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ABSTRACT

Obesity accelerates biological aging, which showed in the low level of sirtuin 1 (SIRT1), an NAD*-dependent deacetylase
that regulate inflammation, mitochondrial function, cellular senescence, and oxidative stress. This narrative review
examined how aerobic exercise at different intensities and intermittent fasting (IF), especially time-restricted feeding
(TRF), affect SIRT1 as a marker of early aging, and what is known about their combination. Human and animal studies
reporting SIRT1 after exercise, fasting, or both were summarized narratively, and exercise intensity was classified with
standard heart rate and oxygen-uptake cut-offs. Moderate-intensity aerobic exercise raised circulating or tissue SIRT1
in people and rodents with obesity, and high intensity did not clearly add to this. Fasting results were mixed: short-term
TRF and Ramadan fasting raised SIRT1 expression in some human studies, whereas an 8-hour fast in healthy men did
not, and Ramadan fasting in adults with overweight tended to lower it. Alternate-day fasting generally preserved SIRT1
in rodent brain. Combined fasting and exercise gave additive fat-mass reductions in randomized trials, but an additive
effect on SIRT1 appeared in one rat study and not in a mouse study that tested the interaction. Human trials that
combine TRF with aerobic exercise and measure serum SIRT1 alongside direct aging endpoints are needed.
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1 INTRODUCTION

Obesity is increasingly regarded as an accelerator of biological aging rather than only a metabolic risk factor. Excess
adipose tissue sustains chronic low-grade inflammation, termed inflammageing [1, 2], and a higher body mass index is
associated with accelerated epigenetic aging in twin pairs discordant for BMI [3]. In people with obesity, phenotypic
age has also been linked to mortality risk [4]. Obesity may therefore hasten the aging process [5], which matters most
in young adults, in whom it can set the pace of aging for decades.
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Among the twelve hallmarks of aging, deregulated nutrient sensing, mitochondrial dysfunction, and chronic
inflammation are directly tied to energy balance [6]. Sirtuins are NAD*-dependent deacetylases that connect cellular
energy status to these processes [7, 8]. SIRT1 is the best characterized member. It regulates fat and glucose metabolism,
mitochondrial quality control, fatty-acid oxidation and anti-inflammatory signalling, and disruption of these functions
underlies aging [9]. Therefore, SIRT1 is used as an antiaging biomarker [10].

Obesity pushes SIRT1 in the wrong direction. Circulating SIRT1 is lower in people with obesity and rises with weight
loss [11]. Hypertrophic adipocytes secrete pro-inflammatory cytokines and recruit M1 macrophages [2]. The resulting
oxidative and carbonyl stress modifies SIRT1 after translation and lowers its level [12], while increased PARP-1 activity
depletes NAD* and reduces SIRT1 activity [13, 14]. Redox stress also links SIRT1 to cellular senescence [15]. SIRT1 is
therefore a reasonable marker of obesity-related early aging and a candidate target for lifestyle prevention.

Two lifestyle strategies are widely studied. Intermittent fasting (IF) triggers adaptive stress responses [16, 17] and has
been proposed to slow obesity-related aging through AMPK, SIRT1, PGC-1a and FOXO signalling [18]. Time-restricted
feeding (TRF) confines food intake to a fixed daily window, typically 8-10 hours [19]. Aerobic exercise is the other
strategy, and its effect on SIRT1 appears to depend on intensity, tissue and the marker measured [20-22].

The evidence is scattered. Exercise and fasting studies differ in species, tissue, SIRT1 measure (mRNA, tissue protein,
activity or serum) and sampling time, and few have tested the combination, particularly in humans. This review
therefore (1) summarizes how aerobic exercise at different intensities affects SIRT1, (2) summarizes the effects of IF,
particularly TRF, on SIRT1, (3) examines the evidence on their combination, and (4) discusses mechanisms, conflicting
findings and research gaps relevant to preventing early aging.

