaling cascades and neurohormonal
communication pathways. Emerging evidence further suggests
that postbiotic components can interact with pattern recognition
receptors (PRRs), such as Toll-like receptors (TLRs) and
nucleotide-binding oligomerization domain containing receptors
(NODs), thereby modulating downstream transcriptional
programs that orchestrate inflammatory tone and epithelial
regeneration. Additionally, their structural constituents including
peptidoglycan fragments, lipoteichoic acids, exopolysaccharides,
and surface-layer proteins may engage host signaling networks
that regulate tight junction assembly, mucus secretion, and
antimicrobial peptide production. Through these multifaceted
interactions, postbiotics act as potent modulators of host microbe
crosstalk, integrating metabolic, immunological, and
neuroendocrine pathways into a unified framework of therapeutic
activity (Figure-2) (Salminen et al., 2021; Kumar et al., 2024)
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Postbiotic Production

In recent years, the development of synthetic culture
media and the incorporation of sucrose-enriched formulations
have markedly enhanced both the yield and efficiency of
postbiotic production. Postbiotic biosynthesis is predominantly
achieved using anaerobic Lactobacillus species and/or yeasts
such as Saccharomyces cerevisiae, as well as lactic acid bacteria
more broadly. In addition to conventional substrates, the
fermentation of industrial by-products including whey, milk
permeate, and lignocellulosic biomass has emerged as a
sustainable and  economically  advantageous  strategy,
simultaneously valorizing waste streams while mitigating their
ecological impact. The type and yield of postbiotics are strongly
influenced by multiple process parameters, including the
composition of the growth medium, the isolation and inactivation
methodology (e.g., thermal treatment, sonication, centrifugation,
enzymatic digestion, hyperbaric processing, or exposure to
chemical solvents), as well as physicochemical factors such as pH
and temperature. Optimization of these variables is critical, as
subtle modifications can significantly alter the metabolic output
of the microbial cultures, the structural integrity of inactivated
cells, and the resultant bioactivity profile of the postbiotic
preparations. Collectively, these considerations underscore the
necessity of rationally designed, reproducible, and scalable
production protocols to ensure both the functional consistency
and industrial applicability of postbiotic formulations (Lee et al.,
2019; Amiri et al., 2021; Duarte et al., 2022; Oliveira et al., 2023;
Khakpour et al., 2024;).

For postbiotic production, bacterial cultures are initially
fermented in small-scale bioreactors, typically ranging from 1 to
10 liters (IT-01). Once the cultures reach the exponential growth

phase, these primarily probiotic microorganisms are transferred
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into larger bioreactors with anaerobic conditions (STR-01). After
sufficient biomass accumulation, the fermentation supernatant is
harvested and directed to subsequent downstream processing. The
recovery of postbiotics can be achieved through two distinct, yet
mechanistically related, approaches that share many downstream
operations but differ in their initial steps: (i) conventional biomass
removal, and (ii) direct cell lysis followed by the elimination of
cellular debris.

The conventional biomass removal process typically commences
with centrifugation (C-01), resulting in a cell-free supernatant
(HSN) that can subsequently be filtered (F-01) and transferred to
a homogenization tank (HT-01). Alternatively, the HSN may be
directed to a cell inactivation tank for secondary extraction (CIT-
02), during which one or a combination of methods such as
ultrasonication, hyperbaric treatment, thermal processing,
enzymatic digestion, or exposure to chemical solvents may be
applied. Following these treatments, the fermentation fluid is
transferred to an extraction tank (ET-02), after which the residual
biomass is finally conveyed to the homogenization tank. The
extraction tank is typically designed with enhanced solvent
capabilities to efficiently remove undesired components. In
certain workflows, the HSN is transferred directly to the cell
inactivation tank without prior filtration, with subsequent
processing proceeding as described above. In such cases, the fluid
biomass is sequentially conveyed first to the extraction tank and
subsequently to the homogenization tank.

An alternative approach for postbiotic recovery involves the
direct transfer of the fermentation broth to a cell disruption tank
(CIT-02) without prior centrifugation. In this methodology, high-
pressure treatment, ultrasonication, elevated temperature,
enzymatic processing, and chemical solvents are employed to

disintegrate the microbial cell wall, thereby releasing both cell
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wall constituents and cytosolic compounds into the solution. The
resultant mixture then undergoes centrifugation (C-02) and
filtration (F-02) to remove larger cellular debris. A notable
limitation of this approach is the requirement for more extensive
centrifugation and filtration steps. Post-processing, the clarified
fluid may be transferred either directly to the homogenization
tank or, in some protocols, first to an extraction tank and
subsequently to homogenization.

To ensure product homogeneity, the homogenization tank
constitutes the terminal stage in all workflows. When a solid
postbiotic formulation is desired (P-01), spray-drying units (SD-
01) are commonly employed. Although high-temperature air is
used in spray dryers, this process is generally less deleterious to
postbiotic activity than the inactivation methods applied earlier.
Moreover, protective excipients such as glucose, lactose, or
maltodextrin are typically incorporated to enhance product
stability.

Comprehensive compositional analysis of the recovered
postbiotic metabolites is imperative. Although postbiotics pose
lower inherent risks than live probiotics due to the absence of
viable cells, rigorous quality control must still be performed to
assess toxicity, anti-pathogenic activity, functional efficacy, and
the presence of residual viable cells. Further characterization of
postbiotics is recommended, encompassing the evaluation of
saccharides, organic acids, antibiotics, bacteriocins, proteins, and
enzymatic  constituents, thereby ensuring a thorough
understanding of their bioactive profile (Figure-3) (Acsova et al.,
2022; Cuevas-Gonzalez et al., 2020; da Silva Vale et al., 2023; de
Melo Pereira et al., 2018; Hernandez-Granados & Franco-Robles,
2020; D. Kumar et al., 2021; Nam et al., 2021; Tantratian &
Pradeamchai, 2020).
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Therapeutic Effects of Postbiotics
Postbiotics Modulate the Gut Microbiota

In a recent study, heat-inactivated postbiotic
Bifidobacterium longum CECT 7347 (HT-ES1) was administered
to human participants. The findings indicated that HT-ES1
supplementation promoted the proliferation of butyrate-
producing commensal bacteria, maintained fecal calprotectin
levels within physiological ranges, and contributed to a reduction
in serum cholesterol concentrations. Collectively, these outcomes
suggest that HT-ES1 may exert a beneficial modulatory eftect on
intestinal homeostasis, supporting gut barrier integrity and
systemic metabolic health through microbiota-mediated
mechanisms (Naghibi et al., 2024). Irritable Bowel Syndrome
(IBS), affecting approximately 4-11% of the global population,
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represents not only a prevalent gastrointestinal disorder but also
one of the most frequently encountered conditions associated with
dysregulated gut-brain axis interactions that profoundly impair
quality of life. IBS is inherently psychosomatic in nature and is
closely modulated by psychological, social, and environmental
determinants. Clinically, IBS is classified into three principal
subtypes: constipation-predominant IBS (IBS-C), diarrhea-
predominant IBS (IBS-D), and mixed-type IBS (IBS-M), with
some experts additionally recognizing an unclassified subtype
(IBS-U) for cases that do not conform to the established
categories. The etiology and pathophysiology of IBS remain
incompletely understood, and current diagnostic and therapeutic
approaches are largely symptomatic. Emerging evidence suggests
that targeted modulation of the gut microbiome may offer a
promising therapeutic strategy to ameliorate IBS-associated
dysfunctions, underscoring the potential of microbiota-centered
interventions in the management of this multifactorial disorder
(Gralnek et al., 2000; Lovell & Ford, 2012; Aggeletopoulou &
Triantos, 2024; Li et al., 2024; Ng et al., 2024). Constipation-
predominant IBS (IBS-D) is a chronic gastrointestinal disorder
characterized by abnormal stool frequency or form, accompanied
by recurrent abdominal pain and bloating. Several studies have
demonstrated that individuals with this chronic condition exhibit
a gut microbiota composition distinct from that of healthy
controls. In a similar investigation, researchers evaluated the
efficacy of the probiotic Bifidobacterium longum CECT 7347
(EST1) and the heat-inactivated postbiotic form of the same strain
(HT-ES1) in adults with diarrheal -predominant irritable bowel
syndrome (IBS-D). The study aimed to assess primary outcomes
related to symptom severity, as well as secondary outcomes
including stool consistency, quality of life, abdominal pain
intensity, and anxiety levels. Over the course of 84 days, both ES1

and HT-ES1 elicited statistically and clinically significant
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improvements compared to placebo. This trial holds particular
significance in the literature, as it represents the first study to
evaluate the same bacterial strain in both probiotic and postbiotic
formats, thereby providing critical insights into the therapeutic
potential of non-viable microbial interventions in IBS-D
management. (Naghibi et al., 2024). A high-fat diet (HFD)
disrupts gut microbiota homeostasis, promotes systemic
inflammation, and compromises intestinal barrier integrity,
ultimately contributing to the development of insulin resistance.
Researchers have investigated the effects of postbiotics,
specifically cell-free supernatants (CFS), on HFD-induced
metabolic dysfunctions and gut-liver regulatory mechanisms. The
study demonstrated that CFS administration ameliorated insulin
resistance, suppressed pro-inflammatory bacterial taxa, enriched
beneficial microbial genera, reduced lipopolysaccharide
translocation, and preserved intestinal barrier integrity in obese
murine models. These findings underscore the potential of
postbiotic  interventions to modulate  host-microbiome
interactions and counteract diet-induced metabolic derangements
through integrated immunometabolic and gut-liver axis
mechanisms (Sun et al., 2025).

Various studies have reported that both live bacterial strains and
their derived postbiotics confer ameliorative effects on
symptomatology and biochemical markers in murine models of
chronic ulcerative colitis. These interventions have been shown
to modulate gut microbial composition, attenuate inflammatory
responses, and promote intestinal homeostasis, thereby
highlighting the therapeutic potential of postbiotics as
microbiota-targeted modulators in the context of chronic
intestinal inflammation (Jin et al., 2024; Peng et al., 2024).
However, therapeutic interventions and dietary strategies aimed
at modulating the gut microbiota have yielded heterogeneous
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outcomes. Consequently, establishing microbiota-targeted
modulation as a valid and reliable treatment modality for IBS and
other gastrointestinal disorders necessitates robust evidence
derived from well-powered, randomized, and long-term clinical
studies (Li et al., 2024).

Postbiotics as Potential Interventions for Obesity

A study investigating the efficacy of Bifidobacterium
bifidum DS0908 (DS0908), Bifidobacterium longum DS0950
(DS0950), and their derived postbiotics in obese murine models
reported favorable outcomes. The intervention was associated
with the induction of brown and beige adipocyte marker
expression, concomitant improvements in insulin sensitivity and
glucose uptake, reductions in triglycerides, low-density
lipoprotein, and total cholesterol levels, as well as overall
amelioration of plasma lipid profiles. These findings underscore
the potential of postbiotics to modulate adipose tissue function
and systemic metabolic parameters, highlighting their promise as
microbiota-derived therapeutics in obesity management (Shamim
Rahman et al., 2023). In a study investigating the therapeutic
effects of the probiotic Lactobacillus reuteri and the postbiotic
butyrate in preventing programmed hepatic steatosis induced by
a perinatal high-fat diet in offspring of Sprague-Dawley rats, L.
reuteri was found to be more efficacious than postbiotic butyrate.
The findings demonstrated that L. reuteri positively modulated
maternal and fetal metabolic profiles, mitigated obesity-related
parameters, and effectively prevented fetal hepatic lipid
accumulation, highlighting its superior therapeutic potential in
the context of diet-induced metabolic programming (Yu et al.,
2022). Postbiotics derived from Lacticaseibacillus plantarum
have been demonstrated to possess anti-obesity potential.
Postbiotics obtained through the combined application of heat and

ultrasonication were reported to significantly reduce key obesity-
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related parameters in murine models, including body weight,
circulating lipid levels, and adipokine concentrations.
Furthermore, these interventions were associated with attenuation
of white and brown adipose tissue damage, alongside an
enrichment of beneficial genera such as Lactobacillus and
Bifidobacterium. However, it was also noted that the abundance
of Faecalibacterium, a taxon implicated in anti-obesity effects,
was concomitantly reduced, suggesting nuanced and strain-
specific impacts on gut microbial composition (Miao et al., 2024).
In a randomized, double-blind clinical trial involving 66
overweight and obese participants, subjects were randomly
assigned to one of three groups and administered either yogurt
enriched with Akkermansia muciniphila postbiotics (AMY),
yogurt enriched with Lactobacillus rhamnosus postbiotics, or
low-fat yogurt as a placebo. The study reported that the
Akkermansia muciniphila postbiotic-enriched dairy product
exerted beneficial effects on weight management and liver
enzyme levels in overweight and obese individuals. In contrast,
the Lactobacillus rhamnosus postbiotic-enriched yogurt did not
demonstrate statistically significant improvements compared to
the placebo, highlighting a strain-specific differential impact on
metabolic outcomes (Aalipanah et al., 2025). The study primarily
underscores that not all postbiotics exert functional effects under
every condition, a finding that represents a particularly valuable
aspect of this investigation. Although the eight-week intervention
provided meaningful insights into weight management, it does
not capture potential long-term outcomes. Furthermore, the small
sample size comprising data from only 22 individuals per group
limits the statistical power and generalizability of the findings to
the broader population. Nonetheless, as an early-phase clinical
study, it constitutes a pioneering and valuable contribution, laying
the groundwork for more extensive analyses and future

investigations.
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Researchers evaluated the effects of heat-inactivated
Ligilactobacillus salivarius strain 189 postbiotics over a four-
week period in 48 swine. The study demonstrated that this
postbiotic preparation elicited significant modulatory effects on
the gut microbiota and suggested its potential applicability as an
anti-obesity intervention (Ryu et al., 2022). Upon further
evaluation, it is evident that the study was limited by both the
short duration and the small sample size. Consequently, these
factors constrain the interpretation and generalizability of the
findings to the broader population.

