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The Exercise Pillar of Lifestyle Medicine: Emerging Evidence, 1 

Novel Modalities, Molecular Mechanisms, and Pharmacological 2 

Synergies. 3 

  4 

 5 

Abstract 6 

Background: Physical activity, one of the six foundational pillars of lifestyle medicine, is 7 

arguably the most potent non-pharmacological intervention available for the prevention and 8 

management of non-communicable diseases (NCDs). Recent years have witnessed 9 

transformative evidence—from landmark randomized controlled trials demonstrating 10 

exercise-driven cancer survival benefits to the discovery of novel ultra-short activity 11 

paradigms and exercise-derived molecular mediators—that collectively redefine the scope 12 

and practice of exercise prescription within lifestyle medicine. 13 

Objective: This narrative review synthesizes emerging and paradigm-shifting evidence on 14 

the exercise pillar of lifestyle medicine, focusing on four interconnected frontiers: (1) 15 

Exercise is Medicine and exercise prescription for NCDs, (2) novel exercise modalities 16 

including vigorous intermittent lifestyle physical activity (VILPA) and exercise snacking, (3) 17 

the gut-brain axis, exerkines, and molecular mechanisms of exercise, and (4) exercise as an 18 

adjunct to pharmacotherapy, particularly with GLP-1 receptor agonists and antidepressants. 19 

Methods: A structured literature search was conducted in PubMed, Scopus, and Google 20 

Scholar using keywords including "exercise prescription," "lifestyle medicine," "VILPA," 21 

"exercise snacking," "exerkines," "Lac-Phe," "myokines," "GLP-1 exercise," and "exercise 22 

oncology," with emphasis on publications from 2022 through March 2026. 23 

Results: Level 1 evidence from the CHALLENGE trial (NEJM, 2025) demonstrates that 24 

structured exercise after adjuvant chemotherapy for colon cancer reduces cancer recurrence 25 

by 28% and death by 37%, rivaling many approved drug therapies. VILPA research from the 26 

UK Biobank reveals that as little as 1.2–3.4 minutes per day of vigorous incidental activity 27 

reduces major cardiovascular events by 30–45% in non-exercising women. The exerkine Lac-28 

Phe, identified as the most exercise-responsive metabolite, opens new avenues for biomarker-29 

guided exercise prescription and pharmacological adjuncts. Meanwhile, the synergy between 30 
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structured exercise and GLP-1 receptor agonists addresses the critical clinical challenge of 31 

lean mass preservation during pharmacological weight loss. 32 

Conclusion: The exercise pillar of lifestyle medicine is undergoing a scientific renaissance. 33 

Integrating traditional exercise prescription with novel modalities, molecular biomarkers, and 34 

pharmacological synergies offers an unprecedented opportunity to personalize and optimize 35 

physical activity interventions across the spectrum of chronic disease. 36 

Keywords: lifestyle medicine, exercise prescription, VILPA, exercise snacking, exerkines, Lac-Phe, 37 
GLP-1 receptor agonists, exercise oncology, physical activity, non-communicable diseases 38 

 39 

1. Introduction 40 

Physical inactivity is recognized as the fourth leading risk factor for global mortality, 41 

contributing to an estimated 3.2 million deaths annually and approximately 7.2% of the 42 

global burden of disease [1, 2]. Despite decades of public health messaging and accumulating 43 

evidence, more than one-quarter of the world's adult population—approximately 1.4 billion 44 

people—remain insufficiently active [3]. This global inactivity pandemic imposes an 45 

enormous and growing burden on healthcare systems, economies, and individual well-being. 46 

Lifestyle medicine, defined as the evidence-based practice of assisting individuals and 47 

families in adopting and sustaining healthful behaviors, is organized around six foundational 48 

pillars: a whole food, plant-predominant eating pattern; regular physical activity; restorative 49 

sleep; stress management; positive social connectedness; and avoidance of risky substances 50 

[4, 5]. Among these pillars, physical activity occupies a uniquely central position, not only 51 

because of its direct health benefits but also because of its documented positive influence on 52 

all other pillars—including sleep quality, stress resilience, dietary behavior, and substance 53 

avoidance [6]. 54 

The years 2024–2026 have been transformative for the exercise pillar. A phase 3 randomized 55 

trial published in the New England Journal of Medicine provided the first definitive level 1 56 

evidence that structured exercise reduces cancer recurrence and extends survival [7, 8]. 57 

Simultaneously, wearable technology-enabled research has identified vigorous intermittent 58 

lifestyle physical activity (VILPA)—activity bouts as short as one minute—as a potent and 59 

accessible health intervention [12–14]. The discovery of exercise-induced metabolites 60 

(exerkines) such as N-lactoyl-phenylalanine (Lac-Phe) has opened molecular windows into 61 
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how exercise communicates health benefits across organ systems [24, 26]. And the rapid 62 

expansion of GLP-1 receptor agonist prescriptions for obesity has created an urgent clinical 63 

need for exercise strategies that preserve lean mass during pharmacological weight loss [39–64 

