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ABSTRACT

Intermittent fasting (IF), a temporal dietary pattern, has garnered interest in improving anthropometric and metabolic markers.
Beyond this, IF appears to recalibrate hormonal circadian rhythms and reshape gut microbiota—two key intermediaries through
which IF exerts effects on endocrine, inflammatory, and oncogenic pathways. This review synthesizes research findings of IF
on key endocrine systems and outlines its potential implications for oncogenic risk. We primarily examine the effects of IF on
hormonal regulation with a particular focus on its relevance to metabolic and oncogenic health outcomes. We explored hormonal
alterations induced by various IF protocols and discussed their physiological implications. Controlled observations or interven-
tional studies in both human and animal models were included. Evidence indicates that IF exerts systemic effects on hormonal
rhythmicity, including insulin, thyroid hormones, glucocorticoids, and sex hormones, potentially re-establishing homeostatic en-
docrine function. Moreover, IF influences cancer-related pathways via modulation of endocrine axes and attenuation of inflam-
matory markers. These mechanisms offer a theoretical basis for IF's potential in attenuating metabolic dysfunction and cancer
risk. However, the current research is limited by variations in study designs, short durations, limited cohorts, and population-
specific findings, restricting generalizability and applicability. Ultimately, IF represents a multifaceted dietary strategy with the
potential to synchronize circadian and hormonal systems, positioning it as a promising intervention in metabolic and endocrine-
related conditions. However, whether long-term IF can modulate specific hormonal axes without overt physiological side effects,
including sex-specific effects, remains unclear. To establish its clinical relevance and therapeutic safety, validation through well-
designed and large-scale human trials is imperative.

| Introduction our early ancestors. The human body naturally experiences

The rapid technological advancements have significantly al-
tered human eating and sleeping patterns, which have profound
implications for circadian rhythms and metabolic health. The
ability to work, eat, and remain active throughout the night
represents a departure from traditional practices observed by

rhythmic fluctuations in various biological functions, including
cellular processes, physiological responses, and behavioral pat-
terns, all following a 24-h cycle (Fatima and Rana 2020). For
example, heart rate, blood pressure, insulin sensitivity, and body
temperature tend to rise in the morning and decline in the eve-
ning (Fatima and Rana 2020; Carrasco-Benso et al. 2016). These
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cyclic changes, known as circadian rhythms, are regulated by
an internal timing system called the circadian clock, which op-
erates on approximately 24-h cycles (Fatima and Rana 2020).

In living organisms, the circadian clock synchronizes oscilla-
tions in cellular activities, biochemical reactions, physiological
functions, and even behaviors with the changing solar cycles
throughout the seasons (Fatima and Rana 2020). Although the
central clock that governs circadian rhythms is located in the
suprachiasmatic nucleus in the brain, various peripheral clocks
reside in different tissues and organs of the body (Fatima and
Rana 2020). These peripheral clocks rely on external cues—
known as zeitgebers or “time givers”—to align our internal
clock with the external environment. Circadian rhythms reg-
ulate key biological functions, including the sleep-wake cycle,
body temperature, blood pressure, hormone secretion, and me-
tabolism (Fatima and Rana 2020).

Chronic perturbation of physiological rhythms—particularly
through irregular schedules or shift-based occupations—sig-
nificantly amplifies the probability of age-related patholo-
gies and compromises systemic homeostasis (Manoogian and
Panda 2016). The genomic apparatus and tissue-specific oscilla-
tory mechanisms exhibit temporal sensitivity to both nutritional
input and diurnal variations. Contemporary lifestyle patterns,
often characterized by extended periods of caloric consumption,
frequently result in excessive energy intake, which in turn influ-
ences the synchronization of organ-specific circadian regulators
(Manoogian and Panda 2016). Research has consistently linked
circadian rhythm disruptions to metabolic dysregulation, in-
creasing susceptibility to cardiometabolic disorders such as obe-
sity, diabetes, metabolic syndrome, and cardiovascular diseases
(Fatima and Rana 2020). Animal and human studies further
confirm the adverse metabolic effects of circadian disruption
(Flanagan et al. 2020; Meléndez-Fernandez et al. 2023), high-
lighting its influence on hormonal and systemic balance.

Historically, the dietary patterns of our ancestors closely resem-
bled intermittent fasting (IF), which naturally aligned with cir-
cadian rhythm. This dietary model involved fasting during food
scarcity and eating when available. Fasting is believed to be an
adaptation response that enhances survival during harsh con-
ditions like famine. Beyond its evolutionary roots, IF has been
practiced for centuries as a spiritual or religious observance.
Today, IF has gained prominence for its potential role in weight
management and overall well-being by strategically adjusting
meal timing. Aligning meals with the body's internal clock and
peak metabolic activity not only impacts metabolic efficiency
but also plays a key role in regulating hormonal signals associ-
ated with appetite, energy metabolism, and homeostasis. IF and
time-restricted eating provide strategies to improve this align-
ment, which will help prevent or mitigate metabolic disorders
and enhance health outcomes (Wehrens et al. 2017; Flanagan
et al. 2020; Charlot et al. 2021; Smith and Betts 2022). The pro-
found changes brought about by technology, the complex in-
terplay between the circadian clock and metabolism, and the
historical and contemporary significance of IF are captivating
avenues for study with implications for human health and well-
being. Within this framework, the purpose of this review is to
explore how different hormonal systems and essential physio-
logical processes are affected by the modern practice of IF.

1.1 | IF and Health Benefits

IF, characterized by distinct periods of fasting and feeding, has
been rising in popularity, given its link to several short- and long-
term health advantages (Mandal et al. 2022). During the fasting
window, caloric intake is abstained, whereas during the feeding
window, all caloric intake is consolidated (Mandal et al. 2022).
Among the various forms of IF, three main types have been
the subject of research, namely time-restricted feeding (TRF),
alternate-day fasting (ADF), and 5:2 fasting (Varady 2016).
Irrespective of the specific approach, studies have postulated
that fasting provides multiple benefits for human health, includ-
ing weight and fat mass loss, improvements in cognitive function
and cardiovascular health, inflammation, metabolic syndrome,
insulin resistance, and potential roles in cancer prevention and
longevity (Meléndez-Ferndndez et al. 2023).

Two variations of ADF have been utilized: the zero-calorie
model, which permits only water consumption, and a modified
approach, which allows only 25% of caloric intake, with ad li-
bitum eating permitted on feasting days. Similarly, the 5:2 fast
involves restricting caloric intake to 500-1000kcal/day for two
consecutive or nonconsecutive fasting days while consuming a
normal diet on the remaining 5days (Varady 2016).

1.2 | Mechanisms for IF

Several theories have been proposed to explain the mechanisms
underlying IF. According to the ketogenesis theory, IF induces
an adaptive metabolic shift in response to limited energy and
relatively low glucose levels, leading to the preferential produc-
tion of ketone bodies for energy. Furthermore, the theory of
circadian rhythms proposes that aligning eating patterns with
the body's internal clock improves metabolic health by influenc-
ing hormone secretion and response, whereas a misalignment
worsens the regulation of glycemia, lipids, and blood pressure
by increasing pro-inflammatory markers. Moreover, the oxida-
tive stress theory maintains that the energy restriction associ-
ated with IF reduces the production of reactive oxygen species,
thereby minimizing cellular damage and promoting longevity
(Dong et al. 2020; Vasim et al. 2022). These mechanisms collec-
tively shape fasting-induced metabolic transitions from glucose
to lipid utilization, mostly through ketone body production from
the liver after 12-36h of food deprivation (Mattson et al. 2018;
Mattson 2025; Hofer et al. 2021). This shift is influenced by gly-
cogen reserves and physical activity levels and stabilizes over
subsequent days. Reduced nutrient availability during fasting
triggers crucial metabolic pathways regulated by mTOR, sir-
tuins, and AMPK (Mattson et al. 2018; Mattson 2025; Hofer
et al. 2021). While diminished glucose and amino acid levels
deactivate mTOR, reducing protein synthesis and triggering
autophagy—an intracellular recycling process crucial for elimi-
nating damaged organelles and proteins that also diminish with
aging (Mattson et al. 2018; Mattson 2025; Hofer et al. 2021).
AMPK is activated during low-energy states, resulting in in-
creased ketogenesis and fatty acid oxidation. Moreover, the de-
crease in insulin and IGF-1 signaling triggers hormetic cellular
stress responses as a result of nutrient-deprivation adaptations,
leading to upregulation of protective mechanisms by improved
organ function, mitigating age-related decline, and alleviating
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inflammation, all of which may enhance extended healthspan
(Mattson et al. 2018; Mattson 2025; Hofer et al. 2021). In contrast
to the fed state, where a reversible metabolic shift promotes cel-
lular growth and recovery (Mattson et al. 2018; Hofer et al. 2021;
De Cabo and Mattson 2019). Additionally, IF-induced metabolic
shifts influence circadian rhythms, gut microbiota composi-
tion, and hormonal balance (Daas and De Roos 2021; Haupt
et al. 2021).

However, the advantages of IF may also be explained by its im-
pact on the balance of gut flora. IF induces consistent shifts in
gut flora compositions and diversity, notably enriching meta-
bolically favorable SCFA-producing taxa while reducing patho-
genic ones. Thus, improved SCFA production and improving gut
barrier function, metabolic markers, and attenuated inflamma-
tion (Pieczynska-Zajac et al. 2023; Su et al. 2021; Li et al. 2017).
According to research, this eating pattern contributes to the mi-
crobial ecosystem's increased variety, which is linked to better
glycemic management and decreased inflammation (Angoorani
et al. 2021). Furthermore, research on animals has demon-
strated that these microbial alterations could promote the con-
version of white fat to brown fat, which, in turn, supports efforts
to address obesity (Li et al. 2017). Studies on Ramadan fasting
and time-restricted eating have shown similar trends, with
gut microbiome remodeling and blooming in beneficial SCFA-
producing bacteria (Pieczyniska-Zajac et al. 2023; Su et al. 2021).
Consequently, a major contributing aspect of the explanation of
many health advantages of IF is the regulation of gut microbiota
through metabolic and immunoregulatory effects (Pieczynska-
Zajac et al. 2023; Su et al. 2021; Li et al. 2017). Irrespective of the
discussed theories concerning IF, it is evident that each contrib-
utes to the regulation of the endocrine system.

1.3 | Hormonal Regulation and Fasting

The intricate control over the circadian rhythms of endogenous
metabolic and hormonal processes involves a complex network
of central and peripheral pacemakers (Kuula et al. 2022), which
can be influenced by various external factors, such as the sleep-
wake cycle, light-dark cycles, nutritional patterns, and timing
of physical activity. As such, our comprehensive review aims
to summarize the impact of fasting and time-restricted eating
(TRE) on hormonal responses. Considering the current lack of
reviews specifically examining the effects of fasting regimens
on a range of hormones, our review fills a notable gap in the ex-
isting literature. Despite the limited number of existing reviews
assessing the effects of fasting on certain hormones, the current
review thoroughly analyzes the effects of IF on hormones and
the endocrine system in both animal and human models.

By synthesizing available evidence, we aim to provide valuable
insights into the intricate relationship between fasting, hor-
monal responses, and regulating circadian rhythms, shedding
light on the potential implications of IF for human health and
well-being. This review focuses on the effects of IF on various
endocrine systems, including insulin regulation, thyroid func-
tion, adrenal steroid production, and reproductive hormone bal-
ance. Additionally, we examine fasting's potential contributions
to cancer prevention, particularly its impact on metabolic and
hormonal pathways.

2 | Methodology

A comprehensive literature search was conducted using the
Google Scholar, PubMed, and Semantic Scholar databases to
identify studies published up to January 31, 2024, without any
time restrictions. A subsequent search was then conducted to
include the most recent publications up to August 17, 2024. The
search was repeated on May 25, 2025, to include any recent pub-
lications. The search focused on animal studies, human obser-
vational studies, and randomized controlled trials (RCTs). The
key search terms included “intermittent fasting,” “hormonal
response,” “circadian rhythm,” and “metabolic health.” Studies
were included based on their relevance to the topic, and those
not focusing on hormonal or metabolic outcomes were excluded.

3 | Insulin Regulation and Glucose Metabolism
3.1 | Insulin Sensitivity and Secretion

Insulin, a hormone synthesized by the pancreatic beta-cells,
plays a central role in glucose homeostasis by facilitating cellu-
lar glucose uptake for immediate energy utilization or storage.
Besides insulin production and release, insulin sensitivity also
displays specific circadian patterns and is influenced by molec-
ular clocks within insulin-sensitive organs (Kim et al. 2021).
Emerging evidence suggests that IF influences the regulation of
insulin across both animal and human subjects. Table 1 pres-
ents a comparative summary of insulin responses observed in
both models.

Multiple studies in rodent models consistently demonstrate that
IF leads to significant reductions in insulin levels compared
to ad libitum feeding (Duan et al. 2003). Moreover, investiga-
tions into ADF in mice yielded contrasting conclusions (Anson
et al. 2003; Hoddy et al. 2020). One study attributed decreased
insulin levels to reduced food intake (Anson et al. 2003), whereas
another suggested that caloric intake or the quantity of food con-
sumed had no effect on the decrease in insulin levels (Hoddy
et al. 2020). More recent analyses propose that reductions in in-
sulin levels could be ascribed to adaptive modifications in pan-
creatic beta-cells’ transcriptional regulation of the insulin gene
in response to fasting conditions (Karimi et al. 2024). Human
research, on the other hand, associates reduction in insulin
levels with progressive decrease in anthropometric parameters
and improved cardiometabolic biomarkers (Mufioz-Hernandez
et al. 2020). Markedly, the decline in insulin levels observed in
human studies contrasts with the elevation reported in animal
models, suggesting that enhanced peripheral insulin action may
be a key mechanism in humans (Mufoz-Hernandez et al. 2020).

IF has gained attention for its potential therapeutic applications
in improving insulin function and glucose homeostasis in both
healthy individuals and those with type 2 diabetes (Furmli
et al. 2018; Halberg et al. 2005; Varady 2016). These benefits
arise through various mechanisms, including increased insulin-
mediated glucose uptake rates, improved glucose tolerance, and
reduced insulin resistance. Moreover, the advantages of IF are
reinforced by its ability to elevate plasma insulin levels and de-
crease the Homeostasis Model Assessment (HOMA) index in
diabetic rats (Belkacemi et al. 2012).
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| (Continued)

TABLE 1

Type of participants

References

Principal findings

Animal models

Human models

Fasting type

Hormone category

Cameron et al. (1991)

| FSH, | LH, | frequency of pulsatile LH

Humans

48-h Fast

secretion, | insulin, 1 B-hydroxybutyrate

Solianik et al. (2023)

117-B-estradiol in females, 1 Norepinephrine

Humans

in females, 1 Psychological stress

Olson et al. (1995)

Altered LH secretory dynamics,

Humans

72-h Fast

1 GH, | IGF-1, | T3, | TSH

Berga et al. (2001)

1 B-hydroxy-butyric acid, | Free thyronine, (-)

Humans

LH pulsatility, FSH, estradiol, progesterone,

1 Cortisol, 1 Advance in melatonin secretion

Azizi (1991)

(=) FSH, (=) LH, (—) Testosterone,

Humans

Islamic/Ramadan Fast

(=) Prolactin, (=) TSH, (-) T3, 1

T4, 1 fT4 Index, | Weight

Abbreviations: —, no change; ACTH, adrenocorticotropic hormone; ADF, alternate-day fasting; CD4, cluster of differentiation 4; CR, calorie restriction; DHEAs, dehydroepiandrosterone sulfate; eTRF, early time-restricted feeding;

FALI, free androgen index; FSH, follicle-stimulating hormone; T3, free triiodothyronine; fT4, free thyroxine; GH, growth hormone; GnRH, gonadotropin-releasing hormone; HOMA-IR, homeostatic model of insulin resistance; IF,
intermittent fasting; IGF-1, insulin-like growth factor 1; iWAT, inguinal white adipose tissue; LH, luteinizing hormone; NK cells, natural killer cells; SHBG, sex hormone-binding globulin; T1DM, Type 1 diabetes mellitus; T2DM,

Type 2 diabetes mellitus; TRF, time-restricted feeding; TSH, thyroid-stimulating hormone.