Researchers investigating the effects of a combined postbiotic and
prebiotic formulation in mice subjected to a high-fat diet observed
that weight gain was significantly lower in the treatment group
compared to controls. Furthermore, a positive correlation was
reported between the administered dose of the formulation and
the reduction in weight gain. The study also indicated an increase
in intestinal probiotic bacterial populations and enhanced fecal
lipid excretion. These findings suggest substantial potential for
combating obesity, as postbiotics derived from kefir administered
to high-fat diet-induced mice were associated with marked
reductions in body weight gain, adipose tissue mass, serum
triglycerides, and insulin resistance (Seo et al., 2022; Zhao et al.,
2023).

Multiple studies have reported that postbiotic supplementation in
high-fat diet-fed mice leads to reduced weight gain, decreased
white adipose tissue mass and adipocyte size, and reductions in
cholesterol and lipoprotein levels (Lim et al., 2022). Additionally,
administration of heat-inactivated Akkermansia muciniphila in
obese individuals was associated with improvements in insulin
sensitivity, insulinemia, and plasma total cholesterol (Depommier
et al., 2019). In normoweight murine models, this postbiotic was

found to reduce body weight, liver mass, and white adipose tissue
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mass (Ashrafian et al.,, 2021). Moreover, a specific protein
derived from this bacterium was reported to enhance the
reduction of fat mass development, insulin resistance, and
dyslipidemia in mice (Plovier et al., 2017).

Although the body of evidence generally indicates that postbiotics
confer beneficial effects on weight gain and energy metabolism
in obese individuals, certain postbiotics have been reported to
lack functional efficacy. To establish standardized guidelines and
delineate the overall therapeutic potential, there is a critical need
for an expansion of both preclinical and clinical studies, with
increased sample sizes sufficient to permit robust generalizable
conclusions.

Postbiotics Exhibit Anticarcinogenic Effects

Colorectal cancer (CRC), which encompasses both colon
and rectal cancers, is the leading cause of cancer-related deaths
among men under 50 years of age. In 2022, more than 1.9 million
CRC cases were reported globally, resulting in approximately
904,000 deaths. Risk factors such as smoking, alcohol
consumption, obesity, family history, and chronic inflammation
significantly contribute to CRC development. Additionally,
bacterial infections caused by organisms including Bacteroides
fragilis, Fusobacterium nucleatum, and Helicobacter pylori have
been implicated in increasing this risk (Adedayo & Riethmacher,
2025).

In a reported study, the combination of immunotherapy with
postbiotics derived from gut microbiota metabolic outputs such
as phytosphingosine was shown to enhance HLA class 1
expression in solid tumors, thereby rendering carcinogenic cells
more susceptible to cytotoxic T lymphocyte mediated lysis
(Ferrari et al., 2023).



Researchers reported that putrescine, a postbiotic metabolite
isolated from the probiotic Escherichia coli Nissle 1917, inhibited
the growth of colibactin-producing E. coli strains implicated in
colorectal carcinogenesis under in vitro conditions, and, in
chemically induced murine models, significantly reduced both
the number and size of colonic tumors, concomitantly attenuating
the release of pro-inflammatory cytokines within the colonic
lumen (Oliero et al., 2024)

It has been reported that the oral administration of extracellular
vesicles derived from Lactobacillus rhamnosus GG
synergistically  enhanced the efficacy of anti-PD-1
immunotherapy against colorectal cancer, modulated intestinal
immune responses, and increased the serum levels of biomarkers
known to be associated with antitumor activity (Lu et al., 2023).

Despite promising in vitro findings in cancer therapeutics, in vivo
outcomes have unfortunately remained suboptimal. To enhance in
vivo efficacy, researchers encapsulated the lysate of
Lacticaseibacillus paracasei GMNL-133 (SGMNL-133). They
reported that, through encapsulation, the lysate was protected
from gastric acid degradation, effectively interacted with
carcinogenic cells, and consequently exhibited enhanced
therapeutic efficacy in tumor treatment (Huang et al., 2024).

Helicobacter pylori, owing to increasing antibiotic resistance, can
lead to gastric ulcers, gastritis, and even gastric cancer. Given
their inherent advantages, postbiotics have consequently emerged
as valuable tools in H. pylori-related research. Researchers
reported that Lactobacillus rhamnosus MN45 exhibited the
strongest co-aggregation capacity with H. pylori, and markedly
suppressed H. pylori induced urease activity, virulence factor

expression, and the associated inflammatory response (Hua et al.,
2025).
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In another study, the anticancer activities of postbiotics obtained
from the post-fermentation media (PFM) and cell extracts (CM)
of 39 different lactic acid bacteria (LAB) strains were evaluated
against colon and cervical cancer cell lines. The results
demonstrated that both PFM and CM exerted pronounced
inhibitory effects on cancer cell viability, with particularly strong
activity against colon cancer cells. Notably, PFM exhibited
superior anticancer efficacy compared with CM, and the study
reported that these postbiotics induced apoptosis via a
mitochondrial signaling pathway through the generation of
oxidative stress (Nowak et al., 2022). According to the data
obtained from this study, different postbiotics may exhibit
variable activities against different cancer cell types. This in vitro
study represents a significant step toward establishing standards
and identifying effective treatments through preclinical and
clinical research outcomes

In a study where the supernatant of active cultures was utilized as
postbiotics, researchers observed a positive correlation between
the concentration of postbiotics and heat-inactivated
paraprobiotics and the toxicity against colorectal carcinoma cell
lines (Avci et al., 2024). In another study, researchers utilized a
cell-free supernatant derived from Saccharomyces cerevisiae var.
boulardii. According to the report, this postbiotic exhibited
pronounced antigenotoxic and cytotoxic effects and induced
apoptotic responses in HT-29 cancer cells (Abbasi et al., 2023).

Across multiple independent studies, it has been reported that
postbiotics derived from bacterial sources induce apoptosis and
suppress proliferation in colorectal carcinogenic cells (Zhong et
al., 2024), promote apoptotic pathways in human pancreatic
cancer cell lines while markedly reducing stromatogenesis in in
vivo models (Panebianco et al., 2022), and that short-chain fatty

acids originating from microbiota-associated bacteria enhance
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antitumoral cellular activity (Pérez et al., 2024). Additionally, a
yeast-derived supernatant postbiotic has been shown to exert
inhibitory effects against gastric adenocarcinoma cell lines
(Pakbin et al., 2023).

The findings derived from carcinoma cell lines and in vivo
experimental models suggest that postbiotics hold considerable
potential as future therapeutic agents, either as standalone
interventions or in combination with existing treatment
modalities to achieve synergistic effects. However, a substantial
proportion of the available evidence is still based on in vitro and
preclinical investigations. While these studies provide critical
reference points for the design of clinical trials, further
comprehensive research is required. Despite the encouraging
laboratory-based outcomes, results obtained in animal models
and at the clinical stage may differ due to the inherent complexity
of living organisms. Consequently, although these therapeutic
approaches are promising, they necessitate more extensive
investigation and robust clinical validation.

Postbiotics exhibit antimicrobial properties.

In a study employing lactic acid bacteria used for
fermentation—Lactobacillus  sakei and a Lactobacillus
curvatus/Pediococcus  acidilactici combination—researchers
reported that the cell-free supernatant demonstrated a 4.84-fold
increase in antimicrobial activity (Foudjing et al., 2023).

In a randomized, double-blind, placebo-controlled trial
evaluating the efficacy and safety of postbiotics containing
inactivated Limosilactobacillus reuteri DSM 17648 as an
adjuvant therapy for Helicobacter pylori eradication, the
eradication rate was reported to be 96.7% in the postbiotic group
compared with 86.0% in the placebo group. Furthermore, patients

receiving the postbiotic exhibited a lower incidence of adverse
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effects relative to the placebo group (Ivashkin et al.,
2024)Although a statistically significant improvement in
eradication efficacy was observed (P = 0.039), the level of
significance remains modest. Therefore, stronger and more robust
evidence is required to support the effective clinical application
of the postbiotic evaluated in this study. Moreover, while
statistically meaningful results were obtained from a total cohort
of 129 participants, the relatively limited sample size constrains
the extrapolation of these findings to broader populations.

Klebsiella pneumoniae 1is a clinically significant pathogen
characterized by multidrug resistance and is considered a major
cause of recurrent infections in immunocompromised
populations. In response, researchers evaluated the antimicrobial
activity of the cell-free supernatant (CFS) derived from
Lactobacillus gasseri 1A-TV against clinical isolates of K.
pneumoniae. The findings indicated that this CFS represents a
valuable bioproduct for the prevention and control of K
pneumoniae colonization and exhibited strong aggregation
activity against certain strains (Vertillo Aluisio et al., 2024). A
closer examination of the study reveals that the aggregation
activity exhibited by the CFS was not statistically significant
across all strains. In this context, it can be inferred that distinct
postbiotics or alternative therapeutic strategies may need to be
developed for different K. pneumoniae strains to achieve effective
and targeted intervention.

Researchers investigated the antifungal activity of the cell-free
supernatants (CFS) derived from six LAB strains belonging to the
Enterococcus and Leuconostoc genera against filamentous fungi.
The researchers observed notable antifungal activities of LAB-
derived compounds and suggested that these metabolites could be
considered as potential biocontrol agents. Additionally, they

reported that the functionality of these metabolites was reduced
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under conditions of pH alteration as well as exposure to elevated
temperatures and hyperbaric environments (Fugaban et al., 2023).
This study is of particular importance, as it not only contributes
to the establishment of standards and the identification of
effective therapeutic approaches but also delineates critical
exclusionary factors that may limit efficacy

Foodborne pathogens colonizing the biofilm matrix represent a
major cause of food spoilage. In this context, researchers
evaluated the antibiofilm efficacy of Lacticaseibacillus
rhamnosus YT and its cell surface extract against biofilms
produced by Bacillus subtilis and Salmonella enterica, with S.
enterica being a particularly significant pathogen. The study
reported a linear correlation between the biomass of the cell
extract and antibacterial activity, along with a broad antimicrobial
spectrum. Furthermore, abiotic environmental factors were
shown to modulate antimicrobial activity, while antibiofilm
efficacy remained stable under extreme conditions (Guan et al.,
2023). To enable more effective utilization of the obtained
findings, it is considered necessary to strengthen the study
through in vivo analyses and to conduct antimicrobial evaluations
against a broader range of bacterial genera and species.

It has been reported that the cell-free supernatant of Bacillus
thuringiensis exhibits dose-dependent, linearly correlated
antibiofilm activity against clinically important pathogens such as
Staphylococcus aureus, while not affecting the planktonic growth
of S. aureus (Ray et al., 2023).

Researchers evaluated the activities of cell-free supernatants
(CFS) derived from three different non-pathogenic
Acanthamoeba species against multiple Staphylococcus aureus
strains. It was reported that the CFS obtained from the reference
Acanthamoeba strain exerted a particularly strong inhibitory

--30--



effect against methicillin-resistant S. aureus (MRSA), a clinically
significant pathogen. Moreover, CFS from different aquatic
amoebae were shown to inhibit distinct S. aureus strains to
varying extents, ranging from 0% to 100% (Ozcan Aykol &
Zeybek, 2024). An evaluation of the study indicates that
investigating the efficacy of postbiotic products derived from
microorganisms other than bacteria is highly valuable, as these
organisms may represent a rich source of potent antimicrobial
agents. However, for postbiotic products originating from
amoebae belonging to the protozoan group to be considered for
clinical application, substantially more evidence is required,
along with systematic and long-term assessments of all potential
risks most notably cytotoxic and genotoxic effect

Researchers investigating the antibacterial activity of the cell-free
supernatant (CFS) derived from Lactobacillus paracasei CH88
against Gardnerella vaginalis reported that the CFS effectively
inhibited both the growth and biofilm formation of G. vaginalis.
The compound was found to be thermostable, and the authors
suggested that this CFS could be a potential therapeutic option for
the treatment of bacterial vaginosis, a condition characterized by
the overgrowth of anaerobes such as Gardnerella vaginalis spp.
The metabolite was reported to be effective at both in vitro and in
vivo levels (Moon et al., 2022).

Postbiotics exert immunomodulatory effects on the host
immune system.