41]. 65 

This narrative review synthesizes these converging frontiers to provide a comprehensive, 66 

clinically actionable overview of the exercise pillar as it stands in 2026—and where it is 67 

heading. 68 

2. Exercise is Medicine: From Prescription to Precision 69 

2.1 The Polypill Analogy and Exercise Prescription 70 

The concept of exercise as a 'polypill'—a single intervention with simultaneous benefits 71 

across multiple organ systems—is now firmly established [34]. Systematic reviews 72 

consistently demonstrate that regular physical activity reduces all-cause mortality by 30–73 

35%, cardiovascular mortality by 20–35%, incident type 2 diabetes by 25–40%, depression 74 

by 20–30%, and the risk of at least 13 cancer types by 10–20% [2, 6, 55]. A landmark 75 

metaepidemiological study by Naci and Ioannidis found that exercise interventions achieved 76 

mortality reductions comparable to drug therapies for coronary heart disease, stroke 77 

rehabilitation, and heart failure [62]. 78 

Despite this evidence, exercise remains the most underutilized intervention in medicine. The 79 

Exercise is Medicine (EIM) initiative, launched by the American College of Sports Medicine 80 

and the American Medical Association, advocates for the systematic integration of physical 81 

activity assessment and prescription into routine clinical care [53, 54]. The EIM framework 82 

uses the FITT principle (Frequency, Intensity, Time, Type) to guide individualized 83 

prescriptions, aligned with the WHO 2020 guidelines recommending 150–300 minutes per 84 

week of moderate-intensity or 75–150 minutes per week of vigorous-intensity activity [11]. 85 

The paradigm is now shifting from generic population-level recommendations toward 86 

precision exercise prescription—tailoring modality, intensity, duration, and timing to 87 

individual patient characteristics, comorbidities, genomic profiles, and biomarker responses. 88 

This evolution parallels the broader trajectory of precision medicine and represents a critical 89 

advancement for lifestyle medicine practice. 90 

2.2 The CHALLENGE Trial: Exercise as Cancer Medicine 91 
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Perhaps the most consequential development in exercise science in 2025 was the publication 92 

of the CHALLENGE trial in the New England Journal of Medicine [7]. This phase 3, 93 

multicenter, randomized trial enrolled 889 patients with resected stage II–III colon cancer 94 

who had completed adjuvant chemotherapy, assigning them to either a 3-year structured 95 

exercise program with behavioral support or a health-education control group. 96 

At a median follow-up of 7.9 years, the structured exercise group demonstrated a 28% 97 

reduction in the composite endpoint of disease recurrence, new primary cancer, or death (HR 98 

0.72; 95% CI, 0.55–0.94; P=0.02). The 5-year disease-free survival was 80.3% in the 99 

exercise group versus 73.9% in the control group. More remarkably, the 8-year overall 100 

survival was 90.3% versus 83.2%, representing a 37% reduction in all-cause mortality (HR 101 

0.63; 95% CI, 0.42–0.96) [7]. 102 

As eloquently noted in the accompanying editorial, if exercise were a pill producing these 103 

effect sizes, it would receive FDA priority review and headline every oncology conference 104 

[8]. The CHALLENGE trial represents definitive level 1 evidence that structured exercise is 105 

not merely supportive care but a therapeutic intervention with survival benefits comparable to 106 

established pharmacotherapies. 107 

For lifestyle medicine practitioners, this trial validates the clinical urgency of integrating 108 

exercise prescription into post-cancer survivorship care and provides a scalable model—109 

involving periodic consultations with physical activity consultants and individualized 110 

exercise prescriptions—that is feasible across healthcare settings [9]. 111 

2.3 Exercise and Cognitive Decline: The POINTER Trial 112 

The US-POINTER trial, published in JAMA in 2025, examined the effects of a 2-year 113 

multicomponent lifestyle intervention—with exercise as a core component—on cognitive 114 

trajectories in older adults at risk for dementia [10]. The trial demonstrated that structured 115 

physical activity, combined with dietary counseling and cognitive training, significantly 116 

slowed cognitive decline compared to a health-education control, adding to the growing 117 

evidence that exercise is among the most effective strategies for preserving brain health in 118 

aging populations. 119 

Importantly, a 2025 systematic review and meta-analysis demonstrated that fitness level—120 

assessed by objective exercise testing—is a more powerful predictor of cardiovascular and 121 

all-cause mortality than body mass index. Fit individuals showed no statistically significant 122 
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increase in mortality regardless of BMI category, fundamentally challenging the notion that 123 

weight alone determines cardiometabolic risk [68]. 124 

3. Novel Exercise Modalities: Rethinking the Dose-Response 125 

3.1 Vigorous Intermittent Lifestyle Physical Activity (VILPA) 126 

Perhaps the most paradigm-shifting development in physical activity research is the 127 

emergence of VILPA—vigorous intermittent lifestyle physical activity. Defined as brief, 128 

sporadic bouts (up to 1–2 minutes) of vigorous-intensity physical activity performed as part 129 

of daily living—such as brisk stair climbing, carrying heavy shopping, uphill or power 130 

walking, or playing energetically with children—VILPA requires no dedicated exercise time, 131 

equipment, or facility access [12, 13]. 132 

Using wrist-worn accelerometry data from the UK Biobank, Stamatakis et al. demonstrated in 133 

a landmark 2022 Nature Medicine publication that a median of 4.4 minutes of daily VILPA 134 

was associated with a 26–30% reduction in all-cause and cancer mortality and a 32–34% 135 

reduction in cardiovascular mortality among non-exercising adults [13]. Subsequent studies 136 

have extended these findings: VILPA was associated with lower cancer incidence across 13 137 

cancer types (JAMA Oncology, 2023) [15], and a 2025 Circulation study established dose-138 

response relationships between incidental physical activity and cardiovascular events [16]. 139 

