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Abstract:

Introduction and purpose: In the face of an aging population, the increasing number of

elderly individuals raises the incidence of age-related conditions, including Alzheimer's

disease (AD), which is a leading cause of global disability and a significant burden on society.

The lack of effective treatments for AD underscores the importance of prevention. Recent

reports suggest that intermittent fasting (IF) may counteract the disease processes associated

with AD and serve as a potential preventive strategy. This review aims to outline the impact

of IF on the risk of developing Alzheimer's disease.

Materials and methods: A literature search was conducted using the medical databases

PubMed and Google Scholar. Articles were retrieved in English, employing the keywords:

“Alzheimer’s disease”, “dementia”, “intermittent fasting”, “ketone bodies”, “cognition”.

State of knowledge: IF is a dietary regimen involving cyclic restriction of food intake,

practiced in many cultures and religions. The interest in IF has increased due to its numerous

health benefits, and recent studies indicate its potential in delaying and preventing

pathological processes associated with AD, such as β-amyloid accumulation,

neuroinflammation, and vascular damage, making IF a potentially protective intervention

against neurodegeneration.

Summary: IF is a promising strategy for improving cognitive function and brain health. Due

to the limited number of studies conducted on humans, further research is needed to confirm

its effectiveness in preventing AD.
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INTRODUCTION AND PURPOSE

In recent years, the demographic situation in highly developed countries has been trending

towards an aging society, and the rapid pace of global population aging represents one of the

greatest challenges of our time [1]. It is estimated that the elderly population (≥ 65 years) will

reach 1 billion by 2030 and increase to 1.6 billion by 2050. The increasing proportion of

elderly individuals in society contributes to the continuous rise in the incidence of age-related

conditions, including dementia and Alzheimer's disease (AD). The dominant strategy aimed at

mitigating the impact of an aging population on healthcare is the extension of healthspan,

which focuses on increasing the years of healthy life and delaying the onset of chronic

diseases and disabilities [2,3].

AD is a leading cause of global disability and poses a significant burden on patients, their

families, caregivers, and society as a whole. Despite being known for over 100 years, there

are still no effective treatments for the disease, and research on disease-modifying drugs has

yielded disappointing results, highlighting the need for effective primary prevention [4,5,6].

Excessive food intake combined with low physical activity promotes the development of

neurodegenerative diseases and cognitive function disorders. Currently, the most common

dietary pattern in society involves eating meals at least three times a day. Recent reports

suggest that intermittent fasting (IF) is a dietary pattern that positively influences many health

markers and may counteract the disease processes underlying AD, serving as a preventive

strategy against its development [7]. The purpose of this review is to outline the impact of

intermittent fasting on the risk of developing Alzheimer's disease.

Materials and methods

A comprehensive review of the literature was performed by searching through databases such

as PubMed and Google Scholar. Articles were retrieved employing the keywords:

“Alzheimer’s disease”, “dementia”, “intermittent fasting”, “ketone bodies”, “cognition”. The

search included articles published from 2014 to 2024. Frequently cited publications published

earlier were also included. Only publications in the English language were considered for

inclusion.

STATE OF KNOWLEDGE

1. Alzheimer's Disease
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2. Alzheimer's disease (AD) is the most common cause of dementia worldwide, accounting

for more than two-thirds of dementia cases in individuals over the age of 65, and is also the

most prevalent neurodegenerative disease. Its incidence continues to rise due to the global

aging population, and currently, approximately 55 million people suffer from AD globally.

Moreover, projections indicate that by 2050, the number of AD patients will increase to about

152 million. According to data, 1 in 10 individuals over the age of 65 shows early-stage

symptoms of the disease, and more than one-third of people aged 85 and older may exhibit

advanced AD symptoms. European population studies have shown an increase in the

percentage of AD patients from 0.6% in the 65-69 age group to 22.2% in patients over 90

years old, further confirming global trends in AD incidence [1,8,9,10].

AD is characterized by a chronic and progressive course, accompanied by the gradual loss of

neurons and synapses, resulting in decreased neuroplasticity of the brain [11]. This process

begins with changes in the central nervous system (CNS) occurring many years before the

onset of clinical symptoms. These pathologies include the accumulation of senile plaques

formed from toxic forms of amyloid-β (Aβ), neurofibrillary tangles of hyperphosphorylated

tau protein, apolipoprotein E (ApoE), and presenilin. The molecular mechanisms of

neurodegeneration involve apoptosis, oxidative stress, inflammation, and immune activation

[12,13]. Neuroinflammation plays an important role in the pathogenesis of AD. It is

hypothesized that uncontrolled activation of microglia in the brain leads to the release of

neurotoxins and inflammatory factors, which trigger local and systemic inflammatory

responses, promoting neuronal loss [11,12,14].

3. It is widely believed that misfolded proteins are key factors causing AD. Large aggregates

of Aβ are formed as a byproduct of the proteolytic processing of amyloid precursor protein

(APP), and Aβ fragments exhibit cytotoxic properties towards neurons and promote the

formation of harmful reactive oxygen species. The accumulation of neurofibrillary tangles is

the result of hyperphosphorylation of tau protein, whose neurotoxicity leads to the

destabilization of microtubules and neuronal apoptosis [1,15].

4. The blood-brain barrier (BBB) is formed by endothelial cells (EC) lining the brain

microvessels and controls the exchange of molecules between the CNS and the blood, thus

maintaining homeostasis. The transport of glucose and ketone bodies from the blood to the

brain is facilitated by glucose transporter 1 (GLUT1) and monocarboxylate transporter 1

(MCT1). The passage of soluble Aβ across the BBB is regulated by the low-density

lipoprotein receptor-related protein 1 (LRP1), which is responsible for removing Aβ from the
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brain. Additionally, P-glycoprotein (P-gp) and breast cancer resistance protein (BCRP) limit

the influx of Aβ into the brain. In AD, decreased expression of LRP1 and P-gp is one of the

key disturbances, leading to the accumulation of Aβ due to reduced clearance of this protein

from the brain [16].

5. Vascular pathologies are one of the elements of AD pathogenesis. It is estimated that

vascular changes occur in 50% of patients with clinically diagnosed AD, and cerebral

atherosclerosis is considered a typical pathological feature of this disease. Neuroimaging

studies have shown a 20% lower blood flow through the brain in patients with Alzheimer's

dementia compared to those without dementia. The deposition of amyloid in the walls of

cerebral arteries and capillaries leads to the development of cerebral amyloid angiopathy

(CAA), which occurs in 85-95% of AD patients. Due to impaired Aβ clearance, its deposits

accumulate in arteries and capillaries, leading to the degeneration of vascular cells over time.

Consequently, this results in the weakening of vessel walls, decreased cerebral blood flow

(CBF), reduced cerebrovascular reactivity, and disruption of BBB integrity, potentially

leading to microinfarcts and microbleeds, contributing to cognitive decline. BBB permeability

is regulated by EC and other cells of the neurovascular unit, such as pericytes, astrocytes, and

perivascular cells. In AD, BBB dysfunction is associated with the degeneration of EC,

pericytes, astrocytic end-feet, and changes in the basement membrane, which disrupts the

process of Aβ clearance [17,18].