2 MATERIALS AND METHODS

2.1 Study Design and Sources

This is a narrative literature review. It is not a systematic review: no protocol was registered and no formal risk-of-bias
scoring was done. Sources were compiled from PubMed, ScienceDirect, Springer/Nature, ProQuest, and Google Scholar.

Search terms combined “time-restricted eating”, “time-restricted feeding”, “intermittent fasting”, “aerobic exercise”,
“exercise intensity”, “SIRT1”, “sirtuin”, “obesity” and “aging”.

2.2 Eligibility Criteria and Data Extraction

Human or animal studies were included if they measured SIRT1 (serum or circulating level, tissue protein, mRNA or
activity) after aerobic exercise, [F/TRF, or both. Systematic reviews and meta-analyses of combined TRE/IF and exercise
were included for body-composition and metabolic outcomes, and mechanistic papers for pathway context. Studies
reporting only other sirtuins were not included. Ongoing trials and unpublished work were not weighted as evidence.
For each study the model, intervention, exercise intensity, marker, tissue and main result were extracted into tables.

2.3 (Classification of exercise intensity

Exercise intensity was classified with the cut-offs in Table 1 [23, 24]. Animal studies were mapped to these bands by
percentage of maximal oxygen uptake (%V0O,max) when the authors reported it; the authors’ own intensity labels are
kept and flagged where they differ from the human bands.

Table 1: Classification of aerobic exercise intensity used in this review

Intensity | % HRmax | % HRR or VO,R | % VO.max | RPE (6-20)
Light 57-63 30-39 37-45 9-11
Moderate | 64-76 40-59 46-63 12-13
Vigorous | 77-95 60-89 64-90 14-17

HRmax, maximal heart rate; HRR, heart-rate reserve; VO,R, oxygen-uptake reserve; RPE, rating of perceived exertion.

2.4  Ethics

Ethical approval was not required because no new data from human or animal participants were collected.
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2.5 Limitations

This is a narrative review without a registered protocol or risk-of-bias scoring. Several entries were read at abstract
level or from open summaries, and some come from regional journals with limited peer-review detail. The evidence is
dominated by rodent studies and by single-site human studies in men. SIRT1 assays differ, and serum ELISA values are
not comparable across studies.

3 RESULTS AND DISCUSSION

Aerobic exercise raised SIRT1 in most studies at both moderate and high intensity. Fasting studies gave mixed results
that depended on fast length, population and tissue. Studies that measured SIRT1 after combining fasting with exercise
are few, mostly in rodents, and do not yet show an advantage over TRF alone.

3.1 Aerobic exercise at different intensities

Moderate-intensity aerobic exercise raised SIRT1 in people and rodents with obesity, and no reviewed study showed a
larger SIRT1 response at vigorous intensity (Table 2).

Table 2: Studies of aerobic exercise and SIRT1

Study Model Exercise protocol SIRT1 measure | Main finding
Cho etal. [20] Healthy male | Exercise at moderate | Circulating SIRT1 | SIRT1 rose at both intensities;
volunteers and at high intensity (with MDA, SOD, | MDA, SOD and IL-6 also rose
IL-6)
Al Qorni et al. | Women with | Moderate-intensity Circulating SIRT1 | Significant increase
[25] obesity, 20- | aerobic exercise
30 years
Kazemi and | Women with | 8 weeks of moderate- | Serum SIRT1 SIRT1 and metabolic indices
Heidarianpour metabolic intensity continuous improved
[26] syndrome training, 3 times per
week
Hejazietal. [21] | Obese Wistar | 8 weeks, 60 min, 5 days | Soleus SIRT1 | Both raised SIRT1 vs control
rats per week; authors’ | protein (0.82 and 0.86 vs 0.73 ng/mL);
“moderate” 70-75% groups did not differ
VO,max vs “high” 80-
85%
Langetal. [27] Type 2 | 8 weeks of moderate- | Hippocampal Less neuroinflammation and
diabetic mice | intensity treadmill | SIRT1 signalling | more BDNF; benefit blunted by
running the SIRT1 inhibitor
nicotinamide
Gurd et al. [22] Healthy 6 weeks of HIIT at about | Muscle SIRT1 | Activity increased
humans 90% VO;peak activity

Moderate-intensity aerobic exercise was enough to raise SIRT1. In women with obesity aged 20-30 years it raised
circulating SIRT1 [25]. Eight weeks of moderate-intensity continuous training improved serum SIRT1 and metabolic
indices in women with metabolic syndrome [26]. Long-term moderate treadmill exercise raised hippocampal SIRT1
signalling in diabetic mice, and the benefit was lost when SIRT1 was inhibited [27].