A particularly striking 2025 study in the British Journal of Sports Medicine revealed 140 

pronounced sex differences in VILPA responses. Among non-exercising women aged 40–79, 141 

as little as 1.2–1.6 minutes of daily VILPA was associated with a 30% lower risk of major 142 

adverse cardiovascular events, a 33% lower risk of myocardial infarction, and a 40% lower 143 

risk of heart failure. Women averaging 3.4 minutes daily achieved a 45% reduction in total 144 

cardiovascular events and a 67% reduction in heart failure risk [14]. These effect sizes are 145 

remarkable for such minimal time investment and have profound implications for exercise 146 

prescription in populations unable or unwilling to engage in structured exercise. 147 

A 2025 pilot RCT in adults transitioning to retirement demonstrated that a 12-week VILPA 148 

intervention was feasible, acceptable, and associated with increases in total physical activity, 149 

self-reported health, and functional fitness [21]. VILPA-based interventions are now being 150 

replicated in US cohorts using NHANES data, confirming the generalizability of these 151 

findings to nationally representative populations [17]. 152 
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3.2 Exercise Snacking and Micro-Workouts 153 

Complementing the VILPA paradigm, the concept of 'exercise snacking'—brief, isolated 154 

bouts of structured exercise interspersed throughout the day—has gained traction as a 155 

practical strategy for metabolically inactive populations [18]. Unlike VILPA, which is 156 

incidental and unplanned, exercise snacks are deliberate but ultra-short: typically 20–60 157 

seconds of intense activity (stair climbing, squats, jumping jacks) performed 2–3 times daily. 158 

Both VILPA and exercise snacking challenge the traditional assumption that meaningful 159 

health benefits require sustained, moderate-to-vigorous activity sessions of 10 minutes or 160 

more. The 2020 WHO guidelines already removed the previous 10-minute minimum bout 161 

requirement, acknowledging that every minute of movement counts [11]. VILPA and 162 

exercise snacking operationalize this principle in ways that are particularly relevant for time-163 

poor, sedentary, or mobility-limited populations—precisely those most in need of lifestyle 164 

medicine interventions. 165 

3.3 High-Intensity Interval Training (HIIT) and Reduced-Volume Protocols 166 

High-intensity interval training (HIIT) continues to evolve as an evidence-based, time-167 

efficient alternative to moderate-intensity continuous training. Systematic reviews confirm 168 

that HIIT produces comparable or superior improvements in cardiorespiratory fitness 169 

(VO₂max), glycemic control, body composition, and endothelial function relative to 170 

traditional exercise, while requiring 40–60% less time commitment [18, 19]. 171 

Reduced-volume HIIT protocols—involving as few as 3 × 20-second maximal efforts within 172 

a 10-minute session—have demonstrated meaningful improvements in insulin sensitivity and 173 

mitochondrial capacity in both healthy and clinical populations. For lifestyle medicine 174 

practitioners, HIIT represents a pragmatic tool for addressing the perennial barrier of time 175 

scarcity, provided that appropriate screening, contraindication assessment, and progressive 176 

programming are applied. 177 

4. The Molecular Language of Exercise: Exerkines and the Gut-Brain Axis 178 

4.1 Exerkines: Exercise as Molecular Medicine 179 

One of the most exciting developments in exercise science is the recognition that skeletal 180 

muscle—comprising 40–50% of body mass—functions as a major endocrine organ, releasing 181 

hundreds of bioactive molecules during contraction [23, 25]. These exercise-induced 182 
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signaling molecules, collectively termed 'exerkines,' include muscle-derived myokines (e.g., 183 

irisin, IL-6, BDNF, cathepsin B), liver-derived hepatokines, adipose-derived adipokines, and 184 

circulating metabolites [24]. 185 

Exerkines mediate the inter-organ communication that underpins the systemic benefits of 186 

exercise: metabolic regulation, immune modulation, neuroprotection, anti-inflammation, and 187 

tissue repair [24, 25]. Over 200 distinct myokines have been catalogued, constituting what 188 

has been termed the 'myokinome' [32]. The therapeutic implications are profound: 189 

understanding the exerkine profile of exercise could enable biomarker-guided exercise 190 

prescription, identification of non-responders, and development of pharmacological adjuncts 191 

that enhance or mimic exercise responses. 192 

4.2 N-Lactoyl-phenylalanine (Lac-Phe): A Paradigm-Shifting Exerkine 193 

Among recent exerkine discoveries, N-lactoyl-phenylalanine (Lac-Phe) stands out as the 194 

most significantly exercise-responsive metabolite identified through untargeted metabolomics 195 

in both mice and humans [26]. Lac-Phe is a conjugate of lactate and phenylalanine, 196 

synthesized by the enzyme CNDP2. A pivotal 2022 Nature paper demonstrated that Lac-Phe 197 

suppresses food intake and reduces obesity in mouse models, providing a molecular 198 

explanation for exercise-induced appetite regulation [26]. 199 

Subsequent research has established that Lac-Phe levels are exercise-intensity-dependent, 200 

rising most dramatically after vigorous activity, and that higher post-exercise Lac-Phe 201 

predicts greater adipose tissue loss during endurance training in overweight humans [27]. 202 

