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Abstract
Background: Plant-based dietary patterns are increasingly adopted in high-performance sport,
yet their effects on inflammation, the gut microbiome, and skeletal-muscle anabolism remain
incompletely integrated.
Objectives: To synthesize the complete uploaded evidence corpus concerning inflammatory
and oxidative biomarkers, microbial diversity and metabolites, muscle protein synthesis (MPS),
hypertrophy, recovery, and performance in professional or highly trained athletes.
Material and methods: Systematic and narrative review of peer-reviewed randomized
controlled clinical trials (RCTs), acute crossover metabolic isotope tracer studies, meta-
analyses and systematic reviews, observational cross-sectional studies in competitive and
recreational athletes, 16S rRNA/metagenomic gut microbiome profiles, and metabolomic
analyses of short-chain fatty acids (SCFAs) and oxidative stress biomarkers.
Results: Plant-forward patterns were associated with lower C-reactive protein (CRP) and, in
footballers, lower urinary F2-isoprostane with greater plant-food adherence; evidence for
interleukin-6, tumor necrosis factor-a, and other cytokines was sparse or inconsistent. Fiber-
and lentil-protein-rich exposures increased short-chain-fatty-acid (SCFA)-producing taxa and
fecal acetate/butyrate in small training studies, whereas athlete microbiome interventions
overall were heterogeneous and did not establish a reproducible ergogenic signature.
Unfortified single-source plant proteins often produced lower aminoacidemia or acute MPS
than whey, but complementary blends, adequate doses, and leucine fortification generally
eliminated this difference. Longer resistance-training trials reported similar gains in lean mass
and strength when total protein and training were sufficient. Direct evidence in professional
athletes, women, and fully vegan cohorts remained limited.
Conclusion: A well-planned plant-based diet can support elite training and recovery, but
benefits are conditional on adequate energy, carbohydrate, protein quantity and distribution,
complementary amino-acid profiles, and correction of micronutrient deficiencies. Anti-
inflammatory and microbiome effects are plausible and partly supported; claims of superior
performance are not established.
Keywords: Athletes; Plant-based diet; Inflammation; C-reactive protein; Gut microbiota;

Short-chain fatty acids; Muscle protein synthesis.



1. Introduction

Plant-based nutrition spans heterogeneous exposures, from plant-forward omnivorous patterns
to vegetarian and fully vegan diets. This distinction is material in sport: a minimally processed,
fiber- rich pattern dominated by legumes, whole grains, fruit, vegetables, nuts, and seeds is
metabolically different from an energy-matched pattern dominated by refined starches, sugars,
and ultra-processed meat analogues. Reviews of athletic populations generally indicate no
inherent decrement in aerobic, anaerobic, or strength performance when energy and nutrient
needs are met, but they do not demonstrate that plant-based diets are uniformly ergogenic
[4,5,25,26]. A 2025 systematic review reported mixed performance findings across 30 studies,
illustrating both the expanding literature and the limitations created by variable definitions,
athlete levels, and dietary implementation [28]. Evidence specific to female athletes likewise
indicates broadly comparable outcomes under nutritionally adequate conditions, while
emphasizing low energy availability, menstrual and endocrine health, iron status, and relative
energy deficiency in sport as implementation-sensitive concerns rather than inevitable
consequences of vegetarianism [29].

Three interacting physiological domains provide the rationale for the present synthesis. First,
strenuous training generates reactive oxygen and nitrogen species and transient inflammatory
signaling required for remodeling. Plant foods supply polyphenols, carotenoids, vitamins,
unsaturated lipids, nitrate, and fermentable substrates that may reduce chronic inflammatory
tone and oxidative damage; however, indiscriminate suppression of exercise-induced redox
signaling may attenuate adaptation [2,30,31]. Second, dietary fiber and other microbiota-
accessible carbohydrates are fermented to acetate, propionate, and butyrate. These metabolites
can support epithelial integrity, immunoregulation, insulin sensitivity, and substrate handling,
although most proposed ergogenic pathways remain mechanistic rather than proven in athletes
[9,38]. Third, plant proteins frequently have lower digestibility and lower proportions of
leucine, lysine, methionine, or total essential amino acids (EAAS) than animal proteins. Acute
anabolic responses may therefore differ at equal protein doses, but processing, blending,
fortification, dose, meal distribution, and resistance exercise can materially alter the comparison
[21,32,33].

The objective was to evaluate whether plant-based diets in professional and highly trained
athletes influence (i) systemic inflammation and oxidative stress, (ii) gut microbial diversity,
composition, barrier-related function, and SCFA production, (iii) MPS and hypertrophic

adaptation, and (iv) recovery and performance. A secondary objective was to translate the



evidence into operational recommendations while separating direct athlete evidence from

extrapolation.