Higher intensity has not clearly added to this. In healthy male volunteers SIRT1 rose after both moderate- and high-
intensity exercise [20]. In obese rats, moderate and high-intensity treadmill training raised soleus SIRT1 to a similar
degree [21]. Intensity does shape other signals: AMPK signalling in human muscle varies with exercise intensity [28],
and HIIT at about 90% VO,peak increased SIRT1 activity in human muscle [22].

Two cautions apply. First, markers of oxidative stress and inflammation (MDA, SOD, IL-6) rose together with SIRT1 in

the intensity study [20], so a SIRT1 rise is not a pure index of benefit. Second, rodent intensity labels do not map onto
human categories: the rats’ “moderate” intensity of 70-75% VO, max falls in the vigorous band of Table 1.
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3.2 Intermittent fasting and time-restricted feeding

Fasting results were mixed and depended on fast length, population and tissue (Table 3).

Table 3: Studies of fasting and SIRT1

Study Model Fasting protocol SIRT1 measure Main finding

Jamshed et al. | Humans Short-term early TRF SIRT1 gene | SIRT1 and the autophagy
[29] expression gene LC3Arose (p < 0.04)
Haji 43 men 30 days of Ramadan | SIRT1 mRNA, blood | 4.63-fold higher during
Molahoseini et fasting mononuclear cells fasting

al. [30]

Madkour et al. | 56  adults  with | Ramadan intermittent | SIRT1 gene | Fell 10.4%  (trend);
[31] overweight or | fasting expression antioxidant genes rose

obesity; 6 normal-
weight controls

Islam et al. | 10 healthy men 8-hour fast, with or | Muscle SIRT1 | No activation; trended
[32] without 2 h low- | phosphorylation lower (p < 0.06)
intensity arm
ergometry
Rubovitch et | Mice  with  mild | Alternate-day energy | Cortex and | Prevented the injury-
al. [33] traumatic brain | restriction hippocampus SIRT1 | related fall in SIRT1
injury
Badreh et al. | Wistar rats Alternate-day fasting SIRT1 and other | Prevented the age-
[34] longevity proteins related fall; earlier start

worked better

Zhang et al. | High-fat-diet obese | 8 weeks of intermittent | Hippocampal Each intervention
[35] mice fasting, aerobic | AMPK/SIRT1 activated AMPK/SIRT1
exercise, HIIT  or | signalling and reduced apoptosis

regular diet

Wilson et al. | Obese male and | 12 weeks of | Muscle SIRT1 | Lower than obese

[36] female mice intermittent fasting (2 | expression controls in males and/or
fasting days per 8-day females; sex- and tissue-
cycle) specific

In humans, short-term early TRF raised SIRT1 gene expression together with ketones, stress-response genes and the
autophagy gene LC3A [29], and 30 days of Ramadan fasting raised SIRT1 mRNA 4.63-fold in blood mononuclear cells of
43 men [30]. Other human data do not agree. In adults with overweight or obesity, SIRT1 expression tended to fall by
10.4% at the end of Ramadan while antioxidant genes rose [31]. In healthy men, an 8-hour fast with or without 2 hours
of low-intensity arm exercise did not activate SIRT1 signalling in muscle [32].

Animal studies, mostly with alternate-day fasting (ADF), show preserved or restored SIRT1 in brain. ADF prevented the
SIRT1 fall in cortex and hippocampus after mild traumatic brain injury in mice [33] and the age-related fall in rats, with
earlier initiation more effective [34]. In obese mice, IF and exercise each activated hippocampal AMPK/SIRT1 signalling
[35]. Peripheral tissue can respond differently: after IF, muscle SIRT1 was lower than in obese controls in male and/or
female mice, and responses differed by sex and tissue [36].