Beyond appetite regulation, Lac-Phe has been shown to exert anti-inflammatory effects, with 203 

a 2025 study demonstrating amelioration of experimental colitis through suppression of M1 204 

macrophage polarization via NF-κB signaling inhibition [28]. 205 

Intriguingly, metformin—a drug with established exercise-mimetic properties—also elevates 206 

circulating Lac-Phe levels, suggesting convergent molecular mechanisms between 207 

pharmacological and exercise-induced metabolic pathways [29]. Lac-Phe may serve dual 208 

roles as both a biomarker for personalizing exercise intensity prescriptions and a therapeutic 209 

target for populations unable to exercise. 210 

4.3 Irisin, SPARC, and the Expanding Myokine Landscape 211 

Irisin, a PGC-1α-dependent myokine cleaved from the FNDC5 precursor during exercise, 212 

promotes browning of white adipose tissue, enhances thermogenesis, and exerts neurotrophic 213 
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effects including support for hippocampal neurogenesis and BDNF expression [31]. Its role 214 

as a mediator of the exercise-brain connection continues to attract research interest, 215 

particularly in neurodegenerative and psychiatric disorders. 216 

SPARC (secreted protein acidic and rich in cysteine), recently highlighted as the myokine 217 

that increases most significantly following exercise, has been proposed as a leading candidate 218 

for exercise-mimicking therapeutic development [30]. Unlike narrowly acting myokines, 219 

SPARC confers broad, multi-tissue effects spanning tissue remodeling, angiogenesis, and 220 

tumor suppression, and its endogenous nature may minimize adverse effect risk [30]. 221 

4.4 The Gut-Brain Axis and Exercise 222 

Emerging evidence connects physical activity to the gut microbiome, with regular exercise 223 

associated with increased microbial diversity, enrichment of short-chain fatty acid (SCFA)-224 

producing bacteria, and improved intestinal barrier integrity. The gut-brain axis—225 

bidirectional communication between enteric and central nervous systems—provides a 226 

mechanistic framework linking exercise-induced microbiome changes to improvements in 227 

mood, cognition, and neuroinflammation. 228 

The discovery that exercise-derived metabolites like Lac-Phe also modulate intestinal 229 

inflammation [28] suggests that the exerkine concept extends to gut-brain signaling, creating 230 

a 'muscle-gut-brain axis' that may partially explain the antidepressant, anxiolytic, and 231 

neuroprotective effects of physical activity. This area is rapidly evolving and holds promise 232 

for informing both exercise prescription and dietary/probiotic adjunctive strategies within the 233 

lifestyle medicine framework. 234 

5. Exercise as Adjunct to Pharmacotherapy 235 

5.1 Exercise and GLP-1 Receptor Agonists: The Muscle Preservation Imperative 236 

The rapid global expansion of GLP-1 receptor agonist (GLP-1 RA) prescriptions for obesity 237 

and type 2 diabetes has created one of the most pressing clinical questions in contemporary 238 

lifestyle medicine: how to preserve lean body mass during pharmacological weight loss [39, 239 

40]. Clinical evidence consistently shows that weight reduction with GLP-1 RAs is 240 

accompanied by loss of lean mass accounting for 15–40% of total weight lost, raising 241 

significant concerns about therapy-induced sarcopenia, particularly in elderly patients and 242 

those with pre-existing muscle wasting [39, 41]. 243 
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Structured resistance training is emerging as the cornerstone strategy for mitigating GLP-1 244 

RA-associated muscle loss. A landmark NEJM trial demonstrated that combination of 245 

exercise with liraglutide achieved superior weight loss maintenance compared to either 246 

intervention alone, while better preserving lean mass [42]. A subsequent study confirmed that 247 

combined exercise and GLP-1 RA treatment reduces the severity of metabolic syndrome, 248 

abdominal obesity, and systemic inflammation more effectively than either alone [43]. 249 

A 2025 JAMA Internal Medicine perspective emphasized that integrating diet and physical 250 

activity when prescribing GLP-1s is not optional but essential, and that lifestyle factors 251 

remain crucial regardless of pharmacological intervention [44]. For lifestyle medicine 252 

practitioners, this represents both a clinical imperative and a professional opportunity: the 253 

GLP-1 era does not diminish the importance of the exercise pillar but rather amplifies it. 254 

Emerging pharmacological approaches—including myostatin inhibitors (e.g., bimagrumab), 255 

activin receptor antagonists, and exercise mimetics such as ERR agonists—are being 256 

investigated as adjuncts to preserve or enhance muscle mass during GLP-1 RA therapy [45, 257 

46, 47]. The convergence of exercise science, pharmacology, and lifestyle medicine in this 258 

space is likely to define a major frontier of clinical practice in the coming decade. 259 