2. Materials and Methods

This article was prepared as a source-bounded systematic review with narrative synthesis of the
scientific literature on plant-based diets in professional and highly trained athletes, with
particular emphasis on inflammatory and oxidative biomarkers, gut-microbiome diversity and
metabolic function, muscle protein synthesis (MPS), hypertrophic adaptation, recovery, and
athletic performance. The synthesis drew on all 39 peer-reviewed documents supplied with the
project, comprising athlete-specific observational studies and randomized or controlled
interventions, stable-isotope tracer studies, resistance-training trials, systematic reviews and
meta-analyses, and mechanistic, narrative, and critical reviews. The evidence set was fixed a
priori and consisted of files named 1.pdf through 39.pdf. Every file was screened in full and
retained, and citation numbers were preserved according to the corresponding filename.
Because the corpus was supplied rather than retrieved through an independently reproducible
database search, the review was organized according to PRISMA principles of transparent
identification, eligibility assessment, extraction, and synthesis, but should not be interpreted as
an exhaustive search of the global literature.

Consistent with the approach used in comparable sports-nutrition reviews, priority was given
to randomized controlled trials, athlete-specific investigations, systematic reviews, and meta-
analyses reporting objective physiological or performance outcomes
[11,18,19,23,26,31,36,37]. Evidence from professional football, soccer, and water-polo
populations was considered most directly applicable [1,10,12,17]. Controlled studies in
resistance-trained or physically active adults were included when they provided relevant
information on amino-acid kinetics, MPS, lean mass, strength, recovery, or training adaptation
[6,22,24,34]. General-population studies and mechanistic reviews were retained when they
clarified inflammatory, redox, gastrointestinal, microbial, or anabolic pathways relevant to
athletes.

The included literature was grouped thematically into four domains: (i) inflammatory and
oxidative-

stress outcomes, including C-reactive protein, interleukins, tumor necrosis factor-a, F2-
isoprostanes, and oxidative DNA-damage markers; (ii) gut-microbiome composition and
function, including alpha diversity, specific microbial taxa, short-chain fatty acids, microbial

metabolic pathways, and intestinal-barrier integrity; (iii) MPS and hypertrophic adaptation,



including protein digestibility, essential-amino-acid and leucine availability, postprandial
aminoacidemia, lean mass, muscle cross- sectional area, and strength; and (iv) integrated
recovery, health, and performance outcomes. For each source, the population, training status,
study design, dietary exposure, comparator, intervention duration, sample size, analytical
method, principal quantitative findings, and stated limitations were extracted. Findings were
synthesized narratively because substantial clinical and methodological heterogeneity
precluded a valid new meta-analysis. Quantitative estimates were reported only when they had
been provided by the uploaded primary studies or meta-analyses. Methodological quality was
considered through study-design hierarchy, population directness, randomization and
comparator quality, sample size, dietary control, intervention adherence, duration, validity of
outcome measurement, statistical precision, and consistency with the wider evidence base.
Greater interpretive weight was assigned to controlled athlete trials, stable-isotope
measurements of MPS, validated biochemical assays, and longitudinal training outcomes than
to cross-sectional associations or mechanistic inference. Because the included reviews
employed different formal appraisal instruments and several narrative sources did not permit
uniform item-level assessment, certainty was evaluated qualitatively rather than by applying a
single retrospective scoring system. As only previously published, anonymized, or aggregated
data were examined, ethical approval and

informed consent were not required for this review.

Two methodological caveats apply throughout. First, direct evidence in professional athletes
was limited, and much of the anabolic and dietary evidence was derived from healthy, active,
or resistance-trained adults; extrapolation to elite competition, congested schedules, high
training loads, and sport-specific gastrointestinal stress must therefore remain cautious. Second,
definitions of plant-based, vegetarian, and vegan diets; protein sources and doses; training
status; microbiome sequencing and bioinformatic methods; inflammatory biomarkers; and
performance outcomes differed substantially among studies. These differences limited direct
quantitative comparison and required most cross-study conclusions to remain qualitative rather

than pooled.

3. Methods
3.1. Characteristics of the evidence base

The corpus contained athlete-specific observational and intervention studies, controlled

feeding or supplementation studies in active adults, systematic reviews and meta-



analyses, and mechanistic or narrative reviews. Direct professional-athlete evidence

included male footballers, elite football players, professional female soccer players, and

elite male water-polo players [1,10,12,17]. The remaining experimental evidence was

largely derived from healthy young or resistance-trained adults.

This distribution is consequential: professional sport entails high energy expenditure,

congested schedules, travel, gastrointestinal stress, and periodized training that are not

reproduced by most laboratory trials.
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Table 1: Principal outcome domains and overall interpretation of the supplied evidence.

3.2 Impact on inflammatory biomarkers and oxidative stress

The most direct oxidative-stress evidence was a matched study of 45 male footballers and 45
non-

athletes. Footballers had a higher overall plant-based diet index (p = 9.8, p<0.001), and greater
plant-food adherence was inversely associated with urinary F2-isoprostane, although the cross
sectional design precluded causal attribution and the healthy and unhealthy plant-based
subindices

did not differ between groups [1]. This distinction argues against treating all plant-derived foods
as

physiologically interchangeable.