A RCT comparing the effects of a 2-day intermittent energy
restriction (IER) regimen with continuous energy restric-
tion (CER) in overweight or obese individuals revealed su-
perior reductions in hepatic insulin resistance under IER
(Harvie et al. 2011). The study demonstrated a 24% decline
in the HOMA index under IER versus only 4% under CER
(p=0.001), with an additional 25% reduction observed after 2
energy-restricted days. Notably, these improvements in insu-
lin sensitivity occurred despite similar reductions in body fat
between the two groups (—4.5kg for IER vs. —3.6 kg for CER,
p=0.34) (Harvie et al. 2011).

Additionally, a study using a hyperinsulinemic euglycemic
clamp reported improved insulin-mediated whole-body glu-
cose uptake and inhibition of adipose tissue lipolysis following
2days of normal eating post-fasting (Halberg et al. 2005). The
authors linked these improvements to increased adiponectin
concentrations during the fasting period. Conversely, a separate
study found no significant effects on peripheral glucose uptake
or hepatic insulin sensitivity following a 2-week IF intervention
(Soeters et al. 2009).

To examine the impact of TRF on body weight, white adipose
tissue, and metabolic biomarkers, a recent animal model exper-
iment allocated two distinct cohorts of animals to receive either
a standard or cafeteria diet, subsequently subjecting them to
TRF and unrestricted food access. The investigation revealed
that the TRF protocol enhanced body weight regulation and
dyslipidemia mitigation in the cafeteria-diet model while also
stimulating the browning of white fat with thermogenic prop-
erties, potentially elucidating the anti-obesity efficacy of TRF
(Aouichat et al. 2020).

In humans, IF has been shown to have positive effects on insu-
lin and other metabolic markers. According to human studies,
22days of ADF promoted a notable 50% reduction in insulin
secretion. Additionally, research comparing the impact of ca-
loric restriction and the 5:2 diet over 4.5months demonstrated
greater declines in insulin levels and insulin resistance in the IF
group despite significant weight loss in both groups (Heilbronn
et al. 2004; Hoddy et al. 2020; Kim et al. 2021).

An RCT by Xie et al. (2022) involving humans evaluated the
effects of early TRF over 5weeks, reporting improved insulin
sensitivity, decreased fasting plasma glucose, reduced body
mass and adiposity, alleviated inflammation, and enhanced
gut microbial diversity. In contrast, neither the midday TRF
nor the control group exhibited comparable improvements.
Nevertheless, no significant differences in blood pressure, cir-
culating lipid concentrations, HbAlc, hsCRP, sleep quality, or
appetite were observed between the three groups despite reduc-
tions in energy intake, indicating that differences in metabolic
outcomes were not attributed to variations in caloric intake,
suggesting the timing of food intake plays a distinct role in met-
abolic health (Xie et al. 2022).

3.2 | Glucose Tolerance and Fasting Glucose

IF has also shown promising effects on glucose tolerance, par-
ticularly in individuals with early-stage metabolic disorders. A
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5-week early TRF trial in individuals with prediabetes reported
improved pancreatic beta-cell responsiveness to glucose, as indi-
cated by oral glucose tolerance test findings (Sutton et al. 2018).
In contrast, a study investigating the effects of the 5:2 diet in
subjects with type 2 diabetes over 12weeks found an increased
risk for hypoglycemia associated with this dietary pattern, high-
lighting potential safety concerns (Corley et al. 2018).

Evidence suggests that IF positively influences insulin sensitiv-
ity and glucose metabolism—particularly in individuals with
dysregulated glucose and lipid profiles (Kim et al. 2021). Meta-
analyses of clinical trials have shown that IF reduces fasting
blood glucose, glycosylated hemoglobin, insulin plasma levels,
and HOMA-IR while decreasing BMI, body weight, and waist
circumference (Albosta and Bakke 2021; Haupt et al. 2021;
Mufioz-Herndndez et al. 2020; Song and Kim 2023; Yuan
et al. 2022). Additionally, IF has been associated with decreased
fasting glucose levels, fasting insulin levels, insulin resistance,
and leptin concentrations, alongside elevated adiponectin and
HDL-C levels, improved hepatic fat content, C-peptide, and glu-
cagon levels (Albosta and Bakke 2021; Haupt et al. 2021; Mufioz-
Hernandez et al. 2020; Song and Kim 2023; Yuan et al. 2022).

Beyond its role in weight management, IF has exhibited poten-
tial in addressing insulin resistance and cardiometabolic param-
eters in patients with diabetes, though more research is needed
to validate these findings. A comprehensive analysis by Herz
et al. (2023) examined the interplay between fasting and diabe-
tes, uncovering the potential of fasting to mitigate the risk of
hypoglycemia in type 1 diabetes mellitus, reduce glycemic vari-
ability, and optimize lipid metabolism in both types of diabetes
mellitus. Additionally, evidence has demonstrated that fasting
can enhance insulin sensitivity, suppress endogenous glucose
production in diabetes, promote weight loss, and refine body
composition, reinforcing its potential as a therapeutic modal-
ity for managing type 1 and type 2 diabetes mellitus, it and can
be judiciously implemented with professional oversight when
deemed appropriate (Herz et al. 2023).

The proposed association between these alterations and
IER suggests an impact on the autophagy-lysosomal path-
way and the promotion of beta-cell progenitor proliferation.
Additionally, the observation of this pattern revealed stimu-
lation in the reconfiguration of the gut microbiota (Mufioz-
Hernandez et al. 2020). Building upon previously discussed
findings, it is pertinent to compare the varying forms of IF
and their respective impact on insulin and glucose regulation.
A growing body of rigorous evidence suggests that, across
both diabetic and non-diabetic populations, the various forms
of IF—namely ADF, TRF, and 5:2 fast—consistently attenu-
ate fasting blood glucose, insulin, and HOMA-IR, promoting
glycemic stability and regulation (Xiaoyu et al. 2024; Cho
et al. 2019; Nowosad and Sujka 2021; Schroor et al. 2023).
Comparative analyses reveal no substantial variation in effi-
cacy between regimens; however, SUCRA scores suggest 5:2
fast or twice-weekly fasting for general health advantages
beyond glycemic control (Xiaoyu et al. 2024). Furthermore,
the effect of 5:2 fast extends further in type 2 diabetes, where
it demonstrates a modest yet consistent advantage in glyce-
mic management (Silva et al. 2023). Conversely, ADF appears
marginally superior in enhancing insulin resistance relative

to other forms of IF, though its overall advantage remains lim-
ited (Cho et al. 2019). While both ADF and TRE effectively
lower glucose and insulin primarily via weight reduction,
ADF appears to have a marginal advantage in attenuating
metabolic outcomes (Silva et al. 2023). However, considering
variations in study designs and participant characteristics is
crucial, given their potential influence on the interpretation
of results, despite the predominantly positive effects of IF on
insulin sensitivity reported in most studies.

4 | Thyroid Hormones and Energy Metabolism

4.1 | Thyroid Hormone Modulation in
Fasting State

Thyroid hormones, including triiodothyronine (T3) and thy-
roxine (T4), are critical for regulating metabolic rate, energy
expenditure, and thermogenesis. The thyroid gland system-
atically releases T3 and T4, each distinguished by their iodine
content, regulating numerous physiological functions essential
for homeostasis (Pirahanchi et al. 2023). The hypothalamus-
pituitary-thyroid (HPT) axis serves as a key system governing
energy utilization. The hypothalamic thyrotropin-releasing
hormone (TRH) stimulates the release of thyroid-stimulating
hormone (TSH) from the anterior pituitary gland. Subsequently,
TSH prompts the thyroid to discharge T4, which is subsequently
transformed into active T3 by type I and II deiodinase enzymes
(Pirahanchi et al. 2023). Understanding thyroid hormone modu-
lation during fasting provides valuable insights into its relation-
ship with circadian rhythms, a key factor in metabolic health.

4.2 | Implications for Metabolic Rate

The influence of IF on the HPT axis has been assessed in both
human participants and animal models. Fasting promotes no-
table reductions in TRH and TSH levels, with the subsequent
impact on thyroid hormone levels. While both human partici-
pants and animal models report these reductions, animal mod-
els often exhibit more acute responses. Peripheral T3 levels tend
to decrease under fasting conditions, supporting the hypothesis
that HPT axis downregulation serves as an energy-conserving
mechanism in response to food scarcity, cold exposure, starva-
tion, and infection (Karimi et al. 2024). As illustrated in Table 1,
experimental and observational studies in animals and humans
reveal significant fluctuations in thyroid hormones across differ-
ent fasting protocols and durations. A human study found that
serum T3 levels declined by 55% following a 24-h fasting period,
with no variation in TSH levels found after fasting (Merimee
and Fineberg 1976). Moro et al. reported similar results, where
T3 decreased significantly in the TRE group (—6%, p=0.01)
compared to an increase in their counterparts in the normal diet
group (+9%, p=0.07) (Moro et al. 2020). Similar trends were
reported for ADF and 8-h TRF (isocaloric, unrestricted eating
within the specified time frame) protocols, with fasting reducing
circulating T3 levels without affecting TSH levels in both short-
and long-term scenarios (Stekovic et al. 2019; Moro et al. 2016).
Beyond hormonal fluctuations, IF decreases HPT axis activity,
influencing appetite regulation and body weight, particularly
in stressed animal models. The intricate molecular pathways
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underlying these changes in the HPT axis during fasting have
been linked to leptin, TRH, TSH, and thyroid hormones (Garcia-
Luna et al. 2023; Kim et al. 2021).

Several studies highlighted the potential connection between
thyroid hormone regulation and insulin resistance (Martinez
and Ortiz 2017; Azizi 2015). Research by Martinez and Ortiz in
animals suggests fasting-induced thyroid hormone alterations
may contribute to insulin dysregulation, whereas Azizi's work
on Islamic fasting underscores the distinct physiological changes
occurring during this form of fasting (Martinez and Ortiz 2017;
Azizi 2015). Mahadevan et al. (2017) further contribute to this
discourse by demonstrating that TSH testing results can be in-
fluenced by food intake timing, highlighting the importance of
accounting for fasting-feeding status in thyroid function assess-
ment. Additionally, Akasheh et al. compared the weight loss ef-
ficacy between ADF and daily calorie restriction in individuals
with subclinical hypothyroidism and reported that both meth-
ods were equally effective without significantly altering thyroid
hormone levels (Akasheh et al. 2019). Notably, fasting and post-
prandial states can affect thyroid function assessments, with
TSH levels decreasing after food intake (Nair et al. 2014). These
findings have implications for the diagnosis and management of
hypothyroidism, particularly in subclinical hypothyroidism and
during pregnancy. In male rats, both fasting and food restriction
reduced serum T4, while fasting specifically decreased serum
T3, influencing the expression of T3-responsive genes (de Vries
et al. 2014).

Furthermore, aside from studying IF in healthy individuals, the
impact of IF in individuals with either established or early-stage
thyroid disorders remains unexplored. Limited evidence sug-
gests potential benefits in autoimmune thyroid diseases, such as
Hashimoto's disease. Persistent inflammation is a major factor
in autoimmune conditions, and IF's anti-inflammatory proper-
ties may offer therapeutic advantages. A review on Ramadan
fasting reported a reduction in both fT4 and fT3 levels while in-
creasing TSH among individuals with thyroid dysfunction using
levothyroxine during fasting (Barati et al. 2023). Conversely, in-
dividuals with hypothyroidism exhibited a decrease in fT3, fT4,
and TSH. Gender-based variations were observed, with women
and elderly individuals experiencing more prominent changes,
whereas others reported greater susceptibility in men (Barati
et al. 2023; Belal et al. 2023). Despite these findings, further
research is needed to elucidate the efficacy and safety of IF in
these contexts.

Understanding IF's long-term effects on thyroid hormone reg-
ulation remains an ongoing process. The observed fluctuations
in thyroid hormones during fasting appear to be temporary
adaptations, functioning as energy-conserving mechanisms
rather than signs of dysfunction (Sui et al. 2024; Garcia-Luna
et al. 2023). Most findings suggest that these changes are gener-
ally mild and reversible upon refeeding, especially with carbo-
hydrates (Azizi 1978; Basolo et al. 2019). While human evidence
remains moderate, conclusions are often derived from short-
term, controlled settings or extrapolated from animal models
(Kim et al. 2021; Azizi 1978; Basolo et al. 2019; Varady et al.
2022). Long-term effects are still unclear, warranting caution in
individuals with pre-existing thyroid disorders when consider-
ing IF as an intervention (Kim et al. 2021; Varady et al. 2022).

Data on the safety and suitability of such a dietary approach
requires careful assessment with proper dosing of medication
when needed. Robust, large-scale clinical trials are needed to
clarify the clinical relevance of these findings.

5 | Cortisol and Hypothalamic-Pituitary—Adrenal
(HPA) Axis

5.1 | Cortisol Response to Fasting

The influence of IF on glucocorticoid regulation and the HPA
axis has been widely debated. The endocrine coordination
mechanisms involving humoral and neural signals, particularly
glucocorticoids such as cortisol and dehydroepiandrosterone
(DHEA), are overseen by the biological clock in the hypothala-
mus (Marciniak et al. 2023; Jaschke and Wang 2023; Douglass
et al. 2023). Fasting activates agouti-related peptide neurons
(AgRP) in the hypothalamus, which suppress corticotropin-
releasing hormone neurons (CRH), lowering GABAergic inputs
(Jaschke and Wang 2023; Douglass et al. 2023). This pathway
promptly initiates HPA axis signaling, leading to increased
secretion of glucocorticoids, chiefly cortisol (Jaschke and
Wang 2023; Douglass et al. 2023). A vital steroid hormone, cor-
tisol, plays a crucial role in preserving the body's equilibrium by
influencing diverse metabolic processes (Marciniak et al. 2023;
Jaschke and Wang 2023; Douglass et al. 2023). Excessive stimu-
lation of the HPA axis and heightened levels of glucocorticoids
can influence conditions associated with obesity (Marciniak
et al. 2023). Additionally, visceral adipose tissue is implicated in
cortisol regulation, particularly in response to fasting and acute
stress (Marciniak et al. 2023). Fasting-driven activation of the
HPA axis has been linked to metabolic enhancement and poten-
tial lifespan extension in animal models (Marciniak et al. 2023).
Investigations into the modulation of adrenal cortical steroids
during fasting provide crucial insights into circadian rhythm al-
terations associated with fasting. Furthermore, energy balance
and caloric intake appear to modulate the endocrine response to
fasting, emphasizing the interplay between nutrient availability
and hormonal regulation.

5.2 | Dehydroepiandrosterone and Cortisol
Balance

A review exploring fasting and cortisol dynamics revealed
that IF intensifies cortisol secretory bursts, which may hold
implications for metabolic homeostasis through the cortisol-
to-DHEA ratio (Balsevich et al. 2019; Chawla et al. 2021; Kim
et al. 2021; Marciniak et al. 2023; Gonzalez-Bono et al. 2002).
Glucocorticoids—vital effector molecules of the HPA axis—play
a pivotal role in appetite modulation, where stress inhibits food
consumption through cortisol actions (Balsevich et al. 2019;
Chawla et al. 2021; Kim et al. 2021; Marciniak et al. 2023).
Extended fasting has been shown to rapidly increase cortisol
levels, with 5days of fasting resulting in peak hormonal alter-
ations (Balsevich et al. 2019; Chawla et al. 2021; Kim et al. 2021;
Marciniak et al. 2023). Interestingly, TRE strategies elicit distinct
effects on cortisol secretion. Nonrestrictive TRE lowers cortisol
levels, whereas isocaloric TRE raises them, highlighting the im-
portance of food timing and composition on cortisol secretion
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(Balsevich et al. 2019; Chawla et al. 2021; Kim et al. 2021;
Marciniak et al. 2023).