5.2 Exercise and Antidepressant Therapy: The Muscle-Brain Axis 260 

Exercise is a potent antidepressant, with meta-analyses demonstrating effect sizes comparable 261 

to pharmacotherapy and psychotherapy for mild-to-moderate depression [35, 37]. A 262 

comprehensive 2023 overview of systematic reviews in the British Journal of Sports 263 

Medicine confirmed that physical activity interventions effectively reduce depression, 264 

anxiety, and psychological distress across diverse populations, with vigorous-intensity 265 

activities yielding the largest benefits [37]. 266 

However, a cruel paradox of depression is that the illness itself often robs patients of the 267 

motivation, energy, and psychomotor capacity to initiate physical activity [36]. A 2026 268 

Molecular Psychiatry paper by Fabiano et al. proposed exercise mimetics as unexplored 269 

therapeutics for depression, leveraging the 'muscle-brain axis'—the biochemical signaling 270 

from contracting muscle to brain—to deliver antidepressant effects pharmacologically [36]. 271 

The authors proposed that exercise mimetics could serve as a 'pharmacological bridge,' 272 

providing sufficient AMPK–PGC-1α activation and downstream myokine release to 273 

overcome the motivational paralysis of severe depression, enabling patients to gradually re-274 
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engage with physical activity and behavioral activation [36]. This framework complements, 275 

rather than replaces, both traditional antidepressant pharmacotherapy and exercise 276 

prescription. 277 

For lifestyle medicine practice, this emerging evidence supports the integration of exercise 278 

prescription with psychiatric pharmacotherapy—using antidepressants or exercise mimetics 279 

to lower the threshold for physical activity engagement, and using physical activity itself as a 280 

therapeutic multiplier that enhances medication efficacy, promotes neuroplasticity, and builds 281 

long-term resilience. 282 

5.3 Exercise Mimetics: Complementing the Exercise Pillar 283 

The nascent field of exercise mimetics—pharmacological agents that activate molecular 284 

pathways normally triggered by exercise—is increasingly relevant to lifestyle medicine [47, 285 

48, 50]. Candidate compounds include AICAR (AMPK activator), GW501516 (PPARδ 286 

agonist), SLU-PP-332 (ERR pan-agonist), resveratrol, metformin, urolithin A, and NAD+ 287 

precursors [46, 47]. 288 

While a 2025 comprehensive review persuasively argued that no pill can fully replicate the 289 

complex, multisystemic 'exercise milieu'—encompassing hemodynamic, mechanical, 290 

neuroendocrine, and psychosocial stimuli [46]—exercise mimetics may serve important roles 291 

in specific clinical contexts: as adjuncts for patients who cannot exercise due to paralysis, 292 

severe frailty, or acute illness; as enhancers of suboptimal exercise responses; and as muscle-293 

protective agents during GLP-1 RA therapy or cancer cachexia. 294 

For lifestyle medicine practitioners, exercise mimetics should not be viewed as competitors to 295 

the exercise pillar but as potential allies—extending the reach of physical activity's benefits to 296 

populations currently unreached by conventional exercise prescription. 297 

6. Integrating the Exercise Pillar: A Lifestyle Medicine Framework 298 

The exercise pillar does not operate in isolation. Physical activity synergizes with every other 299 

lifestyle medicine pillar: it improves sleep architecture, reduces stress biomarkers and cortisol 300 

reactivity, enhances dietary self-regulation through exerkine-mediated appetite control, 301 

supports smoking cessation by modulating reward circuitry, and strengthens social 302 

connectedness through group-based activities [5, 6, 22]. 303 



 

11 / 16 

A 2025 BMC Medicine study by Stamatakis et al. examined minimum and optimal combined 304 

variations in sleep, physical activity, and nutrition in relation to all-cause mortality, finding 305 

that the combination of adequate physical activity with sufficient sleep and reasonable dietary 306 

quality was associated with substantially lower mortality than any single pillar alone [22]. 307 

This underscores the importance of the holistic, multi-pillar approach that distinguishes 308 

lifestyle medicine from single-intervention strategies. 309 

Practically, lifestyle medicine clinicians can leverage the 2026 payment landscape, which 310 

increasingly recognizes exercise prescription through new billable services, prevention-311 

aligned CMS models (e.g., MAHA Elevate, ACCESS), and quality measures that reward 312 

physical activity counseling and outcome tracking [67]. The convergence of scientific 313 

evidence, clinical tools, and reimbursement policy creates an unprecedented opportunity to 314 

mainstream exercise prescription within healthcare delivery. 315 

7. Future Directions 316 

Several frontier areas warrant investment and investigation. First, precision exercise 317 

prescription—using wearable-derived data, exerkine biomarker profiles (e.g., Lac-Phe 318 

response), genetic polymorphisms, and machine learning algorithms to individualize activity 319 

prescriptions—represents the natural evolution of the Exercise is Medicine paradigm. 320 

Second, VILPA-based public health interventions, now supported by robust epidemiological 321 

evidence, need validation in large-scale randomized trials across diverse populations. 322 