3.3 Combined fasting and exercise

Few studies have measured SIRT1 after combining fasting with exercise. They are in rodents, and the combination has
not clearly outperformed TRF alone (Table 4).

In mice, TRF plus running and TRF alone each raised liver SIRT1 versus controls, with no significant interaction between
the two factors. TRF-based groups outperformed ADF, and the combination exceeded exercise alone [37]. In rats fed a
high-fat, high-fructose diet, which lowered hepatic SIRT1 and PGC-1a, 12 weeks of HIIT plus ADF raised both proteins,
and SIRT1 was higher than with ADF or HIIT alone [38]. In humans, adding 2 hours of low-intensity arm exercise to an
8-hour fast did not change fasting responses in muscle [32]. In young women with obesity, a two-week program of
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combined aerobic exercise and IF was reported to reduce mTOR, a nutrient-sensing kinase involved in aging, and Bcl-2
[39]. A pilot mouse study of 8-hour TRF with or without treadmill training suggested slightly less weight gain and
possibly additive benefits for insulin sensitivity and liver metabolism with the combination, though it was not powered
to confirm this [19, 40].

Table 4: Studies of combined fasting and exercise

fructose diet

Study Model Intervention Outcome Main finding

Wang et al. | Mice ADF or TRF, with or | Liver SIRT1 TRF and TRF plus running

[37] without running raised SIRT1 vs control; no
significant interaction; TRF
groups beat ADF

Hosseinkhah Rats on a | 12 weeks of HIIT | Liver SIRT1 and PGC-1a | Diet lowered both; HIIT plus

etal. [38] high-fat, high- | and/or ADF ADF raised both, SIRT1

higher than with ADF or HIIT
alone

Islam et al. | 10  healthy | 8-hour fast plus 2 h | Muscle signalling Exercise did not augment
[32] men low-intensity arm fasting responses

ergometry
Rejeki et al. | Young Combined aerobic | mTOR, Bcl-2 Reported as effective for
[39] women with | exercise and IF for 2 reducing mTOR and Bcl-2

obesity weeks

Vieira et al. | High-fat-diet | 10 weeks of 8-hour | Weight gain, insulin | Slightly less weight gain and
[40],[19] mice TRF with or without | sensitivity, liver | possibly additive benefit;

treadmill training metabolism (SIRT1 not | pilot-sized

reported)

Randomized trials support additive effects on body composition. A meta-analysis of 19 trials (568 participants) found
that TRE plus exercise, compared with exercise on a control diet, reduced body mass (mean difference -1.86 kg), fat
mass (-1.52 kg), triglycerides, LDL cholesterol and leptin, but added nothing for fasting glucose, insulin, total cholesterol
or HDL [41]. A second meta-analysis of 15 studies (338 participants) found small reductions in fat mass and body-fat
percentage with fat-free mass preserved, regardless of exercise type [42]. In a 12-week trial of 104 women aged 40-60
years, flexible TRE with aerobic exercise reduced fat mass by 10.2%, against 4.6% for TRE and 3.5% for exercise alone
[43]. A smaller trial of 5:2 fasting plus HIIT in 36 women with obesity found a significant fall in body weight only in the
combined group, but between-group differences were not significant and dropout was 25-50% [44].

3.4 Mechanisms

Exercise and fasting converge on AMPK and NAD*. AMPK and SIRT1 depend on each other for metabolic adaptation to
fasting and exercise in skeletal muscle [45]. During exercise, ATP turnover raises AMPK, which activates NAMPT and
raises NAD*, increasing SIRT1 activity [20]. Aerobic exercise may also counter the obesity-related fall in SIRT1 by raising
antioxidant defense through SOD [20]. During fasting, lower insulin/Akt signalling lets FOXO1 enter the nucleus and
activate the SIRT1 promoter. Rising glucagon and cAMP engage the CREB/CRTC2 complex at the same promoter, which
can overcome the repression of SIRT1 transcription by ChREBP in obesity [46].