Immune system integrity is of vital importance for the
maintenance of host health and constitutes the primary line of
defense against infectious agents. Accordingly, certain
therapeutic strategies have been designed to directly target and
enhance immune system function. Alcohol consumption disrupts
the gut microbiota and thereby contributes to the pathogenesis of
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alcohol-associated liver disease (ALD). To mitigate these effects,
researchers have explored the use of postbiotic metabolites. Yin
et al. (2025) reported that postbiotics derived from Lactobacillus
Jjohnsonii can attenuate ALD-associated pathology by modulating
the intestinal immune system. In their study, immune responses
elicited by heat-inactivated L. johnsonii in ALD-induced murine
models inhibited ethanol-driven alterations in the gut microbiota,
including the overgrowth of opportunistic pathogens, while
preserving butyrate-producing bacterial populations. Through the
restoration of intestinal microbial homeostasis, these L. johnsonii
derived postbiotics were identified as promising therapeutic
candidates for the management of ALD.

Multidrug-resistant ~ non-typhoidal  salmonellosis  (NTS)
represents a significant public health concern. In a study
evaluating the combined use of postbiotics alongside para and
probiotics, it was reported that these bi-combined biotics directly
inhibited the growth of Salmonella spp. Conducted in vitro, the
study proposed that Lactiplantibacillus plantarum KUNN19-2
and its derived postbiotics may serve as a potential alternative
therapeutic strategy against Sa/monella infections (S. Li et al.,
2025).

A commercial postbiotic known as “Symbiota®” has been
reported to induce antitumor responses in xenograft mouse
models by modulating the gut microbiota. Mechanistically, this
product was shown to inhibit the growth of colon and lung
carcinoma cells by promoting CD8" T-cell expansion and
reducing PD-1 expression (Lee et al., 2024). Although the
findings in the murine model indicate a potential postbiotic
capable of inducing immune responses, the authors’ disclosure of
conflicts of interest with the company producing the product
necessitates further validation of these results through additional,

independent studies.
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Cutaneous immunity constitutes a crucial first-line barrier, and
the integrity of the epidermal barrier is directly linked to effective
cutaneous immune defense. To induce cutaneous immune
responses, researchers investigated the effects of the postbiotic
derived from Latilactobacillus curvatus BGMK2-41. The study
demonstrated that BGMK2-41 upregulated the expression of
antimicrobial response genes in Kkeratinocytes against
Staphylococcus aureus colonization, increased the expression of
the anti-inflammatory cytokine IL-10, and accelerated re-
epithelialization, thereby promoting the restoration of epidermal
barrier integrity. (Dini¢ et al., 2024).

Type 2 helper T (Th2) cell-mediated immune responses, a CD4*
T helper cell subset of the adaptive immune system, play a central
role in the pathogenesis of type I hypersensitivity reactions.
Modulation of these responses with pro and postbiotics has been
reported as a potential strategy to prevent or alleviate disease
symptoms. In this context, Bifidobacterium breve DSM 32583
(Bb), isolated from human breast milk, and Limosilactobacillus
fermentum CECT5716 (Lf) were shown to modulate Th2-induced
immune responses, resulting in a reduction of the Th2/Thl ratio.
This in vitro study indicated efficacy in symptom alleviation;
however, the authors emphasized that in vivo investigations are
required to further substantiate these findings and clarify their
clinical relevance (Amar et al., 2024). This study also underscores
the importance of human breast milk in protecting against
hypersensitivity reactions during the neonatal and infant periods.
Moreover, it provides valuable insights for improving the
composition of infant formulas developed for breastfed-deprived
infants. The researchers propose the incorporation of postbiotics
into pediatric diets as adjunctive therapeutic tools for the
management of allergic reactions (Burgos et al., 2022).
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It has been reported that a paraprobiotic obtained through heat
inactivation of Bacillus velezensis GV1 elicited immune
responses and exerted positive modulatory effects on the gut in
immunosuppressed murine models (H. J. Lee et al., 2024); that
allergic responses induced by air pollution were partially
attenuated in genetically modified mice following administration
of a postbiotic-containing combination (Chiu et al., 2023); that
postbiotics were capable of upregulating immune function in
Lateolabrax maculatus fed a high soybean meal diet (Z. Y. Liu et
al., 2024); and that, in mice with 2,4-dinitrochlorobenzene
induced hypersensitivity, the exaggerated Th2-skewed immune
response was significantly reduced, accompanied by
downregulation of transcription factors associated with Th2 and
Th17 cell lineages (Kim et al., 2024). An evaluation of the
available studies indicates that immune responses can be either
induced or suppressed by postbiotics in a context-dependent
manner. In this regard, it can be inferred that postbiotics may hold
therapeutic potential in conditions characterized by both immune
suppression and excessive immune activation.

Postbiotics can be utilized as anti-inflammatory agents.

Researchers investigating the anti-inflammatory effects of
postbiotics derived from Escherichia coli A0 34/86 (EcO83),
specifically extracellular vesicles (EcO83-EV), reported based on
an ex vivo study conducted in human nasal epithelial cells that
EcO83-EVs modulated inflammatory responses by altering the
expression of inflammation associated proteins (Razim et al.,
2024)

Gut dysbiosis can trigger inflammatory bowel disease (IBD).
Researchers investigated the effects of postbiotic metabolites
derived from Lactiplantibacillus argentoratensis BBLB001 using
both cell culture experiments and in vivo animal models. Based



on the obtained data, the postbiotic metabolites were reported to
reduce the levels of inflammatory cytokines and to elicit
significant improvements in other inflammation-associated
biomarkers (Itoh et al., 2024).

It has been demonstrated that thioredoxin (Trx), a postbiotic
derived from Saccharomyces boulardii, exhibits anti-
inflammatory activity, including the attenuation of inflammation,
preservation of intestinal barrier integrity, suppression of
apoptosis, and reduction of oxidative stress (Qin et al., 2024).

Researchers obtained a cell-free supernatant (CFS) from
Lactiplantibacillus plantarum EIR/IF-1. The study demonstrated
that these postbiotic metabolites significantly reduced the
production of pro-inflammatory cytokines, including IL-8, IL-6,
and IL-1p, while concurrently inducing a marked upregulation of
the anti-inflammatory cytokine IL-10 (Demirhan et al., 2025).

Researchers investigated the anti-inflammatory properties of
Lactococcus lactis HFO8 (HF08) and its derived postbiotic (P-
HF08). The results demonstrated that P-HF08 exerted a
significantly stronger inhibitory effect than HF08 on the pro-
inflammatory cytokines IL-6 and IL-18, as well as on IL-10, and
that this effect was mediated through the downregulation of key
proteins in the TLR4/NF-kB signaling pathway (Liu et al., 2024).

Researchers investigated the anti-inflammatory properties of a
postbiotic (Pa JY062) derived from Lactobacillus paracasei
JY062 isolated from a fermented dairy product. The study
demonstrated that Pa JY062 increased the levels of the anti-
inflammatory cytokine IL-10 while concurrently suppressing pro-
inflammatory cytokines, including IL-6, IL-17a, and TNF-a (Guo
et al., 2025).



It has been reported that anti-inflammatory responses in
microglial cells against neuroinflammation can be enhanced by
metabolites derived from gut microbiota—associated bacteria
(Chiano et al., 2024); that postbiotics obtained from Lactobacillus
delbrueckii CIDCA 133 exhibit pronounced anti-inflammatory
properties (ADS et al., 2024); and that postbiotics derived from
Streptococcus  thermophilus, commonly used in milk
fermentation, exert significant anti-inflammatory effects
(Allouche et al., 2024). Furthermore, postbiotics derived from
Lactiplantibacillus plantarum have been shown to display anti-
inflammatory activity in the treatment of atopic dermatitis (AD),
a condition driven by chronic inflammation, and have been
proposed for use in individuals with AD (Lee et al., 2025).
Collectively, these findings indicate that postbiotics obtained
from diverse bacterial sources, owing to their anti-inflammatory
properties, may be effectively utilized in the treatment of
inflammatory conditions and in the attenuation of inflammation-
associated symptoms (Rezaie et al., 2024, 2025; J. Wu et al.,
2025).

Postbiotics are functionally active as antioxidants

Researchers reported that broiler chickens subjected to
heat stress and fed with the postbiotic RI11 exhibited increased
levels of antioxidant enzymes and compounds, including plasma
glutathione peroxidase, catalase, and glutathione. Based on these
findings, the authors suggested that postbiotics could be utilized
as antioxidant agents in poultry nutrition (Humam et al., 2021).

Accumulated oxidative stress and dysbiosis accelerate the aging
process. Researchers have reported that probiotics such as
Lactobacillus and Bifidobacterium, along with their fermented
metabolites (postbiotics), exhibit antioxidant activities that
regulate oxidative stress and protect cells against oxidative
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damage (Lin et al., 2022). In this study, antioxidant effects in
middle-aged mice were assessed exclusively using the DPPH
(2,2-diphenyl-1-picrylhydrazyl) assay. Within this context,
although the findings suggest that postbiotics possess antioxidant
activity and may be recommended for promoting health in aging
populations, stronger evidence supported by a broader range of
antioxidant assays is still required. Nevertheless, the direct
application of the test in experimental animals represents a
notable strength of the study.

It has been reported that heat-inactivated cells of
Lactiplantibacillus plantarum S1, isolated from whey, along with
their produced metabolites, reduce oxidative stress and exhibit
free radical scavenging activity (Kostelac et al., 2022).

In another study, the antioxidant effects of the cell-free
supernatant (CFS) derived from Akkermansia muciniphila were
evaluated in Caenorhabditis elegans. The findings indicated that
the CFS not only enhanced antioxidant capacity but also
improved locomotor activity and promoted improvements in
glucose and lipid metabolism (Z. Q. Wu et al., 2023).

Postbiotics derived from Lactobacillus rhamnosus 1.0320 have
been reported to confer multiple benefits, including protection
against oxidative stress, alleviation of colitis symptoms,
restoration of intestinal integrity, and a reduction in
myeloperoxidase (MPO) activity in bone marrow associated
tissues (Zhang et al., 2024). Although decreased MPO activity has
been associated with reduced tissue damage and improvements in
pulmonary structure and functional outcomes (Teng et al., 2021),
pronounced suppression of MPO activity may pose potential
risks, particularly in immunosuppressed individuals. MPO is an
enzyme expressed predominantly in neutrophils, as well as in
other immune cells, and plays a critical role in host defense
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mechanisms. MPO deficiency can render individuals more
susceptible to severe infections and chronic inflammatory
conditions (Mousavi et al., 2024). Therefore, the use of such
metabolites in immunosuppressed populations should be
carefully evaluated, with particular consideration given to the
balance between anti-inflammatory benefits and potential
impairment of innate immune defenses.

In another study, it was reported that viable Bifidobacterium
bifidum reduced oxidative stress, whereas heat-inactivated cells
and their metabolites contrary to the prevailing literature were
ineffective in mitigating oxidative damage (Yin et al., 2025).
Within this context, it becomes evident that not all postbiotics
consistently exert their intended biological functions under
specific conditions and may therefore remain functionally
inactive. The predominance of studies reporting positive
outcomes in the postbiotic literature suggests the presence of a
certain degree of ‘positive bias’ in the field. Accordingly, the
transparent and unbiased reporting of neutral findings, as
observed in the study by J. Yin et al. (2025), provides a valuable
contribution to both scientific transparency and the accurate
understanding of the true biological potential of postbiotics,
thereby enhancing the study’s originality. In doing so, this work
offers a differentiating perspective relative to the repeatedly
positive findings in the literature and emphasizes that the effects
of postbiotics can vary depending on context, microbial species,
dosage, and target tissue.

In conclusion, to definitively determine whether postbiotics
possess therapeutic potential as direct antioxidant biomolecules
or modulators of oxidative stress, there is a need for advanced in
vivo studies that are rigorously designed with high
methodological power, validated across diverse models, and

incorporate in-depth mechanistic investigations
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Postbiotics May Alleviate Constipation

In a study, the postbiotic Probio-Eco was reported to be
potentially effective in alleviating constipation in both humans
and mice. A randomized, double-blind, placebo-controlled
crossover trial involving 110 adults with chronic constipation
(Rome IV criteria) was conducted over a period of three weeks.
The results indicated that Probio-Eco intervention significantly
improved constipation symptoms, reduced straining during
defecation, and lowered anxiety scores (Ma et al., 2025). The
mechanistic validation performed in murine models represents a
methodological strength of the study, whereas the small sample
size, limited placebo control, and short duration are aspects
requiring improvement.

In another study, the effects of postbiotics derived from milk
fermented with Lactobacillus helveticus CP790 on fecal
microbiota and gut health were investigated. The authors reported
that the postbiotic product improved stool consistency and
reduced straining during defecation, while significantly
enhancing overall mood compared to placebo. Based on these
findings, the researchers concluded that this postbiotic could
ameliorate chronic constipation symptoms and positively
influence mood (Tanihiro et al., 2024). Although the inclusion of
a placebo control represents a methodological advantage, the
limited sample size (n = 60) and short intervention period (4
weeks) restrict the generalizability of these findings to a broader
population with chronic constipation. Therefore, cautious
interpretation is warranted, and the results should be corroborated
by larger-scale, long-term studies.

