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The beneficial effects of physical activity (PA) on health and well-being have been recog-
nized for centuries. Greek philosopher Plato, for instance, referred to the necessity of PA by
stating that “lack of activity destroys the good condition of every human being, while move-
ment and PA improve or at least preserve it” (Tipton, 2014). Research showed that PA could
counteract cardiovascular disease (Luo et al., 2024), type 2 diabetes (Gallardo-Gémez et al.,
2024), cancer (Yang et al., 2024), neurodegenerative diseases (Ben Ezzdine et al., 2025), obe-
sity (Xu et al., 2024), and many other chronic diseases. In addition to physical benefits, PA
brings a lot of mental advantages, such as reducing anxiety, stress, depression, and improving
self-esteem, positivity, and life expectancy (White et al., 2024). Nevertheless, modern lifestyles
have shifted from being physically active to being more machine-dependent and sedentary.
Continuing this trend will lead to the global physical inactivity cost of around 500 billion dollars
between 2020 and 2030 (Pettican et al., 2024).

The most cited reasons for avoiding PA are work commitments, lack of motivation, time
constraints, high costs, limited access to sports facilities, and fear of injury (Luo et al. 2024).
Seeking to overcome these barriers, researchers developed the concept of exercise snacks (ESs).
The idea is simple: instead of saving all your energy for one workout at the end of the day (a
session that, realistically, is often postponed or skipped), you incorporate a microdose of PA
into your daily routine. Each ES session could last between 20-720 seconds and could be done
as many times as possible during the day (Weston et al., 2025). However, the interplay of ses-
sion duration, intensity, and frequency should be considered to ensure adherence to the Amer-
ican College of Sports Medicine recommendation (i.e., 150 minutes of moderate-intensity or
75 minutes of high-intensity exercise training per week) (Alabdul Razzak et al., 2025).

This method may include structured exercises such as endurance training (e.g., stair climb-
ing), resistance training (e.g., body-weight exercises), or a combination of both (Brandt et al.,
2024; Yin et al., 2024). Regular activities such as brisk walking over short intervals also fall
under this model. The most distinguishing feature of this model is that it is time-efficient and
requires no specialized equipment, making it a convenient and practical solution to combat the
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causes associated with a lack of PA. Thus, ESs can be a practical substitute for those unable or
unwilling to participate in traditional, prolonged exercise sessions (Jones et al., 2024; Wang et
al., 2025).

Schmidt et al. (2001) used the ESs protocol in 2001, but in 2006, Elley et al. (2006) formally
introduced the term ESs. The second study was published in 2014 by Francois et al. (2014) and
the third in 2016 (Perkin et al., 2016). 2018 and 2019 were a turning point for ESs studies with
5 publications. Between 2020 and 2025, 43 studies have been published, bringing the total
number of publications to 51, showing a strong upward trend in recent years (Supplementary
Figure 1). While these studies provided useful data regarding ESs, they have some limitations.

The first and the most important one is that they exclusively focus on clinical outcomes
such as body weight, blood glucose, blood pressure, and lipid profiles, neglecting the deep
mechanistic approach. Although such findings are informative, they limit our understanding of
the exact mechanisms of ESs effects. To overcome this limitation, high-throughput untargeted
omics such as Enduromics and Resistomics can be employed to quantify thousands of mole-
cules and provide global insights into their functional roles (Khoramipour et al., 2025). Fur-
thermore, omics studies could be done in biofluids and do not need invasive tissue sampling.
In addition to omics-based approaches, an important avenue is using animal models. Animal
models offer a valuable opportunity to conduct tissue-specific analyses in a systematic, multi-
layered, and controlled environment. In addition, animal models allow researchers to evaluate
biological outcomes across multiple tissues (e.g., skeletal muscle, adipose tissue, liver, and
heart) and inter-tissue associations under strictly controlled experimental conditions
(Khoramipour et al., 2022). Without such data about the molecular transducers of ES, we would
not be able to individualize ES programs, as knowing the mechanism of action is the most
important and primary step in designing an exercise plan specifically for anyone.