3.5 Differ in Findings

Five factors explain most of the disagreement. First, marker and compartment: serum protein, muscle mRNA,
phosphorylation and enzyme activity are different readouts of SIRT1 and need not move together [20, 22, 32]. Second,
timing: acute bouts and chronic training produce different signals, and sampling times vary between studies. Third, fast
length, population and body status: an 8-hour fast in healthy men showed no activation [32], Ramadan raised SIRT1
mRNA in men [30] but tended to lower it in adults with overweight or obesity [31]. Fourth, model: rodent work uses
mostly ADF and diet-induced obesity, tissue and sex matter [36], and background diet shapes exercise-induced sirtuin
responses [47]. Fifth, weight loss itself raises circulating SIRT1 [11], so a rise after a combined program may partly
reflect fat loss rather than direct pathway activation.

For SIRT1 specifically, whether the combination beats either strategy alone is not yet clear. The only study that tested
an interaction found none between TRF and running [37], one rat study found a larger SIRT1 rise with HIIT plus ADF
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[38], and human data on fasting plus exercise are lacking. Body-composition trials show additive fat loss [41-43] but
not additive glucose effects [41]. Overall, the combination is biologically plausible and clinically useful for body
composition, whereas additive effects on SIRT1 remain unproven.

3.6 Relevance to early aging
SIRT1 is a mechanistic surrogate. None of the reviewed studies measured aging endpoints such as epigenetic clocks,
senescence markers or telomere length, so claims that exercise or fasting prevent early aging remain inferential.

3.7 Directions for future research

Four designs would settle the question: (1) human randomized trials with TRF-only, exercise-only, combined and
control arms that measure serum and tissue SIRT1; (2) chronic moderate-versus-vigorous comparisons, with oxidative-
stress and inflammatory markers alongside; (3) analyses that adjust for weight loss and energy intake and use standard
sampling times, for example 24-48 hours after the last session; and (4) functional aging outcomes in the same trials,
and tests of early versus late eating windows and fed versus fasted exercise.

4 CONCLUSIONS

Moderate-intensity aerobic exercise reliably raises SIRT1 in people with obesity, and vigorous intensity has not been
shown to add to this. Evidence for intermittent fasting and TRF is mixed and depends on fast length, tissue and
population. Combined fasting and exercise gives additive fat-mass benefits in clinical trials, but an added effect on SIRT1
is plausible rather than proven, and human data are almost absent. For young women with obesity, moderate-intensity
aerobic exercise combined with TRF is a reasonable strategy to test for preventing early aging, provided future trials
measure SIRT1 alongside direct aging endpoints.

STATEMENTS ON COMPLIANCE WITH ETHICAL STANDARDS

Acknowledgments

Our sincere appreciation for Faculty of Medicine, Universitas Airlangga for making this opportunity possible.

Disclosure of conflict of interest

The authors declare no conflict of interest.

REFERENCES

[1]  FerrucciL, Fabbri E. Inflammageing: chronic inflammation in ageing, cardiovascular disease, and frailty. Nat Rev
Cardiol. 2018;15(9):505-22. d0i:10.1038/s41569-018-0064-2.

[2]  Gkrinia EMM, Belanci¢ A. The mechanisms of chronic inflammation in obesity and potential therapeutic
strategies: a narrative review. Curr Issues Mol Biol. 2025;47(5):357. d0i:10.3390/cimb47050357.

[3] Lundgren S, Kuitunen S, Pietildinen KH, Hurme M, Kdh6énen M, Mannisto S, et al. BMI is positively associated with
accelerated epigenetic aging in twin pairs discordant for body mass index. | Intern Med. 2022;292(4):627-40.
doi:10.1111/joim.13528.

[4] Huang Y, Zhou A, Huang Y, Wang Y, Liu X, Liu X. Association between phenotypic age and mortality risk in
individuals with obesity: a retrospective cohort study. Front Public Health. 2024;12.
doi:10.3389/fpubh.2024.1505066.