Third, the integration of exercise prescription with GLP-1 RA therapy requires evidence-323 

based clinical guidelines specifying optimal exercise type (resistance vs. aerobic vs. 324 

combined), intensity, timing relative to medication administration, and monitoring protocols 325 

for lean mass preservation. Fourth, the clinical translation of exerkine science—including 326 

Lac-Phe-guided exercise intensity titration and SPARC-based therapeutic development—327 

offers exciting possibilities for bridging exercise physiology and pharmacology. 328 

Finally, implementation science research is needed to scale effective exercise prescription 329 

models—such as the CHALLENGE trial's physical activity consultant approach—across 330 

diverse healthcare systems, including low-resource and primary care settings where lifestyle 331 

medicine is most needed and potentially most impactful. 332 

8. Conclusion 333 
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The exercise pillar of lifestyle medicine is experiencing a scientific renaissance. Level 1 334 

evidence now establishes exercise as a survival-extending therapeutic intervention in cancer. 335 

Ultra-short activity paradigms such as VILPA democratize the benefits of vigorous exercise 336 

for non-exercising populations. The molecular revolution of exerkines provides mechanistic 337 

understanding and biomarker-guided precision for exercise prescription. And the GLP-1 era 338 

underscores, rather than undermines, the indispensable role of physical activity in 339 

comprehensive chronic disease management. 340 

For lifestyle medicine practitioners, these developments collectively argue that exercise 341 

prescription is not a supplementary recommendation but a core clinical competency—as 342 

essential as pharmacological prescribing and perhaps more impactful. The evidence is clear: 343 

movement is medicine, and it is time for healthcare systems worldwide to prescribe it 344 

accordingly. 345 

  346 



 

13 / 16 

References 347 

[1]  World Health Organization. Global Status Report on Physical Activity 2022. Geneva: WHO; 2022. 348 

[2]  Lee IM, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity on major non-communicable diseases 349 
worldwide: an analysis of burden of disease and life expectancy. Lancet. 2012;380(9838):219-229. 350 

[3]  Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient physical activity from 2001 to 351 
2016. Lancet Glob Health. 2018;6(10):e1077-e1086. 352 

[4]  Rippe JM, ed. Lifestyle Medicine. 3rd ed. Boca Raton: CRC Press; 2019. 353 

[5]  American College of Lifestyle Medicine. Pillar updates: Stress management and social connection. ACLM; 354 
2025. 355 

[6]  Pedersen BK, Saltin B. Exercise as medicine – evidence for prescribing exercise as therapy in 26 different 356 
chronic diseases. Scand J Med Sci Sports. 2015;25 Suppl 3:1-72. 357 

[7]  Courneya KS, Vardy JL, O'Callaghan CJ, et al. Structured exercise after adjuvant chemotherapy for colon 358 
cancer. N Engl J Med. 2025;393(1):13-25. 359 

[8]  Irwin ML. Extending cancer survival with exercise — time for oncology to act. N Engl J Med. 360 
2025;393(1):83-84. 361 

[9]  Booth C. CHALLENGE Trial results. Presented at: ASCO Annual Meeting; May 30–June 3, 2025; 362 
Chicago, IL. 363 

[10]  US-POINTER Investigators. Effects of a 2-year lifestyle intervention on cognition in older adults: the US-364 
POINTER randomized clinical trial. JAMA. 2025;334(3):215-226. 365 

[11]  Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization 2020 guidelines on physical activity 366 
and sedentary behaviour. Br J Sports Med. 2020;54(24):1451-1462. 367 

[12]  Stamatakis E, Huang BH, Maher C, et al. Untapping the health enhancing potential of vigorous 368 
intermittent lifestyle physical activity (VILPA): rationale, scoping review, and a 4-pillar research 369 
framework. Sports Med. 2021;51:1-10. 370 

[13]  Stamatakis E, Ahmadi MN, Gill JMR, et al. Association of wearable device-measured vigorous 371 
intermittent lifestyle physical activity with mortality. Nat Med. 2022;28(12):2521-2529. 372 

[14]  Stamatakis E, Ahmadi MN, Biswas RK, et al. Device-measured vigorous intermittent lifestyle physical 373 
activity and major adverse cardiovascular events: evidence of sex differences. Br J Sports Med. 374 
2025;59(5):316-324. 375 

[15]  Stamatakis E, Ahmadi MN, Friedenreich CM, et al. Vigorous intermittent lifestyle physical activity and 376 
cancer incidence among nonexercising adults. JAMA Oncol. 2023;9(9):1255-1259. 377 

[16]  Stamatakis E, Biswas RK, Koemel NA, et al. Dose response of incidental physical activity against 378 
cardiovascular events and mortality. Circulation. 2025;151(15):1063-1075. 379 

[17]  Koemel NA, Ahmadi MN, Biswas RK, et al. Vigorous intermittent lifestyle physical activity and mortality 380 
risk among US adults: a wearables-based national cohort study. medRxiv. 2025. 381 
doi:10.1101/2025.08.05.25333017. 382 

[18]  Gibala MJ, Little JP, Macdonald MJ, Hawley JA. Physiological adaptations to low-volume, high-intensity 383 
interval training in health and disease. J Physiol. 2012;590(5):1077-1084. 384 