In a randomized, double-blind, placebo-controlled trial with 51
participants in the control group and 53 in the treatment group,
the effects of heat-inactivated Bifidobacterium longum CLA8013
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on bowel movements were evaluated. The authors reported that
inactivated B. longum CLA8013 improved bowel function in
healthy individuals prone to constipation, without any observed
safety concerns (Okada et al., 2023). However, the small sample
size (n = 104) and short intervention duration (2 weeks) limit the
generalizability of the findings.

A review of the literature reveals that studies investigating the
effects of postbiotics on chronic constipation remain limited.
While current research generally reports positive outcomes, the
small number of studies restricts the ability to generalize these
results to the wider population. Moreover, several studies are
limited by small sample sizes, short intervention periods, and, in
some cases, the absence of placebo controls, representing
important methodological limitations. Future research should aim
to increase sample sizes, extend intervention and follow-up
durations, implement placebo-controlled designs, and ensure
sample heterogeneity through multicenter and international trials.
To obtain stronger mechanistic evidence, comprehensive
validation studies in vitro and in animal models are also
warranted.

Conclusion and Future Perspectives

Postbiotics, defined by ISAPP as “inactivated
microorganisms and/or their components that confer a health
benefit,” represent a new generation of biotic agents. A key
advantage of these metabolites and cellular fractions is their
minimal risk of adverse events such as translocation, infection, or
excessive immune activation, which can be associated with live
probiotics. Consequently, scientific interest in postbiotics has
markedly increased in recent years, leading to numerous studies
examining their effects across various physiological systems.
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Studies conducted over the past decade indicate that postbiotics
are not only safe and stable biological products but also possess
the potential to exert multifunctional bioactive properties,
including maintenance of intestinal barrier integrity, immune
modulation, inflammation control, oxidative stress reduction,
antimicrobial activity, and intervention in cancer biology.

Nevertheless, a substantial portion of the available evidence
remains based on in vitro or animal models, and mechanistic
explanations are often limited to indirect assessments.
Heterogeneity in study designs, lack of standardized postbiotic
formulations, and limited clinical human data complicate the
accurate characterization of true biological efficacy and clinical
relevance.

Therefore, although current evidence strongly supports the anti-
inflammatory, antioxidant, antimicrobial, and metabolic
regulatory potential of postbiotics, their safe translation into
clinical practice requires standardized production methods, well-
designed, long-term human studies with larger sample sizes, and
multilayered integrative approaches to strengthen mechanistic
validation
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CHAPTERO

FASTING-MIMICKING DIET: SCIENTIFIC
BASIS, NUTRITIONAL COMPOSITION, AND
HEALTH IMPLICATIONS

Sule KALAN !
Giilperi DEMIR 2

Introduction

Fasting, although it is an ancient practice applied for the
purpose of physical and mental purification within different cultures
and belief systems throughout history, is today being reconsidered
scientifically in the context of metabolic regulation and the
prevention of diseases (Fanti, Mishra, Longo, & Brandhorst, 2021;
Longo & Mattson, 2014). Recent studies have revealed that fasting
is not merely an approach based on the restriction of energy intake;
rather, it exerts effects through numerous physiological mechanisms
such as insulin sensitivity, metabolic flexibility, cellular stress
responses, autophagy, and growth factor signaling pathways
(Wilhelmi de Toledo, Grundler, Bergouignan, Drinada, &
Michalsen, 2019; Anton , et al., 2018; Alirezaei, et al., 2010). Based
on these biological responses, intermittent fasting and time-restricted
feeding models developed aim to translate the physiology of fasting
into practice through different protocols and are among modern
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nutritional approaches (Visioli, Mucignat-Caretta, Anile, & Panaite,
2022). Among these approaches, the fasting-mimicking diet (FMD),
which aims to mimic the metabolic effects that occur during fasting
through specific macronutrient and micronutrient modifications,
stands out due to its unique structure and scientifically based
protocol.

The fundamental factors in the development of diets that
protect and promote health and support healthy aging are the energy
and nutrient content of the diet. In addition to the energy and nutrient
content of the daily diet, the amount and frequency of meals and
their effects on health have been the focus of research for many
years. As a result of these regulations, they emerge as powerful tools
used for pre-disease prevention, delaying the onset of disease, and
slowing the aging process (Brandhorst, et al., 2015; Di Francesco,
Di Germanio, Bernier , & de Cabo, 2018; Paoli, Tinsley, Bianco, &
Moro, 2019).

Overnutrition, which is commonly observed in modern
societies, plays a critical role in metabolic health in terms of
characteristics such as total caloric intake, meal frequency, and meal
timing. In particular, it is argued that changes in meal timing may
influence the success of reducing obesity risk (Sutton, et al., 2018).

Overnutrition is considered one of the primary risk factors in
the development of obesity-related problems. This condition plays
a significant role in the emergence of numerous chronic diseases,
including neurodegenerative diseases, metabolic disorders,
cardiovascular diseases, and various types of cancer (Brandhorst,
2021).

In recent years, extensive research has been conducted to
develop feasible strategies to combat overnutrition. Among the
dietary approaches developed to promote healthy aging, prevent
metabolic diseases, and extend lifespan, two main dietary strategies
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stand out, particularly calorie-restricted diets and fasting-based diets
(Tang, et al., 2023).

Calorie-restricted diets involve the continuous reduction of
daily energy intake to below an individual’s requirements, whereas
fasting-based nutrition, unlike religious or cultural fasting practices,
is a dietary strategy based on planned periods of fasting and feeding
that targets metabolic and physiological effects. Growing evidence
indicates that both calorie restriction and fasting-based nutrition
exert beneficial effects on quality of life and lifespan by delaying
the onset and slowing the progression of various diseases (Di
Francesco, Di Germanio, Bernier , & de Cabo, 2018).

Fasting or the restriction of energy and nutrient intake is
practiced worldwide based on traditional, cultural, or religious
reasons and generally refers to the restriction of solid food intake for
a certain period of time. In ancient medicine, fasting, applied as a
therapeutic method since Hippocrates, was used by many early
European medical schools for the treatment of acute and chronic
diseases (Michalsen, 2010).

The restriction of fasting or energy and nutrient intake,
practiced for thousands of years, has recently been shown to play
roles in the molecular clock, the gut microbiome, and tissue
homeostasis and function. Fasting slows aging and provides
protection against various diseases, including neurodegenerative
diseases, metabolic disorders, and cancers. Observations and
findings accumulated over centuries indicate that the fasting state
has the potential to delay aging, minimize the side effects caused by
chronic dietary interventions, and prevent and treat diseases (Tang,
et al., 2023). However, the dietary pattern adopted today involves
excessive food consumption, prolonged periods of energy intake
throughout the day, and short fasting intervals. Consequently, high-
calorie diets and sedentary lifestyles adversely affect the body’s
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metabolism and increase the incidence of obesity, diabetes,
cardiovascular diseases, and dementia (Wang & Wu, 2022).

Today, the increasing prevalence of obesity, diabetes,
cardiovascular diseases, cancer, and neurodegenerative diseases has
heightened interest in dietary strategies that directly target metabolic
mechanisms. However, the literature often does not clearly
distinguish intermittent fasting, time-restricted feeding, and fasting-
mimicking diet approaches in conceptual and practical terms; in
particular, the scientific mechanisms underlying the FMD and its
nutritional composition are not sufficiently emphasized.
Nevertheless, the fasting-mimicking diet is a distinctive dietary
model that aims to controllably mimic the metabolic and cellular
responses observed in classical fasting through protein and
carbohydrate restriction, regulation of fat content, micronutrient
supplementation, and a limited duration of application (Wei, et al.,
2017). In this study, the scientific foundations, nutritional
composition, and implementation characteristics of the fasting-
mimicking diet are addressed; its relationship with various diseases
is evaluated in light of current scientific evidence by comparing it
with intermittent fasting and time-restricted feeding.

FASTING-BASED DIETARY MODELS

Fasting-oriented dietary patterns refer to nutritional
approaches in which food consumption is confined to particular
periods of the day, while abstinence from food is maintained during
the remaining hours. Owing to their potential influence on energy
metabolism, insulin responsiveness, and various cellular adaptation
mechanisms, these patterns have increasingly attracted scientific
attention in recent years (Wilhelmi de Toledo, Grundler,
Bergouignan, Drinada, & Michalsen, 2019; Anton , et al., 2018;
Alirezaei, et al., 2010).
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Fasting-based nutrition, unlike religious or cultural fasting
practices, is a dietary strategy based on planned periods of fasting
and feeding that targets metabolic and physiological effects. It is a
dietary approach in which individuals restrict food intake for specific
periods within their daily or weekly eating patterns while
implementing planned fasting periods. This model focuses on meal
timing rather than nutrient composition and is referred to in the
literature as intermittent fasting and time-restricted eating (Visioli,
Mucignat-Caretta, Anile, & Panaite, 2022).

Intermittent Fasting

Intermittent fasting has become one of the most commonly
practiced dietary models today due to its role in supporting weight
loss and being a sustainable nutritional strategy (Conde-Pip¢, et al.,
2024). Intermittent fasting is defined as an eating pattern in which
no calorie restriction is applied and which alternates between periods
of fasting and eating. The basic principle of intermittent fasting is
that it is an eating pattern with a specific time restriction during
which no food is consumed for a defined period. The duration of the
non-eating interval may range from 12 hours to several days (Moon,
et al., 2020; Rynders, et al., 2019; Anic, et al., 2022). Although
intermittent fasting diets have different modes of implementation,
the most common forms are alternate-day fasting, modified fasting,
and religious fasting practices (Templeman, Gonzalez, Thompson,
& Betts, 2019; Patterson & Sears, Metabolic Effects of Intermittent
Fasting, 2017).

Alternate-day fasting is a method in which individuals either
do not consume energy-containing foods throughout the day or, in
order to reduce the difficulty of its implementation, meet up to a
maximum of 25% of their energy requirements, followed by a day
on which they eat freely (Patterson, et al., 2015).
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Modified fasting (the 5:2 diet) is a method in which
individuals eat regularly and in a balanced manner on five days of
the week, while on the other two days they follow restricted eating
by consuming 20-25% of their daily energy intake (approximately
below 600 kcal for men and 500 kcal for women) (Varady,
Cienfuegos, Ezpeleta, & Gabel, 2022).

Intermittent fasting not only creates positive effects on health
by reducing body weight in obese individuals, but can also improve
metabolic parameters in normal-weight individuals. In addition, it
plays a role in the maintenance of the circadian rhythm, which
regulates the delicate balance between appetite, satiety, sleep, and
wakefulness. However, although there are studies indicating
potential benefits of intermittent fasting on cardiovascular diseases,
diabetes, cancer, obesity, and neurological disorders, long-term
clinical data remain contradictory (Bekar & Gerboga, 2023).

Time-Restricted Eating

The time-restricted eating model is an approach that limits
food intake during the day to an 8-hour or shorter time window and
restricts food consumption outside this period, and is based on the
regulation of eating timing rather than the amount of food consumed
(Hatori, et al., 2012).

Time-restricted eating is not principally based on intentional
calorie restriction. Instead, it prolongs the daily fasting interval by
restricting the timing of food intake and concentrating meals within
limited periods of the day. Currently applied time-restricted eating
is limited to certain hours of the day without calorie restriction and
generally refers to food consumption lasting between 4 and 12 hours.
An individual’s food intake is planned according to the hours during
which the circadian rhythm is most active and is implemented
through different protocols such as 16:8, 18:6, or 20:4. The most
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common form is the 16:8 model, which includes an 8-hour eating
period following a 16-hour fasting period (Upadhyay, et al., 2019).

A large number of animal studies conducted to date have
demonstrated that time-restricted eating confers notable health
benefits. These include reductions in body weight and food intake,
as well as improvements in hyperlipidemia, ectopic fat
accumulation, and inflammatory markers. Furthermore, beneficial
effects such as a decreased risk of cardiovascular disease and cancer,
along with extended lifespan, have been reported. In addition, time-
restricted eating has been suggested to support brain health and may
delay the onset of neurodegenerative diseases (Chaix, Manoogian,
Melkani, & Panda, 2019).

Water-Only Fasting

Water-only fasting is defined as a therapeutic practice in
which an individual voluntarily abstains from the consumption of
all energy-containing foods and beverages except pure water, and
which is typically conducted under medical supervision (Finnell,
Saul, Alan, & Myers, 2018).

The intervention protocol consists of three fundamental
phases that are meticulously planned. During the preparatory phase,
which lasts at least two days, processed foods, animal products,
alcohol, and caffeine are eliminated from the diet, and nutritional
intake is restricted exclusively to fruits and vegetables.
Subsequently, in the primary fasting phase, the individual consumes
a minimum of 1.2 liters of distilled water per day, limits physical
activity, and is monitored under continuous 24-hour medical
supervision (Zeiler, et al., 2024; Finnell, Saul, Alan, & Myers,
2018). The process is safely concluded with a “refeeding” period
lasting at least half the duration of the fasting phase, which aims to
facilitate the gradual adaptation of the digestive system from liquid
foods to solid, whole plant-based foods (Gabriel, et al., 2022).
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Fasting-Mimicking Diet

Restriction of the energy and nutrient content of the diet
supports cellular changes that regulate energy metabolism and affect
oxidative damage and inflammation, thereby enhancing cellular
protection. The approach of restricting the energy and nutrient
content of the diet is applied either at regular intervals in the form of
intermittent fasting (IF) or as prolonged fasting cycles lasting several
days (PF) (Longo & Mattson, 2014).