6. In AD patients, the most noticeable feature is the progressive degradation of functional

networks in the cerebral cortex and hippocampus, with initial damage to neurons in brain

areas responsible for memory, language, and thinking. The massive death of malfunctioning

neurons hinders the formation of new memory traces. In the early stages of the disease, there

are usually no symptoms. As it progresses, more neurons become damaged, affecting

increasingly larger areas of the brain. Patients may present a spectrum of clinical symptoms

ranging from mild memory impairments to severe, debilitating loss of memory and cognitive

functions [12,15,19].

7. AD is a multifactorial disorder, with major risk factors including older age, genetic

predisposition, and a positive family history. The risk of developing AD doubles every 5

years after the age of 65 [19,20]. It is estimated that genetic factors play a significant role in

about 70% of AD cases. For most patients, the disease manifests in later life and these cases

are sporadic. Studies indicate the existence of several genetic factors that increase the risk of

AD, the most significant of which is the presence of the ε4 allele in the apolipoprotein E
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(ApoE) gene. This allele significantly raises the risk of developing late-onset AD and is

present in approximately 16% of the population. A small percentage of AD cases are

associated with early onset, resulting from dominant genetic mutations in one of three genes

encoding proteins: APP (amyloid precursor protein), PSEN1 (presenilin 1), and PSEN2

(presenilin 2). In these cases, symptoms appear before the age of 65 [5,21].

It is estimated that up to 40% of AD cases can be attributed to modifiable risk factors, such as

hypertension, diabetes, hypercholesterolemia, smoking, alcohol consumption, low physical

activity, obesity, unhealthy diet, low educational level, lack of adequate rest, and low social

engagement. Additionally, the risk of AD increases with a history of brain injury and stroke,

depression, sleep disorders, exposure to environmental factors (heavy metals and trace

elements), chronic CNS infections, low socioeconomic status, social isolation, and lack of

cognitive activity [19,21,22,23]. Recent reports suggest that gut microbiota play a significant

role in the pathogenesis of AD [24]. These data underscore the importance of prevention

through interventions targeting modifiable risk factors, which can significantly reduce the

incidence of AD [25].

8. Dementia, including AD, is the leading cause of disability and dependency among the

elderly, burdening patients, their families, caregivers, society, and healthcare systems. It is

estimated that the average time for the disease to progress from mild to severe is six years.

The advanced stage of AD, accompanied by extensive neuronal damage, leads to extreme

cognitive impairment and prevents patients from meeting their basic needs, requiring long-

term and round-the-clock care [19,21]. According to global reports, the costs associated with

the treatment and care of AD patients amounted to approximately 305 billion dollars in 2020,

and projections indicate that these expenses may exceed 1 trillion dollars by 2050 [1].

Effective treatments for dementia-related diseases have not yet been developed, highlighting

the importance of prevention. The best preventive effects are achieved when interventions are

implemented before the first symptoms of dementia appear, around the age of 50. Scientific

studies indicate that amyloid deposition begins approximately 15-20 years before the onset of

cognitive impairment. During this period the number of synapses, cognitive functions, and

neuropathological changes in the nervous system compensate for each other, increasing the

chances of maintaining long-term health [10,20]. Recent scientific reports confirm the

importance of lifestyle-related factors, which can open new avenues for preventing brain

diseases. It has been shown that several diets, including the Mediterranean, DASH, and

MIND diets, support brain health. Calorie-restricted diets have also demonstrated a positive
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impact on cognitive functions. Despite these benefits, maintaining these diets and caloric

restrictions long-term can be challenging. In recent years, an increasing body of evidence

from animal and human studies suggests that fasting periods without calorie reduction may

have a similar impact on cognitive health and prevent the development of AD. Consequently,

interest has grown in eating patterns that regulate the timing and frequency of meals, with

particular attention to intermittent fasting (IF) [26].

2. Intermittent Fasting

Intermittent fasting (IF) is a dietary regimen characterized by cyclic, complete breaks from

eating alternating with periods of normal eating [18]. Various models of IF are described in

the literature, including:

- TRE/TRF (time-restricted eating/feeding): A feeding window lasting 6-12 hours during the

day;

- ADF (alternate day fasting): Complete fasting every other day, alternating with an ad libitum

(unrestricted) diet;

- MADF (modified ADF): A modification of ADF, involving consuming less than 25% of the

individual’s daily caloric requirement during fasting periods;

- IF 5:2: Cyclic fasting for two non-consecutive days per week, which can be complete or

partial fasting with energy intake restricted to 400-600 kcal/day.

Additionally, to differentiate studies on short-term, frequent fasting periods from those with

less frequent but longer fasting intervals, researchers use the term "periodic fasting" (PF). PF

lasts from 2 to 21 days (typically 2-7 days) and is repeated once a month or less frequently. A

subtype of PF is the fasting mimicking diet (FMD), which involves temporarily reducing

caloric intake to 30-50% of the daily requirement, mimicking the biological effects of food

abstinence [7,18,26,27,28,29].

IF is not a new concept but rather harkens back to the dietary habits of our Paleolithic

ancestors, who led a nomadic lifestyle. Procuring food through hunting, fishing, and gathering

edible plants necessitated irregular meal consumption due to the variable availability of food.

This eating pattern was the norm, forcing the body to adapt by storing energy as fat, which

allowed survival during periods of food scarcity. During times of food absence, the body

could utilize energy reserves by switching from glucose to stored lipids, resulting in a series

of metabolic changes. These changes not only involved a shift in the primary energy source

but also brought numerous health benefits, which form the basis of current research on animal

models and humans [26,30].
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Fasting is also practiced in many cultures and religions worldwide. Muslims abstain from

eating and drinking from dawn to dusk during the month of Ramadan, which usually lasts 28

days and corresponds to TRE due to the feeding window lasting from 5 to 12 hours daily.

Various fasting protocols are also practiced in other religions, such as Buddhism and Judaism.

It is important to note that fasting differs from calorie restriction (CR), where daily caloric

intake is chronically reduced by 20-40% with regular meal consumption. Fasting should also

not be confused with starvation, which is characterized by a chronic deficiency of nutrients

and leads to adverse health effects [28,31].

2.1. Biology of Intermittent Fasting

Due to the numerous variants of IF, their overall impact on metabolic functions varies. A

common feature of each subtype is the occurrence of the "metabolic switch" phenomenon

approximately 12-36 hours after the onset of fasting [26,32]. The consequence of this process

is a change in the energy source, initially through glycogenolysis, followed by lipolysis,

which involves the breakdown of lipids from adipose tissue into free fatty acids (FFA). These

FFAs are then converted into acetyl-CoA through β-oxidation, leading to the synthesis of

ketones: β-hydroxybutyrate (BHB) and acetoacetate (AcAc) [33].