Fasting-induced endocrine modulations that extended beyond
glucocorticoid regulation. Studies indicate that a 72-h fast el-
evates cortisol, adrenocorticotropic hormone (ACTH), adren-
aline, and noradrenaline, while simultaneously decreasing
the TSH and T3 (Beer et al. 1989), as summarized in Table 1.
Similarly, Fichter and Pirke demonstrated that weight loss and
caloric restriction influence the HPA axis, leading to elevated
plasma cortisol levels (Fichter and Pirke 1986). Palmblad et al.
observed similar effects, with total energy withdrawal induc-
ing changes in growth hormone, cortisol, and thyroid hormone
concentrations (Palmblad et al. 1977). Moreover, Komaki et al.
reported fasting-induced immune system changes, particularly
in lymphocyte subsets and natural killer cell activity, potentially
mediated by adrenal hormone modulation (Komaki et al. 1997).

Various factors influence the regulation of cortisol levels in the
body. Korbonits et al. (1996) found that food intake elevates
cortisol levels, particularly in obese individuals. Additionally,
Tabata et al. (1991) observed that low blood glucose levels during
exercise can trigger cortisol secretion. Further analysis by
Bergendahl et al. (2000) highlighted the impact of age on cortisol
responses, where older individuals experience a greater increase
in cortisol levels during fasting. Lastly, Tegelman et al. (1986)
documented that controlled fasting increases cortisol secretion
while influencing other hormone levels. Taken together, the
findings indicate that fasting-induced cortisol secretion facili-
tates energy mobilization, aiding metabolic adjustments to food
deprivation as a part of an adaptive survival response (Jaschke
and Wang 2023; Douglass et al. 2023; Djordjevic et al. 2008).
Additionally, cortisol levels appear to be sensitive to variables
such as nutrient intake, glycemic status, age, and fasting du-
ration. Considering the scarcity of clinical trials and research
on conditions such as adrenal insufficiency and Cushing syn-
drome, challenges remain. In light of current evidence, fasting
causes hyperstimulation of the HPA axis, resulting in mild cor-
tisol elevations (Marciniak et al. 2023; Jaschke and Wang 2023;
Douglass et al. 2023). However, the clinical relevance of these
findings in humans remains unclear, as most of the mecha-
nistic pathways are derived from animal models (Marciniak
et al. 2023), which—although valuable for understanding phys-
iological pathways—have limited direct translation of these re-
sults to humans. While fasting appears to enhance metabolic
adaptability (Jaschke and Wang 2023; Douglass et al. 2023;
Djordjevic et al. 2008), available data largely pertain to acute
short-term effects with minimal understanding of chronic long-
term adaptations. Consequently, there is a critical need for well-
designed, high-quality human trials to delve into the enduring
effects of IF on hormonal balance, ensuring its safe clinical
application.

6 | Reproductive Hormones and Fertility
6.1 | Impact on Male Reproductive Hormones
IF has been linked to alterations in testosterone and luteinizing

hormone (LH) in men, particularly during extended fasting pe-
riods. Interestingly, fasting may be perceived as a physiological

stressor by females, suggesting a nuanced relationship between
metabolic states and reproductive health (Sadowska et al. 2022).

Studies on rodents indicate mixed effects on reproductive hor-
mones. One study reported that fasting increased estradiol levels
and significantly decreased LH levels (Kumar and Kaur 2013).
Similarly, a 30-week ADF increased the likelihood of irregular
or absent estrous cycles, whereas a 22-week TRF plan with reg-
ular chow consumption had minimal impact on estradiol levels
and instead demonstrated improvements in reproductive func-
tion (Hua et al. 2020). Further investigations across species re-
inforce the variable impact of fasting on reproductive hormones
and behaviors. In rabbits, fasting decreased the LH peak and
17-B-estradiol levels, correlating with reduced receptivity and
fertility rates (Brecchia et al. 2006). Conversely, ewes subjected
to fasting exhibited decreased insulin and insulin-like growth
factor 1 (IGF-1) levels alongside increased progesterone lev-
els (Kiyma et al. 2004). Meanwhile, zebra finches undergoing
short-term fasting displayed higher corticosterone levels, de-
creased testosterone concentrations, and reduced reproductive
behaviors (Lynn et al. 2010). In young rats, fasting suppressed
the hypothalamic-hypophysial-gonadal axis, negatively im-
pacting reproductive function (Kumar and Kaur 2013). Among
Salvelinus alpinus, longer periods of fasting lowered reproduc-
tive output (Frantzen et al. 2004), underscoring species-specific
hormonal adaptations.

A review of human trials by Cienfuegos et al. indicated that IF
modulates androgenic indicators, with reductions in testoster-
one and the free androgen index (FAI) observed in both gen-
ders (Cienfuegos et al. 2022). However, sex hormone-binding
globulin (SHBG) levels may increase in premenopausal females,
suggesting potential compensatory mechanisms. IF, particu-
larly in the form of time-restricted eating, has been associated
with significant testosterone declines, most notably in active, fit
individuals. Despite this decline, studies consistently reported
no impairment in muscular development or performance (Moro
et al. 2016, 2020, 2021; Stratton et al. 2020). TRE alone or in
combination with resistance exercise led to significant reduc-
tions in testosterone levels—from a 3.12% decrease at 2 months
(p=0.01) and a 16.81% reduction at 12 months (p =0.0004) in the
TRF group compared to a marginal impact in the control group
(MORO et al. 2021) with a maximal reduction of 27% (p =0.006)
(Moro et al. 2020). However, an 8-week TRE intervention did not
compromise physical outcomes in non-elite, physically active
individuals engaged in resistance training (Stratton et al. 2020);
in fact, it improved the peak power output-to-body weight ratio
(Moro et al. 2020), demonstrating that muscle performance met-
rics remain preserved despite the shift in anabolic androgens.

Moreover, short-term fasting influences the reproductive axis in
both men and women. One study demonstrated that a 48-h fast
in men showed a decrease in LH, follicle-stimulating hormone
(FSH), and testosterone concentrations, as well as a decrease in
LH pulse frequency (Cameron et al. 1991). However, a recent
systematic review by Kalsekar et al. (2024) yielded mixed find-
ings, reporting significant reductions in total testosterone and
FAI, yet no significant changes in LH and FSH. In contrast,
IF resulted in a significant increase in IGF-1 and SHBG levels
(Kalsekar et al. 2024). Notably, the review indicated that IF
had substantial effects on various hormonal parameters, with
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decreases in the levels of FSH, LH, estradiol, prolactin, dehy-
droepiandrosterone sulfate, and anti-Miillerian hormone, along-
side significant increases in TSH and SHBG levels (Kalsekar
et al. 2024).

Furthermore, a 10-day total fast in men decreased serum FSH
and serum testosterone concentrations (Klibanski et al. 1981).
Similarly, a 3-day fast in women decreased the number of LH
pulses while maintaining follicle development or cycle lengths
(Olson et al. 1995). In women, fasting does not compromise
reproductive function but does advance the central circadian
clock (Berga et al. 2001). In contrast to men, women's reproduc-
tive axis appears more resilient to short-term fasting, with no
major alterations observed following a 2.5-day fast (Bergendahl
et al. 1999). IF protocols such as Ramadan fasting have been
evaluated for their effects on reproductive function and the HPT
axis, with one study finding no significant alterations in male
reproductive function or the HPT axis (Azizi 2015).

Emerging evidence highlights sex-specific differences in fasting
responses. As seen in Table 1, a 48-h fasting trial reported anal-
ogous glucose intolerance in males and females, yet significant
decreases in 17-f-estradiol among females (Solianik et al. 2023 ).
Moreover, fasting activated the sympathetic nervous system in
both sexes; however, a more pronounced stress-related response,
marked by an increase in norepinephrine and psychological
stress, was noted in females (Solianik et al. 2023 ). This sexual
dimorphism in stress perception and estradiol fluctuations may
underscore the enhanced insulin response and insulin resis-
tance frequently observed in females relative to males.

In addition, a study investigating carbohydrate supplementation
during fasting in men found that urinary gonadotropin excre-
tion increased, which may be a potential mechanism for the
decline in serum testosterone levels, suggesting direct testicular
suppression rather than a secondary regulatory effect (Kyung
et al. 1985). This highlights the complex interplay between nu-
trition, hormonal regulation, and reproductive health.

6.2 | Impact on Female Reproductive Hormones

In women—particularly those with obesity or polycystic ovary
syndrome (PCOS)—IF notably time-restricted eating has been
shown to improve androgenic markers (Cienfuegos et al. 2022;
Velissariou et al. 2025). TRE significantly reduced total testos-
terone (p =0.048) and FAI (p=0.001), while markedly increas-
ing SHBG (p<0.001), potentially enhancing eumenorrhea and
fecundity (Li et al. 2021). An 8-h TRE protocol resulted in a 2%
reduction in body weight, with more pronounced effects ob-
served when dietary patterns favor caloric intake earlier in the
day—suggesting benefits for females with PCOS via improved
insulin sensitivity and androgen regulation (Harvie et al. 2010;
Lietal. 2021; Jakubowicz et al. 2013). ARCT further explored the
impact of meal timing in lean females with PCOS. Participants
with early intake of calorie-dense meals exhibited a 50% drop in
free testosterone and a rise exceeding 100% in SHBG, paralleled
with improved ovulatory responses and metabolic parameters
(Jakubowicz et al. 2013). This is contrary to the group with late
intake of calorie-dense meals, where an elevation in estradiol
(E2) was observed (Jakubowicz et al. 2013). Elevated E2 beyond

normal levels is known to impair the endocrine axis regulating
female fertility.

Current evidence regarding IF and sex hormones is heteroge-
neous in quality, with many human studies constrained by
small sample sizes or a narrow population focus (e.g., females
with PCOS), limiting generalizability. Conversely, animal stud-
ies offer mechanistic insights, particularly related to differences
in responses to IF between both sexes, yet their direct trans-
lation is narrow (Kumar and Kaur 2013; De Basea et al. 2024;
Rius-Bonet et al. 2024). Findings suggest that IF may lower an-
drogen markers in both sexes, potentially alleviating hyperan-
drogenism in females while raising concerns in men as the full
effects are not clear due to possible adverse effects on metabolic
regulation and reproductive behavior, despite improvements in
general biomarkers and physical performance in trained males.
Additionally, fasting may induce unintended reduced caloric
intake (Cienfuegos et al. 2020) that may impair the anabolic en-
vironment necessary for muscle maintenance, which requires
further investigation concerning physical health. Notably, IF has
been shown to improve SHBG levels in females, consequently
reducing androgen bioavailability. In contrast, no significant
changes in SHBG were observed in males, raising questions
about the hormonal regulation in this group. The evidence in-
dicates a decrease in total testosterone in some studies without
the anticipated increase in SHBG (Moro et al. 2016, 2020, 2021;
Stratton et al. 2020), suggesting different regulatory mecha-
nisms at play in males. Collectively, these findings advocate for
further research on the role of IF—especially eTRE and its long-
term effects on reproductive hormones in both sexes—to fully
understand the safety and efficacy of this approach as a poten-
tial complementary therapy for reproductive health disorders.

7 | General Health Outcomes of IF
7.1 | Chronometabolic Role of Melatonin

Melatonin, often referred to as the “hormone of darkness,” is
primarily secreted by the pineal gland in response to the onset
of darkness, orchestrating the body's internal clock with the ex-
ternal light-dark cycle. This hormone modulates sleep-wake
patterns and other circadian rhythms, influencing metabolic
homeostasis.

Fasting protocols, including Ramadan fasting and short-term
IF, have been shown to alter the timing and amplitude of mel-
atonin secretion (Chawla et al. 2021). Studies indicate changes
in the circadian distribution of hormones and physiologi-
cal variables during Ramadan fasting, particularly affecting
body temperature, cortisol, melatonin, and glycemia (Bogdan
et al. 2001; Roky et al. 2004). Diurnal IF during Ramadan de-
creases melatonin, ghrelin, and leptin levels in overweight and
obese subjects while maintaining circadian integrity (Al-Rawi
et al. 2020). However, lower melatonin levels at 22:00 h were ob-
served during fasting (Almeneessier et al. 2017). Animal studies
further demonstrate that melatonin rhythms in mice can shift in
response to the timing of food availability, with nighttime feed-
ing resulting in rhythms similar to those observed during ad li-
bitum feeding while considering the nocturnal nature of mice
(Froy et al. 2009). In humans, a 3-day fast advanced the peak
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of melatonin secretion without shifting its circadian rhythm,
reinforcing that melatonin timing is predominantly governed
by the light-dark cycle rather than the feeding pattern (Berga
et al. 2001; Chawla et al. 2021; Kim et al. 2021). Table 2 sum-
marizes the interactions between melatonin and various fasting
protocols, along with their metabolic impact.

Studies suggest that melatonin may regulate insulin secretion
and glucose metabolism by interacting with melatonin recep-
tors MT1 and MT2. Heightened melatonin levels, particularly
during glycemic challenges such as meal consumption, have
been shown to hinder insulin release and impair glucose toler-
ance (Chawla et al. 2021). These effects are thought to be me-
diated by a mutated allele for melatonin receptors expressed in
insulin-producing pancreatic islets, notably the B1 (MTNR1B)
receptor. Individuals carrying this allele are at increased risk for
hyperglycemia and type 2 diabetes. Consequently, abstaining
from meals for 2-3 h before bedtime and for an hour upon rising,
when melatonin levels are elevated, may be beneficial (Chawla
et al. 2021; Garaulet et al. 2020).

Emerging evidence suggests that aligning meal timing with el-
evated melatonin levels may negatively affect metabolic health.
For instance, a randomized crossover trial demonstrated that
consuming meals 1-2h before bedtime, when melatonin levels
are typically elevated, impaired insulin sensitivity, glucose toler-
ance, and fasting plasma glucose levels in participants (Garaulet
et al. 2022). Moreover, dawn-to-sunset fasting TRF has been
associated with beneficial outcomes in obesity, metabolic
syndrome, and nonalcoholic fatty liver disease (Mindikoglu
et al. 2017). A 5-h meal delay demonstrated shifts in plasma glu-
cose and adipose tissue PER2 mRNA rhythms, further support-
ing the metabolic effects of circadian-aligned feeding (Wehrens
et al. 2017). Haouari et al. further support these findings by ob-
serving variations in caloric consumption, body weight, and cir-
cadian cortisol evolution in response to the inverted food intake
rhythm during Ramadan fasting (Haouari et al. 2008).

These findings provide important consideration for Ramadan
fasting, where higher melatonin levels during the circadian
night suppress insulin responses to meals, leading to irregular
glycemic responses. Ramadan fasting studies have reported re-
duced melatonin secretion, potentially serving as a compensa-
tory response to fasting-induced insulin regulation disruptions
(Chawla et al. 2021; Garaulet et al. 2020). However, this hypoth-
esis requires further research for confirmation.

Despite evidence linking melatonin to insulin dynamics and
metabolic adaptations, the precise molecular mechanisms re-
main incompletely understood. Further studies should focus
on how melatonin regulates pancreatic insulin release and the
clinical implications of optimizing meal timing with circadian
rhythms.