In fasting-based nutritional practices, prolonged fasting
states involving the consumption of only water pose practical
difficulties for individuals. Particularly in elderly and underweight
individuals, such practices may exacerbate malnutrition and lead to
the emergence of existing functional impairments. It is reported that
alternative dietary approaches providing similar benefits are needed
to minimize these adverse effects (Fanti, Mishra, Longo, &
Brandhorst, 2021). In this context, the fasting-mimicking diet
(FMD) was developed by Longo and his team (2019) as a novel
dietary intervention that allows food intake. This diet aims to provide
fasting-associated health benefits, such as cellular renewal,
improved metabolic health, and potential longevity benefits, without
requiring complete abstinence from food (Brandhorst & Longo,
2019).

The implementation of the fasting-mimicking diet allows the
consumption of light meals during the fasting period, thereby
minimizing the burden of restriction. The fasting-mimicking diet
represents a medically designed fasting-like state and allows for
periodic consumption patterns. The human fasting-mimicking diet
program is generally plant-based, low in protein, low in
carbohydrates, and high in healthy fats. At the same time, it also
aims to provide essential micronutrients (vitamins and minerals) in
order to reduce the burden of fasting (Nuanchankong, Jaroennon, &

Manakla, 2024).
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Nutritional Composition of the Fasting-Mimicking Diet

The fasting-mimicking diet is formulated as a plant-based,
very low-calorie, low-protein, low-carbohydrate, and high-healthy-
fat diet (Fanti, Mishra, Longo, & Brandhorst, 2021; Rangan, et al.,
2022). The structure of the diet particularly emphasizes foods rich
in fiber, vitamins, and minerals, such as vegetables, nuts, seeds, and
plant-based oils. In this regard, the fasting-mimicking diet aims to
support gastrointestinal functions and induce favorable changes in
metabolic processes due to its high fiber content (Ostfeld, 2017).

The protocol excludes all animal-derived foods such as red
meat, poultry, fish, eggs, and dairy products, providing an entirely
plant-based composition. The removal of animal products helps
maintain the diet’s low protein content, contributing to the
emergence of fasting-related cellular adaptations. Foods used in the
FMD generally include vegetable soups, plant-based broth-like
liquids, low-sugar nutrient bars, healthy fat sources such as olives,
low-carbohydrate crackers, and various herbal teas. These foods can
be formulated to provide sufficient micronutrients to the body while
restricting energy intake (Nuanchankong, Jaroennon, & Manakla,
2024).

Table 1 Energy and Nutrient Composition Ratios of the Fasting-

Mimicking Diet
Day Approximate | Normal Protein | Carbohydrate | Fate
Calorie Consumption
Intake Rate
Ist Day 1100 kcal 30-50% of 11% 43% 46%
normal Daily
intake
2nd — 5th | 700 kcal 10-20% of 9% 47% 44%
Days normal Daily
intake

Source: (Fanti, Mishra, Longo, & Brandhorst, 2021; Nuanchankong, Jaroennon,
& Manakla, 2024, Rangan, et al., 2022)
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In the fasting-mimicking diet (FMD) protocol,
approximately 1100 kcal of energy intake is provided on the first
day, corresponding to 30-50% of an individual’s normal daily
energy requirement. On the first day, 11% of the energy comes from
protein, 43% from carbohydrates, and 46% from fats. During the
following 2nd-5th days, energy intake is restricted to approximately
700 kcal, corresponding to 10-20% of normal daily intake. On these
days, the protein proportion is further reduced to 9%, while energy
from carbohydrates and fats is adjusted to 47% and 44%,
respectively (Fanti, Mishra, Longo, & Brandhorst, 2021;
Nuanchankong, Jaroennon, & Manakla, 2024; Rangan, et al., 2022).

® Protein Restriction

The diet is implemented with a low-protein approach in order
to reduce the activity of IGF-1 and mTOR, which play key roles in
growth and aging. Protein intake is set at approximately 30 g/day on
Day 1 (11% of 1,100 kcal) and about 16 g/day on Days 2—5 (9% of
700 kcal). The majority of the consumed protein is derived from
plant-based sources (Brandhorst, et al., 2015)

Protein Sources: The protein sources consumed should be
plant-based. Examples include legumes, lentils, soybeans, cereals or
pseudocereals, chia seeds, peanuts, and other seeds such as
sunflower seeds, pumpkin seeds, almonds, and cashews
(Nuanchankong, Jaroennon, & Manakla, 2024)

e Carbohydrate Restriction

OTD programs are formulated as low-carbohydrate diets. In
addition, sugar (simple carbohydrates) is restricted, and the diet
should be free of added sugars. The carbohydrates consumed should
generally be low—glycemic index (GI) and low—glycemic load (GL)
foods (Nuanchankong, Jaroennon, & Manakla, 2024). As
carbohydrate sources, whole grains, oats, and legumes are

recommended (Augusti, et al., 2015
--80--



e Fat Restriction

Although the Fasting-Mimicking Diet (FMD) is a protocol
in which energy intake is significantly restricted, it is defined as a
diet with a high proportion of healthy fats in terms of macronutrient
distribution. On the first day of the diet, approximately 46% of total
energy intake is derived from fats, while from the second to the fifth
day, an average of 44% of energy is provided by fats. Healthy fats,
particularly essential fatty acids (EFAs), play a critical role in the
diet. Omega-3 and omega-6 fatty acids, which cannot be synthesized
by the human body and must be obtained from external sources, play
a crucial role in the development of the metabolic effects of the diet
(Kaur, Chugh, & Gupta, 2014).

Flaxseed, hemp seed, canola, walnuts, pumpkin seeds, and
soybeans are among the foods frequently used in the Fasting-
Mimicking Diet (FMD) due to their rich essential fatty acid content.
Nuts (such as almonds, walnuts, and hazelnuts) and dark green leafy
vegetables (such as kale, Swiss chard, and parsley) also contribute
to the diet’s nutritional density by providing both healthy fats and
additional micronutrients (Nuanchankong, Jaroennon, & Manakla,
2024).

¢ Supplements

During Fasting-Mimicking Diet (FMD) protocols, the use of
supplements is an important supportive component to prevent
potential deficiencies that may arise from restricted caloric intake
and limited dietary variety. Due to the low-energy and plant-based
nature of the diet, micronutrient intake may be reduced; therefore,
the integration of vitamin and mineral supplementation into the
program is recommended. In this context, the use of high-potency
multivitamin—mineral supplements is frequently advised to support
overall health and prevent deficiencies (Zhang, Chen, Huo, Huang,
& Zhao, 2024).
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According to protocol recommendations, taking a
multivitamin supplement every three days is generally considered
sufficient. Since the FMD is entirely plant-based, it may pose a risk
for deficiencies in certain micronutrients predominantly found in
animal-derived foods, particularly iron and vitamin BI2
(Nuanchankong, Jaroennon, & Manakla, 2024).

* Hydration

In the Fasting-Mimicking Diet (FMD) protocol, while caloric
intake and macronutrients—particularly protein and
carbohydrates—are restricted, maintaining adequate hydration is of
critical importance. To help manage potential mild side effects
associated with the low-calorie nature of the diet, such as
dehydration, no restrictions are placed on water intake, and adequate
fluid consumption is strongly encouraged (Nuanchankong,
Jaroennon, & Manakla, 2024).

Protocol and Implementation of the Fasting-Mimicking Diet

FMD cycles are periodic and short-term nutritional protocols
developed to mimic the physiological effects of traditional fasting
without completely eliminating food intake. In this approach, fasting
periods are applied in regular cycles followed by periods of normal
eating (Lin & Gao, 2024).

FMD protocols generally last for 4-5 consecutive days, with
the most commonly used duration in humans being a 5-day
intervention (Fanti, Mishra, Longo, & Brandhorst, 2021). This cycle
is typically repeated no more than once per month. It is reported that
the FMD is designed with sufficient flexibility to be implemented,
for example, every two weeks or once every few months. To achieve
clear clinical benefits, three consecutive FMD cycles are generally
recommended. In fasting-mimicking diets, the primary aim of
determining duration and frequency is to reduce the challenges

associated with long-term restriction while sustainably providing
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the metabolic and physiological benefits associated with fasting
(Nuanchankong, Jaroennon, & Manakla, 2024).

A five-day FMD cycle is typically followed by an
approximately 25-day period of normal eating. During the refeeding
phase, individuals return to their usual diet; however, adherence to
certain dietary principles is recommended to sustain metabolic
benefits. In this phase, the consumption of animal-based foods such
as fish, lean meat, and semi-skimmed dairy products is kept to a
minimum. Instead, the preference for carbohydrate sources with low
glycemic index (GI) and low glycemic load (GL) is emphasized.
Additionally, it is recommended that a dietary pattern rich in
essential fatty acids be maintained during the refeeding period
(Rangan, et al., 2022).

Although FMD programs are generally considered safe,
commonly reported side effects include mild to moderate fatigue,
headache, dizziness, weakness, nausea, and dehydration (Rangan, et
al., 2022; Nuanchankong, Jaroennon, & Manakla, 2024; Fanti,
Mishra, Longo, & Brandhorst, 2021).

Comparison of Intermittent Fasting, Time-Restricted Eating,
and the Fasting-Mimicking Diet Applications

The Fasting-Mimicking Diet (FMD), Intermittent Fasting
(IF), and Time-Restricted Eating (TRE) are three popular dietary
interventions that aim to induce fasting physiology in order to
promote weight loss and trigger metabolic benefits in overweight or
obese individuals. However, they differ in terms of implementation
methods, duration, and degree of caloric restriction (Fanti, Mishra,
Longo, & Brandhorst, 2021).

In the table below, the Fasting-Mimicking Diet (FMD),
Intermittent Fasting (IF), and Time-Restricted Eating (TRE)
approaches are compared based on the characteristics reported in

the literature.
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Table 2 Comparison of the Fasting-Mimicking Diet, Intermittent

Fasting, and Time-Restricted Eating Approaches

Fasting-Mimicking
Diet (FMD)

Intermittent Fasting
dF)

Time-Restricted
Eating (TRE)

Definition

A periodic, very-low-
calorie dietary
protocol developed to
mimic the
physiological effects
of fasting while
allowing limited food
intake; typically
plant-based, low in
protein and
carbohydrates, and
relatively high in
healthy fats.

A dietary approach
characterized by
alternating periods of
fasting and eating, in
which calorie intake
is either significantly
reduced or eliminated
during fasting
periods.

A dietary
intervention that aims
to maintain a
consistent daily
eating—fasting cycle
by restricting food
intake to a specific
time window during
the day.

Duration and
Frequency

Applied in periodic
cycles. Typically
administered once
every few weeks;
most human studies
use a 5-day protocol.

Common protocols
include the 5:2 diet (2
fasting days per
week, 5 normal
eating days) and
alternate-day fasting
(ADF), where fasting
is performed every
other day.

Practiced daily. Food
intake is usually
limited to a 4-12-
hour eating window
(e.g., 16:8, consisting
of 8 hours of eating
and 16 hours of
fasting).

Caloric Restriction

Energy intake is
markedly reduced:
approximately
50-55% of daily
energy needs on day

1 and around 30-35%
on days 2-5.

Varies by protocol. In
the 5:2 diet, energy
intake on fasting days
is reduced to about
25% of daily
requirements
(approximately
500-600 kcal). In
ADF, fasting days
involve 0-25% of
normal caloric intake.

Does not primarily
focus on caloric
restriction; benefits
arise mainly from
meal timing,
circadian alignment,
and prolonged daily
fasting duration
rather than explicit
calorie reduction.

Weight Loss and
Outcomes

After three cycles, a
3.1-3.4% reduction
in body weight has
been observed in
healthy individuals,
with greater
reductions reported in
obese participants.
Additionally, fat-
adjusted lean body
mass has been shown
to increase.

When compared with
continuous daily
calorie restriction
(CR), similar weight
loss outcomes have
been reported,
typically ranging
between 3% and 7%

Short-term studies
have reported
approximately 3—5%
reductions in body
weight, along with
decreases in waist
circumference and
visceral fat.

Adherence and
Challenges

Considered relatively
safe and feasible
when properly
applied. Reported
adverse effects are

Dropout rates may be
higher than
continuous calorie
restriction. Common
complaints include

Long-term adherence
may be challenging
and may conflict with
social life or work
schedules.




generally mild to hunger, cold Prolongation of the

moderate, including sensation, and low fasting window may
fatigue and weakness.  energy levels. In increase the risk of
Compared with individuals with type  skipping breakfast,
complete fasting, it 2 diabetes, medical potentially negatively
reduces the risks of supervision is affecting

rapid weight loss and  required due to the cardiometabolic
malnutrition. risk of hypoglycemia.  health.