[5] Salvestrini V, Sell C, Lorenzini A. Obesity may accelerate the aging process. Front Endocrinol (Lausanne).
2019;10:266. d0i:10.3389/fend0.2019.00266.

[6] Lépez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G. Hallmarks of aging: an expanding universe. Cell.
2023;186(2):243-78. d0i:10.1016/j.cell.2022.11.001.

[7] Chang HC, Guarente L. SIRT1 and other sirtuins in metabolism. Trends Endocrinol Metab. 2014;25(3):138-45.
doi:10.1016/j.tem.2013.12.001.

[8] Zhao L, Cao ], Hu K, He X, Yun D, Tong T, et al. Sirtuins and their biological relevance in aging and age-related
diseases. Aging Dis. 2020;11(4):927. d0i:10.14336/ad.2019.0820.

[9] Sah P, Rai AK, Syiem D. Sirtuin activators as an anti-aging intervention for longevity. Explor Drug Sci. 2025.
doi:10.37349/eds.2025.100881.

1973



[16]

[17]

[18]

World Journal of Advanced Research and Reviews, 2026, 32(01), 1969-1975

Penantian RM, Antarianto RD, Hardiany NS. Effect of calorie restriction on the expression of sirtuinl as an
antiaging biomarker. Makara J Sci. 2023;27(3). doi:10.7454/mss.v27i3.1529.

Salvatori L, Magno S, Ceccarini G, Tozzi R, Contini S, Pelosini C, et al. SIRT1 serum concentrations in lipodystrophic
syndromes. Int ] Mol Sci. 2024;25(9):4785. d0i:10.3390/ijms25094785.

Caito S, Rajendrasozhan S, Cook S, Chung S, Yao H, Friedman AE, et al. SIRT1 is a redox-sensitive deacetylase that
is post-translationally modified by oxidants and carbonyl stress. FASEB ]. 2010;24(9):3145-59.
doi:10.1096/1j.09-151308.

Erener S, Hesse M, Kostadinova R, Hottiger MO. Poly(ADP-ribose)polymerase-1 (PARP1) controls adipogenic
gene expression and adipocyte function. Mol Endocrinol. 2012;26(1):79-86. d0i:10.1210/me.2011-1163.

Yang Y, Liu Y, Wang Y, Chao Y, Zhang ], Jia Y, et al. Regulation of SIRT1 and its roles in inflammation. Front
Immunol. 2022;13. doi:10.3389/fimmu.2022.831168.

Hwang JW, Yao H, Caito S, Sundar IK, Rahman I. Redox regulation of SIRT1 in inflammation and cellular
senescence. Free Radic Biol Med. 2013;61:95-110. doi:10.1016/j.freeradbiomed.2013.03.015.

de Cabo R, Mattson MP. Effects of intermittent fasting on health, aging, and disease. N Engl ] Med.
2019;381(26):2541-51. d0i:10.1056/NEJMra1905136.

Longo VD, Mattson MP. Fasting: molecular mechanisms and clinical applications. Cell Metab. 2014;19(2):181-92.
doi:10.1016/j.cmet.2013.12.008.

Yuliyanasari N, Rejeki PS, Hidayati HB, Subsomwong P, Miftahussurur M. The effect of intermittent fasting on
preventing obesity-related early aging from a molecular and cellular perspective. | Med Life. 2024;17(3):261-72.
doi:10.25122/jml-2023-0370.

Chaix A, Rynders CA. Time restricted feeding plus exercise, could two be better than one for metabolic health? |
Physiol. 2022;600(4):699-700. doi:10.1113/JP281358.

Cho SY, Chung YS, Yoon HK, Roh HT. Impact of exercise intensity on systemic oxidative stress, inflammatory
responses, and sirtuin levels in healthy male volunteers. Int ] Environ Res Public Health. 2022;19(18):11292.
d0i:10.3390/ijerph191811292.