7.2 | Adiponectin and Metabolic Outcomes

Adiponectin, an adipose-derived hormone, plays a fundamental
role in modulating diverse facets of metabolic health by activat-
ing signaling pathways such as AMPK, which controls glucose
uptake and fatty acid oxidation in the skeletal muscle and liver

(Nguyen 2020). Beyond its metabolic functions, adiponectin
suppresses pro-inflammatory cytokine production, including
tumor necrosis factor-alpha (TNF-alpha) and interleukin-6
(IL-6), thereby mitigating inflammation and enhancing insulin
sensitivity (Nguyen 2020).

Given its key role in glucometabolic regulation, adiponectin is
widely studied for its role in developing metabolic syndrome.
Its ability to reduce pro-inflammatory cytokines, oxidative
stress, and improve insulin resistance while exhibiting anti-
atherosclerotic and beta-cells protective effects highlights its po-
tential for disease prevention (Faris et al. 2020). The increased
adiponectin levels following IF have significant clinical impli-
cations for managing metabolic syndrome and associated disor-
ders (Faris et al. 2020). Table 2 details the key findings regarding
IF-induced alterations in adiponectin circadian rhythms and its
effects on metabolic and anthropometric parameters.

Several studies have assessed the effects of IF on adiponectin
regulation, yet findings remain inconsistent. Stable adiponectin
levels were observed during a 72-h fast in normal-weight and
overweight individuals (Merl et al. 2005). Similarly, modified
ADF in mice influenced adipocyte size and lipid metabolism but
did not significantly alter adiponectin levels (Varady et al. 2007).
In contrast, ADF raised adiponectin levels, comparable to the
effects of daily energy restriction (Varady et al. 2010). Further
studies indicate fasting-associated improvements in insulin re-
sistance and metabolic stress, reinforcing the role of adiponec-
tin in metabolic adaptation (Feizollahzadeh et al. 2014). On the
other hand, divergent outcomes were also reported in religious
fasting studies; adiponectin levels decreased during Ramadan
fasting (Gnanou et al. 2015) but increased with Orthodox fasting
(Karras et al. 2021). Fasting patterns such as TRF and modified
fasting regimens have been shown to contribute to weight loss
and improved metabolic parameters (El Khatib and Yassin 2019).
Moro et al. found that early TRF demonstrated a tendency to
elevate serum adiponectin levels by 33% (p=0.08), though not
significantly (Moro et al. 2020). The increase achieved signifi-
cance after accounting for fat mass (50%, p=0.02), compared to
a marginal insignificant increase in the normal diet group (5%)
(Moro et al. 2020). Similarly, Zhang et al. reported in a RCT that
participants following early and late TRF exhibited significant
increases in adiponectin levels compared to those following late
TRF (Zhang et al. 2022).

While IF may modestly increase serum adiponectin, its effects
in acute and short-term fasting appear inconsistent. These
discrepancies underscore the need for careful interpretation.
Further long-term studies are needed to define its metabolic
significance.

8 | Cancer Prevention: Fasting and Hormonal
Regulation in Cancer Therapy

The fasting process induces changes in various metabolic path-
ways as the body transitions to a state in which energy and me-
tabolites are derived from adipose tissue. This adaptive shift
protects normal cells from the effects of chemotherapeutic treat-
ments, thereby reducing cellular differentiation and metabolic
activity, while paradoxically increasing the susceptibility of
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cancer cells to treatment as they defy the growth-inhibiting sig-
nals enforced by fasting conditions (Tiwari et al. 2022).

Mounting evidence suggests a complex and intertwined re-
lationship between cancer, the endocrine system, circadian
rhythm regulation, and IF. Disruptions in circadian regulations
are increasingly linked to heightened cancer risk and progres-
sion, particularly in hormone-sensitive malignancies such as
breast, ovarian, and prostate cancers (Savvidis et al. 2024; Miro
et al. 2023; Hadadi and Acloque 2021). The circadian clock or-
chestrates essential hormonal and metabolic processes, and its
dysregulation—as in the case with modern lifestyle or shift
work—may induce hormonal imbalance, immune suppres-
sion, and cell cycle disruptions, thereby providing a favorable
microenvironment for tumorigenesis (Savvidis et al. 2024; Miro
et al. 2023; Hadadi and Acloque 2021).

Key metabolic pathways are tightly linked to cancer development,
including insulin signaling, insulin-like growth factor-1 (IGF-1),
and mTOR. These pathways activate PI3K/Akt/mTOR signaling,
which promotes cell division and survival, reprogramming metab-
olism in line with the Warburg effect observed in various tumors
(Kasprzak 2020; Lau and Leung 2012; Floyd et al. 2007). In ovar-
ian and prostate cancers, activation of these pathways contributes
to reducing cell-to-cell adhesion by inhibiting proteins such as
E-cadherin, facilitating tumor invasion and metastasis (Lau and
Leung 2012; Siech et al. 2021). Notably, disruption of these path-
ways—particularly mTOR—is common in approximately 70% of
tumors, modulating growth, nutrient influx, and maintaining
energy sufficiency to sustain anabolic activity, along with im-
pairing autophagy, thereby augmenting oncogenic potential (Mir
et al. 2023; Floyd et al. 2007). In turn, circadian misalignment
adversely affects these pathways, promoting carcinogenic activity
(Savvidis et al. 2024; Miro et al. 2023; Hadadi and Acloque 2021).
Conversely, IF—especially when synchronized with circadian
rhythm (i.e., TRF)—may mitigate cancer risk by attenuating insu-
lin/IGF-1/mTOR signaling, eliciting an anticancer proteomic pro-
file without imposing severe energy deficit, enhancing metabolic
homeostasis by reducing glucose availability, IGF-1, and insulin;
reducing TNF-alpha and IL-1-beta; and restoring circadian integ-
rity as indicated in several gene expression analyses (Salvadori
et al. 2021; Tiwari et al. 2022; Godos et al. 2025). The clinical find-
ings suggest that early-day TRF and prolonged nocturnal fasting
are associated with cancer risk modulation by enforcing circadian
stability and mitigating inflammation (Godos et al. 2025; D'cunha
et al. 2022). As Table 3 illustrates, animal studies have demon-
strated the potential of IF to delay cancer growth and improve
survival rates, mitigate the risk of specific cancer types, and ma-
nipulate the energy metabolism of tumor cells, thereby imped-
ing their growth while enhancing antitumor immune responses
(Buschemeyer et al. 2010; Giannakou et al. 2020; Zhao et al. 2021).
Thereby recalibrating cellular pathways and attenuating oxidative
stress, collectively inhibiting tumor progression (Mir et al. 2023;
Floyd et al. 2007).

When combined with chemotherapy, IF has been found to en-
hance treatment efficacy, reduce side effects, and improve pa-
tients' health outcomes (Gabel et al. 2021). Studies suggest that IF
could potentially reduce chemotherapy-related toxicity and tumor
growth (Clifton et al. 2021; de Gruil et al. 2022). Moreover, IF has
been associated with various health-promoting effects in cancer

Intermittent fasting effects on cancer outcomes and treatment.

TABLE 3

Type of participants

References

Principal findings

Animals

Humans

Fasting type

Hormone category

Salvadori et al. (2021),

| Pro-inflammatory cytokines, | TNF-alpha. | IL1-beta, | IGF1,

Humans

TRF +PA

Cancer response

Tiwari et al. (2022)

J Insulin, | Glucose, | Leptin, | IGF-1 and mTOR pathways

Buschemeyer et al. (2010)

(=) Cancer growth, (=) Survival rate, | IGF-1 in the group fasted
2day/week and the group with 28% CR 7days/week. | Fat mass

Humans

IF+CR

and lean body mass in the group with 28% CR 7 days/week

Giannakou et al. (2020)

| Cancer incidence, | Number of lesions, | Inflammation

Animals

Gabel et al. (2021)
Psara et al. (2023)

of the tissues, | Risk of certain types of cancer
1 Bone marrow lymphoid progenitor cells, 1 Antioxidant
defenses pathways, | Inflammation, | Oxidative stress

1 Treatment efficacy, | Side effects, 1 Patient outcomes
1 Autophagy, 1 Immune response, 1 Tumor-infiltrating lymphocytes,

Humans
Humans

IF 4+ Chemotherapy
IF

Abbreviations: —, no change; TRF, time restricted feeding; PA, physical activity; TNF-a, tumor necrosis factor o; IL-16, interlukin-18; IGF-1, insulin like growth factor-1; mTOR, mammalian target of rapamycin; CR, calorie

restriction; IF, intermittent fasting.
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patients, including autophagy induction, immune response aug-
mentation, and oxidative stress attenuation (Psara et al. 2023).
Fasting and fasting-mimicking diets can modulate growth factors
and metabolite levels, potentially decreasing cancer cell survival
and enhancing treatment outcomes (Nencioni et al. 2018). Fasting
before and during chemotherapy may augment tumor cell response
to treatment, potentially curtail tumor progression, and enhance
chemotherapy effectiveness (Sadeghian et al. 2021). Similarly,
Brandhorst and Longo (2016) indicated that diverse forms of re-
duced caloric intake, such as periodic fasting, fasting-mimicking
diets, and dietary restriction, can confer various advantageous
effects in cancer prevention and treatment. These interventions
have been shown to induce cellular protection, amplify the effi-
cacy of cancer therapies, and hinder the adaptability and sur-
vival capabilities of cancer cells (Nencioni et al. 2018; Raffaghello
et al. 2008; Tinkum et al. 2015). Both Lee and Longo (2011) and
Safdie et al. (2012) further reinforce the potential of fasting in re-
ducing chemotherapy side effects and toxicity, advocating for its
integration into oncological protocols. However, dietary restric-
tion—when prolonged—may prove less effective than fasting and
can lead to chronic weight loss (Lee and Longo 2011).

While preliminary evidence indicates potential benefits for
symptom management and reduced treatment toxicities, several
challenges hinder the introduction of IF into clinical practice
for cancer patients. For instance, patient compliance with fast-
ing regimens may be challenging, particularly for individuals
undergoing intensive chemotherapy or experiencing cancer-
related cachexia and malnutrition. The overall body of evidence
demonstrates promising potential, though its quality varies.
While animal and molecular studies provide robust mechanistic
insights, clinical findings on targeted cellular pathways remain
inconsistent, often due to pathway redundancy and compensa-
tory mechanisms. However, rigorous, large-scale clinical trials
are necessary to establish safety, efficacy, and optimal protocols
for integrating fasting and circadian biology into cancer care,
considering individual endocrine and metabolic profiles, which
may offer new avenues for personalized therapeutic options, fa-
cilitated by interdisciplinary collaborations among oncologists,
clinical dietitians, and researchers.

9 | Metabolic Memory and the Challenge of
Sustainability

Many dietary interventions have shown significant benefits
in improving metabolic and endocrine functions in both an-
imal and human studies. However, a major hurdle in nutri-
tional science is the temporary nature of these improvements;
metabolic parameters often revert to baseline after the dietary
regimen ends. IF, particularly associated with Ramadan, can
induce adaptive endocrine reprogramming, leading to sig-
nificant changes in the gut microbiome, such as increased
abundance of certain bacterial families (e.g., Lachnospiraceae
and Ruminococcaceae), which are associated with improved
metabolic health and reduced inflammation (Su et al. 2021).
However, these changes—along with weight loss and improved
glucose metabolism—tend to resolve after the fast ends, under-
scoring the need for sustained interventions to maintain health
gains. A recent meta-analysis reported that IF leads to signif-
icant improvements in glycemic and anthropometric markers

compared to other dietary interventions in the study in individ-
uals with type-2 diabetes, but these improvements are reversible
after cessation. It also revealed long-term benefits of continuous
fasting, with more sustained effects on HbAlc and body weight
observed compared to shorter periods (Liu et al. 2025). In order
to prolong these benefits, strategies such as periodically reintro-
ducing fasting protocols, supporting a diverse microbiome, and
focusing on meal timing even after the official fast ends may
help maintain positive shifts in metabolic health and reduce the
risk of chronic diseases (Su et al. 2021).

10 | Conclusions and Future Perspectives

In summary, IF represents a promising dietary approach with
systemic effects on circadian alignment, endocrine modulation,
and metabolic regulation. Its influence on hormonal rhythms
and gut microbiota composition offers potential benefits in
maintaining metabolic homeostasis and attenuating oncogenic
risk. Current evidence, largely derived from preclinical models,
is constrained by heterogeneous methodologies, short interven-
tion durations, and limited sample sizes, in addition to targeting
specific populations, hindering the translation of such findings
into consistent, clinically meaningful outcomes in humans.
These gaps are especially critical when considering implementa-
tions in vulnerable populations with endocrine disorders such as
type 1 and 2 diabetes or with tumors, where metabolic demands
and treatment contexts introduce additional layers of complex-
ity. To advance therapeutic applications, future research should
prioritize longitudinal, well-controlled, large-scale human trials
to validate these findings and establish their relevance within
therapeutic frameworks tailored to oncology and endocrine care
and consider perspectives from both genders. Integrating this
paradigm into clinical practice holds the potential to transform
nutritional science into a dynamic tool for precision medicine.

Author Contributions

Wijdan Shkorfu: conceptualization (lead), writing — original draft
(lead). Abdulmannan Fadel: conceptualization (equal), investiga-
tion (equal), supervision (lead), writing - review and editing (lead).
Mohammed Hamsho: validation (equal). Yazan Ranneh: conceptu-
alization (equal), supervision (equal). Hafiz Muhammad Shahbaz:
visualization (supporting).

Acknowledgments

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing not applicable to this article as no datasets were generated
or analyzed during the current study.

References

Akasheh, R. T., C. M. Kroeger, J. F. Trepanowski, et al. 2019. “Weight
Loss Efficacy of Alternate Day Fasting Versus Daily Calorie Restriction
in Subjects With Subclinical Hypothyroidism: A Secondary Analysis.”

150f 21



Applied Physiology, Nutrition, and Metabolism = Physiologie Appliquée,
Nutrition et Métabolisme 45, no. 3: 340-343. https://doi.org/10.1139/
APNM-2019-0554.

Al-Rawi, N., M. Madkour, H. Jahrami, et al. 2020. “Effect of Diurnal
Intermittent Fasting During Ramadan on Ghrelin, Leptin, Melatonin,
and Cortisol Levels Among Overweight and Obese Subjects: A
Prospective Observational Study.” PLoS One 15, no. 8: €0237922. https://
doi.org/10.1371/JOURNAL.PONE.0237922.

Albosta, M., and J. Bakke. 2021. “Intermittent Fasting: Is There a Role
in the Treatment of Diabetes? A Review of the Literature and Guide for
Primary Care Physicians.” Clinical Diabetes and Endocrinology 7, no. 1:
3. https://doi.org/10.1186/S40842-020-00116-1.

Almeneessier, A., A. Bashammam, M. Sharif, et al. 2017. “The Influence
of Intermittent Fasting on the Circadian Pattern of Melatonin While
Controlling for Caloric Intake, Energy Expenditure, Light Exposure,
and Sleep Schedules: A Preliminary Report.” Annals of Thoracic
Medicine 12, no. 3: 183-190. https://doi.org/10.4103/ATM.ATM _15_17.

Angoorani, P., H. Ejtahed, S. Hasani-Ranjbar, S. D. Siadat, A. R.
Soroush, and B. Larijani. 2021. “Gut Microbiota Modulation as a Possible
Mediating Mechanism for Fasting-Induced Alleviation of Metabolic
Complications: A Systematic Review.” Nutrition & Metabolism 18, no. 1:
105. https://doi.org/10.1186/s12986-021-00635-3.

Anson, R. M., Z. Guo, R. de Cabo, et al. 2003. “Intermittent Fasting
Dissociates Beneficial Effects of Dietary Restriction on Glucose
Metabolism and Neuronal Resistance to Injury From Calorie Intake.”
Proceedings of the National Academy of Sciences of the United States of
America 100, no. 10: 6216-6220. https://doi.org/10.1073/PNAS.10357
20100.