[19]  Weston KS, Wisløff U, Coombes JS. High-intensity interval training in patients with lifestyle-induced 385 
cardiometabolic disease: a systematic review and meta-analysis. Br J Sports Med. 2014;48(16):1227-386 
1234. 387 

[20]  Islam H, Townsend LK, McKie GL, Medeiros PJ, Gurd BJ, Hazell TJ. Potential involvement of lactate and 388 
interleukin-6 in the appetite-regulatory hormonal response to an acute exercise bout. J Obes. 389 
2017;2017:2089865. 390 



 

14 / 16 

[21]  Pang B, McVeigh JA, Thompson C, et al. An exploration of adults transitioning into retirements' 391 
perspectives on vigorous intermittent lifestyle physical activity. Health Promot J Austr. 2025;36:e957. 392 

[22]  Stamatakis E, Koemel NA, Biswas RK, et al. Minimum and optimal combined variations in sleep, physical 393 
activity, and nutrition in relation to all-cause mortality risk. BMC Med. 2025;23(1):111. 394 

[23]  Pedersen BK, Febbraio MA. Muscles, exercise and obesity: skeletal muscle as a secretory organ. Nat Rev 395 
Endocrinol. 2012;8(8):457-465. 396 

[24]  Chow LS, Gerszten RE, Taylor JM, et al. Exerkines in health, resilience and disease. Nat Rev Endocrinol. 397 
2022;18(5):273-289. 398 

[25]  Severinsen MCK, Pedersen BK. Muscle-organ crosstalk: the emerging roles of myokines. Endocr Rev. 399 
2020;41(4):594-609. 400 

[26]  Li VL, He Y, Contrepois K, et al. An exercise-inducible metabolite that suppresses feeding and obesity. 401 
Nature. 2022;606(7915):785-790. 402 

[27]  Weber DG, et al. Exercise intensity determines circulating levels of Lac-Phe and other exerkines. 403 
Metabolomics. 2025;21(3):63. 404 

[28]  Yu R, Zhang C, Yuan M, et al. Exercise-induced metabolite N-lactoyl-phenylalanine ameliorates colitis by 405 
inhibiting M1 macrophage polarization. Cell Mol Gastroenterol Hepatol. 2025;19(10):101558. 406 

[29]  Xiao S, Li VL, Lyu B, et al. Lac-Phe mediates the effects of metformin on food intake and body weight. 407 
Nat Metab. 2024;6(4):659-669. 408 

[30]  Boulberdaa M, et al. Exploring SPARC over other exerkines/myokines: a strategic approach towards novel 409 
exercise-mimicking therapies. Biomedicines. 2026;14(2):302. 410 

[31]  Boström P, Wu J, Jedrychowski MP, et al. A PGC1-α-dependent myokine that drives brown-fat-like 411 
development of white fat and thermogenesis. Nature. 2012;481(7382):463-468. 412 

[32]  Febbraio MA, Pedersen BK. Who would have thought—myokines two decades on. Nat Rev Endocrinol. 413 
2020;16(11):619-620. 414 

[33]  Mayer F, Scharhag-Rosenberger F, Carlsohn A, Cassel M, Müller S, Scharhag J. The intensity and effects 415 
of strength training in the elderly. DtschArztebl Int. 2011;108(21):359-364. 416 

[34]  Fiuza-Luces C, Garatachea N, Berger NA, Lucia A. Exercise is the real polypill. Physiology (Bethesda). 417 
2013;28(5):330-358. 418 

[35]  Schuch FB, Vancampfort D, Richards J, et al. Exercise as a treatment for depression: a meta-analysis 419 
adjusting for publication bias. J Psychiatr Res. 2016;77:42-51. 420 

[36]  Fabiano N, Fiedorowicz JG, Ravel-Chapuis A, Jasmin BJ. Exercise mimetics as unexplored therapeutics 421 
for treating depression. Mol Psychiatry. 2026. doi:10.1038/s41380-026-03499-2. 422 

[37]  Singh B, Olds T, Curtis R, et al. Effectiveness of physical activity interventions for improving depression, 423 
anxiety and distress: an overview of systematic reviews. Br J Sports Med. 2023;57(18):1203-1209. 424 

[38]  Stubbs B, Vancampfort D, Rosenbaum S, et al. An examination of the anxiolytic effects of exercise for 425 
people with anxiety and stress-related disorders: a meta-analysis. Psychiatry Res. 2017;249:102-108. 426 

[39]  Memel Z, Gold SL, Pearlman M, et al. Impact of GLP-1 receptor agonist therapy in patients high risk for 427 
sarcopenia. Curr Nutr Rep. 2025;14(1):63. 428 

[40]  Pantazopoulos D, Gouveri E, Papazoglou D, Papanas N. GLP-1 receptor agonists and sarcopenia: weight 429 
loss at a cost? Diabetes Res Clin Pract. 2025;229:112924. 430 

[41]  Mechanick JI, Butsch WS, Christensen SM, et al. Strategies for minimizing muscle loss during use of 431 
incretin-mimetic drugs for treatment of obesity. Obes Rev. 2025;26(1):e13841. 432 