Robust methodological design is another important step in studying the molecular mecha-
nisms of ES adaptations. Previous studies did not control factors that could affect molecular
adaptations induced by ESs. Among the others, hormones have been found to be the most im-
portant biomolecules affecting exercise adaptation and performance. New evidence suggests
that adjusting PA with the body's natural hormonal biorhythms could maximize its benefits
(Augsburger et al., 2025). Testosterone and cortisol exhibit similar circadian patterns, with tes-
tosterone typically peaking between 8 and 9 a.m. and cortisol peaking between 7 and 8 a.m.,
which together optimize muscle-building and mobilization of energy during morning exercise
sessions (Zar et al., 2021). Human growth hormone (HGH) is released in bursts, with a partic-
ularly high release during deep sleep and in response to high-intensity exercise. During evening
exercise, between 5 and 7 p.m., HGH release may be increased after exercise and coincide with
natural performance peaks (Ritsche et al., 2014). Catecholamines have higher levels in the late
afternoon and initiate cardiovascular and metabolic responses to moderate-intensity exercise
around 1 p.m. (Scheer et al., 2010). In premenopausal women, estrogen (particularly estradiol)
exhibits a slight circadian rhythm, with levels tending to be slightly higher from late morning
to early noon, which can improve neuromuscular coordination, mood, and exercise tolerance
during this period (Shao et al., 2021). In addition, sex-specific variations in diurnal neuromus-
cular variability have been noted, with males exhibiting greater time-of-day variations in the
development of force compared with females (Augsburger et al., 2025). Based on these hormo-
nal biorhythms, the best time to take ESs appears to be at 8 a.m., 1 p.m., and 6 p.m.

To highlight the effectiveness of the ESs program, it should be compared with previously
approved traditional exercise programs. However, previous studies did not compare ESs with
traditional exercise training or did not match the training load between ESs and standard exer-
cise protocols. For example, Oliver J. Perkin (Perkin et al., 2019), studied the effect of super-
vised resistance training (RT) compared to light home-based ESs. The RT group performed leg
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press, knee extensions, and curls three times weekly for four weeks at 60—75 % 1 repetition
maximum (1RM). The ESs group performed brief bodyweight exercises such as squats, lunges,
and stair-climbing three times daily during 14 days of low activity (< 1500 steps/day), with no
monitoring of load or intensity.

Finally, we found that fewer than 6 % of publications followed up with the participants and
examined the durability of adaptations. Exercise-induced molecular adaptations rapidly decline
upon detraining, often within days to a week depending on the specific molecular factor, tissue,
and training type studied (Lee et al., 2017). This detraining effect manifests as reversed gene
expression changes (e.g., mitochondrial biogenesis markers like PGC-1a return to baseline),
reduced enzyme activities, and diminished physiological outcomes such as VO2max or muscle
strength (Lee et al., 2017). However, these effects could be different between ESs and tradi-
tional exercise with snacks potentially offering more sustained signaling due to repeated daily
stimuli (Islam et al., 2022). While traditional training shows rapid molecular reversal, ESs could
mitigate this via frequent activation of pathways like muscle protein synthesis, which persists
longer with daily interruptions (Islam et al., 2022). To address this research gap, future studies

should include follow-up measurements of up to six months.

Conflict of interest
The authors declare no competing inter-
ests.

Artificial Intelligence (Al) — assisted tech-
nology

We did not use any Al during preparing
this paper.

REFERENCES

Alabdul Razzak I, Fares A, Stine JG, Trivedi HD. The
role of exercise in steatotic liver diseases: An updated
perspective. Liver International. 2025;45:¢16220.

Augsburger GR, Sobolewski EJ, Escalante G,
Graybeal AJ. Circadian Regulation for Optimizing
Sport and Exercise Performance. Clocks & Sleep.
2025;7:18.

Ben Ezzdine L, Dhahbi W, Dergaa I, Ceylan Hi, Guel-
mami N, Ben Saad H, et al. Physical activity and neu-
roplasticity in neurodegenerative disorders: a compre-
hensive review of exercise interventions, cognitive
training, and Al applications. Frontiers in Neurosci-
ence. 2025;19:1502417.

Brandt T, Schwandner CTL, Schmidt A. Resistance
exercise snacks improve muscle mass in female univer-
sity employees: a prospective, controlled, intervention
pilot-study. Frontiers in Public Health. 2024;12:
1347825.

Elley R, Bagrie E, Arroll B. Do snacks of exercise
lower blood pressure? A randomised crossover
tria.The = New  Zealand  medical  journal.
2006;119:U1996.

Francois ME, Baldi JC, Manning PJ, Lucas SJ, Hawley
JA, Williams MJ, et al. ‘Exercise snacks’ before meals:
a novel strategy to improve glycaemic control in indi-
viduals with insulin resistance. Diabetologia. 2014;57:
1437-45.

Gallardo-Gomez D, Salazar-Martinez E, Alfonso-Rosa
RM, Ramos-Munell J, del Pozo-Cruz J, del Pozo Cruz
B, et al. Optimal dose and type of physical activity to
improve glycemic control in people diagnosed with
type 2 diabetes: a systematic review and meta-analysis.
Diabetes Care. 2024;47:295-303.

Islam H, Gibala MJ, Little JP. Exercise snacks: a novel
strategy to improve cardiometabolic health. Exercise
and Sport Sciences Reviews. 2022;50:31-7.

Jones MD, Clifford BK, Stamatakis E, Gibbs MT. Ex-
ercise snacks and other forms of intermittent physical
activity for improving health in adults and older adults:
a scoping review of epidemiological, experimental and
qualitative studies. Sports Medicine. 2024;54:813-35.