The primary energy source for the brain is glucose, and unlike other organs that can

metabolize free fatty acids (FFA) when glucose is scarce, the brain uses ketone bodies as an

alternative energy source. In individuals with AD, there is regional cerebral hypometabolism

of glucose, interpreted as a consequence of neuronal dysfunction and death. Studies have

shown that reduced glucose metabolism in certain brain areas may occur even before the

onset of cognitive impairment and may not only be a consequence but also a possible cause of

AD. Cunnane et al. demonstrated that in individuals in the early stages of AD, global glucose

uptake in PET scans is lower compared to healthy individuals, particularly in the parietal

cortex, posterior cingulate, and thalamus. These abnormalities were not observed in AcAc

uptake, suggesting that neurons in individuals with AD retain functional ketone uptake and

metabolism, unlike glucose [34].

Beyond their energy function, ketones play a signaling role and regulate the expression and

activity of transcription factors such as peroxisome proliferator-activated receptor γ (PPAR γ)

coactivator 1α (PGC-1α), sirtuins (SIRTs), and poly (ADP-ribose) polymerase 1 (PARP1).

During fasting, there is an increase in AMP-activated protein kinase (AMPK) activity, which

leads to the activation of sirtuins (especially SIRT1 and SIRT3) and inhibition of the mTOR

pathway, as well as the creation of mild oxidative stress that activates antioxidant and
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cytoprotective enzymes, including superoxide dismutase (SOD), catalase, and peroxidase.

Metabolic switching during fasting also affects protein metabolism in neurons by reducing

mTOR pathway activity, leading to global inhibition of protein synthesis, increased autophagy

resulting in the removal of damaged organelles, and recycling of endogenous proteins. This

also reduces oxidative stress and supports DNA repair processes [26,35,36].

Ketones stimulate neurons to express brain-derived neurotrophic factor (BDNF), which

promotes mitochondrial biogenesis, synaptic plasticity, and resistance to cellular stress.

Increased levels of BDNF have been observed in humans during fasting [33,37]. IF also

increases the levels of sirtuins, which slow down the aging process by stimulating autophagy,

repairing DNA damage, and inhibiting cell apoptosis. They also modulate T lymphocyte

activity, reducing the immune response [38]. IF can benefit the brain by improving insulin

sensitivity, which naturally decreases with age. Reducing food intake lowers circulating

insulin levels and increases insulin receptor sensitivity, contributing to reduced insulin

resistance [35]. During fasting, blood levels of adiponectin also increase, which has anti-

atherosclerotic and anti-inflammatory effects by inhibiting monocyte adhesion to EC [39]. It

is worth noting that returning to normal eating after practicing IF and metabolic switching

from ketones to glucose can bring additional health benefits. Reactivation of the mTOR

pathway leads to increased protein synthesis and mitochondrial biogenesis, as well as reduced

autophagy. During the refeeding phase, processes related to cell growth and plasticity occur,

increasing the number of mesenchymal and progenitor cells, which promotes tissue

regeneration [26].

3. Intermittent Fasting and Alzheimer’s Disease - Research Evidence

IF has recently gained popularity due to its numerous health benefits, and recent studies

indicate its promising protection against neurodegeneration, including AD. The metabolic

switch to ketones and the adaptive responses of the nervous system to fasting play an

important role in enhancing performance and mitigating the effects of diseases. Despite the

various IF regimens, all induce the fundamental metabolic changes characteristic of the

fasting period. It is worth noting that despite similarities, IF and CR may lead to different

biological outcomes. The primary difference is that IF does not necessarily involve a

reduction in energy intake, unlike CR. However, an overall reduction in caloric intake is often

observed during IF due to the narrow feeding window. In the literature, some researchers have

analyzed IF models or isocaloric diets relative to IF as CR, hence some studies on CR are also

discussed [7,40].
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4. 3.1. Effects of Intermittent Fasting on Cognitive Health in Human Research

In the literature, the number of studies assessing the impact of IF on cognitive health in

humans is limited. Ooi et al. examined the effects of IF on cognitive functions among 99

elderly individuals with mild cognitive impairment (MCI). Participants were divided into

three cohorts: regularly practicing IF (r-IF), irregularly practicing IF (i-IF), and non-fasters (n-

IF). After a 3-year follow-up, the successful aging rate was 24.3% in the r-IF group, compared

to 14.2% in the i-IF group and 3.7% in the n-IF group (p<0.05). Additionally, the r-IF group

showed significant reductions in body weight, BMI, mean systolic and diastolic blood

pressure (SBP and DBP), fasting insulin and glucose levels, and CRP (C-reactive protein).

Molecular studies revealed fewer DNA damages and increased SOD activity in the r-IF group

compared to the other groups [41].

5. In the brain tissue of healthy individuals, the HOMER 1 gene exhibits high expression and

plays a key role in maintaining synaptic plasticity, learning, and memory. Studies have shown

that mRNA expression of the HOMER 1 gene is altered in certain brain regions of individuals

with AD, and reduced mRNA expression of HOMER 1 has also been observed in transgenic

mice with an AD model. Mindikoglu et al. conducted a study among 14 healthy individuals

who practiced a 14-hour daily fast without calorie restriction for 30 days. The results showed

a 25-fold increase in HOMER 1 protein levels (p=0.0443) by the end of the 4-week IF period

compared to the baseline value before fasting. Additionally, there was a significant reduction

in the levels of APP (p=0.0026) and ARPP-21 (cAMP-regulated phosphoprotein 21)

(p=0.0410), which are associated with the development of AD. Based on these findings, the

authors concluded that a 30-day IF regimen may improve cognitive functions and prevent the

development of AD [42,43,44].

6. In one study, a significant increase in verbal memory scores (average increase of 20%;

p<0.001) was observed after 3 months of a calorie-restricted diet by 30% in healthy

individuals, which was correlated with decreased insulin and CRP levels [45]. Similar results

were obtained by Leclerc et al., who demonstrated greater improvement in working memory

among healthy individuals following a 25% calorie-restricted diet for 2 years compared to the

control group on an ad libitum diet [46]. Reger et al. showed that hyperketonemia induced by

oral intake of medium-chain triglycerides improved cognitive functions in individuals with

AD and MCI. Neurobiological evidence suggests that ketone bodies are an effective

alternative energy source for the brain, and raising plasma ketone levels may improve

cognitive functioning in older individuals with memory impairments [47].
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3.2. Effects of Intermittent Fasting on Cognitive Health in Animal Models

Laboratory studies on rodents have shown that long-term IF improves health indicators and

counteracts diseases such as diabetes, vascular diseases, cancer, and AD. In animal studies,

the IF group is usually compared with a control group fed ad libitum, and depending on the

study design, CR regimens are also included. The main IF protocols used in rodents are ADF

and TRF [7,48]. Singh et al., in an experiment on 24-month-old rats subjected to ADF for 3

months, observed better motor coordination and spatial memory compared to the control

group [49]. Similar results were obtained in 15-month-old rats subjected to ADF for 12 weeks,

noting improvements in motor coordination, learning ability, and reduced oxidative damage to

proteins [50]. Talani et al., using a 3-week restriction of food intake to 2 hours per day (TRF)

in rats, observed improved long-term spatial memory compared to the control group [51].

