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Abstract: Intermittent fasting (IF) - an umbrella term for eating patterns that cycle between periods of fasting and eating (including
time-restricted eating (TRE), alternate-day fasting (ADF), and the 5:2 diet) - has gained substantial attention as an intervention for weight
management, metabolic health, and possibly longevity. Evidence from randomized controlled trials (RCTs), meta-analyses, and animal
studies indicates that IF typically reduces body weight and fat mass and can improve insulin sensitivity, fasting insulin, and some lipid
markers, though results vary by fasting regimen, baseline weight, and adherence. Mechanistic research implicates metabolic switching,
enhanced autophagy, modulation of insulin/IGF-1 signalling, AMPK/SIRT]I activation, and circadian alignment as mediators of benefits.
Animal models consistently show lifespan extension under certain forms of dietary restriction or TRF, but translation to humans remains
uncertain; human longevity data are sparse and primarily indirect. IF is generally safe for many adults when carefully implemented, but
certain populations (pregnant women, children, individuals with eating disorders, some with type 1 diabetes) should avoid it or use medical
supervision. Key research gaps include long-term human trials assessing durability and direct effects on hard outcomes (cardiovascular
events, incident diabetes, mortality), personalized responses based on genetics and microbiome, and optimal fasting prescriptions for
different clinical goals.
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1.Introduction

Rising rates of obesity, metabolic syndrome, type 2 diabetes,
and age-related chronic diseases have spurred interest in
dietary strategies beyond simple daily caloric restriction.
Intermittent fasting (IF) includes several patterns: daily
time-restricted eating (e.g., 8-hour eating window),
alternate-day fasting (ADF), and periodic fasting (e.g., 5:2).
IF may confer benefits by reducing overall energy intake,
improving metabolic flexibility, and engaging cellular
stress-response pathways linked to healthy aging. Over the
past decade an expanding evidence base (preclinical and
clinical) has evaluated IF’s effects on body weight,
glycaemic control, lipid profile, blood pressure,
inflammatory markers, and markers mechanistically. This
review synthesizes recent evidence (2019-2025 emphasis),
discusses mechanisms, addresses safety and
implementation, and highlights research priorities.

Methods (Search strategy and selection criteria)

A non-systematic but comprehensive literature search was
performed across PubMed, PMC, major journals (BMJ,
Nature, BMC Medicine), and recent umbrella reviews and
meta-analyses (2020-2025) to identify randomized
controlled trials, meta-analyses, systematic reviews, and
high-quality animal studies examining IF, TRF, and ADF
impacts on metabolic outcomes and lifespan. Key sources
included umbrella reviews of IF and health outcomes, BMC
Medicine meta-analyses comparing IF types, RCT
syntheses, and mechanistic reviews addressing autophagy,
mTOR, AMPK/SIRT1 pathways. Representative high-
impact and recent references are cited throughout. (Search
terms used in the preparatory web search included
“intermittent fasting meta-analysis 2023 2024 2025, “time-
restricted eating longevity 20247, “alternate-day fasting
randomized trial”, and “mechanisms autophagy sirtuins
mTOR intermittent fasting”.)

Types of Intermittent Fasting

e Time-Restricted Eating (TRE/TRF): Daily eating
window limited to a fixed number of hours (e.g., 8-hour
window, 16:8 fasting). TRE can be early (e.g., 8am—4pm)
or late.

o Alternate-Day Fasting (ADF): Alternating “fast” days
(very low or zero calories) with “feast” days.

e Periodic Fasting / 5:2 Diet: Two non-consecutive days
per week of severe calorie restriction (~500—600 kcal)
with ad libitum eating on other days.

¢ Prolonged Fasting / Fasting-Mimicking Diets (FMD):
Multi-day low-calorie, low-protein, low-carb diets
intended to mimic water-only fasting effects.

Evidence for Metabolic Health Outcomes
Body weight and body composition

Multiple RCTs and meta-analyses show IF typically results
in modest weight loss and fat mass reduction, comparable to
continuous energy restriction (CER) when total calorie
reduction is similar. A recent BMC Medicine meta-analysis
and other syntheses found meaningful weight and fat loss
with ADF and TRE, with ADF sometimes showing larger
effect sizes across metabolic outcomes. However, some
meta-analyses report no major superiority of IF over daily
calorie restriction when adherence and caloric deficit are
matched. BioMed CentralPMC

Glycemic control and insulin sensitivity

High-quality evidence indicates improvements in fasting
insulin, HOMA-IR, and HbAlc in overweight/obese
populations practicing TRE or other IF regimens, though
magnitudes vary and long-term durability is uncertain. The
umbrella review found consistent links between TRE and
lower fasting insulin and HbA1c in many RCTs. Individuals
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with type 2 diabetes may show improvements, but trials with
hard clinical endpoints are limited and require medical
oversight. PubMedPMC

Lipids and cardiovascular risk markers

Some IF approaches reduce LDL cholesterol, triglycerides,
and blood pressure in certain trials. The 5:2 diet has been
associated with LDL reductions in pooled analyses; ADF
and TRE improve triglycerides and waist circumference in
several RCTs, but results are heterogeneous across
populations. PubMedBioMed Central

Inflammation and other metabolic markers

TRE has been associated with favorable shifts in
inflammatory markers and circadian gene expression in
small studies; animal models show TRF can favorably affect
metabolic inflammation and gut health. Nonetheless, human
evidence varies and sample sizes are often modest.
PMCScienceDirect