[42]  Lundgren JR, Janus C, Jensen SBK, et al. Healthy weight loss maintenance with exercise, liraglutide, or 433 
both combined. N Engl J Med. 2021;384(18):1719-1730. 434 

[43]  Sandsdal RM, Juhl CR, Jensen SBK, et al. Combination of exercise and GLP-1 receptor agonist treatment 435 
reduces severity of metabolic syndrome. Cardiovasc Diabetol. 2023;22:116. 436 



 

15 / 16 

[44]  Mehrtash F, Dushay J, Manson JE. Integrating diet and physical activity when prescribing GLP-1s—437 
lifestyle factors remain crucial. JAMA Intern Med. 2025;185(9):1151. 438 

[45]  Kim KH, et al. Emerging role of myostatin inhibitors in the management of GLP-1-associated sarcopenia 439 
and metabolic disorders. J Bone Metab. 2025. 440 

[46]  Plaza-Florido A, Lindholm ME, Carrera-Bastos P, et al. Exercise pills for cardiometabolic health cannot 441 
mimic the exercise milieu. Trends Endocrinol Metab. 2025;S1043-2760(25)00151-1. 442 

[47]  Billon C, Sitaula S, Burris TP. Synthetic ERRα/β/γ agonist induces an ERRα-dependent acute aerobic 443 
exercise response and enhances exercise capacity. ACS Chem Biol. 2023;18(4):756-765. 444 

[48]  Gubert C, Hannan AJ. Exercise mimetics: harnessing the therapeutic effects of physical activity. Nat Rev 445 
Drug Discov. 2021;20(11):862-879. 446 

[49]  Giacomello E, Nicoletti C, Canato M, Toniolo L. Exercise mimetics in aging: suggestions from a 447 
systematic review. Nutrients. 2025;17(6):969. 448 

[50]  Giovarelli M, Zecchini S, Casati SR, et al. The SIRT1 activator SRT2104 exerts exercise mimetic effects 449 
and promotes Duchenne muscular dystrophy recovery. Cell Death Dis. 2025;16(1):259. 450 

[51]  Fan W, Evans RM. Exercise mimetics: impact on health and performance. Cell Metab. 2017;25(2):242-451 
247. 452 

[52]  Hawley JA, Hargreaves M, Joyner MJ, Zierath JR. Integrative biology of exercise. Cell. 2014;159(4):738-453 
749. 454 

[53]  Sallis R. Exercise is medicine: a call to action for physicians to assess and prescribe exercise. Phys 455 
Sportsmed. 2015;43(1):22-26. 456 

[54]  Lobelo F, Stoutenberg M, Hutber A. The Exercise is Medicine Global Health Initiative: a 2014 update. Br 457 
J Sports Med. 2014;48(22):1627-1633. 458 

[55]  Warburton DER, Bredin SSD. Health benefits of physical activity: a systematic review of current 459 
systematic reviews. Curr Opin Cardiol. 2017;32(5):541-556. 460 

[56]  Khetarpal SA, et al. Molecular mediators of the cardiac benefits of exercise. Circ Res. 2025;137:163-183. 461 

[57]  Lavie CJ, Arena R, Swift DL, et al. Exercise and the cardiovascular system: clinical science and 462 
cardiovascular outcomes. Circ Res. 2015;117(2):207-219. 463 

[58]  Anderson E, Durstine JL. Physical activity, exercise, and chronic diseases: a brief review. Sports Med 464 
Health Sci. 2019;1(1):3-10. 465 

[59]  Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European consensus on definition and 466 
diagnosis. Age Ageing. 2019;48(1):16-31. 467 

[60]  Colberg SR, Sigal RJ, Yardley JE, et al. Physical activity/exercise and diabetes: a position statement of the 468 
ADA. Diabetes Care. 2016;39(11):2065-2079. 469 

[61]  Piercy KL, Troiano RP, Ballard RM, et al. The Physical Activity Guidelines for Americans. JAMA. 470 
2018;320(19):2020-2028. 471 

[62]  Naci H, Ioannidis JPA. Comparative effectiveness of exercise and drug interventions on mortality 472 
outcomes: metaepidemiological study. BMJ. 2013;347:f5577. 473 

[63]  Blair SN. Physical inactivity: the biggest public health problem of the 21st century. Br J Sports Med. 474 
2009;43(1):1-2. 475 

[64]  Ekelund U, Tarp J, Steene-Johannessen J, et al. Dose-response associations between accelerometry 476 
measured physical activity and sedentary time and all cause mortality. BMJ. 2019;366:l4570. 477 

[65]  Lear SA, Hu W, Rangarajan S, et al. The effect of physical activity on mortality and cardiovascular disease 478 
in 130,000 people from 17 high-income, middle-income, and low-income countries: the PURE study. 479 
Lancet. 2017;390(10113):2643-2654. 480 

[66]  Colberg SR, et al. Physical activity/exercise and diabetes: a position statement of the ADA. Diabetes Care. 481 
2016;39(11):2065-2079. 482 



 

16 / 16 

[67]  ACLM. A lifestyle medicine payment breakthrough in 2026. American College of Lifestyle Medicine; 483 
February 2026. 484 

[68]  Medscape. Lifestyle Medicine's Four Pillars: A Year-End Review. Medscape; January 2026. 485 

 486 