Cyclic administration of a 4-day FMD in mice promoted hippocampal neurogenesis,

improved cognitive performance and short- and long-term memory, and reduced

inflammation, supporting the hypothesis that IF in rodents promotes protection against

neurodegeneration [52]. Using ADF in wild-type mice resulted in better learning performance

and memory compared to mice fed a high-fat and ad libitum diet, and the improvement in

cognitive functions was associated with the thickening of the pyramidal cell layer in the CA1

region of the hippocampus [53].

7. 3.3. Impact of Intermittent Fasting on the Pathogenesis of Alzheimer's Disease

Versele et al. in a study on a human BBB model, noted an increase in P-gp protein levels in

the presence of AcAc and LRP1 protein levels in the presence of BHB, suggesting that ketone

bodies aid in the removal of Aβ from the brain [16]. Similarly, Zhang et al. found that IF

prevents Aβ deposition by restoring the polarization of aquaporin-4 (AQP-4) [54]. The

beneficial effect of IF and ketone bodies on reducing Aβ accumulation has also been

confirmed in other studies on transgenic rodents [55,56,57,58]. In a study on 3xTgAD mice

subjected to an ADF or CR diet from 5 months of age, cognitive impairments did not develop,

unlike in 3xTgAD mice on an ad libitum diet. Moreover, Aβ and phosphorylated tau protein

levels in the hippocampus did not differ between the study and control groups, which may

suggest that alleviating age-related cognitive deficits can occur independently of Aβ and tau-

related pathology [59]. Studies in humans indicate that IF positively impacts the function and

integrity of the vascular endothelium, reducing markers of vascular damage and promoting

the maintenance of vascular homeostasis [60,61,62]. In rodents following an episode of

cerebral ischemia, prolonged PF favored angiogenesis dependent on endothelial progenitor
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cells (EPC) and reduced ischemic damage [63]. IF and CR alleviate neuroinflammation by

reducing the accumulation of pathogenic monocytes in the CNS, thereby decreasing the

severity of inflammation and autoimmunization [27,64,65]. Additionally, fasting during

Ramadan in healthy adults resulted in a significant reduction in pro-inflammatory cytokine

levels, including tumor necrosis factor α (TNF-α) (p<0.05), and a decrease in the number of

immune cells [66]. A study conducted on monkeys showed that long-term CR reduced the

levels of pro-inflammatory IL-6, which is associated with neuronal loss and brain atrophy

[67]. Not all studies confirm these results. Lazic et al. observed a significant increase in pro-

inflammatory cytokine levels in the cerebral cortex, reduced levels of synaptic plasticity

proteins, and neuronal damage in 5XFAD transgenic mice fed an ADF regimen for 4 months

[68]. Studies indicate that IF affects mitochondria in neurons of the hippocampus and other

brain regions by increasing their biogenesis and resistance to excitotoxic stress, and these

processes are regulated by BDNF, PGC-1α, and SIRT3 [7][69][70]. Additionally, by inducing

BDNF expression, IF can promote neuronal survival and plasticity. In heterozygous mice with

a knocked-out BDNF gene on an ad libitum diet, reduced neurogenesis was observed

compared to mice on a 3-month ADF diet, suggesting that ADF supports the survival of

newly generated neural stem cells [27].

3.4. Impact of Intermittent Fasting on Alzheimer's Disease Risk Factors

Increasing scientific evidence suggests that a chronic positive energy balance resulting from

excessive calorie intake and a sedentary lifestyle may increase the risk of developing AD [55].

The medical literature highlights the beneficial impact of IF on metabolic indicators such as

body weight, glucose metabolism, lipid profiles, insulin sensitivity, and blood pressure (BP).

IF improves insulin sensitivity and reduces insulin resistance, which contributes to the

development of atherosclerosis and vascular diseases. Additionally, it positively affects lipid

profiles and BP, thereby maintaining vascular health. These data suggest that IF can modify

known risk factors for AD, indicating its potential in reducing the risk of developing this

disease [18].

Domaszewski et al. evaluated the effectiveness of IF in reducing body fat and lowering the

body mass index in 45 overweight women over 60 years old. The intervention in the study

group involved complete abstinence from eating for 16 hours daily for 6 weeks. The results

showed a difference in body weight (about 2 kg) in favor of the study group compared to the

control group, which continued their usual eating habits. The weight loss was mainly due to a

reduction in body fat, while muscle mass remained unchanged [71]. Many studies indicate IF
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as a promising strategy for weight reduction and combating obesity, as well as improving

muscle endurance, with results showing weight loss ranging from 0.8% to 13.0% of initial

body weight without severe side effects [72,73]. In studies on mice fed an ADF regimen, their

body weight was comparable to rodents fed ad libitum, but they exhibited significantly better

glucose metabolism (lower fasting glucose and insulin levels) and increased fatty acid

mobilization (higher BHB levels) [7]. Improved insulin sensitivity and glucose tolerance

resulting from IF in mice were also confirmed by Gotthardt et al. [74]. Another study

demonstrated improved glycemic control in patients with type 2 diabetes who practiced IF

with at least a 16-hour fasting period, presenting significantly lower fasting glucose levels

compared to the CR group [72,75].

Some studies do not confirm the described conclusions. It has been reported that IF worsened

metabolic indicators in mice with genetic hypercholesterolemia, causing obesity, diabetes,

insulin resistance, and tripling the risk of atherosclerosis, as well as worsening glucose

tolerance in rats fed an ADF regimen for 8 months [76,77].

IF affects circulating hormone levels. In rodents fed an ADF diet, elevated corticosterone

levels were noted, which did not negatively impact the neurons of the animals, unlike

uncontrolled, chronic stress. Chronic stress reduces the expression of the mineralocorticoid

receptor (MR) while maintaining glucocorticoid receptor (GR) levels in hippocampal neurons,

increasing the susceptibility of nerve cells to oxidative and metabolic stress. IF reduces GR

expression while maintaining MR levels, which promotes improved synaptic plasticity and

neuron resilience to stress [7].

High BP values can be positively affected by IF. Sutton et al. demonstrated a reduction in

SBP by 11 ± 4 mmHg (p=0.03) and DBP by 10 ± 4 mmHg (p=0.03) in men with prediabetes

who consumed meals within a 6-hour feeding window for 5 weeks, with no change in their

body weight. The effectiveness of this intervention was compared to the effectiveness of

antihypertensive drugs such as angiotensin-converting enzyme inhibitors (ACEI). They also

noted a reduction in insulin resistance (p=0.005) and a decrease in the oxidative stress marker

8-isoprostane (p=0.05) [78]. The neuroprotective effect of IF has been demonstrated in animal

models of traumatic brain injury and ischemic stroke, where its application limited the

ischemic lesion and post-infarct neuronal loss, improved neurobehavioral deficits, and

reduced stroke-related mortality risk [79,80].

In small observational studies among healthy, obese, and dyslipidemic individuals, IF has

shown a significant positive impact on lipid profile improvement by reducing total cholesterol,
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LDL, and triglyceride levels while increasing HDL levels in plasma. However, evaluating the

effectiveness of this intervention requires further studies on larger populations [81,82].