Aouichat, S., M. Chayah, S. Bouguerra-Aouichat, and A. Agil. 2020.
“Time-Restricted Feeding Improves Body Weight Gain, Lipid Profiles,
and Atherogenic Indices in Cafeteria-Diet-Fed Rats: Role of Browning
of Inguinal White Adipose Tissue.” Nutrients 12, no. 8: 1-17. https://doi.
org/10.3390/NU12082185.

Azizi, F. 1978. “Effect of Dietary Composition on Fasting-Induced
Changes in Serum Thyroid Hormones and Thyrotropin.” Metabolism,
Clinical and Experimental 27, no. 8: 935-942. https://doi.org/10.1016/
0026-0495(78)90137-3.

Azizi, F. 1991. “Serum Levels of Prolactin, Thyrotropin, Thyroid
Hormones, TRH Responsiveness, and Male Reproductive Function in
Intermittent Islamic Fasting.” Medical Journal of The Islamic Republic
of Iran, MJIRI 5, no. 3 & 4: 145-148. 5, 71-74.

Azizi, F. 2015. “Islamic Fasting and Thyroid Hormones.” International
Journal of Endocrinology and Metabolism 13, no. 2: €29248. https://doi.
org/10.5812/1JEM.13(2)2015.29248.

Balsevich, G., A. Abizaid, A. Chen, I. N. Karatsoreos, and M. V.
Schmidt. 2019. “Stress and Glucocorticoid Modulation of Feeding and
Metabolism.” Neurobiology of Stress 11: 100171. https://doi.org/10.
1016/J.YNSTR.2019.100171.

Barati, M., A. Ghahremani, and H. N. Ahmadabad. 2023. “Intermittent
Fasting: A Promising Dietary Intervention for Autoimmune Diseases.”
Autoimmunity Reviews 22, no. 10: 103408. https://doi.org/10.1016/J.
AUTREV.2023.103408.

Basolo, A., B. Begaye, T. Hollstein, et al. 2019. “Effects of Short-Term
Fasting and Different Overfeeding Diets on Thyroid Hormones in
Healthy Humans.” Thyroid 29: 1209-1219. https://doi.org/10.1089/thy.
2019.0237.

Beer, S. F., P. M. M. Bircham, S. R. Bloom, et al. 1989. “The Effect of a
72-h Fast on Plasma Levels of Pituitary, Adrenal, Thyroid, Pancreatic
and Gastrointestinal Hormones in Healthy Men and Women.” Journal
of Endocrinology 120, no. 2: 337-350. https://doi.org/10.1677/JOE.O0.
1200337.

Belal, M. M., A. R. Youssef, H. Baker, et al. 2023. “Effect of Ramadan
Fasting on Thyroid Functions in Hypothyroid Patients Taking

Levothyroxine: A Systematic Review and Meta-Analysis.” Irish Journal
of Medical Science 193, no. 2: 741-753. https://doi.org/10.1007/S11845-
023-03526-Z.

Belkacemi, L., G. Selselet-Attou, E. Hupkens, et al. 2012. “Intermittent
Fasting Modulation of the Diabetic Syndrome in Streptozotocin-Injected
Rats.” International Journal of Endocrinology 2012: 962012. https://doi.
org/10.1155/2012/962012.

Berga, S. L., T. L. Loucks, and J. L. Cameron. 2001. “Endocrine and
Chronobiological Effects of Fasting in Women.” Fertility and Sterility
75, no. 5: 926-932. https://doi.org/10.1016/S0015-0282(01)01686-7.

Bergendahl, M., A. Iranmanesh, T. Mulligan, and J. D. Veldhuis. 2000.
“Impact of Age on Cortisol Secretory Dynamics Basally and as Driven
by Nutrient-Withdrawal Stress.” Journal of Clinical Endocrinology
and Metabolism 85, no. 6: 2203-2214. https://doi.org/10.1210/JCEM.
85.6.6628.

Bergendahl, M., W. S. Evans, C. Pastor, A. Patel, A. Iranmanesh,
and J. D. Veldhuis. 1999. “Short-Term Fasting Suppresses Leptin and
(Conversely) Activates Disorderly Growth Hormone Secretion in
Midluteal Phase Women - A Clinical Research Center Study.” Journal
of Clinical Endocrinology and Metabolism 84, no. 3: 883-894. https://
doi.org/10.1210/JCEM.84.3.5536.

Bogdan, A., B. Bouchareb, and Y. Touitou. 2001. “Ramadan Fasting
Alters Endocrine and Neuroendocrine Circadian Patterns. Meal-Time
as a Synchronizer in Humans?” Life Sciences 68, no. 14: 1607-1615.
https://doi.org/10.1016/S0024-3205(01)00966-3.

Brandhorst, S.,and V. D. Longo. 2016. “Fasting and Caloric Restriction in
Cancer Prevention and Treatment. Recent Results in Cancer Research.
Fortschritte Der Krebsforschung.” Progres Dans Les Recherches Sur Le
Cancer 207: 241-266. https://doi.org/10.1007/978-3-319-42118-6_12.

Brecchia, G., A. Bonanno, G. Galeati, et al. 2006. “Hormonal and
Metabolic Adaptation to Fasting: Effects on the Hypothalamic-
Pituitary-Ovarian Axis and Reproductive Performance of Rabbit Does.”
Domestic Animal Endocrinology 31, no. 2: 105-122. https://doi.org/10.
1016/J.DOMANIEND.2005.09.006.

Buschemeyer, W. C., J. C. Klink, J. C. Mavropoulos, et al. 2010. “Effect
of Intermittent Fasting With or Without Caloric Restriction on Prostate
Cancer Growth and Survival in SCID Mice.” Prostate 70, no. 10: 1037-
1043. https://doi.org/10.1002/PROS.21136.

Cameron, J. L., T. E. Weltzin, C. Mcconaha, D. L. Helmreich, and W.
H. Kaye. 1991. “Slowing of Pulsatile Luteinizing Hormone Secretion
in Men After Forty-Eight Hours of Fasting.” Journal of Clinical
Endocrinology and Metabolism 73, no. 1: 35-41. https://doi.org/10.
1210/JCEM-73-1-35.

Carrasco-Benso, M. P., B. Rivero-Gutierrez, J. Lopez-Minguez, et al.
2016. “Human Adipose Tissue Expresses Intrinsic Circadian Rhythm
in Insulin Sensitivity.” FASEB Journal 30, no. 9: 3117-3123. https://doi.
0rg/10.1096/£j.201600269rr.

Charlot, A., F. Hutt, E. Sabatier, and J. Zoll. 2021. “Beneficial Effects of
Early Time-Restricted Feeding on Metabolic Diseases: Importance of
Aligning Food Habits With the Circadian Clock.” Nutrients 13, no. 5:
1405. https://doi.org/10.3390/nu13051405.

Chawla, S., S. Beretoulis, A. Deere, and D. Radenkovic. 2021. “The
Window Matters: A Systematic Review of Time Restricted Eating
Strategies in Relation to Cortisol and Melatonin Secretion.” Nutrients
13, no. 8: 2525. https://doi.org/10.3390/NU13082525.

Cho, Y., N. Hong, K. Kim, et al. 2019. “The Effectiveness of Intermittent
Fasting to Reduce Body Mass Index and Glucose Metabolism: A
Systematic Review and Meta-Analysis.” Journal of Clinical Medicine 8:
1645. https://doi.org/10.3390/jcm8101645.

Cienfuegos, S., K. Gabel, F. Kalam, et al. 2020. “Effects of Four-Hour
and Six-Hour Time-Restricted Feeding on Weight and Cardiometabolic
Health: A Randomized Controlled Trial in Adults With Obesity.” Cell
Metabolism 32, no. 3: 366. https://doi.org/10.1016/j.cmet.2020.06.018.

16 of 21

Food Science & Nutrition, 2025


https://doi.org/10.1139/APNM-2019-0554
https://doi.org/10.1139/APNM-2019-0554
https://doi.org/10.1371/JOURNAL.PONE.0237922
https://doi.org/10.1371/JOURNAL.PONE.0237922
https://doi.org/10.1186/S40842-020-00116-1
https://doi.org/10.4103/ATM.ATM_15_17
https://doi.org/10.1186/s12986-021-00635-3
https://doi.org/10.1073/PNAS.1035720100
https://doi.org/10.1073/PNAS.1035720100
https://doi.org/10.3390/NU12082185
https://doi.org/10.3390/NU12082185
https://doi.org/10.1016/0026-0495(78)90137-3
https://doi.org/10.1016/0026-0495(78)90137-3
https://doi.org/10.5812/IJEM.13(2)2015.29248
https://doi.org/10.5812/IJEM.13(2)2015.29248
https://doi.org/10.1016/J.YNSTR.2019.100171
https://doi.org/10.1016/J.YNSTR.2019.100171
https://doi.org/10.1016/J.AUTREV.2023.103408
https://doi.org/10.1016/J.AUTREV.2023.103408
https://doi.org/10.1089/thy.2019.0237
https://doi.org/10.1089/thy.2019.0237
https://doi.org/10.1677/JOE.0.1200337
https://doi.org/10.1677/JOE.0.1200337
https://doi.org/10.1007/S11845-023-03526-Z
https://doi.org/10.1007/S11845-023-03526-Z
https://doi.org/10.1155/2012/962012
https://doi.org/10.1155/2012/962012
https://doi.org/10.1016/S0015-0282(01)01686-7
https://doi.org/10.1210/JCEM.85.6.6628
https://doi.org/10.1210/JCEM.85.6.6628
https://doi.org/10.1210/JCEM.84.3.5536
https://doi.org/10.1210/JCEM.84.3.5536
https://doi.org/10.1016/S0024-3205(01)00966-3
https://doi.org/10.1007/978-3-319-42118-6_12
https://doi.org/10.1016/J.DOMANIEND.2005.09.006
https://doi.org/10.1016/J.DOMANIEND.2005.09.006
https://doi.org/10.1002/PROS.21136
https://doi.org/10.1210/JCEM-73-1-35
https://doi.org/10.1210/JCEM-73-1-35
https://doi.org/10.1096/fj.201600269rr
https://doi.org/10.1096/fj.201600269rr
https://doi.org/10.3390/nu13051405
https://doi.org/10.3390/NU13082525
https://doi.org/10.3390/jcm8101645
https://doi.org/10.1016/j.cmet.2020.06.018

Cienfuegos, S., S. Corapi, K. Gabel, et al. 2022. “Effect of Intermittent
Fasting on Reproductive Hormone Levels in Females and Males: A
Review of Human Trials.” Nutrients 14, no. 11: 2343. https://doi.org/10.
3390/NU14112343.

Clifton, K. K., C. X. Ma, L. Fontana, and L. L. Peterson. 2021.
“Intermittent Fasting in the Prevention and Treatment of Cancer.” CA:
A Cancer Journal for Clinicians 71, no. 6: 527-546. https://doi.org/10.
3322/CAAC.21694.

Corley, B. T., R. W. Carroll, R. M. Hall, M. Weatherall, A. Parry-Strong,
and J. D. Krebs. 2018. “Intermittent Fasting in Type 2 Diabetes Mellitus
and the Risk of Hypoglycaemia: A Randomized Controlled Trial.”
Diabetic Medicine: A Journal of the British Diabetic Association 35, no. 5:
588-594. https://doi.org/10.1111/DME.13595.

D'cunha, K., Y. Park, M. M. Protani, and M. M. Reeves. 2022. “Circadian
Rhythm Disrupting Behaviours and Cancer Outcomes in Breast Cancer
Survivors: A Systematic Review.” Breast Cancer Research and Treatment
198, no. 3: 413-421. https://doi.org/10.1007/s10549-022-06792-0.

Daas, M., and N. De Roos. 2021. “Intermittent Fasting Contributes
to Aligned Circadian Rhythms Through Interactions With the Gut
Microbiome.” Beneficial Microbes 12, no. 2: 147-162. https://doi.org/10.
3920/bm2020.0149.

De Basea, L., M. Bogufia, A. Sdnchez, M. Esteve, M. Grasa, and M. Del
Mar Romero. 2024. “Sex-Dependent Metabolic Effects in Diet-Induced
Obese Rats Following Intermittent Fasting Compared With Continuous
Food Restriction.” Nutrients 16: 1009. https://doi.org/10.3390/nul160
71009.

De Cabo, R., and M. P. Mattson. 2019. “Effects of Intermittent Fasting
on Health, Aging, and Disease.” New England Journal of Medicine 381,
no. 26: 2541-2551. https://doi.org/10.1056/nejmral1905136.

de Gruil, N., H. Pijl, S. H. van der Burg, and J. R. Kroep. 2022. “Short-
Term Fasting Synergizes With Solid Cancer Therapy by Boosting
Antitumor Immunity.” Cancers 14, no. 6: 1390. https://doi.org/10.3390/
CANCERS14061390.

deVries, E. M., H. C. vanBeeren, M. T. Ackermans, A. Kalsbeek, E.
Fliers, and A. Boelen. 2014. “Differential Effects of Fasting vs Food
Restriction on Liver Thyroid Hormone Metabolism in Male Rats.”
Journal of Endocrinology 224, no. 1: 25-35. https://doi.org/10.1530/
JOE-14-0533.

Djordjevic, J., N. Jasni¢, P. Vujovic, S. Djurasevic, I. Djordjevic, and
G. Cviji¢. 2008. “The Effect of Fasting on the Diurnal Rhythm of Rat
ACHT and Corticosterone Secretion.” Archives of Biological Sciences 60:
541-546. https://doi.org/10.2298/ABS0804541D.

Dong, T. A., P. B. Sandesara, D. S. Dhindsa, et al. 2020. “Intermittent
Fasting: A Heart Healthy Dietary Pattern?” American Journal of
Medicine 133, no. 8: 901-907. https://doi.org/10.1016/J. AMIMED.2020.
03.030.

Douglass, A., J. Resch, J. Madara, et al. 2023. “Neural Basis for Fasting
Activation of the Hypothalamic-Pituitary-Adrenal Axis.” Nature 620:
154-162. https://doi.org/10.1038/s41586-023-06358-0.

Duan, W., Z. Guo, H. Jiang, M. Ware, and M. P. Mattson. 2003. “Reversal
of Behavioral and Metabolic Abnormalities, and Insulin Resistance
Syndrome, by Dietary Restriction in Mice Deficient in Brain-Derived
Neurotrophic Factor.” Endocrinology 144, no. 6: 2446-2453. https://doi.
org/10.1210/EN.2002-0113.

ElKhatib, S.,and A. A. Yassin. 2019. “Insights Gained From Intermittent
Fasting & Its Impact on Weight Management.” International Journal
of Science and Research (IJSR) 8, no. 8: 1734-1743. https://doi.org/10.
21275/ART2020639.

Faris, M. A. L., H. Jahrami, A. BaHammam, Z. Kalaji, M. Madkour,
and M. Hassanein. 2020. “A Systematic Review, Meta-Analysis, and
Meta-Regression of the Impact of Diurnal Intermittent Fasting During
Ramadan on Glucometabolic Markers in Healthy Subjects.” Diabetes

Research and Clinical Practice 165: 108226. https://doi.org/10.1016/J.
DIABRES.2020.108226.

Fatima, N., and S. Rana. 2020. “Metabolic Implications of Circadian
Disruption.” Pfliigers Archiv - European Journal of Physiology 472, no. 5:
513-526. https://doi.org/10.1007/S00424-020-02381-6.

Feizollahzadeh, S., J. Rasuli, S. Kheirouri, and M. Alizadeh. 2014.
“Augmented Plasma Adiponectin After Prolonged Fasting During
Ramadan in Men.” Health Promotion Perspective 4, no. 1: 77-81. https://
doi.org/10.5681/HPP.2014.010.