Hejazi K, Attarzadeh Hosseini SR, Fathi M, Mosaferi Ziaaldini M. The regulation of the concentrations of PGC-1a
and sirtuin 1 protein in the soleus muscle by aerobic exercise training in obese Wistar rats. | Kermanshah Univ
Med Sci. 2020;24(3):101849. doi:10.5812 /jkums.101849.

Gurd BJ, Perry CG, Heigenhauser GJ, Spriet LL, Bonen A. High-intensity interval training increases SIRT1 activity
in human skeletal muscle. Appl Physiol Nutr Metab. 2010;35(3):350-7. doi:10.1139/H10-030.

MacIntosh BR, Murias JM, Keir DA, Weir JM. What is moderate to vigorous exercise intensity? Front Physiol.
2021;12:682233. doi:10.3389/fphys.2021.682233.

Jamnick NA, Pettitt RW, Granata C, Pyne DB, Bishop D]. An examination and critique of current methods to
determine exercise intensity. Sports Med. 2020;50(10):1729-56. doi:10.1007 /s40279-020-01322-8.

Al Qorni U, Ardy NR, Nirwana A, Sari AR, Damayanti D, Rejeki PS, et al. The impact of aerobic exercise on
enhancing SIRT1 and SIRT3 in the blood circulation among individuals with obesity. Comp Exerc Physiol. 2025:1-
10. d0i:10.1163/17552559-00001074.

Kazemi S, Heidarianpour A. The effect of eight weeks’ circuit resistance training and moderate intensity
continuous training on metabolic indices and sirtuinl serum level in women with metabolic syndrome. Iran ]
Diabetes Metab. 2023;23(3):168-78.

Lang X, Zhao N, He Q, Li X, Li X, Sun C, et al. Treadmill exercise mitigates neuroinflammation and increases BDNF
via activation of SIRT1 signaling in a mouse model of T2DM. Brain Res Bull. 2020;165:30-9.
doi:10.1016/j.brainresbull.2020.09.015.

Chen ZP, Stephens TJ, Murthy S, Canny BJ, Hargreaves M, Witters LA, et al. Effect of exercise intensity on skeletal
muscle AMPK signaling in humans. Diabetes. 2003;52(9):2205-12. doi:10.2337 /diabetes.52.9.2205.

Jamshed H, Beyl RA, Della Manna DL, Yang ES, Ravussin E, Peterson CM. Early time-restricted feeding improves
24-hour glucose levels and affects markers of the circadian clock, aging, and autophagy in humans. Nutrients.
2019;11(6):1234. doi:10.3390/nu11061234.

Mostafa Haji Molahoseini, kanaan Gorjipour, Yeganeh F. The Impact of Ramadan Fasting on SIRT1 mRNA
Expression in Peripheral Blood Mononuclear Cells. Research in Molecular Medicine. 2016;4(4):51-55.
doi:10.18869/acadpub.rmm.4.4.51

1974



[33]

[34]

World Journal of Advanced Research and Reviews, 2026, 32(01), 1969-1975

Madkour MI, El-Serafi AT, Jahrami HA, Sherif NM, Hassan RE, Awadallah S, et al. Ramadan diurnal intermittent
fasting modulates SOD2, TFAM, Nrf2, and sirtuins (SIRT1, SIRT3) gene expressions in subjects with overweight
and obesity. Diabetes Res Clin Pract. 2019;155:107801. doi:10.1016/j.diabres.2019.107801.

Islam H, Amato A, Bonafiglia JT, Rahman FA, Preobrazenski N, Ma A, et al. Increasing whole-body energetic stress
does not augment fasting-induced changes in human skeletal muscle. Pflugers Arch. 2021;473(2):241-52.
d0i:10.1007/s00424-020-02499-7.

Rubovitch V, Pharayra A, Har-Even M, Dvir O, Mattson MP, Pick CG. Dietary energy restriction ameliorates
cognitive impairment in a mouse model of traumatic brain injury. ] Mol Neurosci. 2019;67(4):613-21.
d0i:10.1007/s12031-019-01271-6.