Mindikoglu et al. noted a significant increase in tropomyosin 3 (TPM3) and tropomyosin 4

(TPM4) levels in healthy individuals after 30 days of practicing a 14-hour IF. These proteins

are crucial for stabilizing the actin cytoskeleton, and their dysfunction can lead to the

development of hypertension. Additionally, they observed increased expression of the PLIN4

gene, regulated by PPAR-γ, which leads to reduced insulin resistance and improved lipid

metabolism, as well as the expression of CFL1 and PKM2 genes, which play key roles in

glucose uptake and mitochondrial protection. These results suggest that a 30-day IF regimen

may be significant in preventing metabolic syndrome, which contributes to the development

of AD [42].

3.5. Intermittent Fasting, Gut Microbiome and Alzheimer's Disease

Recent studies highlight the significant role of gut microbiota in the pathogenesis of AD,

positioning it as a factor that increases susceptibility to the disease. The composition of the

gut microbiome influences brain health through neural, endocrine, and immune pathways,

collectively defined as the microbiota-gut-brain axis (MGBA). In AD, specific changes in the

gut microbiome composition are observed, leading to increased gut barrier permeability and

activation of immune cells, promoting neuroinflammation, neuronal damage, and loss.

Additionally, studies suggest that gut dysbiosis may promote Aβ aggregation, oxidative stress,

and insulin resistance [24,83,84].

Various factors influence the diversity and modulation of the gut microbiome, with diet being

the most significant. Through its role in metabolism, circadian rhythms, and immune system

functioning, the microbiota can mediate the effects of IF on brain health and cognitive

functions. IF has been shown to restructure the gut microbiome, enriching its composition and

altering the profile of microbial metabolites. In one study, such changes improved cognitive

functions and spatial memory in diabetic mice, and TRE in healthy adult men enhanced

diurnal oscillations related to microbiota modulation, enriching its composition and increasing

the expression of circadian genes, likely through the activation of SIRT1 [26,85,86].

4. Adverse Effects of Intermittent Fasting

IF is considered a safe health intervention, though it can cause side effects such as headaches,

lack of energy, reduced concentration and mood, constipation, cold sensations, and bad breath.

Currently, there is a lack of evidence on the safety of IF in individuals with type 1 and type 2

diabetes. Due to daily fluctuations in insulin and blood glucose levels in this group, glycemic
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monitoring is necessary to enable safe breaking of the fast. Most studies have shown that IF

supports neuronal health, but in individuals with ALS (amyotrophic lateral sclerosis), it may

promote neurodegeneration and disease progression. IF is not recommended in advanced

dementia due to the risk of malnutrition, which worsens the prognosis of the disease. It is also

not recommended for individuals with anorexia nervosa due to the potential for excessive

weight loss [18]. Animal studies have shown that chronic ADF can lead to diastolic

dysfunction and negatively affect reproduction in young animals [87].

A 2024 meta-analysis of 15 clinical trials involving 1,365 overweight or obese individuals did

not show an increased incidence of fatigue or headaches. However, it did note a higher risk of

dizziness in IF groups with unrestricted early morning food consumption [88]. Despite

potential health benefits, the use of IF requires caution, especially in individuals with certain

medical conditions. Further research is needed to fully understand its long-term safety and

side effects.

CONCLUSION

The use of IF appears to be a promising approach in delaying or preventing pathological

processes in Alzheimer's disease. Although IF has been a well-known dietary regimen for

years, it represents a new strategy as an intervention to improve cognitive functions and brain

health in humans. Due to the limited number of studies conducted on humans, further research

is needed to better understand its impact on cognitive health and AD prevention.

Disclosure

Authors’contribution:

Conceptualization: NS, JS, KS, SS, MKS; Methodology: NS, JS; Software: SS, JS; Check:

KS, NS; Formal Analysis: MKS, JS; Investigation: MKS, NS, JS; Resources: KS, SS;

Data Curation: MKS, JS; Writing-Rough Preparation: NS, JS; Writing-Review and Editing:

MKS, JS, NS, KS, SS; Visualization: SS, JS; Supervision: KS, SS; Project Administration:

MKS, NS, JS

All authors have read and agreed with the published version of the manuscript.

Funding statement:

The study did not receive special funding.

Institutional review board statement:

Not applicable.

Informed consent statement:

Not applicable.



16

Data availability statement:

Not applicable.

Conflict of interest:

The authors declare no conflict of interest.

References
1. Twarowski B, Herbet M. Inflammatory Processes in Alzheimer’s Disease-Pathomechanism,

Diagnosis and Treatment: A Review. Int J Mol Sci. 2023;24(7):6518.
https://doi.org/10.3390/ijms24076518

2. Chu CQ, Yu LL, Qi GY, et al. Can dietary patterns prevent cognitive impairment and reduce
Alzheimer’s disease risk: Exploring the underlying mechanisms of effects. Neurosci Biobehav
Rev. 2022;135:104556. https://doi.org/10.1016/j.neubiorev.2022.104556

3. Seals DR, Justice JN, LaRocca TJ. Physiological geroscience: targeting function to increase
healthspan and achieve optimal longevity. J Physiol. 2016;594(8):2001–2024.
https://doi.org/10.1113/jphysiol.2014.282665

4. Tseng PT, Zeng BS, Suen MW, et al. Efficacy and acceptability of anti-inflammatory
eicosapentaenoic acid for cognitive function in Alzheimer’s dementia: A network meta-
analysis of randomized, placebo-controlled trials with omega-3 fatty acids and FDA-approved
pharmacotherapy. Brain Behav Immun. 2023;111:352–364.
https://doi.org/10.1016/j.bbi.2023.04.017

5. Rostagno AA. Pathogenesis of Alzheimer’s Disease. Int J Mol Sci. 2022;24:107.
https://doi.org/10.3390/ijms24010107

6. Lee H, Kim K, Lee YC, et al. Associations between vascular risk factors and subsequent
Alzheimer’s disease in older adults. Alzheimers Res Ther. 2020;12(1):117.
https://doi.org/10.1186/s13195-020-00690-7

7. Mattson MP, Longo VD, Harvie M. Impact of intermittent fasting on health and disease
processes. Ageing Res Rev. 2017;39:46–58. https://doi.org/10.1016/j.arr.2016.10.005

8. Arora S, Santiago JA, Bernstein M, et al. Diet and lifestyle impact the development and
progression of Alzheimer’s dementia. Front Nutr. 2023;10:1213223.
https://doi.org/10.3389/fnut.2023.1213223

9. Weller J, Budson A. Current understanding of Alzheimer’s disease diagnosis and treatment.
F1000Res. 2018;7:1000-1161. https://doi.org/10.12688/f1000research

10. Śliwińska S, Jeziorek M. The role of nutrition in Alzheimer’s disease. Rocz Panstw Zakl Hig.
2021;72(1):29–39. https://doi.org/10.32394/rpzh.2021.0154