Fichter, M. M., and K. M. Pirke. 1986. “Effect of Experimental and
Pathological Weight Loss Upon the Hypothalamo-Pituitary-Adrenal
Axis.” Psychoneuroendocrinology 11, no. 3: 295-305. https://doi.org/10.
1016/0306-4530(86)90015-6.

Flanagan, A., D. A. Bechtold, G. K. Pot, and J. D. Johnston. 2020.
“Chrono-Nutrition: From Molecular and Neuronal Mechanisms
to Human Epidemiology and Timed Feeding Patterns.” Journal of
Neurochemistry 157, no. 1: 53-72. https://doi.org/10.1111/jnc.15246.

Floyd, S., C. Favre, F. M. Lasorsa, et al. 2007. “The Insulin-Like
Growth Factor-I-MTOR Signaling Pathway Induces the Mitochondrial
Pyrimidine Nucleotide Carrier to Promote Cell Growth.” Molecular
Biology of the Cell 18, no. 9: 3545-3555. https://doi.org/10.1091/mbc.
€06-12-1109.

Frantzen, M., B. Damsgéard, H. Tveiten, S. Moriyama, M. Iwata, and
H. K. Johnsen. 2004. “Effects of Fasting on Temporal Changes in
Plasma Concentrations of Sex Steroids, Growth Hormone and Insulin-
Like Growth Factor I, and Reproductive Investment in Arctic Charr.”
Journal of Fish Biology 65, no. 6: 1526-1542. https://doi.org/10.1111/J.
0022-1112.2004.00564.X.

Froy, O., N. Chapnik, and R. Miskin. 2009. “Effect of Intermittent
Fasting on Circadian Rhythms in Mice Depends on Feeding Time.”
Mechanisms of Ageing and Development 130, no. 3: 154-160. https://doi.
0rg/10.1016/J.MAD.2008.10.006.

Furmli, S., R. Elmasry, M. Ramos, and J. Fung. 2018. “Therapeutic
Use of Intermittent Fasting for People With Type 2 Diabetes as an
Alternative to Insulin.” BMJ Case Reports 2018: bcr2017221854. https://
doi.org/10.1136/BCR-2017-221854.

Gabel, K., K. Cares, K. Varady, V. Gadi, and L. Tussing-Humphreys.
2021. “Current Evidence and Directions for Intermittent Fasting During
Cancer Chemotherapy.” Advances in Nutrition (Bethesda, Md.) 13, no. 2:
667-680. https://doi.org/10.1093/ADVANCES/NMAB132.

Gaeini, Z., P. Mirmiran, and Z. Bahadoran. 2021. “Effects of Ramadan
Intermittent Fasting on Leptin and Adiponectin: A Systematic Review
and Meta-Analysis.” Hormones 20, no. 2: 237-246. https://doi.org/10.
1007/s42000-021-00285-3.

Garaulet, M., J. Lopez-Minguez, H. S. Dashti, et al. 2022. “Interplay of
Dinner Timing and MTNR1B Type 2 Diabetes Risk Variant on Glucose
Tolerance and Insulin Secretion: A Randomized Crossover Trial.”
Diabetes Care 45, no. 3: 512-519. https://doi.org/10.2337/DC21-1314.

Garaulet, M., J. Qian, J. C. Florez, J. Arendt, R. Saxena, and F. A. J.
L. Scheer. 2020. “Melatonin Effects on Glucose Metabolism: Time to
Unlock the Controversy.” Trends in Endocrinology and Metabolism:
TEM 31, no. 3: 192-204. https://doi.org/10.1016/J.TEM.2019.11.011.

Garcia-Luna, C., 1. Prieto, P. Soberanes-Chavez, et al. 2023. “Effects
of Intermittent Fasting on Hypothalamus-Pituitary-Thyroid Axis,
Palatable Food Intake, and Body Weight in Stressed Rats.” Nutrients 15,
no. 5: 1164. https://doi.org/10.3390/NU15051164.

Giannakou, K. K. G.,1. Bolanou, S. Chrysostomou, C. Papakonstantinou,
and D. Lamnisos. 2020. “The Effect of Intermittent Fasting on Cancer
Prevention: A Systematic Review.” European Journal of Public Health
30, no. Suppl 5. https://doi.org/10.1093/EURPUB/CKAA166.216.

Gnanou,J. V., B. A. Caszo, K. M. Khalil, S. L. Abdullah, V. F. Knight, and
M. Z. Bidin. 2015. “Effects of Ramadan Fasting on Glucose Homeostasis

17 of 21


https://doi.org/10.3390/NU14112343
https://doi.org/10.3390/NU14112343
https://doi.org/10.3322/CAAC.21694
https://doi.org/10.3322/CAAC.21694
https://doi.org/10.1111/DME.13595
https://doi.org/10.1007/s10549-022-06792-0
https://doi.org/10.3920/bm2020.0149
https://doi.org/10.3920/bm2020.0149
https://doi.org/10.3390/nu16071009
https://doi.org/10.3390/nu16071009
https://doi.org/10.1056/nejmra1905136
https://doi.org/10.3390/CANCERS14061390
https://doi.org/10.3390/CANCERS14061390
https://doi.org/10.1530/JOE-14-0533
https://doi.org/10.1530/JOE-14-0533
https://doi.org/10.2298/ABS0804541D
https://doi.org/10.1016/J.AMJMED.2020.03.030
https://doi.org/10.1016/J.AMJMED.2020.03.030
https://doi.org/10.1038/s41586-023-06358-0
https://doi.org/10.1210/EN.2002-0113
https://doi.org/10.1210/EN.2002-0113
https://doi.org/10.21275/ART2020639
https://doi.org/10.21275/ART2020639
https://doi.org/10.1016/J.DIABRES.2020.108226
https://doi.org/10.1016/J.DIABRES.2020.108226
https://doi.org/10.1007/S00424-020-02381-6
https://doi.org/10.5681/HPP.2014.010
https://doi.org/10.5681/HPP.2014.010
https://doi.org/10.1016/0306-4530(86)90015-6
https://doi.org/10.1016/0306-4530(86)90015-6
https://doi.org/10.1111/jnc.15246
https://doi.org/10.1091/mbc.e06-12-1109
https://doi.org/10.1091/mbc.e06-12-1109
https://doi.org/10.1111/J.0022-1112.2004.00564.X
https://doi.org/10.1111/J.0022-1112.2004.00564.X
https://doi.org/10.1016/J.MAD.2008.10.006
https://doi.org/10.1016/J.MAD.2008.10.006
https://doi.org/10.1136/BCR-2017-221854
https://doi.org/10.1136/BCR-2017-221854
https://doi.org/10.1093/ADVANCES/NMAB132
https://doi.org/10.1007/s42000-021-00285-3
https://doi.org/10.1007/s42000-021-00285-3
https://doi.org/10.2337/DC21-1314
https://doi.org/10.1016/J.TEM.2019.11.011
https://doi.org/10.3390/NU15051164
https://doi.org/10.1093/EURPUB/CKAA166.216

and Adiponectin Levels in Healthy Adult Males.” Journal of Diabetes
and Metabolic Disorders 14, no. 1: 55. https://doi.org/10.1186/S4020
0-015-0183-9.

Godos, J., W. Currenti, R. Ferri, et al. 2025. “Chronotype and Cancer:
Emerging Relation Between Chrononutrition and Oncology From Human
Studies.” Nutrients 17, no. 3: 529. https://doi.org/10.3390/nu17030529.

Gonzalez-Bono, E., N. Rohleder, D. Hellhammer, A. Salvador, and C.
Kirschbaum. 2002. “Glucose but Not Protein or Fat Load Amplifies the
Cortisol Response to Psychosocial Stress.” Hormones and Behavior 41:
328-333. https://doi.org/10.1006/hbeh.2002.1766.

Hadadi, E., and H. Acloque. 2021. “Role of Circadian Rhythm Disorders
on EMT and Tumour-Immune Interactions in Endocrine-Related
Cancers.” Endocrine-Related Cancer 28, no. 2: R67-R80. https://doi.org/
10.1530/ERC-20-0390.

Halberg, N., M. Henriksen, N. Soderhamn, et al. 2005. “Effect of
Intermittent Fasting and Refeeding on Insulin Action in Healthy Men.”
Journal of Applied Physiology (1985) 99, no. 6: 2128-2136. https://doi.
org/10.1152/JAPPLPHYSIOL.00683.2005.

Haouari, M., F. Haouari-Oukerro, A. Sfaxi, M. C. H. B. Rayana, N.
Kaabachi, and A. Mbazaa. 2008. “How Ramadan Fasting Affects
Caloric Consumption, Body Weight, and Circadian Evolution of
Cortisol Serum Levels in Young, Healthy Male Volunteers.” Hormone
and Metabolic Research = Hormon- Und Stoffwechselforschung =
Hormones et Metabolisme 40, no. 8: 575-577. https://doi.org/10.1055/
S-2008-1065321.

Harvie, M. N., M. Pegington, M. P. Mattson, et al. 2010. “The Effects
of Intermittent or Continuous Energy Restriction on Weight Loss
and Metabolic Disease Risk Markers: A Randomised Trial in Young
Overweight Women.” International Journal of Obesity 35: 714-727.
https://doi.org/10.1038/ij0.2010.171.

Harvie, M. N., M. Pegington, M. P. Mattson, et al. 2011. “The Effects
of Intermittent or Continuous Energy Restriction on Weight Loss
and Metabolic Disease Risk Markers: A Randomized Trial in Young
Overweight Women.” International Journal of Obesity 35: 714-727.
https://doi.org/10.1038/1J0.2010.171.

Haupt, S., M. L. Eckstein, A. Wolf, R. T. Zimmer, N. B. Wachsmuth,
and O. Moser. 2021. “Eat, Train, Sleep-Retreat? Hormonal Interactions
of Intermittent Fasting, Exercise and Circadian Rhythm.” Biomolecules
11, no. 4: 516. https://doi.org/10.3390/BIOM11040516.

Heilbronn, L. K., S. R. Smith, C. K. Martin, S. D. Anton, and E. Ravussin.
2004. “Alternate-Day Fasting in Nonobese Subjects: Effects on Body
Weight, Body Composition, and Energy Metabolism.” American Journal
of Clinical Nutrition 81, no. 1: 69-73. https://doi.org/10.1093/AJCN/
81.1.69.

Herz, D., S. Haupt, R. T. Zimmer, et al. 2023. “Efficacy of Fasting in
Type 1 and Type 2 Diabetes Mellitus: A Narrative Review.” Nutrients 15,
no. 16: 3525. https://doi.org/10.3390/NU15163525.

Hoddy, K. K., K. L. Marlatt, H. Cetinkaya, and E. Ravussin. 2020.
“Intermittent Fasting and Metabolic Health: From Religious Fast to
Time-Restricted Feeding.” Obesity (Silver Spring, Md.) 28 Suppl 1, no.
Suppl 1: S29-S37. https://doi.org/10.1002/OBY.22829.

Hofer, S. J., D. Carmona-Gutierrez, M. I. Mueller, and F. Madeo.
2021. “The Ups and Downs of Caloric Restriction and Fasting: From
Molecular Effects to Clinical Application.” EMBO Molecular Medicine
14, no. 1: e14418. https://doi.org/10.15252/emmm.202114418.

Hua, L., B. Feng, L. Huang, et al. 2020. “Time-Restricted Feeding
Improves the Reproductive Function of Female Mice via Liver Fibroblast
Growth Factor 21.” Clinical and Translational Medicine 10, no. 6: €195.
https://doi.org/10.1002/CTM2.195.

Jakubowicz, D., M. Barnea, J. Wainstein, and O. Froy. 2013. “Effects of
Caloric Intake Timing on Insulin Resistance and Hyperandrogenism
in Lean Women With Polycystic Ovary Syndrome.” Clinical Science

(London, England: 1979) 125, no. 9: 423-432. https://doi.org/10.1042/
CS20130071.

Jaschke, N., and A. Wang. 2023. “The Neurocircuitry of Fasting-
Induced Glucocorticoid Release.” Cell Metabolism 35, no. 9: 1497-1499.
https://doi.org/10.1016/j.cmet.2023.08.004.

Kalsekar, A. S., D. N. Abdelrahim, and M. A. 1. E. Faris. 2024. “Effect of
Calorie Restriction and Intermittent Fasting on Glucose Homeostasis,
Lipid Profile, Inflammatory, and Hormonal Markers in Patients
With Polycystic Ovary Syndrome: A Systematic Review.” Frontiers in
Nutrition 11: 1362226. https://doi.org/10.3389/FNUT.2024.1362226.

Karimi, R., A. Yanovich, F. Elbarbry, and A. Cleven. 2024. “Adaptive
Effects of Endocrine Hormones on Metabolism of Macronutrients
During Fasting and Starvation: A Scoping Review.” Metabolites 14, no.
6:336. https://doi.org/10.3390/METABO14060336.

Karras, S. N., T. Koufakis, L. Adamidou, et al. 2021. “Implementation
of Christian Orthodox Fasting Improves Plasma Adiponectin
Concentrations Compared With Time-Restricted Eating in Overweight
Premenopausal Women.” International Journal of Food Sciences and
Nutrition 73, no. 2: 210-220. https://doi.org/10.1080/09637486.2021.
1941803.

Kasprzak, A. 2020. “Insulin-Like Growth Factor 1 (IGF-1) Signaling
in Glucose Metabolism in Colorectal Cancer.” International Journal
of Molecular Sciences 22, no. 12: 6434. https://doi.org/10.3390/ijms2
2126434.

Kim, B. H., Y. Joo, M. S. Kim, H. K. Choe, Q. Tong, and O. Kwon. 2021.
“Effects of Intermittent Fasting on the Circulating Levels and Circadian
Rhythms of Hormones.” Endocrinology and Metabolism (Seoul, Korea)
36, no. 4: 745-756. https://doi.org/10.3803/ENM.2021.405.

Kiyma, Z., B. M. Alexander, E. A. Van Kirk, W. J. Murdoch, D. M.
Hallford, and G. E. Moss. 2004. “Effects of Feed Restriction on
Reproductive and Metabolic Hormones in Ewes.” Journal of Animal
Science 82, no. 9: 2548-2557. https://doi.org/10.2527/2004.8292548X.

Klibanski, A., I. Z. Beitins, T. Badger, R. Little, and J. W. McArthur.
1981. “Reproductive Function During Fasting in Men.” Journal of
Clinical Endocrinology and Metabolism 53, no. 2: 258-263. https://doi.
org/10.1210/JCEM-53-2-258.

Komaki, G., F. Kanazawa, H. Sogawa, et al. 1997. “Alterations in
Lymphocyte Subsets and Pituitary-Adrenal Gland-Related Hormones
During Fasting.” American Journal of Clinical Nutrition 66, no. 1: 147-
152. https://doi.org/10.1093/AJCN/66.1.147.

Korbonits, M., P. J. Trainer, M. L. Nelson, et al. 1996. “Differential
Stimulation of Cortisol and Dehydroepiandrosterone Levels by Food in
Obese and Normal Subjects: Relation to Body Fat Distribution.” Clinical
Endocrinology 45, no. 6: 699-706. https://doi.org/10.1046/J.1365-2265.
1996.8550865.X.

Kumar, S., and G. Kaur. 2013. “Intermittent Fasting Dietary Restriction
Regimen Negatively Influences Reproduction in Young Rats: A Study of
Hypothalamo-Hypophysial-Gonadal Axis.” PLoS One 8, no. 1: €52416.
https://doi.org/10.1371/JOURNAL.PONE.0052416.