Source: (Panda, 2016, Anton , et al., 2018; Welton, et al., 2020)

The primary mechanism underlying these dietary approaches
is the restriction of food intake through caloric limitation, exclusion
of specific nutrients, or prolonged fasting, thereby eliciting
beneficial health effects. Although studies indicate that these diets
are effective in promoting weight loss in the short term, long-term
success is considered to depend largely on the individual’s ability to
adhere to the selected dietary plan (Panda, 2016; Anton, et al., 2018;
Welton, et al., 2020).

Relationship Between the Fasting-Mimicking Diet and Diseases

Findings from clinical studies conducted in humans indicate
that this dietary intervention exerts beneficial effects on health-
related parameters in both healthy individuals and those with various
pathological conditions. Moreover, adopting the Fasting-Mimicking
Diet as a preventive approach may contribute to the reduction and
delay of age-related comorbidities (Panebianco, Potenza, &
Pazienza, 2017) and support the process commonly referred to as
“healthy aging” (Nardon, Venturelli, Ruzzante, Longo, & Bertucco,
2022).

Cycles of the Fasting-Mimicking Diet (FMD) have been
suggested to be a safe, practical, and effective strategy for lowering
risk factors associated with aging and major age-related conditions,
including metabolic syndrome, cancer, diabetes, and cardiovascular
diseases (CVD) (Wei, et al., 2017).

Relationship Between Alzheimer’s Disease and the Fasting-
Mimicking Diet
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The aging population poses significant social, medical, and
economic challenges on a global scale due to the high prevalence of
chronic diseases in older age groups. Among these chronic
conditions, Alzheimer’s disease (AD) stands out as both the most
common form of dementia and the most prevalent neurodegenerative
disorder. AD is a degenerative central nervous system (CNS) disease
characterized by progressive impairments in memory, learning, and
executive functions, substantially affecting individuals’ abilities to
perform daily living activities. According to the World Alzheimer
Report 2021, AD affects more than 50 million individuals
worldwide, and its prevalence is rapidly increasing in parallel with
population aging. In addition to reducing quality of life, AD imposes
a substantial economic burden on families and healthcare systems
(Sliwinska & Jeziorek, 2021).

It is reported that approximately two-fifths of all Alzheimer’s
disease cases worldwide are potentially associated with modifiable
risk factors. This indicates that targeting the underlying risk factors
that predispose individuals to cognitive impairment may reduce the
incidence of Alzheimer’s disease and offer a novel approach to
disease prevention. According to the Lancet Commission report,
modifying a total of 12 lifestyle and environmental risk factors—
including improvements in dietary patterns—could prevent or delay
approximately 40% of Alzheimer’s disease cases (Livingston, et al.,
2020). These findings suggest that preventive interventions focusing
particularly on lifestyle modifications could substantially reduce the
societal burden of the disease (Wen, et al., 2025).

Nutrition is considered one of the most important modifiable
environmental factors in relation to Alzheimer’s disease, and a
growing body of evidence indicates that dietary patterns may
modulate neurodegenerative processes through effects on the gut
microbiota, microglial activation, and peripheral inflammatory
pathways (Madore, Yin, Leibowitz, & Butovsky, 2020).
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It has been reported that the Mediterranean diet (MD), which
is rich in antioxidants, dietary fiber, and omega-3 polyunsaturated
fatty acids, as well as specific components such as glutathione,
polyphenols, curcumin, coenzyme Q10, vitamins B6 and B12, folic
acid, unsaturated fatty acids, lecithin, urolithin A (UA), caffeine,
and certain probiotics, may exert beneficial effects on the course of
Alzheimer’s disease. In contrast, diets rich in saturated fatty acids
and branched-chain amino acids have been shown to accelerate
cognitive decline. Therefore, nutritional interventions aimed at
reducing the risk of dementia are recommended to be initiated as
early as possible. Recent studies indicate that high-quality dietary
patterns such as the Mediterranean diet, DASH diet, and particularly
the MIND diet may provide protective effects against Alzheimer’s
disease; it is suggested that the neuroprotective components of these
diets act synergistically to support cognitive health (Wen, et al.,
2025; van den Brink, Brouwer-Brolsma, Berendsen, & van de Rest,
2019).

Dietary restriction (DR) is proposed as a reliable and
effective intervention that has been demonstrated to extend lifespan
and improve health status across various model organisms. In recent
years, Periodic Dietary Restriction—particularly the Fasting-
Mimicking Diet (FMD)—has attracted increasing attention and has
emerged among DR regimens due to its potential preventive and
therapeutic effects. The FMD offers a structured dietary plan
involving specific meals and caloric restriction, thereby providing a
more feasible and sustainable approach compared with prolonged
fasting protocols. Considering these characteristics, the Fasting-
Mimicking Diet is regarded as a potential preventive and therapeutic
strategy for Alzheimer’s disease (Boccardi, Pigliautile, Guazzarini,
& Mecocci, 2023).

In one study, the effectiveness of periodic dietary restriction
as a potential treatment for Alzheimer’s disease was investigated,
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and the effects of Fasting-Mimicking Diet (FMD) cycles on
Alzheimer’s disease were examined in both preclinical mouse
models and in patients diagnosed with amnestic mild cognitive
impairment (aMCI) or mild Alzheimer’s disease. The researchers
applied FMD cycles, a low-calorie dietary regimen, in two different
transgenic mouse models. The FMD was observed to significantly
improve cognitive function in mice and to attenuate hallmark
Alzheimer’s disease pathologies, including amyloid-f and tau
pathology. Mechanistically, the diet was found to reduce
neuroinflammation and levels of NADPH oxidase (Nox2), which
are closely associated with neurotoxicity. These findings were
further confirmed in mouse models with Nox2 gene knockout,
demonstrating that Nox2 inhibition plays a key role in reversing
memory impairments (Rangan, et al., 2022).

Relationship Between Cardiovascular Diseases and the Fasting-
Mimicking Diet

According to the World Health Organization, cardiovascular
diseases (CVD) are recognized as the leading cause of death
worldwide. Four out of five deaths related to CVD occur as a result
of heart attacks and strokes. Moreover, one-third of CVD-related
deaths occur in individuals under the age of 70 (Virani, et al., 2020).

Early identification and management of cardiovascular risk
factors are of critical importance for the prevention of CVD-related
mortality. Risk factors associated with cardiovascular diseases
include hypertension, diabetes and hyperglycemia, dyslipidemia,
overweight, and obesity (Crupi, Haase, Brandhorst, & Longo, 2020).

Nutrition is considered to play a central role in the prevention
of cardiovascular diseases (CVD). Dietary patterns influence CVD
risk by affecting aging, adiposity, glycemic control, blood pressure,
cholesterol levels, and inflammation (Crupi et al., 2020). To reduce
CVD risk, plant-based dietary patterns—particularly those rich in

--88--



minimally processed foods, vegetables, and fruits—are
recommended. Diets such as the Mediterranean, DASH, and
vegetarian diets have been shown to reduce CVD risk, whereas
dietary habits rich in ultra-processed foods, meat, salt, sugar, and
saturated fats are advised against. General dietary guidelines
emphasize maintaining a healthy body weight, preferring whole
grains over refined carbohydrates, selecting healthy protein sources
(especially plant-based proteins, fish, seafood, and low-fat or fat-
free dairy products), and minimizing the intake of added sugars and
salt (Marques-Vidal, et al., 2025).

In addition to total caloric intake and macronutrient
composition, meal timing and meal frequency have also been shown
to influence CVD risk. Fasting-based dietary approaches—including
intermittent fasting (IF), time-restricted eating (TRE), prolonged
fasting, and the fasting-mimicking diet (FMD)—have demonstrated
promising results in reducing CVD risk factors. These fasting
regimens are generally associated with reductions in cardiovascular
risk, often independent of weight loss, although weight loss
frequently accompanies these interventions. However, difficulties
in long-term adherence may limit the overall effectiveness of these
approaches (Crupi, Haase, Brandhorst, & Longo, 2020; Marques-
Vidal, et al., 2025).

Nutrition is stated to play a central role in the prevention of
cardiovascular diseases (CVD). Nutrition influences CVD risk by
affecting aging, adiposity, glycemic control, blood pressure,
cholesterol levels, and inflammation (Crupi et al., 2020). To reduce
CVD risk, plant-based dietary patterns—particularly those rich in
minimally processed foods, vegetables, and fruits—are
recommended. Dietary models such as the Mediterranean, DASH,
and vegetarian diets have been shown to reduce CVD risk, whereas
dietary habits high in ultra-processed foods, meat, salt, sugar, and
saturated fat should be avoided. General dietary guidelines

--80--



emphasize maintaining a healthy body weight, choosing whole
grains instead of refined carbohydrates, selecting healthy protein
sources (especially plant-based proteins, fish, seafood, and low-fat
or fat-free dairy products), and minimizing added sugars and salt
intake (Marques-Vidal, et al., 2025).

It has also been observed that nutrition affects CVD risk not
only through caloric intake and macronutrient composition but also
through meal timing and eating intervals. Fasting-related approaches
such as intermittent fasting (IF), time-restricted eating (TRE),
prolonged fasting, and fasting-mimicking diets (FMD) have shown
promising results in reducing CVD risk factors. These fasting
regimens are generally associated with reductions in cardiovascular
risk independent of weight loss, as well as with weight loss itself.
However, difficulties in long-term adherence may limit the
effectiveness of these approaches (Crupi, Haase, Brandhorst, &
Longo, 2020; Marques-Vidal, et al., 2025).

A study was conducted to evaluate the effects of the fasting-
mimicking diet (FMD) on risk factors associated with aging,
diabetes, cancer, and cardiovascular diseases. This randomized
controlled trial was carried out in the United States with 100
participants aged between 20 and 70 years. The study was conducted
between April 2013 and July 2015. Participants were instructed to
continue their usual diets for a period of three months in order to
estimate changes not attributable to dietary intervention.
Measurements were taken at the end of this three-month period.
Following baseline assessments, 43 participants from the control
group were enrolled in the FMD program. The FMD intervention
was implemented for five consecutive days per month over a three-
month period. Participants in the intervention group were
randomized to undergo five-day FMD cycles each month for three
months. The FMD consisted of a low-calorie (~3000—4600 kJ/day),
low-sugar, and low-protein, but high—unsaturated fat, plant-based
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diet. All foods to be consumed during the FMD were individually
packaged and provided to participants to ensure compliance. After
completing each five-day FMD cycle, participants were instructed
to return to their usual diets. The study demonstrated that monthly
five-day FMD cycles were safe, feasible, and effective in reducing
risk factors associated with aging and age-related diseases, including
body fat, blood pressure, and insulin-like growth factor 1 (IGF-1).
These effects were more pronounced in individuals who already
exhibited elevated risk factors. However, the authors emphasized
that larger-scale studies are needed to confirm the long-term efficacy
of FMD in individuals with diagnosed diseases such as
cardiovascular disease and diabetes (Wei, et al., 2017).

Another clinical study aimed to compare the effectiveness of
a four-month continuous Mediterranean Diet (MD) with four cycles
of a Fasting-Mimicking Diet (FMD) applied for only five days per
month in individuals with obesity/overweight and hypertension, and
to evaluate changes in biochemical markers and body composition
from baseline to the end of the study. The study was conducted
between September 2018 and May 2019. Participants included men
and women aged 35-75 years with a body mass index (BMI) > 28,
who had been diagnosed with hypertension, endothelial dysfunction,
and reduced small resistance artery compliance. In this randomized
study, 44 participants were assigned to the FMD group and 40
participants to the Mediterranean diet group. The intervention lasted
a total of four months. The FMD group followed the FMD protocol
for five consecutive days per month throughout the four-month
period. The Mediterranean diet group was instructed to adhere daily
for four months to a Mediterranean dietary pattern rich in foods such
as grains, legumes, vegetables, fruits, fish, and fats derived from
olive oil. At the end of the four-month intervention, both diets
resulted in similar reductions in body weight, waist circumference,
BMI, body fat mass, total cholesterol, and leptin levels. While the
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FMD reduced HbAlc and insulin-like growth factor 1 (IGF-1)
levels, the Mediterranean diet decreased glucose, HOMA-IR, and
HDL-C levels. In terms of the primary outcome of endothelial
function, only the FMD led to a reduction in the Reactive Hyperemia
Index (RHI). Both dietary interventions improved the PULS cardiac
test score, which assesses the risk of myocardial infarction and
stroke. Differences between the two dietary approaches became
apparent at the three-month follow-up: no loss of fat-free mass
(FFM) was observed in the FMD group, whereas a significant loss
of FFM and leg muscle mass was detected in the Mediterranean diet
group. Additionally, reductions in insulin, HbAlc, and HOMA-IR
levels persisted throughout the follow-up period in participants
following the FMD, while this effect was not observed in the
Mediterranean diet group. In conclusion, both the FMD and the
Mediterranean diet were effective in reducing cardiometabolic risk;
however, the periodic implementation of the FMD appeared to offer
a potential advantage in preserving fat-free body mass and providing
more sustained improvements in insulin and glucose metabolism
(Mishra, et al., 2023).