11. Piekut T, Hurła M, Banaszek N, et al. Infectious agents and Alzheimer’s disease. J Integr
Neurosci. 2022;21(2):73. https://doi.org/10.31083/j.jin2102073

12. Tahami Monfared AA, Byrnes MJ, White LA, et al. Alzheimer’s Disease: Epidemiology and
Clinical Progression. Neurol Ther. 2022;11(2):553–569. https://doi.org/10.1007/s40120-022-
00338-8

13. Aliev G, Ashraf GM, Tarasov VV, et al. Alzheimer’s Disease - Future Therapy Based on
Dendrimers. Curr Neuropharmacol. 2019;17(3):288–294.
https://doi.org/10.2174/1570159X16666180918164623

14. Khan S, Barve KH, Kumar MS. Recent Advancements in Pathogenesis, Diagnostics and
Treatment of Alzheimer’s Disease. Curr Neuropharmacol. 2020;18(11):1106–1125.
https://doi.org/10.2174/1570159X18666200528142429



17

15. Błaszczyk JW. Pathogenesis of Dementia. Int J Mol Sci. 2022;24(1):543.
https://doi.org/10.3390/ijms24010543

16. Versele R, Corsi M, Fuso A, et al. Ketone Bodies Promote Amyloid-β1-40 Clearance in a
Human in Vitro Blood–Brain Barrier Model. Int J Mol Sci. 2020;21(3):934.
https://doi.org/10.3390/ijms21030934

17. Cortes-Canteli M, Iadecola C. Alzheimer’s Disease and Vascular Aging: JACC Focus
Seminar. J Am Coll Cardiol. 2020;75(8):942–951. https://doi.org/10.1016/j.jacc.2019.10.062

18. Elias A, Padinjakara N, Lautenschlager NT. Effects of intermittent fasting on cognitive health
and Alzheimer’s disease. Nutr Rev. 2023;81(9):1225–1233.
https://doi.org/10.1093/nutrit/nuad021

19. 2024 Alzheimer’s disease facts and figures. Alzheimers Dement. 2024;20(5):3708–3821.
https://doi.org/10.1002/alz.13809

20. Lucey BP. It’s complicated: The relationship between sleep and Alzheimer’s disease in
humans. Neurobiol Dis. 2020;144:105031. https://doi.org/10.1016/j.nbd.2020.105031

21. Elonheimo HM, Andersen HR, Katsonouri A, et al. Environmental Substances Associated
with Alzheimer’s Disease - A Scoping Review. Int J Environ Res Public Health. 2021;
18(22):11839. https://doi.org/10.3390/ijerph182211839

22. Serrano-Pozo A, Growdon JH. Is Alzheimer’s Disease Risk Modifiable? J Alzheimers Dis.
2019;67(3):795–819. https://doi.org/10.3233/JAD181028

23. Breijyeh Z, Karaman R. Comprehensive Review on Alzheimer’s Disease: Causes and
Treatment. Molecules. 2020;25(24):5789. https://doi.org/10.3390/molecules25245789

24. Grabrucker S, Marizzoni M, Silajdžić E, et al. Microbiota from Alzheimer’s patients induce
deficits in cognition and hippocampal neurogenesis. Brain. 2023;146(12): 4916–4934.
https://doi.org/10.1093/brain/awad303

25. Scheltens P, De Strooper B, Kivipelto M, et al. Alzheimer’s disease. Lancet.
2021;397(10284):1577–1590. https://doi.org/10.1016/S0140-6736(20)32205-4

26. Gudden J, Arias Vasquez A, Bloemendaal M. The Effects of Intermittent Fasting on Brain and
Cognitive Function. Nutrients. 2021;13(9):3166. https://doi.org/10.3390/nu13093166

27. Lobo F, Haase J, Brandhorst S. The Effects of Dietary Interventions on Brain Aging and
Neurological Diseases. Nutrients. 2022;14(23):5086. https://doi.org/10.3390/nu14235086

28. Tsitsou S, Zacharodimos N, Poulia K-A, et al. Effects of Time-Restricted Feeding and
Ramadan Fasting on Body Weight, Body Composition, Glucose Responses, and Insulin
Resistance: A Systematic Review of Randomized Controlled Trials. Nutrients.
2022;14(22):4778. https://doi.org/10.3390/nu14224778

29. Longo VD, Di Tano M, Mattson MP, et al. Intermittent and periodic fasting, longevity and
disease. Nat Aging. 2021;1(1):47–59. https://doi.org/10.1038/s43587-020-00013-3

30. Crittenden AN, Schnorr SL. Current views on hunter‐gatherer nutrition and the evolution of
the human diet. Am J Phys Anthropol. 2017;162(63):84–109.
https://doi.org/10.1002/ajpa.23148

31. Longo VD, Mattson MP. Fasting: Molecular Mechanisms and Clinical Applications. Cell
Metab. 2014;19(2):181–192. https://doi.org/10.1016/j.cmet.2013.12.008

32. Anton SD, Moehl K, Donahoo WT, et al. Flipping the Metabolic Switch: Understanding and
Applying the Health Benefits of Fasting. Obesity. 2018;26(2):254–268.
https://doi.org/10.1002/oby.22065

33. Mattson MP, Moehl K, Ghena N, et al. Intermittent metabolic switching, neuroplasticity and
brain health. Nat Rev Neurosci. 2018;19(2):63-80. https://doi.org/10.1038/nrn.2017.156



18

34. Cunnane SC, Courchesne‐Loyer A, St‐Pierre V, et al. Can ketones compensate for
deteriorating brain glucose uptake during aging? Implications for the risk and treatment of
Alzheimer’s disease. Ann N Y Acad Sci. 2016;1367(1):12–20.
https://doi.org/10.1111/nyas.12999

35. Wilhelmi de Toledo F, Grundler F, Sirtori CR, et al. Unravelling the health effects of fasting:
a long road from obesity treatment to healthy life span increase and improved cognition. Ann
Med. 2020;52(5):147–161. https://doi.org/10.1080/07853890.2020.1770849

36. Michalik Anna, Jarzyna Robert. The key role of AMP-activated protein kinase (AMPK) in
aging process. Postępy Biochem. 2016;62(4):459–471. PMID: 28132448

37. Jamshed H, Beyl R, Della Manna D, et al. Early Time-Restricted Feeding Improves 24-Hour
Glucose Levels and Affects Markers of the Circadian Clock, Aging, and Autophagy in
Humans. Nutrients. 2019;11(6):1234. https://doi.org/10.3390/nu11061234

38. Warren JL, MacIver NJ. Regulation of Adaptive Immune Cells by Sirtuins. Front Endocrinol
(Lausanne). 2019;10:466. doi: 10.3389/fendo.2019.00466

39. Malinowski B, Zalewska K, Węsierska A, et al. Intermittent Fasting in Cardiovascular
Disorders-An Overview. Nutrients. 2019;11(3):673. https://doi.org/10.3390/nu11030673

40. Dong TA, Sandesara PB, Dhindsa DS, et al. Intermittent Fasting: A Heart Healthy Dietary
Pattern? Am J Med. 2020;133(8):901–907. https://doi.org/10.1016/j.amjmed.2020.03.030