Kuula, L., J. Lipsanen, T. Partonen, J. Kauramaki, R. Halonen, and A. K.
Pesonen. 2022. “Endogenous Circadian Temperature Rhythms Relate
to Adolescents’ Daytime Physical Activity.” Frontiers in Physiology 13:
947184. https://doi.org/10.3389/fphys.2022.947184.

Kyung, N. H., A. Barkan, A. Klibanski, et al. 1985. “Effect of
Carbohydrate Supplementation on Reproductive Hormones During
Fasting in Men.” Journal of Clinical Endocrinology and Metabolism 60,
no. 5: 827-835. https://doi.org/10.1210/JCEM-60-5-827.

Lau, M., and P. C. Leung. 2012. “The PI3K/Akt/mTOR Signaling
Pathway Mediates Insulin-Like Growth Factor 1-Induced E-Cadherin
Down-Regulation and Cell Proliferation in Ovarian Cancer Cells.”
Cancer Letters 326, no. 2: 191-198. https://doi.org/10.1016/j.canlet.2012.
08.016.

18 of 21

Food Science & Nutrition, 2025


https://doi.org/10.1186/S40200-015-0183-9
https://doi.org/10.1186/S40200-015-0183-9
https://doi.org/10.3390/nu17030529
https://doi.org/10.1006/hbeh.2002.1766
https://doi.org/10.1530/ERC-20-0390
https://doi.org/10.1530/ERC-20-0390
https://doi.org/10.1152/JAPPLPHYSIOL.00683.2005
https://doi.org/10.1152/JAPPLPHYSIOL.00683.2005
https://doi.org/10.1055/S-2008-1065321
https://doi.org/10.1055/S-2008-1065321
https://doi.org/10.1038/ijo.2010.171
https://doi.org/10.1038/IJO.2010.171
https://doi.org/10.3390/BIOM11040516
https://doi.org/10.1093/AJCN/81.1.69
https://doi.org/10.1093/AJCN/81.1.69
https://doi.org/10.3390/NU15163525
https://doi.org/10.1002/OBY.22829
https://doi.org/10.15252/emmm.202114418
https://doi.org/10.1002/CTM2.195
https://doi.org/10.1042/CS20130071
https://doi.org/10.1042/CS20130071
https://doi.org/10.1016/j.cmet.2023.08.004
https://doi.org/10.3389/FNUT.2024.1362226
https://doi.org/10.3390/METABO14060336
https://doi.org/10.1080/09637486.2021.1941803
https://doi.org/10.1080/09637486.2021.1941803
https://doi.org/10.3390/ijms22126434
https://doi.org/10.3390/ijms22126434
https://doi.org/10.3803/ENM.2021.405
https://doi.org/10.2527/2004.8292548X
https://doi.org/10.1210/JCEM-53-2-258
https://doi.org/10.1210/JCEM-53-2-258
https://doi.org/10.1093/AJCN/66.1.147
https://doi.org/10.1046/J.1365-2265.1996.8550865.X
https://doi.org/10.1046/J.1365-2265.1996.8550865.X
https://doi.org/10.1371/JOURNAL.PONE.0052416
https://doi.org/10.3389/fphys.2022.947184
https://doi.org/10.1210/JCEM-60-5-827
https://doi.org/10.1016/j.canlet.2012.08.016
https://doi.org/10.1016/j.canlet.2012.08.016

Lee, C., and V. D. Longo. 2011. “Fasting vs Dietary Restriction in
Cellular Protection and Cancer Treatment: From Model Organisms to
Patients.” Oncogene 30, no. 30: 3305-3316. https://doi.org/10.1038/ONC.
2011.91.

Li, C., C. Xing, J. Zhang, H. Zhao, W. Shi, and B. He. 2021. “Eight-Hour
Time-Restricted Feeding Improves Endocrine and Metabolic Profiles
in Women With Anovulatory Polycystic Ovary Syndrome.” Journal of
Translational Medicine 19: 148. https://doi.org/10.1186/s12967-021-
02817-2.

Li, G, C. Xie, S. Lu, et al. 2017. “Intermittent Fasting Promotes
White Adipose Browning and Decreases Obesity by Shaping the Gut
Microbiota.” Cell Metabolism 26, no. 4: 672-685.e4. https://doi.org/10.
1016/j.cmet.2017.08.019.

Liu, F., Z. Zhang, W. Sun, and T. Li. 2025. “The Metabolic Effects of
Intermittent Fasting in Patients With Type 2 Diabetes Exist in the Short
Term but Disappear After Its Discontinuation: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials.” Nutrition Research
138:135-150. https://doi.org/10.1016/j.nutres.2025.04.008.

Lynn, S. E., T. B. Stamplis, W. T. Barrington, N. Weida, and C. A. Hudak.
2010. “Food, Stress, and Reproduction: Short-Term Fasting Alters
Endocrine Physiology and Reproductive Behavior in the Zebra Finch.”
Hormones and Behavior 58, no. 2: 214-222. https://doi.org/10.1016/J.
YHBEH.2010.03.015.

Mahadevan, S., D. Sadacharan, S. Kannan, and A. Suryanarayanan.
2017. “Does Time of Sampling or Food Intake Alter Thyroid Function
Test?” Indian Journal of Endocrinology and Metabolism 21, no. 3: 369.
https://doi.org/10.4103/IJEM.IJEM_15_17.

Mandal, S., N. Simmons, S. Awan, K. Chamari, and I. Ahmed. 2022.
“Intermittent Fasting: Eating by the Clock for Health and Exercise
Performance.” BMJ Open Sport & Exercise Medicine 8, no. 1: 1206.
https://doi.org/10.1136/BMJSEM-2021-001206.

Manoogian, E. N., and S. Panda. 2016. “Circadian Rhythms, Time-
Restricted Feeding, and Healthy Aging.” Ageing Research Reviews 39:
59. https://doi.org/10.1016/j.arr.2016.12.0062016.

Marciniak, M., M. Sato, R. Rutkowski, et al. 2023. “Effect of the One-
Day Fasting on Cortisol and DHEA Daily Rhythm Regarding Sex,
Chronotype, and Age Among Obese Adults.” Frontiers in Nutrition 10:
1078508. https://doi.org/10.3389/FNUT.2023.1078508.

Martinez, B., and R. M. Ortiz. 2017. “Thyroid Hormone Regulation
and Insulin Resistance: Insights From Animals Naturally Adapted to
Fasting.” Physiology (Bethesda, Md.) 32, no. 2: 141-151. https://doi.org/
10.1152/PHYSIOL.00018.2016.

Mattson, M. P. 2025. “The Cyclic Metabolic Switching Theory of
Intermittent Fasting.” Nature Metabolism 7: 665-678. https://doi.org/
10.1038/542255-025-01254-5.

Mattson, M. P., K. Moehl, N. Ghena, M. Schmaedick, and A. Cheng.
2018. “Intermittent Metabolic Switching, Neuroplasticity and Brain
Health.” Nature Reviews. Neuroscience 19, no. 2: 81-94. https://doi.org/
10.1038/nrn.2017.156.

Meléndez-Fernandez, O. H.,J. A. Liu, and R. J. Nelson. 2023. “Circadian
Rhythms Disrupted by Light at Night and Mistimed Food Intake
Alter Hormonal Rhythms and Metabolism.” International Journal
of Molecular Sciences 24, no. 4: 3392. https://doi.org/10.3390/1TMS2
4043392.

Merimee, T.J.,and E. S. Fineberg. 1976. “Starvation-Induced Alterations
of Circulating Thyroid Hormone Concentrations in Man.” Metabolism,
Clinical and Experimental 25, no. 1: 79-83. https://doi.org/10.1016/
0026-0495(76)90162-1.

Merl, V., A. Peters, K. M. Oltmanns, et al. 2005. “Serum Adiponectin
Concentrations During a 72-Hour Fast in Over- and Normal-Weight
Humans.” International Journal of Obesity 29, no. 8: 998-1001. https://
doi.org/10.1038/SJ.1J0.0802971.

Mindikoglu, A. L., A. R. Opekun, S. K. Gagan, and S. Devaraj. 2017.
“Impact of Time-Restricted Feeding and Dawn-To-Sunset Fasting on
Circadian Rhythm, Obesity, Metabolic Syndrome, and Nonalcoholic
Fatty Liver Disease.” Gastroenterology Research and Practice 2017:
3932491. https://doi.org/10.1155/2017/3932491.

Mir, S. A, A. Dar, S. A. Alshehri, et al. 2023. “Exploring the mTOR
Signalling Pathway and Its Inhibitory Scope in Cancer.” Pharmaceuticals
16, no. 7: 1004. https://doi.org/10.3390/ph16071004.

Miro, C., A. Docimo, L. Barrea, et al. 2023. ““Time” for Obesity-Related
Cancer: The Role of the Circadian Rhythm in Cancer Pathogenesis and
Treatment.” Seminars in Cancer Biology 91: 99-109. https://doi.org/10.
1016/j.semcancer.2023.03.003.

Moro, T., G. Tinsley, A. Bianco, et al. 2016. “Effects of Eight Weeks
of Time-Restricted Feeding (16/8) on Basal Metabolism, Maximal
Strength, Body Composition, Inflammation, and Cardiovascular
Risk Factors in Resistance-Trained Males.” Journal of Translational
Medicine 14: 290. https://doi.org/10.1186/512967-016-1044-0.

Moro, T., G. Tinsley, F. Q. Pacelli, G. Marcolin, A. Bianco, and A.
Paoli. 2021. “Twelve Months of Time-Restricted Eating and Resistance
Training Improves Inflammatory Markers and Cardiometabolic Risk
Factors.” Medicine and Science in Sports and Exercise 53, no. 12: 2577-
2585. https://doi.org/10.1249/MSS.0000000000002738.

Moro, T., G. Tinsley, G. Longo, et al. 2020. “Time-Restricted Eating
Effects on Performance, Immune Function, and Body Composition
in Elite Cyclists: A Randomized Controlled Trial.” Journal of the
International Society of Sports Nutrition 17: 65. https://doi.org/10.1186/
$12970-020-00396-z.

Muifioz-Hernédndez, L., Z. Marquez-Lopez, R. Mehta, and C. A. Aguilar-
Salinas. 2020. “Intermittent Fasting as Part of the Management
for T2DM: From Animal Models to Human Clinical Studies.”
Current Diabetes Reports 20, no. 4: 13. https://doi.org/10.1007/S1189
2-020-1295-2.

Nair, R., S. Mahadevan, R. S. Muralidharan, and S. Madhavan. 2014.
“Does Fasting or Postprandial State Affect Thyroid Function Testing?”
Indian Journal of Endocrinology and Metabolism 18, no. 5: 705-707.
https://doi.org/10.4103/2230-8210.139237.

Nencioni, A., I. Caffa, S. Cortellino, and V. D. Longo. 2018. “Fasting
and Cancer: Molecular Mechanisms and Clinical Application.” Nature
Reviews. Cancer 18, no. 11: 707-719. https://doi.org/10.1038/S4156
8-018-0061-0.

Nguyen, T. M. D. 2020. “Adiponectin: Role in Physiology and
Pathophysiology.” International Journal of Preventive Medicine 11, no. 1:
136. https://doi.org/10.4103/1JPVM.IJPVM_193_20.

Nowosad, K., and M. Sujka. 2021. “Effect of Various Types of
Intermittent Fasting (IF) on Weight Loss and Improvement of Diabetic
Parameters in Human.” Current Nutrition Reports 10: 146-154. https://
doi.org/10.1007/s13668-021-00353-5.

Olson, B. R., T. Cartledge, N. Sebring, R. Defensor, and L. Nieman. 1995.
“Short-Term Fasting Affects Luteinizing Hormone Secretory Dynamics
but Not Reproductive Function in Normal-Weight Sedentary Women.”
Journal of Clinical Endocrinology and Metabolism 80, no. 4: 1187-1193.
https://doi.org/10.1210/JCEM.80.4.7714088.

Palmblad, J., L. Levi, A. Burger, et al. 1977. “Effects of Total Energy
Withdrawal (Fasting) on Thelevels of Growth Hormone, Thyrotropin,
Cortisol, Adrenaline, Noradrenaline, T4, T3, and rT3 in Healthy Males.”
Acta Medica Scandinavica 201, no. 1-2: 15-22. https://doi.org/10.1111/J.
0954-6820.1977.TB15648.X.

Pieczynska-Zajac, J. M., A. Malinowska, K. Lagowska, N. Leciejewska,
and J. Bajerska. 2023. “The Effects of Time-Restricted Eating and
Ramadan Fasting on Gut Microbiota Composition: A Systematic Review
of Human and Animal Studies.” Nutrition Reviews 82, no. 6: 777-793.
https://doi.org/10.1093/nutrit/nuad093.

19 of 21


https://doi.org/10.1038/ONC.2011.91
https://doi.org/10.1038/ONC.2011.91
https://doi.org/10.1186/s12967-021-02817-2
https://doi.org/10.1186/s12967-021-02817-2
https://doi.org/10.1016/j.cmet.2017.08.019
https://doi.org/10.1016/j.cmet.2017.08.019
https://doi.org/10.1016/j.nutres.2025.04.008
https://doi.org/10.1016/J.YHBEH.2010.03.015
https://doi.org/10.1016/J.YHBEH.2010.03.015
https://doi.org/10.4103/IJEM.IJEM_15_17
https://doi.org/10.1136/BMJSEM-2021-001206
https://doi.org/10.1016/j.arr.2016.12.0062016
https://doi.org/10.3389/FNUT.2023.1078508
https://doi.org/10.1152/PHYSIOL.00018.2016
https://doi.org/10.1152/PHYSIOL.00018.2016
https://doi.org/10.1038/s42255-025-01254-5
https://doi.org/10.1038/s42255-025-01254-5
https://doi.org/10.1038/nrn.2017.156
https://doi.org/10.1038/nrn.2017.156
https://doi.org/10.3390/IJMS24043392
https://doi.org/10.3390/IJMS24043392
https://doi.org/10.1016/0026-0495(76)90162-1
https://doi.org/10.1016/0026-0495(76)90162-1
https://doi.org/10.1038/SJ.IJO.0802971
https://doi.org/10.1038/SJ.IJO.0802971
https://doi.org/10.1155/2017/3932491
https://doi.org/10.3390/ph16071004
https://doi.org/10.1016/j.semcancer.2023.03.003
https://doi.org/10.1016/j.semcancer.2023.03.003
https://doi.org/10.1186/s12967-016-1044-0
https://doi.org/10.1249/MSS.0000000000002738
https://doi.org/10.1186/s12970-020-00396-z
https://doi.org/10.1186/s12970-020-00396-z
https://doi.org/10.1007/S11892-020-1295-2
https://doi.org/10.1007/S11892-020-1295-2
https://doi.org/10.4103/2230-8210.139237
https://doi.org/10.1038/S41568-018-0061-0
https://doi.org/10.1038/S41568-018-0061-0
https://doi.org/10.4103/IJPVM.IJPVM_193_20
https://doi.org/10.1007/s13668-021-00353-5
https://doi.org/10.1007/s13668-021-00353-5
https://doi.org/10.1210/JCEM.80.4.7714088
https://doi.org/10.1111/J.0954-6820.1977.TB15648.X
https://doi.org/10.1111/J.0954-6820.1977.TB15648.X
https://doi.org/10.1093/nutrit/nuad093

Pirahanchi, Y., M. A. Tariq, and I. Jialal. 2023. “Physiology, Thyroid.”
StatPearls. https://www.ncbi.nlm.nih.gov/books/NBK519566/.

Psara, E., E. Poulios, S. K. Papadopoulou, M. Tolia, G. K. Vasios, and
C. Giaginis. 2023. “Intermittent Fasting Against Cancer Development
and Progression: Highlighting Potential Anticancer Molecular
Mechanisms.” Anti-Cancer Agents in Medicinal Chemistry 23, no. 17:
1889-1909. https://doi.org/10.2174/1871520623666230816090229.