In a study conducted in Switzerland, the aim was to compare
the physiological, metabolic, and molecular effects of fasting-
mimicking diets (FMDs) according to their macronutrient
composition. This was a randomized, three-arm clinical trial.
Participants consisted of 46 generally healthy men and women aged
18-65 years with a body mass index (BMI) < 35 kg/m?. The control
group continued their weight-maintaining habitual diet for seven
days. Participants in the low-protein fasting-mimicking diet (LP-
FMD) group followed a low-protein, high-fat dietary pattern, in
which 10% of daily energy intake was derived from protein, 45%
from fat, and 45% from carbohydrates. The third arm of the study,
the high-protein fasting-mimicking diet (HP-FMD) group, followed
a plant-based FMD with a high-protein, low-fat composition,
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providing 30% of energy from protein, 25% from fat, and 45% from
carbohydrates. Evaluation of the study outcomes demonstrated that
a seven-day fasting-mimicking diet provided cardiometabolic health
benefits regardless of macronutrient composition (LP-FMD or HP-
FMD); however, the HP-FMD conferred additional advantages.
Both FMD interventions resulted in significant reductions in body
weight and fat mass compared with the control group. Additionally,
both FMDs reduced fasting plasma glucose by approximately 10%
and decreased insulin-like growth factor 1 (IGF-1), a growth factor
associated with aging and disease, by approximately 35%. Only the
HP-FMD led to a reduction in visceral fat mass, which is closely
associated with metabolic risk, compared with the control group.
Furthermore, only the HP-FMD increased heart rate variability, a
dynamic marker of cardiovascular health, showed a trend toward
reduced diastolic blood pressure, and decreased circulating
triglycerides and saturated fatty acids. Serum HDL concentrations
decreased similarly in both FMD groups. These findings suggest
that caloric restriction is a key determinant of the cardiometabolic
benefits and autophagy induction associated with the fasting-
mimicking diet; however, macronutrient composition—particularly
a high-protein, low-fat formulation—may provide additional
benefits for specific health targets such as body composition, lipid
profiles, heart rate variability, and gut microbiota (Burns, et al.,
2025).

A study conducted in mice aimed to investigate whether
fasting-mimicking diet (FMD) cycles enhance the efficacy of
immune checkpoint inhibitors (ICIs) used in cancer therapy, while
simultaneously reducing ICl-associated cardiovascular effects.
Immune checkpoint inhibitors are immunotherapeutic agents that
reactivate the immune system’s capacity to recognize and eliminate
tumor cells. In this study, the fasting-mimicking diet (FMD) cycle
was designed as four consecutive days of FMD followed by three
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days of refeeding with a standard diet. FMD cycles were shown to
prevent or reverse cardiovascular adverse effects induced by
immune checkpoint inhibitors, including cardiac fibrosis, necrosis,
and hypertrophy. The cardioprotective effects of FMD were
associated with a significant reduction in CD3+ and CD8+ T-cell
infiltration in cardiac tissue, as well as marked decreases in oxidative
stress and inflammatory markers at both systemic and myocardial
levels. These findings suggest that FMD cycles may be incorporated
into clinical strategies to enhance the anticancer efficacy of
immunotherapy while reducing life-threatening cardiovascular side
effects (Cortellino, et al., 2023).

In conclusion, fasting-mimicking diet cycles demonstrate
substantial potential in reducing risk factors for cardiovascular
disease (CVD), which remains the leading cause of mortality
worldwide. Through mechanisms based on macronutrient
composition and periodic dietary restriction, FMD may improve
metabolic risk factors and contribute to the preservation of
cardiovascular health.

The Relationship Between Obesity, Metabolic Syndrome, and
the Fasting-Mimicking Diet

Obesity is defined as a multifactorial and complex disease
characterized by an excess accumulation of body fat resulting from
a long-term imbalance in energy homeostasis (Bouchard, 2021).

Fundamentally, obesity is triggered by the interaction
between genetic predisposition and environmental factors.
According to the literature, obesity arises from a disruption in the
central regulation of body weight. Beginning in early childhood, it
becomes a lifelong burden. According to 2020 data from the World
Health Organization (WHO), it is estimated that 12% of children
aged 7-9 years in 33 countries within the European Region are
classified as obese. Furthermore, the WHO estimates that the

--94--



number of overweight or obese children under the age of five
worldwide is approximately 39 million (Faccioli, Poitou, Clément,
& Dubern, 2023).

Obesity is a disease that affects multiple systems in the
human body, including the cardiovascular, respiratory, endocrine,
and digestive systems, and predisposes individuals to numerous
serious health conditions. Cardiovascular diseases, hypertension,
diabetes mellitus, hypercholesterolemia, respiratory disorders, joint
diseases, menstrual irregularities, infertility, erectile dysfunction,
gallbladder diseases, gallstone formation, and certain types of cancer
are among the conditions directly associated with obesity (Green,
Arora, & Prakash, 2020; Keirns & Hawkins, 2019).

In the nutritional management of obesity, current approaches
focus not solely on calorie counting or individual self-control but
rather on the effects of food quality on physiological processes.
Studies indicate that the consumption of fruits, non-starchy
vegetables, nuts, yogurt, and fish has a protective effect against
weight gain, whereas refined grains, starchy foods such as potatoes,
sugar-sweetened beverages, and processed meats directly contribute
to the development of obesity. Therefore, the most effective strategy
in combating obesity is not to focus exclusively on total fat or calorie
intake, but to sustainably adopt a dietary pattern rich in nutrient-
dense healthy foods while restricting refined carbohydrates and
added sugars (Mozaffarian, 2016).

Small adjustments in diet or lifestyle generally lead to mild
metabolic changes that can be detected after a few months. These
metabolic alterations largely depend on lifestyle modifications.
However, in dietary interventions such as the fasting-mimicking diet
(FMD), variations in human metabolism occur much more rapidly,
and measurable changes may be observed within a few days (Hof
& Wall, 2024).
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In a study conducted to explore the direct effects of the
fasting-mimicking diet on human physiology, the effects of the
FMD on human salivary metabolic profiles and body weight were
investigated. By monitoring key metabolites associated with changes
in energy metabolism in response to the FMD—such as acetone and
tricarboxylic acid (TCA) cycle-related metabolites including L-
glutamine, L-glutamate, and succinic acid—insights into human
energy metabolism were obtained, and evaluations were conducted
to estimate fat loss as a component of sustained weight loss. The
study was carried out with six adult participants with normal or
elevated body mass index (BMI). Participants followed the reSET
diet, an FMD designed to mimic fasting effects through low-calorie,
plant-based meals, for five days. Compared with a regular diet, this
dietary regimen was relatively low in carbohydrates and protein but
higher in healthy fats. The findings indicated that the FMD resulted
in weight loss and influenced multiple metabolic changes in the
body. The FMD increased acetone levels, a by-product of
ketogenesis, indicating a metabolic shift from glucose utilization to
fat oxidation (ketosis) as the primary energy source. In addition to
reductions in body weight, the FMD was also associated with
decreases in body fat and blood pressure. These findings suggest
that the FMD may represent an effective approach with the potential
to promote weight and fat loss (Hof & Wall, 2024).

Obesity is also associated with metabolic syndrome (MetS),
which is characterized by the clustering of multiple risk factors
related to obesity. With the global increase in waist circumference
and body mass index values, modern societies are considered to be
at significant risk for obesity-related metabolic disorders. The
diagnostic components of metabolic syndrome include:

e Abdominal obesity

e Hypertension
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e Hypertriglyceridemia
e Low HDL cholesterol
e Hyperglycemia

According to the definition of the World Health Organization
(WHO), the diagnosis of metabolic syndrome requires the presence
of insulin resistance in addition to at least two of the aforementioned
criteria. Current epidemiological data indicate that metabolic
syndrome affects approximately one-quarter of the global adult
population, highlighting the substantial burden it imposes on both
individual health and healthcare systems (Green, Arora, & Prakash,
2020).

A study was conducted among patients with prostate cancer
who also exhibited features of metabolic syndrome, aiming to
investigate the effects of the fasting-mimicking diet on metabolic
health factors. These patients followed a periodic FMD protocol
consisting of four-day cycles administered once per month for three
months. Baseline measurements of body weight, waist
circumference, blood pressure, and selected laboratory parameters
were compared with data obtained three months after the
intervention. The results demonstrated that the FMD cycles were
safely implemented without observed toxicity and achieved a high
adherence rate of 83%. Additionally, the intervention resulted in
weight loss, reductions in waist circumference, and significant
decreases in both systolic and diastolic blood pressure. Furthermore,
subgroup analyses indicated that the FMD exerted more favorable
effects particularly in patients classified as “at risk” compared with
those who had normal metabolic risk factor values (Fay-Watt, et al.,
2023).

Another study aimed to determine the effects of the fasting-
mimicking diet compared with continuous energy restriction on

anthropometric measurements, body composition, glucose
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metabolism, and appetite-regulating hormones (leptin, neuropeptide
Y, and total ghrelin). The study was conducted as a randomized
controlled parallel trial comparing the effects of the fasting-
mimicking diet and continuous energy restriction in metabolically
healthy women aged 18-55 years with a BMI between 30 and 35
kg/m? who had been diagnosed with obesity. The study was carried
out between August 2019 and March 2020. In this two-group study,
the first group followed a continuous energy restriction diet with an
average daily energy deficit of 500 kcal. Participants in the second
group followed the fasting-mimicking diet in two cycles over a two-
month period, with each cycle implemented approximately every 25
days. The results showed that although there was no significant
difference between the FMD and continuous energy restriction in
terms of weight loss, the FMD was more effective in preserving
muscle mass and basal metabolic rate. In contrast, continuous energy
restriction was associated with significant increases in total ghrelin
and neuropeptide Y (NPY), hormones known to stimulate appetite.
These findings suggest that the FMD may have the potential to better
regulate appetite-related hormones and minimize muscle loss
compared with continuous energy restriction (Sadeghian, Hosseini,
Javid, Angali, & Mashkournia, 2021).

The Relationship Between Cancer Diseases and the Fasting-
Mimicking Diet

Cancer is a large and heterogeneous group of malignant
tumors characterized by abnormal cell growth and the potential to
spread from their tissue of origin to other parts of the body. In 2020,
cancer caused approximately 600,000 deaths in the United States
(USA) alone, highlighting its significant impact on public health. It
is the second leading cause of death after cardiovascular diseases
(Hanahan & Weinberg, 2011).
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A large proportion of cancers arise from factors that can be
controlled by individuals and governments. The most important
causes of cancer include tobacco wuse, excessive alcohol
consumption, obesity, physical inactivity, infectious agents, and sun
exposure. Diets low in fruits and vegetables are also considered
among the causes of cancer. Most of the factors associated with
increased cancer risk are therefore modifiable (Schwartz, 2024).

In patients with cancer, nutrition is regarded as a critical area
of management due to the negative effects of both the disease itself
and treatment modalities such as surgery, chemotherapy,
radiotherapy, or immunotherapy on metabolism, appetite, digestion,
and nutrient absorption (Pio, Senent, Tavira, & Ajona, 2025). For
this reason, nutritional assessment and appropriate medical nutrition
support should not be considered merely a complementary element
of cancer care, but rather an integral component of a
multidisciplinary treatment approach (Muscaritoli, et al., 2021).

Low-energy dietary approaches such as calorie restriction
and fasting, which are used as nutritional therapy strategies in
cancer, have been shown to exert beneficial effects by preventing
the development of malignant tumors and enhancing the efficacy of
cancer treatments. However, long-term calorie restriction may lead
to both beneficial and potentially harmful outcomes and is associated
with significant adherence challenges in terms of feasibility. In
contrast, periodic fasting, fasting-mimicking diets, and dietary
restriction approaches that do not require a marked reduction in
caloric intake stand out as more sustainable and widely applicable
interventions for the prevention and treatment of cancer (Brandhorst
& Longo, 2016).

A study was conducted to evaluate the effects of the Fasting-
Mimicking Diet (FMD) on tumor-associated macrophages (TAMs)
within the tumor microenvironment in oral cancer treated with

gefitinib (EGFR-TKI), and to enhance the therapeutic efficacy of
--99--



gefitinib. The research was carried out using in-vitro cell cultures,
animal models, and computer-based data analyses. EGFR-TKIs
(Epidermal Growth Factor Receptor Tyrosine Kinase Inhibitors) are
molecularly targeted therapies used in cancer treatment. This study
demonstrated that the Fasting-Mimicking Diet (FMD) enhances the
effectiveness of gefitinib, a targeted agent used in oral cancer
therapy, by directly weakening cancer cells. Under normal
conditions, gefitinib treatment induces STAT3 activation in cancer
cells, leading to the secretion of CCL2, which promotes the
recruitment of drug-resistant macrophages into the tumor
microenvironment. The application of FMD was shown to interrupt
this process at its earliest stage, reducing macrophage infiltration
into the tumor site by approximately 65% and suppressing cancer
cell proliferation by about 74%. As a result, FMD was found to
disrupt the defense mechanisms developed by cancer cells against
the drug, thereby significantly improving treatment success (Wang,
et al., 2025).

Studies conducted in laboratory animals and humans have
demonstrated that fasting—whether continuous (calorie restriction)
or intermittent (via various fasting cycles)—improves health and
extends lifespan. In recent years, fasting and fasting-like conditions,
including Fasting-Mimicking Diets (FMDs), have increasingly
become a focus of cancer research. Preclinical and clinical evidence
indicates that fasting or fasting-mimicking conditions have the
potential to enhance the efficacy of antitumor therapies and are
being considered as a novel strategy in cancer treatment (Pio, Senent,
Tavira, & Ajona, 2025).