41. Ooi TC, Meramat A, Rajab NF, et al. Intermittent Fasting Enhanced the Cognitive Function in
Older Adults with Mild Cognitive Impairment by Inducing Biochemical and Metabolic
changes: A 3-Year Progressive Study. Nutrients. 2020;12(9):2644.
https://doi.org/10.3390/nu12092644

42. Mindikoglu AL, Abdulsada MM, Jain A, et al. Intermittent fasting from dawn to sunset for 30
consecutive days is associated with anticancer proteomic signature and upregulates key
regulatory proteins of glucose and lipid metabolism, circadian clock, DNA repair,
cytoskeleton remodeling, immune system and cognitive function in healthy subjects. J
Proteomics. 2020;217:103645. https://doi.org/10.1016/j.jprot.2020.103645

43. Urdánoz-Casado A, Sánchez-Ruiz de Gordoa J, Robles M, et al. Gender-Dependent
Deregulation of Linear and Circular RNA Variants of HOMER1 in the Entorhinal Cortex of
Alzheimer’s Disease. Int J Mol Sci. 2021;22(17):9205. https://doi.org/10.3390/ijms22179205

44. Visconte C, Canino J, Guidetti GF, et al. Amyloid precursor protein is required for in vitro
platelet adhesion to amyloid peptides and potentiation of thrombus formation. Cell Signal.
2018;52:95–102. https://doi.org/10.1016/j.cellsig.2018.08.017

45. Witte AV, Fobker M, Gellner R, et al. Caloric restriction improves memory in elderly humans.
Proc Natl Acad Sci U S A. 2009;106(4):1255–1260. https://doi.org/10.1073/pnas.0808587106

46. Leclerc E, Trevizol AP, Grigolon RB, et al. The effect of caloric restriction on working
memory in healthy non-obese adults. CNS Spectr. 2020;25(1):2–8.
https://doi.org/10.1017/S1092852918001566

47. Reger MA, Henderson ST, Hale C, et al. Effects of β-hydroxybutyrate on cognition in
memory-impaired adults. Neurobiol Aging. 2004; 25(3):311–314.
https://doi.org/10.1016/S0197-4580(03)00087-3

48. Liu Y, Cheng A, Li Y-J, et al. SIRT3 mediates hippocampal synaptic adaptations to
intermittent fasting and ameliorates deficits in APP mutant mice. Nat Commun. 2019;10:1886.
https://doi.org/10.1038/s41467-019-09897-1

49. Singh R, Lakhanpal D, Kumar S, et al. Late-onset intermittent fasting dietary restriction as a
potential intervention to retard age-associated brain function impairments in male rats. Age
(Dordr). 2012;34(4):917–933. https://doi.org/10.1007/s11357-011-9289-2



19

50. Singh R, Manchanda S, Kaur T, et al. Middle age onset short-term intermittent fasting dietary
restriction prevents brain function impairments in male Wistar rats. Biogerontology.
2015;16(6):775–788. https://doi.org/10.1007/s10522-015-9603-y

51. Talani G, Licheri V, Biggio F, et al. Enhanced Glutamatergic Synaptic Plasticity in the
Hippocampal CA1 Field of Food-Restricted Rats: Involvement of CB1 Receptors.
Neuropsychopharmacology. 2016;41(5):1308–1318. https://doi.org/10.1038/npp.2015.280

52. Brandhorst S, Choi IY, Wei M, et al. A Periodic Diet that Mimics Fasting Promotes Multi-
System Regeneration, Enhanced Cognitive Performance, and Healthspan. Cell Metab.
2015;22(1):86–99. https://doi.org/10.1016/j.cmet.2015.05.012

53. Li L, Wang Z, Zuo Z. Chronic Intermittent Fasting Improves Cognitive Functions and Brain
Structures in Mice. PLoS One. 2013;8(6):e66069.
https://doi.org/10.1371/journal.pone.0066069

54. Zhang J, Zhan Z, Li X, et al. Intermittent Fasting Protects against Alzheimer’s Disease
Possible through Restoring Aquaporin-4 Polarity. Front Mol Neurosci. 2017;10:395.
https://doi.org/10.3389/fnmol.2017.00395

55. Kashiwaya Y, Bergman C, Lee J-H, et al. A ketone ester diet exhibits anxiolytic and
cognition-sparing properties, and lessens amyloid and tau pathologies in a mouse model of
Alzheimer’s disease. Neurobiol Aging. 2013;34(6):1530–1539.
https://doi.org/10.1016/j.neurobiolaging.2012.11.023

56. Yin JX, Maalouf M, Han P, et al. Ketones block amyloid entry and improve cognition in an
Alzheimer’s model. Neurobiol Aging. 2016;39:25–37.
https://doi.org/10.1016/j.neurobiolaging.2015.11.018

57. Wu Y, Gong Y, Luan Y, et al. BHBA treatment improves cognitive function by targeting
pleiotropic mechanisms in transgenic mouse model of Alzheimer’s disease. FASEB J.
2020;34(1):1412–1429. https://doi.org/10.1096/fj.201901984R

58. Xie G, Tian W, Wei T, et al. The neuroprotective effects of β-hydroxybutyrate on Aβ-injected
rat hippocampus in vivo and in Aβ-treated PC-12 cells in vitro. Free Radic Res.
2015;49(2):139–150. https://doi.org/10.3109/10715762.2014.987274

59. Halagappa VK, Guo Z, Pearson M, et al. Intermittent fasting and caloric restriction ameliorate
age-related behavioral deficits in the triple-transgenic mouse model of Alzheimer’s disease.
Neurobiol Dis. 2007;26(1):212–220. https://doi.org/10.1016/j.nbd.2006.12.019

60. Esmaeilzadeh F, van de Borne P. Does Intermittent Fasting Improve Microvascular
Endothelial Function in Healthy Middle-aged Subjects? Biol Med. 2016;8(6):337
https://doi.org/10.4172/0974-8369.1000337.

61. Sun J, Zhang T, Zhang L, et al. Fasting Therapy Contributes to the Improvement of
Endothelial Function and Decline in Vascular Injury-Related Markers in Overweight and
Obese Individuals via Activating Autophagy of Endothelial Progenitor Cells. Evid Based
Complement Alternat Med. 2020;2020:3576030. https://doi.org/10.1155/2020/3576030

62. Yousefi B, Faghfoori Z, Samadi N, et al. The effects of Ramadan fasting on endothelial
function in patients with cardiovascular diseases. Eur J Clin Nutr. 2014;68(7):835–
839. https://doi.org/10.1038/ejcn.2014.61

63. Xin B, Liu CL, Yang H, et al. Prolonged Fasting Improves Endothelial Progenitor Cell-
Mediated Ischemic Angiogenesis in Mice. Cell Physiol Biochem. 2016;40(3-4):693–706.
https://doi.org/10.1159/000452581

64. Jordan S, Tung N, Casanova-Acebes M, et al. Dietary Intake Regulates the Circulating
Inflammatory Monocyte Pool. Cell. 2019;178(5):1102-1114.e17.
https://doi.org/10.1016/j.cell.2019.07.050