Badreh F, Joukar S, Badavi M, Rashno M, Dehesh T. The effects of age and fasting models on blood pressure,
insulin/glucose profile, and expression of longevity proteins in male rats. Rejuvenation Res. 2020;23(3):224-36.
doi:10.1089/rej.2019.2205.

Zhang H, et al. Diet restriction and exercise alleviate cognitive reduction of high fat diet (HFD)-induced obese
mice by rescuing inflammation-mediated compromised insulin signaling pathway through activating
AMPK/SIRT1 signal pathway and suppressing TLR4 signal pathway. Food Sci Hum Wellness. 2024;13(6):3171-
80. doi:10.26599/FSHW.2023.9250053.

Wilson RA, Stathis CG, Hayes A, Cooke MB. Intermittent fasting and high-intensity exercise elicit sexual-dimorphic
and tissue-specific = adaptations in diet-induced obese mice. Nutrients. 2020;12(6):1764.
doi:10.3390/nu12061764.

Wang X, Shi ], Li Y, Zhou L, Xu L, Wang ], et al. Different fasting methods combined with running exercise regulate
glucose metabolism via AMPK/SIRT1/BDNF pathway in mice. Compr Physiol. 2025;15(4).
d0i:10.1002/cph4.70031.

Hosseinkhah M, Khalafi M, Sharifmoradi K. The effect of high intensity interval training and intermittent fasting
on SIRT1/PGC-la of liver tissue in rat fed with a high-fat and high-fructose diet. ] Isfahan Med Sch.
2025;43(818):632-41. doi:10.48305/jims.v43.i818.0632.

Rejeki PS, Pranoto A, Widiatmaja DM, Utami DM, Izzatunnisa N, Sugiharto, et al. Combined aerobic exercise with
intermittent fasting is effective for reducing mTOR and Bcl-2 levels in obese females. Sports (Basel).
2024;12(5):116. doi:10.3390/sports12050116.

Vieira R, Munoz V, Junqueira F, Gaspar R, Nakandakari S, Costa S, et al. Time-restricted feeding combined with
aerobic exercise training can prevent weight gain and improve metabolic disorders in mice fed a high-fat diet. ]
Physiol. 2021. doi:10.1113/JP280820.

Dai Z, Wan K, et al. The effect of time-restricted eating combined with exercise on body composition and
metabolic  health: a systematic review and meta-analysis. Adv Nutr. 2024;15(8):100262.
doi:10.1016/j.advnut.2024.100262.

Hays HM, et al. Effects of time-restricted eating with exercise on body composition in adults: a systematic review
and meta-analysis. Int ] Obes (Lond). 2025. d0i:10.1038/s41366-024-01704-2.

Dai Z, Miyashita M, Poon ET, et al. Flexible time-restricted eating combined with exercise in a free-living setting
for middle-aged women with overweight/obesity: a randomized controlled trial. Nature Communications.
2025;16(1). doi:10.1038/s41467-025-65678-z

Batitucci G, Faria Junior EV, Nogueira JE, Branddo CFC, Abud GF, Ortiz GU, et al. Impact of intermittent fasting
combined with high-intensity interval training on body composition, metabolic biomarkers, and physical fitness
in women with obesity. Front Nutr. 2022;9. doi:10.3389/fnut.2022.884305.

Canté C, Jiang LQ, Deshmukh AS, Mataki C, Coste A, Lagouge M, et al. Interdependence of AMPK and SIRT1 for
metabolic adaptation to fasting and exercise in skeletal muscle. Cell Metab. 2010;11(3):213-9.
doi:10.1016/j.cmet.2010.02.006.

Pardo PS, Boriek AM. SIRT1 regulation in ageing and obesity. Mech Ageing Dev. 2020;188:111249.
doi:10.1016/j.mad.2020.111249.

Potthast AB, Nebl ], Wasserfurth P, Haufe S, Eigendorf ], Hahn A, et al. Impact of nutrition on short-term exercise-
induced sirtuin regulation: vegans differ from omnivores and lacto-ovo vegetarians. Nutrients. 2020;12(4):1004.
doi:10.3390/nu12041004.

1975