Raffaghello, L., C. Lee, F. M. Safdie, et al. 2008. “Starvation-Dependent
Differential Stress Resistance Protects Normal but Not Cancer Cells
Against High-Dose Chemotherapy.” Proceedings of the National
Academy of Sciences of the United States of America 105, no. 24: 8215-
8220. https://doi.org/10.1073/PNAS.0708100105.

Rius-Bonet, J., S. Macip, D. Closa, and M. Massip-Salcedo. 2024.
“Intermittent Fasting as a Dietary Intervention With Potential Sexually
Dimorphic Health Benefits.” Nutrition Reviews 83: e635-e648. https://
doi.org/10.1093/nutrit/nuae062.

Roky, R., I. Houti, S. Moussamih, S. Qotbi, and N. Aadil. 2004.
“Physiological and Chronobiological Changes During Ramadan
Intermittent Fasting.” Annals of Nutrition & Metabolism 48, no. 4: 296
303. https://doi.org/10.1159/000081076.

Sadeghian, M., S. Rahmani, S. Khalesi, and E. Hejazi. 2021. “A Review
of Fasting Effects on the Response of Cancer to Chemotherapy.” Clinical
Nutrition (Edinburgh, Scotland) 40, no. 4: 1669-1681. https://doi.org/10.
1016/J.CLNU.2020.10.037.

Sadowska, J., W. Dudzinska, and I. Dziaduch. 2022. “The Effect of
Alternating High-Sucrose and Sucrose Free-Diets, and Intermittent
One-Day Fasting on the Estrous Cycle and Sex Hormones in Female
Rats.” Nutrients 14: 4350. https://doi.org/10.3390/nu14204350.

Safdie, F., S. Brandhorst, M. Wei, et al. 2012. “Fasting Enhances the
Response of Glioma to Chemo- and Radiotherapy.” PLoS One 7, no. 9:
€44603. https://doi.org/10.1371/JOURNAL.PONE.0044603.

Salvadori, G., M. G. Mirisola, and V. D. Longo. 2021. “Intermittent and
Periodic Fasting, Hormones, and Cancer Prevention.” Cancers 13, no.
18: 4587. https://doi.org/10.3390/CANCERS13184587.

Savvidis, C., E. Kallistrou, E. Kouroglou, et al. 2024. “Circadian Rhythm
Disruption and Endocrine-Related Tumors.” World Journal of Clinical
Oncology 15: 818-834. https://doi.org/10.5306/wjco.v15.i7.818.

Schroor, M., P. Joris, J. Plat, and R. Mensink. 2023. “Effects of
Intermittent Energy Restriction Compared With Those of Continuous
Energy Restriction on Body Composition and Cardiometabolic Risk
Markers — A Systematic Review and Meta-Analysis of Randomized
Controlled Trials in Adults.” Advances in Nutrition 15: 100130. https://
doi.org/10.1016/j.advnut.2023.10.003.

Siech, C., J. Rutz, S. Maxeiner, et al. 2021. “Insulin-Like Growth
Factor-1 Influences Prostate Cancer Cell Growth and Invasion Through
an Integrin a3, a5, aV, and 1 Dependent Mechanism.” Cancers 14, no.
2:363. https://doi.org/10.3390/cancers14020363.

Silva, A., M. Direito, F. Pinto-Ribeiro, P. Ludovico, and B. Sampaio-
Marques. 2023. “Effects of Intermittent Fasting on Regulation of
Metabolic Homeostasis: A Systematic Review and Meta-Analysis in
Health and Metabolic-Related Disorders.” Journal of Clinical Medicine
12:3699. https://doi.org/10.3390/jcm12113699.

Smith, H. A., and J. A. Betts. 2022. “Nutrient Timing and Metabolic
Regulation.” Journal of Physiology 600, no. 6: 1299-1312. https://doi.
org/10.1113/JP280756.

Soeters, M. R.,, N. M. Lammers, P. F. Dubbelhuis, et al. 2009.
“Intermittent Fasting Does Not Affect Whole-Body Glucose, Lipid, or
Protein Metabolism.” American Journal of Clinical Nutrition 90, no. 5:
1244-1251. https://doi.org/10.3945/AJCN.2008.27327.

Solianik, R., K. Zidoniené, N. Baranauskiené, and M. Brazaitis. 2023.
“Fasting for 48 h Induced Similar Glucose Intolerance in Both Sexes

Despite Greater Perceived Stress and Decreased Estradiol Levels in
Females.” European Journal of Applied Physiology 124, no. 5: 1449-1459.
https://doi.org/10.1007/S00421-023-05378-Y.

Song, D. K., and Y. W. Kim. 2023. “Beneficial Effects of Intermittent
Fasting: A Narrative Review.” Journal of Yeungnam Medical Science 40,
no. 1: 4-11. https://doi.org/10.12701/7YMS.2022.00010.

Stekovic, S., S. J. Hofer, N. Tripolt, et al. 2019. “Alternate Day Fasting
Improves Physiological and Molecular Markers of Aging in Healthy,
Non-Obese Humans.” Cell Metabolism 30, no. 3: 462-476.e5. https://doi.
0rg/10.1016/J.CMET.2019.07.016.

Stratton, M. T., G. M. Tinsley, M. G. Alesi, et al. 2020. “Four Weeks of
Time-Restricted Feeding Combined With Resistance Training Does
Not Differentially Influence Measures of Body Composition, Muscle
Performance, Resting Energy Expenditure, and Blood Biomarkers.”
Nutrients 12, no. 4: 1126. https://doi.org/10.3390/nu12041126.

Su,J., Y. Wang, X. Zhang, et al. 2021. “Remodeling of the Gut Microbiome
During Ramadan-Associated Intermittent Fasting.” American Journal
of Clinical Nutrition 113, no. 5: 1332-1342. https://doi.org/10.1093/ajcn/
nqaa388.

Sui, X., S. Jiang, H. Zhang, et al. 2024. “The Influence of Extended
Fasting on Thyroid Hormone: Local and Differentiated Regulatory
Mechanisms.” Frontiers in Endocrinology 15: 1443051. https://doi.org/
10.3389/fend0.2024.1443051.

Sutton, E. F.,, R. Beyl, K. S. Early, W. T. Cefalu, E. Ravussin, and C.
M. Peterson. 2018. “Early Time-Restricted Feeding Improves Insulin
Sensitivity, Blood Pressure, and Oxidative Stress Even without Weight
Loss in Men with Prediabetes.” Cell Metabolism 27, no. 6: 1212-1221.e3.
https://doi.org/10.1016/j.cmet.2018.04.010.

Tabata, I., F. Ogita, M. Miyachi, and H. Shibayama. 1991. “Effect of Low
Blood Glucose on Plasma CRF, ACTH, and Cortisol During Prolonged
Physical Exercise.” Journal of Applied Physiology 71, no. 5: 1807-1812.
https://doi.org/10.1152/JAPPL.1991.71.5.1807.

Tegelman, R., P. Lindeskog, K. Carlstrom, A. Pousette, and R.
Blomstrand. 1986. “Peripheral Hormone Levels in Healthy Subjects
During Controlled Fasting.” Acta Endocrinologica 113, no. 3: 457-462.
https://doi.org/10.1530/ACTA.0.1130457.

Tinkum, K. L., K. M. Stemler, L. S. White, et al. 2015. “Fasting Protects
Mice From Lethal DNA Damage by Promoting Small Intestinal
Epithelial Stem Cell Survival.” Proceedings of the National Academy
of Sciences of the United States of America 112, no. 51: E7148-E7154.
https://doi.org/10.1073/PNAS.1509249112.

Tiwari, S., N. Sapkota, and Z. Han. 2022. “Effect of Fasting on Cancer:
A Narrative Review of Scientific Evidence.” Cancer Science 113, no. 10:
3291-3302. https://doi.org/10.1111/CAS.15492.

Varady, K. A. 2016. “Impact of Intermittent Fasting on Glucose
Homeostasis.” Current Opinion in Clinical Nutrition and Metabolic Care
19, no. 4: 300-302. https://doi.org/10.1097/MCO.0000000000000291.

Varady, K. A., C. A. Allister, D. J. Roohk, and M. K. Hellerstein. 2010.
“Improvements in Body Fat Distribution and Circulating Adiponectin
by Alternate-Day Fasting Versus Calorie Restriction.” Journal of
Nutritional Biochemistry 21, no. 3: 188-195. https://doi.org/10.1016/J.
JNUTBIO.2008.11.001.

Varady, K. A., D. J. Roohk, Y. C. Loe, B. K. McEvoy-Hein, and M. K.
Hellerstein. 2007. “Effects of Modified Alternate-Day Fasting Regimens
on Adipocyte Size, Triglyceride Metabolism, and Plasma Adiponectin
Levels in Mice.” Journal of Lipid Research 48, no. 10: 2212-2219. https://
doi.org/10.1194/JLR.M700223-JLR200.

Varady, K. A., S. Cienfuegos, M. Ezpeleta, and K. Gabel. 2022. “Clinical
Application of Intermittent Fasting for Weight Loss: Progress and
Future Directions.” Nature Reviews Endocrinology 18, no. 5: 309-321.
https://doi.org/10.1038/s41574-022-00638-X.

20 of 21

Food Science & Nutrition, 2025


https://www.ncbi.nlm.nih.gov/books/NBK519566/
https://doi.org/10.2174/1871520623666230816090229
https://doi.org/10.1073/PNAS.0708100105
https://doi.org/10.1093/nutrit/nuae062
https://doi.org/10.1093/nutrit/nuae062
https://doi.org/10.1159/000081076
https://doi.org/10.1016/J.CLNU.2020.10.037
https://doi.org/10.1016/J.CLNU.2020.10.037
https://doi.org/10.3390/nu14204350
https://doi.org/10.1371/JOURNAL.PONE.0044603
https://doi.org/10.3390/CANCERS13184587
https://doi.org/10.5306/wjco.v15.i7.818
https://doi.org/10.1016/j.advnut.2023.10.003
https://doi.org/10.1016/j.advnut.2023.10.003
https://doi.org/10.3390/cancers14020363
https://doi.org/10.3390/jcm12113699
https://doi.org/10.1113/JP280756
https://doi.org/10.1113/JP280756
https://doi.org/10.3945/AJCN.2008.27327
https://doi.org/10.1007/S00421-023-05378-Y
https://doi.org/10.12701/JYMS.2022.00010
https://doi.org/10.1016/J.CMET.2019.07.016
https://doi.org/10.1016/J.CMET.2019.07.016
https://doi.org/10.3390/nu12041126
https://doi.org/10.1093/ajcn/nqaa388
https://doi.org/10.1093/ajcn/nqaa388
https://doi.org/10.3389/fendo.2024.1443051
https://doi.org/10.3389/fendo.2024.1443051
https://doi.org/10.1016/j.cmet.2018.04.010
https://doi.org/10.1152/JAPPL.1991.71.5.1807
https://doi.org/10.1530/ACTA.0.1130457
https://doi.org/10.1073/PNAS.1509249112
https://doi.org/10.1111/CAS.15492
https://doi.org/10.1097/MCO.0000000000000291
https://doi.org/10.1016/J.JNUTBIO.2008.11.001
https://doi.org/10.1016/J.JNUTBIO.2008.11.001
https://doi.org/10.1194/JLR.M700223-JLR200
https://doi.org/10.1194/JLR.M700223-JLR200
https://doi.org/10.1038/s41574-022-00638-x

Vasim, I., C. N. Majeed, and M. D. DeBoer. 2022. “Intermittent Fasting
and Metabolic Health.” Nutrients 14, no. 3: 631. https://doi.org/10.3390/
NU14030631.

Velissariou, M., C. Athanasiadou, A. Diamanti, A. Lykeridou, and A.
Sarantaki. 2025. “The Impact of Intermittent Fasting on Fertility: A
Focus on Polycystic Ovary Syndrome and Reproductive Outcomes in
Women - A Systematic Review.” Metabolism Open 25: 100341. https://
doi.org/10.1016/j.metop.2024.100341.

Wehrens, S. M., S. Christou, C. Isherwood, et al. 2017. “Meal Timing
Regulates the Human Circadian System.” Current Biology 27, no. 12:
1768-1775.€3. https://doi.org/10.1016/j.cub.2017.04.059.

Xiaoyu, W., X. Yuxin, and L. Li. 2024. “The Effects of Different
Intermittent Fasting Regimens in People With Type 2 Diabetes: A
Network Meta-Analysis.” Frontiers in Nutrition 11: 1325894. https://doi.
org/10.3389/fnut.2024.1325894.

Xie, Z., Y. Sun, Y. Ye, et al. 2022. “Randomized Controlled Trial for
Time-Restricted Eating in Healthy Volunteers Without Obesity.” Nature
Communications 13, no. 1: 1003. https://doi.org/10.1038/S41467-022-
28662-5.

Yuan, X., J. Wang, S. Yang, et al. 2022. “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.” International Journal of Endocrinology
2022:6999907. https://doi.org/10.1155/2022/6999907.

Zhang, L., Z. Liu, J. Q. Wang, et al. 2022. “Randomized Controlled Trial
for Time-Restricted Eating in Overweight and Obese Young Adults.”
IScience 25, no. 9: 104870. https://doi.org/10.1016/J.ISCI.2022.104870.

Zhao, X., J. Yang, R. Huang, M. Guo, Y. Zhou, and L. Xu. 2021. “The
Role and Its Mechanism of Intermittent Fasting in Tumors: Friend or
Foe?” Cancer Biology & Medicine 18, no. 1: 63-73. https://doi.org/10.
20892/J.ISSN.2095-3941.2020.0250.

21 of 21


https://doi.org/10.3390/NU14030631
https://doi.org/10.3390/NU14030631
https://doi.org/10.1016/j.metop.2024.100341
https://doi.org/10.1016/j.metop.2024.100341
https://doi.org/10.1016/j.cub.2017.04.059
https://doi.org/10.3389/fnut.2024.1325894
https://doi.org/10.3389/fnut.2024.1325894
https://doi.org/10.1038/S41467-022-28662-5
https://doi.org/10.1038/S41467-022-28662-5
https://doi.org/10.1155/2022/6999907
https://doi.org/10.1016/J.ISCI.2022.104870
https://doi.org/10.20892/J.ISSN.2095-3941.2020.0250
https://doi.org/10.20892/J.ISSN.2095-3941.2020.0250

	Intermittent Fasting and Hormonal Regulation: Pathways to Improved Metabolic Health
	ABSTRACT
	1   |   Introduction
	1.1   |   IF and Health Benefits
	1.2   |   Mechanisms for IF
	1.3   |   Hormonal Regulation and Fasting

	2   |   Methodology
	3   |   Insulin Regulation and Glucose Metabolism
	3.1   |   Insulin Sensitivity and Secretion
	3.2   |   Glucose Tolerance and Fasting Glucose

	4   |   Thyroid Hormones and Energy Metabolism
	4.1   |   Thyroid Hormone Modulation in Fasting State
	4.2   |   Implications for Metabolic Rate

	5   |   Cortisol and Hypothalamic–Pituitary–Adrenal (HPA) Axis
	5.1   |   Cortisol Response to Fasting
	5.2   |   Dehydroepiandrosterone and Cortisol Balance

	6   |   Reproductive Hormones and Fertility
	6.1   |   Impact on Male Reproductive Hormones
	6.2   |   Impact on Female Reproductive Hormones

	7   |   General Health Outcomes of IF
	7.1   |   Chronometabolic Role of Melatonin
	7.2   |   Adiponectin and Metabolic Outcomes

	8   |   Cancer Prevention: Fasting and Hormonal Regulation in Cancer Therapy
	9   |   Metabolic Memory and the Challenge of Sustainability
	10   |   Conclusions and Future Perspectives
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