Nutrient deprivation sensitizes cancer cells to the antitumor
activity of standard therapies, while simultaneously protecting
normal cells against stress and promoting tissue regeneration,
thereby mitigating toxic side effects associated with cancer
treatments. Fasting-like dietary interventions not only modulate
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tumor metabolism but also enhance antitumor immune responses
(Liu, et al., 2023; Pio, Senent, Tavira, & Ajona, 2025).

A study was conducted to investigate the effects of the
Fasting-Mimicking Diet (FMD) during neoadjuvant chemotherapy
in patients with breast cancer. Based on preclinical evidence
suggesting that FMD may reduce chemotherapy-related side effects
and toxicity while increasing cancer cell sensitivity to
chemotherapy, a randomized controlled trial was designed to
evaluate the effects of FMD on toxicity and metabolic changes. A
total of 44 newly diagnosed HER2-negative breast cancer patients
aged 18 years and older were enrolled from Taleghani Hospital in
Tehran between February 2022 and January 2024, with 22 patients
assigned to each group. Patients were allocated either to an FMD
group, in which the diet was applied for three days prior to each
chemotherapy cycle and on the day of chemotherapy, or to a control
group that continued their usual diet. This regimen was repeated
every three weeks for a total of eight cycles. The effects of FMD
were evaluated through metabolic parameters (insulin, glucose, and
IGF-1), hematological parameters (erythrocyte, platelet, and
leukocyte counts), and inflammatory markers (high-sensitivity C-
reactive protein, hs-CRP). The results indicated that cyclic FMD
was better tolerated in breast cancer patients receiving neoadjuvant
chemotherapy, allowing patients to complete their treatment
protocols. Compared with the control group, the incidence of
vomiting and neutropenia was lower, while erythrocyte and
neutrophil counts were higher in the FMD group. These findings
suggest that cyclic FMD is safe and feasible, may enhance the
effectiveness of chemotherapy depending on tumor response, and
can reduce gastrointestinal and hematological toxicities (Bahrami,
Haghighi, Moghani, Khodakarim, & Hejazi, 2024).

Another study investigated the safety, feasibility, and
biological effects of cyclic FMD when combined with standard
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antitumor therapies in cancer patients, focusing on systemic
metabolism and antitumor immunity. The study aimed to determine
whether FMD could maintain the incidence of severe (Grade 3/4)
adverse events below a predefined threshold of 20%, and whether
the metabolic and immunomodulatory changes observed in
preclinical models could be reproduced in humans. Conducted in a
total of 101 patients, the study demonstrated that FMD was safe and
feasible, with FMD-associated Grade 3/4 adverse events remaining
below the predefined threshold. Biologically, FMD consistently
reduced blood glucose and growth factor levels, particularly IGF-1,
confirming metabolic changes that mediate preclinical anticancer
effects and indicating that FMD reshapes antitumor immunity
(Zhong, et al., 2023; Vernieri, et al., 2022).

Addressing treatment resistance and cancer stem cell (CSC)-
mediated tumor regrowth—key contributors to the lethality of
metastatic tumors—another study examined the effects of the
Fasting-Mimicking Diet (FMD) on Triple-Negative Breast Cancer
(TNBC) cells. The study investigated whether FMD reduces
glucose-dependent Protein Kinase A (PKA) signaling to decrease
TNBC stem cells, and whether it activates “fasting escape pathways”
in differentiated cancer cells that could be pharmacologically
targeted. The findings showed that FMD lowers glucose levels,
downregulates PKA signaling, and thereby reduces TNBC stem
cells, stemness markers, and stem cell numbers. Additionally, in
differentiated cancer cells, FMD activated survival and growth
pathways such as PI3K/AKT, mTOR, and CDK4/6. When these
fasting escape pathways were targeted with agents such as Pictilisib,
Ipatasertib, and Rapamycin in combination with FMD, tumor
regression with low toxicity and prolonged progression-free survival
were observed in mice. Clinical data were consistent with these
findings, revealing that metastatic TNBC patients with lower
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baseline blood glucose levels exhibited longer survival (Salvadori,
etal., 2021).

In conclusion, the Fasting-Mimicking Diet represents a
feasible and low-cost strategy that provides a strong foundation for
advanced clinical studies, as it enhances the efficacy of anticancer
therapies while protecting normal cells from treatment-related
toxicity. However, the studies also emphasize that fasting or FMD
should be applied with caution in clinical practice to avoid adverse
effects, particularly in cancer patients who are at risk of malnutrition.

The Relationship Between Diabetic Diseases and Fasting-
Mimicking Diets

Diabetes is defined as a heterogeneous group of metabolic
disorders characterized by elevated blood glucose concentrations
(hyperglycemia) (Harreiter & Roden, 2023). This disease and its
associated complications are high-morbidity metabolic conditions
that significantly impair health and quality of life. The
pathophysiology of diabetes involves B-cell destruction, impaired
insulin secretion, and loss of insulin sensitivity in peripheral tissues,
driven by factors such as genetic predisposition, viral infections,
unhealthy lifestyle, and other physical or chemical insults; these
processes ultimately result in elevated blood glucose levels (Sun, et
al., 2021). Severe hyperglycemia manifests with classical symptoms,
including polyuria, polydipsia, fatigue, unexplained weight loss,
visual disturbances, and increased susceptibility to infections.
Chronic hyperglycemia, through impaired insulin secretion and/or
action, is associated with long-term damage and dysfunction in
various tissues and organs, including the eyes, kidneys, nerves,
heart, and blood vessels (Harreiter & Roden, 2023).

Diabetes is classified into four main categories: Type 1
Diabetes (T1D), Type 2 Diabetes (T2D), specific diabetes types, and
gestational diabetes. While treatments such as oral hypoglycemic
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agents and insulin injections provide temporary glycemic control,
they do not fully reverse the disease or its complications. Therefore,
effective diabetes management strategies include smoking cessation,
regular physical activity, maintenance of a healthy body weight, and
notably, healthy nutrition. Nutritional interventions include calorie
restriction, consumption of low glycemic index diets, regular intake
of minimally processed whole grains, nuts, legumes, vegetables, and
other nutrient-dense foods, as well as increased dietary fiber intake
(Sun, et al., 2021; Ojo, 2021; Reynolds & Mann, 2022).

In addition to diet composition, various types of low-energy
diets are considered appropriate for weight loss, provided they are
sustainable and feasible for patients (Reynolds & Mann, 2022).
Among energy restriction methods, fasting has been applied in
individuals with diabetes. According to the literature, fasting can
provide both beneficial metabolic effects and potential risks. Fasting
interventions aimed at supporting diabetes treatment have the
potential to increase insulin sensitivity, reduce endogenous glucose
production, and lower body weight (Herz, et al., 2023). Fasting
periods are characterized by elevated circulating ketone bodies,
while fatty acid, amino acid, glucose, and insulin levels remain low.
This metabolic state improves lipid metabolism. Additionally,
fasting triggers adaptive cellular responses that activate AMP-
activated protein kinase (AMPK), enhancing mitochondrial function
and promoting autophagy. Moreover, fasting exhibits systemic anti-
inflammatory effects (Hardie, 2015).

Fasting reduces body weight and body mass index (BMI)
and improves quality of life in individuals with diabetes. It is
considered a particularly acceptable approach for the prevention and
treatment of T2D and prediabetes. Studies have shown that fasting
lowers fasting insulin levels, improves insulin sensitivity, and
enhances glucose tolerance in prediabetic and obese individuals.
Furthermore, intermittent or continuous caloric restriction has been
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shown to contribute to reductions in HbAlc levels in T2D patients.
However, in T1D, uncontrolled fasting may lead to hyperglycemia
and diabetic ketoacidosis (DKA) due to prolonged glycogen
depletion, increased gluconeogenesis, and ketogenesis. Therefore,
safe fasting in T1D requires individualized insulin adjustments
under medical supervision. Consequently, while fasting can be
considered a supportive approach to improve metabolic markers and
body composition in both T1D and T2D, it must be performed under
medical supervision due to the risks of hypoglycemia and DKA,
especially in TID (Herz, et al., 2023).

Since fasting-mimicking diets (FMDs) designed to replicate
the physiological effects of water-only fasting had not previously
been applied in primary care for T2D treatment, a study was
conducted to address this question. Focusing on lifestyle
modification, the first-line treatment for T2D, the study aimed to
evaluate the effects of a 5-day periodic fasting-mimicking diet on
metabolic control. Conducted at Leiden University Medical Center
in the Netherlands, the study included 100 T2D individuals aged
18-75 years with BMI >27 kg/m?. Participants were randomized
into control and FMD groups. The FMD group received 12 cycles
of a 5-day fasting-mimicking diet in addition to standard care
provided by general practitioners, while the control group received
only standard care. Standard care included clinical and biochemical
assessments, lifestyle counseling, and medication adjustments every
three months. The FMD group demonstrated a significant reduction
in the need for glucose-lowering medications. Correspondingly,
HbAlc levels improved compared to the control group.
Additionally, the FMD program led to significant reductions in body
weight, BMI, waist circumference, and body fat percentage, while
improving insulin resistance. These results suggest that FMD could
be a safe and effective therapeutic option in routine clinical practice.
Further research in T2D patients examined lifestyle changes initiated
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by participants during the 5-day FMD program, particularly
regarding diet quality and physical activity. Quantitative analyses
indicated that FMD did not affect diet quality between fasting
periods but increased total weekly physical activity. Qualitative
analyses revealed that participants perceived FMD as a motivator
for small lifestyle changes, reporting spontaneous improvements in
both diet quality and physical activity (Burg, et al., 2024; Burg, et
al., 2024).

Cheng et al. (2017) investigated whether periodic FMD
cycles could regulate B-cell regeneration and promote insulin
secretion and glucose homeostasis in both T1D and T2D. This multi-
stage study, conducted using diabetic mouse models and human
pancreatic islets, aimed to explore B-cell regeneration with the
potential to reverse diabetes. Results showed that periodic FMD
cycles reversed B-cell deficiency in both TID and T2D mouse
models, restoring insulin secretion and glucose homeostasis. In T2D
mice, FMD cycles significantly reduced blood glucose levels to
near-normal values and reversed the decline in insulin secretion.
These findings suggest that FMD may act as a potential intervention
to promote B-cell regeneration in T1D and T2D and reprogram
pancreatic cells to restore insulin production (Cheng, et al., 2017).

The effects of FMD on myocardial triglyceride content
(MTGC) in T2D patients have also been investigated. The primary
hypothesis was that FMD could reduce MTGC levels. Patients aged
1875 years with BMI >27 kg/m? were randomized to receive either
12 months of FMD in addition to standard care or standard care
alone. Results demonstrated a significant reduction in MTGC after
12 months in the FMD group, indicating a beneficial effect on
cardiac metabolism and suggesting FMD as a strategy to reduce
cardiovascular risk in T2D patients (Roos, et al., 2025).

Tang and Lin (2020) conducted a 4-month randomized

controlled trial to examine the effects of FMD and specific meal
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replacements on glycemic control in T2D patients with BMI >28
kg/m?. Participants were randomly assigned to a test group
consuming low-energy FMD meal replacements or a control group
consuming standard adult calorie meals. At the end of 4 months, the
test group demonstrated significant improvements in metabolic
parameters, including fasting plasma glucose, 2-hour postprandial
glucose, and HbAlc, compared to the control group. Additionally,
the test group showed reductions in BMI, waist circumference,
blood pressure, and lipid levels (triglycerides, cholesterol, LDL),
while HDL levels were increased. The study concluded that FMD
with specific meal replacements is a safe and effective intervention
for weight loss, improvement of metabolic syndrome, and stable
glycemic control in T2D patients (Tang & Lin, 2020).

Clinically, periodic FMD improves glycemic control,
enhances biochemical and physiological well-being, and reduces
cardiovascular risk; therefore, it should be implemented under
medical supervision in patients with diabetes.

Conlusion

Changes in contemporary living conditions; excessive
nutrition, increased total caloric intake, and irregularities in meal
timing lead to the widespread prevalence of obesity and metabolic
health problems. This situation directs individuals toward alternative
dietary approaches that may provide health benefits. Therefore,
popular diet models aimed at combating excessive nutrition have
come to the forefront. Popular diet models are increasing day by
day, and strategies are being developed in the form of calorie
restriction and fasting. Among the newly developed methods, the
FMD practice stands out as a metabolic intervention that provides
“repair and cleansing” for the body without requiring complete
abstinence from food. Studies have shown that FMD improves
metabolic health by causing reductions in fasting blood glucose and
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insulin resistance levels and increases in ketone levels. In addition,
reductions occur in body weight, waist circumference, and visceral
fat mass, and positive health effects are observed in total cholesterol,
LDL, and inflammatory markers. As a result, the literature review
shows that FMD cycles are a safe and effective approach in reducing
disease-related risk factors. However, among the common side
effects of FMD programs are mild to moderate fatigue, headache,
dizziness, weakness, nausea, and dehydration, and there are no
findings regarding long-term health outcomes.
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