20

65. Longo VD, Cortellino S. Fasting, dietary restriction, and immunosenescence. J Allergy Clin
Immunol. 2020;146(5):1002–1004. https://doi.org/10.1016/j.jaci.2020.07.035

66. Faris MA, Kacimi S, Al-Kurd RA, et al. Intermittent fasting during Ramadan attenuates
proinflammatory cytokines and immune cells in healthy subjects. Nutr Res. 2012;32(12):947–
955. https://doi.org/10.1016/j.nutres.2012.06.021

67. Willette AA, Bendlin BB, McLaren DG, et al. Age-related changes in neural volume and
microstructure associated with interleukin-6 are ameliorated by a calorie-restricted diet in old
rhesus monkeys. Neuroimage. 2010;51(3):987–994.
https://doi.org/10.1016/j.neuroimage.2010.03.015

68. Lazic D, Tesic V, Jovanovic M, et al. Every-other-day feeding exacerbates inflammation and
neuronal deficits in 5XFAD mouse model of Alzheimer’s disease. Neurobiol Dis.
2020;136:104745. https://doi.org/10.1016/j.nbd.2020.104745

69. Cheng A, Wan R, Yang J-L, et al. Involvement of PGC-1α in the formation and maintenance
of neuronal dendritic spines. Nat Commun. 2012;3:1250. https://doi.org/10.1038/ncomms2238

70. Cheng A, Yang Y, Zhou Y, et al. Mitochondrial SIRT3 Mediates Adaptive Responses of
Neurons to Exercise and Metabolic and Excitatory Challenges. Cell Metab. 2016;23(1):128–
142. https://doi.org/10.1016/j.cmet.2015.10.013

71. Domaszewski P, Konieczny M, Pakosz P, et al. Effect of a Six-Week Intermittent Fasting
Intervention Program on the Composition of the Human Body in Women over 60 Years of
Age. Int J Environ Res Public Health. 2020;17(11):4138.
https://doi.org/10.3390/ijerph17114138

72. Welton S, Minty R, O’Driscoll T, et al. Intermittent fasting and weight loss: Systematic
review. Can Fam Physician. 2020;66(2):117–125. PMID: 32060194

73. Tinsley GM, Forsse JS, Butler NK, et al. Time‐restricted feeding in young men performing
resistance training: A randomized controlled trial. Eur J Sport Sci. 2017;17(2): 200–207.
https://doi.org/10.1080/17461391.2016.1223173

74. Gotthardt JD, Verpeut JL, Yeomans BL, et al. Intermittent Fasting Promotes Fat Loss With
Lean Mass Retention, Increased Hypothalamic Norepinephrine Content, and Increased
Neuropeptide Y Gene Expression in Diet-Induced Obese Male Mice. Endocrinology.
2016;157(2):679–691. https://doi.org/10.1210/en.2015-1622

75. Kahleova H, Belinova L, Malinska H, et al. Eating two larger meals a day (breakfast and
lunch) is more effective than six smaller meals in a reduced-energy regimen for patients with
type 2 diabetes: a randomised crossover study. Diabetologia. 2014;57(8):1552–1560.
https://doi.org/10.1007/s00125-014-3253-5

76. Dorighello GG, Rovani JC, Luhman CJF, et al. Food restriction by intermittent fasting induces
diabetes and obesity and aggravates spontaneous atherosclerosis development in
hypercholesterolaemic mice. Br J Nutr. 2014;111(6): 979–986.
https://doi.org/10.1017/S0007114513003383

77. Cerqueira FM, da Cunha FM, Caldeira da Silva CC, et al. Long-term intermittent feeding, but
not caloric restriction, leads to redox imbalance, insulin receptor nitration, and glucose
intolerance. Free Radic Biol Med. 2011;51(7):1454–1460.
https://doi.org/10.1016/j.freeradbiomed.2011.07.006

78. Sutton EF, Beyl R, Early KS, et al. Early Time-Restricted Feeding Improves Insulin
Sensitivity, Blood Pressure, and Oxidative Stress Even without Weight Loss in Men with
Prediabetes. Cell Metab. 2018;27(6):1212-1221.e3.
https://doi.org/10.1016/j.cmet.2018.04.010



21

79. Manzanero S, Erion JR, Santro T, et al. Intermittent Fasting Attenuates Increases in
Neurogenesis after Ischemia and Reperfusion and Improves Recovery. J Cereb Blood Flow
Metab. 2014;34(5):897–905. https://doi.org/10.1038/jcbfm.2014.36

80. Jeong JH, Yu KS, Bak DH, et al. Intermittent fasting is neuroprotective in focal cerebral
ischemia by minimizing autophagic flux disturbance and inhibiting apoptosis. Exp Ther Med.
2016;12(5):3021–3028. https://doi.org/10.3892/etm.2016.3852

81. Santos HO, Macedo RCO. Impact of intermittent fasting on the lipid profile: Assessment
associated with diet and weight loss. Clin Nutr ESPEN. 2018;24:14–21.
https://doi.org/10.1016/j.clnesp.2018.01.002

82. Yuan X, Wang J, Yang S, et al. Effect of Intermittent Fasting Diet on Glucose and Lipid
Metabolism and Insulin Resistance in Patients with Impaired Glucose and Lipid Metabolism:
A Systematic Review and Meta-Analysis. Int J Endocrinol. 2022; 2022:6999907.
https://doi.org/10.1155/2022/6999907

83. Megur A, Baltriukienė D, Bukelskienė V, et al. The Microbiota–Gut–Brain Axis and
Alzheimer’s Disease: Neuroinflammation Is to Blame? Nutrients. 2020;13(1):37.
https://doi.org/10.3390/nu13010037

84. Liu S, Gao J, Zhu M, et al. Gut Microbiota and Dysbiosis in Alzheimer’s Disease:
Implications for Pathogenesis and Treatment. Mol Neurobiol. 2020;57(12):5026–5043.
https://doi.org/10.1007/s12035-020-02073-3

85. Liu Z, Dai X, Zhang H, et al. Gut microbiota mediates intermittent-fasting alleviation of
diabetes-induced cognitive impairment. Nat Commun. 2020;11(1):855.
https://doi.org/10.1038/s41467-020-14676-4

86. Zeb F, Wu X, Chen L, et al. Effect of time-restricted feeding on metabolic risk and circadian
rhythm associated with gut microbiome in healthy males. Br J Nutr. 2020;123(11):1216–1226.
https://doi.org/10.1017/S0007114519003428

87. Liu S, Zeng M, Wan W, et al. The Health-Promoting Effects and the Mechanism of
Intermittent Fasting. J Diabetes Res. 2023;2023:4038546.
https://doi.org/10.1155/2023/4038546

88. Zhong F, Zhu T, Jin X, et al. Adverse events profile associated with intermittent fasting in
adults with overweight or obesity: a systematic review and meta-analysis of randomized
controlled trials. Nutr J. 2024;23(1):72. https://doi.org/10.1186/s12937-024-00975-9