Evidence for Longevity and Healthspan
Animal models

Robust evidence in many model organisms (yeast, worms,
flies, rodents) demonstrates that caloric restriction and
several fasting regimens can extend lifespan and healthspan.
Recent large, genetically diverse mouse studies reveal that
graded caloric restriction and intermittent fasting can extend
lifespan, with the effect size influenced by genetic
background and degree of restriction; however, some IF
protocols produced adverse effects depending on baseline
body weight and protocol intensity. Mechanistic studies
implicate autophagy, spermidine pathways, AMPK/SIRT1
activation, and modulation of IGF-1/mTOR signaling.
Nature+1PMC

Human evidence

Direct evidence that IF increases human lifespan is lacking
(no long-term RCTs with mortality endpoints).
Observational — data, surrogate markers (improved
cardiometabolic risk factors), and mechanistic plausibility
suggest potential benefits, but translation from animal
lifespan extension to human longevity remains unproven.
Studies in humans show improvements in metabolic health
markers that are associated with lower long-term disease
risk, but inferring lifespan effects requires caution. PMC+1

Biological Mechanisms Linking IF to Metabolic Health
and Longevity

1.Metabolic Switching & Fuel Utilization: Fasting
induces a shift from glucose/glycogen oxidation to fatty
acid oxidation and ketone production; this “metabolic
switch” improves metabolic flexibility and mitochondrial
efficiency.

2. Autophagy & Cellular Housekeeping: Fasting activates
autophagy, which removes damaged organelles and
proteins - a mechanism implicated in cellular rejuvenation
and longevity in models. However, autophagy dynamics

are complex; excessive or dysregulated autophagy may be
harmful. ScienceDirectPMC

3.mTOR, AMPK, Sirtuins: Nutrient sensing pathways -
downregulation of mTOR and activation of AMPK/SIRT1
- mediate effects on protein synthesis, stress resistance,
and mitochondrial biogenesis. Periodic reductions in
mTOR signaling are linked to increased lifespan in many
species. PMCGlobalRPH

4.Circadian Biology: TRE that aligns feeding with
circadian rhythms (earlier eating windows) may improve
metabolic outcomes by synchronizing peripheral clocks in
liver and adipose tissue. Oxford Academic

5.Gut Microbiome & Metabolites: Fasting and feeding
cycles alter gut microbiota composition and metabolites
(e.g., short-chain fatty acids, polyamines like spermidine),
which can influence metabolic health and aging pathways.
Recent studies implicate spermidine as essential for
fasting-mediated autophagy and geroprotection. Nature

Safety, Adverse Effects, and Contraindications

IF is generally well tolerated by many adults, but adverse
effects reported include hunger, irritability, headaches, and
transient reductions in physical performance. More serious
concerns arise in specific groups: pregnant or breastfeeding
women, children and adolescents, individuals with current
or past eating disorders, and some people with diabetes (risk
of hypoglycemia). Long fasting or severe restriction can
cause loss of lean mass if protein and resistance exercise are
inadequate. Also, some mouse studies suggest potential
immune or hematologic disruptions under extreme
protocols. Clinical supervision is recommended for at-risk
individuals. HealthPMC

Practical Implementation and Dietary Considerations

e Choice of regimen: TRE (12-16 h fast) is practical for
many and aligns with circadian biology; ADF and 5:2 are
options for those who can tolerate intermittent larger
deficits.

o Nutrient quality: Benefits are best achieved with
nutrient-dense whole foods during eating windows; IF is
not a license for poor dietary choices.

e Exercise: Combining resistance exercise with IF helps
preserve lean mass. TRE plus exercise may offer additive
benefits for weight and cardiometabolic risk.
ScienceDirect

¢ Individualization: Response varies by sex, age, baseline
metabolic status, genetics, and microbiome. Personal
preferences and lifestyle determine sustainability.

Limitations of Current Evidence

e Many RCTs are short to medium term (weeks to months);
long-term adherence and durability of effects are unclear.

e Heterogeneity across IF  protocols, participant
populations, and outcome measures complicate synthesis.

o Few trials assess “hard” clinical endpoints (cardiovascular
events, diabetes incidence, mortality).

e Translation from animal lifespan studies to human
longevity is indirect and requires caution. The
LancetBioMed Central
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Research Gaps and Future Directions

1.Long-term RCTs with clinical endpoints (CVD events,
incident diabetes, cancer, mortality).

2.Personalized IF prescriptions based on genetics, sex
differences, age, and microbiome profiling.

3.Comparative trials pitting IF variants vs. optimized
continuous energy restriction with matched caloric
deficits and behavioral support.

4.Mechanistic human studies sampling tissue (muscle,
adipose), circadian markers, and autophagy indices to link
clinical outcomes to cellular processes.

5.Safety studies in older adults, frail populations, and
people with multimorbidity.

2.Conclusion

Intermittent fasting is a promising dietary approach for
improving body composition and several cardiometabolic
risk factors. Mechanistic and animal model data point to
plausible pathways linking fasting to improved metabolic
health and possibly increased lifespan. However, the
superiority of IF over conventional calorie restriction for
long-term metabolic health and human longevity remains
unproven. IF appears safe for many adults when
implemented sensibly, but personalized guidance is
important.  High-quality, long-duration trials and
mechanistic human studies are needed to clarify optimal
regimens and long-term effects on healthspan and lifespan.

Key takeaways (short)

o [F (TRE, ADF, 5:2) typically reduces body weight and
improves some cardiometabolic risk markers; benefits
often reflect energy deficit plus metabolic switching.
BioMed CentralPMC

e Animal studies show lifespan extension under dietary
restriction and some TRF regimens; human longevity
evidence is indirect and limited. NaturePMC

e Mechanisms:  metabolic ~ switching,  autophagy,
AMPK/SIRT1, mTOR downregulation, circadian
alignment, and microbiome changes (e.g., spermidine).
ScienceDirectPMCNature

o [F is not universally suitable - avoid or supervise in
pregnancy, youth, eating disorders, and some medical
conditions. Health
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