Khoramipour K, Sandbakk @, Keshteli AH, Gaeini
AA, Wishart DS, Chamari K. Metabolomics in exer-
cise and sports: A systematic review. Sports Medicine.
2022;52:547-83.

853



EXCLI Journal 2026,25:851-854 —ISSN 1611-2156

Received: April 15, 2026, accepted: May 22, 2026, published: June 19, 2026

Khoramipour K, Maroto-Izquierdo S, Lista S, Santos-
Lozano A, Suzuki K. From Multi-omics To Personal-
ized Training: The Rise of Enduromics and Resis-
tomics. Sports Med Open. 2025;11:52.

Lee S, Leone TC, Rogosa L, Rumsey J, Ayala J, Coen
PM, et al. Skeletal muscle PGC-1f signaling is suffi-
cient to drive an endurance exercise phenotype and to
counteract components of detraining in mice. Ameri-
can Journal of Physiology — Endocrinology and Metab-
olism. 2017;312:E394-E406.

Luo Y, Liu J, Zeng J, Pan H. Global burden of cardio-
vascular diseases attributed to low physical activity:
An analysis of 204 countries and territories between
1990 and 2019. American Journal of Preventive Cardi-
ology. 2024;17:100633.

Perkin OJ, Travers RL, Gonzalez JT, Turner JE, Gilli-
son F, Wilson C, et al. Exercise strategies to protect
against the impact of short-term reduced physical ac-
tivity on muscle function and markers of health in older
men: study protocol for a randomised controlled trial.
Trials. 2016;17:381.

Perkin OJ, McGuigan PM, Stokes KA. Exercise snack-
ing to improve muscle function in healthy older adults:
a pilot study. Journal of aging research. 2019;2019:
7516939.

Pettican A, Southall-Edwards R, Reinhardt GY,
Gladwell V, Freeman P, Low W, et al. Tackling phys-
ical inactivity and inequalities: implementing a whole
systems approach to transform community provision
for disabled people and people with long-term health
conditions. BMC Public Health. 2024;24:636.

Ritsche K, Nindl BC, Wideman L. Exercise-Induced
growth hormone during acute sleep deprivation. Phys-
iological reports. 2014;2:e12166.

Scheer FA, Hu K, Evoniuk H, Kelly EE, Malhotra A,
Hilton MF, et al. Impact of the human circadian sys-
tem, exercise, and their interaction on cardiovascular
function. Proceedings of the National Academy of Sci-
ences. 2010;107:20541-6.

Schmidt WD, Biwer CJ, Kalscheuer LK. Effects of
long versus short bout exercise on fitness and weight
loss in overweight females. Journal of the American
College of Nutrition. 2001;20:494-501.

Shao S, Zhao H, Lu Z, Lei X, Zhang Y. Circadian
rhythms within the female HPG axis: from physiology
to etiology. Endocrinology. 2021;162:bgab117.

Tipton CM. The history of “Exercise Is Medicine” in
ancient civilizations. Advances in physiology educa-
tion. 2014;38:109-17.

Wang T, Laher I, Li S. Exercise snacks and physical
fitness in sedentary populations. Sports Medicine and
Health Science. 2025;7:1-7.

Weston KL, Little JP, Weston M, McCreary S, Kitchin
V, Gill A, et al. Application of Exercise Snacks across
Youth, Adult and Clinical Populations: A Scoping Re-
view. Sports Med Open. 2025;11:27.

White RL, Vella S, Biddle S, Sutcliffe J, Guagliano
JM, Uddin R, et al. Physical activity and mental health:
a systematic review and best-evidence synthesis of me-
diation and moderation studies. International Journal of
Behavioral Nutrition and Physical Activity. 2024;21:
134.

Xu X, Xu 'Y, Shi R. Association between obesity, phys-
ical activity, and cognitive decline in Chinese middle
and old-aged adults: a mediation analysis. BMC geri-
atrics. 2024;24:54.

Yang L, Courneya KS, Friedenreich CM. The Physical
Activity and Cancer Control (PACC) framework: up-
date on the evidence, guidelines, and future research
priorities. British Journal of Cancer. 2024;131:957—-69.

Yin M, Zheng H, Bai M, Huang G, Chen Z, Deng S, et
al. Effects of Integrating Stair Climbing-Based Exer-
cise Snacks Into the Campus on Feasibility, Perceived
Efficacy, and Participation Perspectives in Inactive
Young Adults: A Randomized Mixed-Methods Pilot
Study. Scandinavian Journal of Medicine & Science in
Sports. 2024;34:e14771.

Zar A, Ahmadi F, Krustrup P, Fernandes RJ. Effects of
morning and afternoon high-intensity interval training
(HIIT) on testosterone, cortisol and testosterone/corti-
sol ratio response in active men. Trends in Sport Sci-
ences. 2021;28:179-85.

854