Across broader populations, the most consistent inflammatory signal concerned CRP. A
metaanalysis of 30 observational and 10 intervention studies found vegetarian dietary patterns
associated with lower CRP (weighted mean difference [WMD]-0.61 mg/L; 95% CI1-0.91
t0—0.32), fibrinogen (WMD-0.22 g¢/L; 95% CI-0.41 t0—0.04), and leukocyte count, but
intervention data were insufficient for pooling [15]. Another meta-analysis of 21 cross-sectional
studies reported lower CRP in vegans (mean difference—0.54 mg/L; 95% CI1-0.79 t0—0.28;
p<0.0001) and a smaller association in vegetarians (—0.25 mg/L; 95% CI1-0.49 to 0.00; p =
0.05), with no substantial pooled effects for the other assessed inflammatory markers [39]. In
randomized trials, plant-based patterns reduced CRP by approximately 1.13 mg/L (95%
CI-1.52 to—0.75) across seven trials, but heterogeneity was high and certainty low; exclusion
of exercise co-interventions yielded an estimate

0f-0.94 mg/L (95% CI1-1.43 to—0.46) [18].

A more recent diet-pattern meta-analysis reported a significant CRP reduction for vegetarian
diets (ratio of means 0.82; 95% CI 0.69-0.98; p = 0.0297), whereas the vegan estimate was
imprecise and not significant; effects on malondialdehyde, 8-hydroxy-2'-deoxyguanosine, and

interleukin-6 were weak or nonsignificant [3]. A systematic review of observational and



intervention studies similarly found inverse associations between plant-forward patterns and
oxidative or proinflammatory biomarkers, while rating most intervention evidence low-to-
moderate quality [31]. Collectively, these results support a modest effect on basal CRP more
strongly than a generalized suppression of IL-6, TNF-a, or exercise-induced inflammation.
Mechanistically, lower saturated-fat exposure, higher unsaturated-fat and antioxidant intake,
improved adiposity and glycemic control, endothelial effects, and microbiome-derived
metabolites may contribute. Cardiovascular and endurance-oriented reviews propose improved
blood viscosity, arterial flexibility, tissue perfusion, glycogen storage, and antioxidant capacity
as potentially favorable

properties [2]. These mechanisms are biologically coherent but cannot establish improved
competitive performance. Moreover, exercise-generated oxidants participate in mitochondrial
biogenesis and inflammatory resolution. Whole-food antioxidant matrices can be periodized
around heavy competition or recovery blocks, whereas chronic high-dose isolated antioxidant
supplementation may blunt redox-sensitive adaptation [30].

3.3 Gut microbiome diversity, metabolites, and barrier integrity

Athletic microbiomes are shaped by diet, training volume, body composition, geography,
medication exposure, travel, and gastrointestinal symptoms. Metagenomic analysis of 418
public datasets found competitive-athlete status associated with taxonomic differences,
enrichment of SCFA-producing organisms, and microbial biosynthetic potential for vitamin
B12, aminoacid derivatives, and other metabolites; causality and the independent contribution
of diet could not be resolved [14].

Reviews describe higher abundance of SCFA-related taxa and enhanced metabolic capacity in
some endurance cohorts, yet extreme training accompanied by inadequate fueling may increase
permeability, inflammation, and gastrointestinal disturbance [7,8]. A 2026 systematic review
of 18 controlled interventions found changes in diversity and composition generally small and
variable, SCFAs infrequently measured, and no consistent performance benefit linked to
microbiome change [11]. Thus, taxonomic novelty should not be conflated with functional
benefit.

The strongest plant-protein intervention signal arose from 24 adults undertaking 12 weeks of
resistance training. Lentil-protein foods increased microbial diversity, enriched
Fusicatenibacter, Faecalibacterium, and Agathobacter, and increased fecal acetate and
butyrate relative to less pronounced changes with animal protein [6]. In 45 elite football players

receiving 30 g/day of whey, pea, rice, or a plant blend for eight weeks, alpha diversity remained



stable, while source specific taxonomic and predicted functional shifts occurred: rice protein
was associated with greater representation of succinate-to-butyrate pathways, whereas pea and
the blend were associated with reductions in some fermentative taxa and greater predicted
cadaverine-related potential [17]. The divergence between these trials demonstrates that “plant
protein” is not a uniform microbiome exposure and that isolate composition, background fiber,
dose, and habitual diet matter.

In 20 elite male water-polo players, vegan protein with added prebiotics and probiotics
increased skeletal muscle mass, body cell mass, arm circumference, and protein mass while
reducing fat mass; acetate- and propionate-related pathways correlated with increased skeletal
muscle mass.

The uncontrolled contribution of the synbiotic components and small sample preclude
attribution to plant protein alone [10]. Similarly, 200 mL/day of kefir for 28 days in 21
professional female soccer

players increased Shannon and Chaol diversity and the abundance of Akkermansia muciniphila
and Faecalibacterium prausnitzii; their abundance correlated with estimated VO2 max and
finishing speed, but the fermented dairy exposure provides supportive microbiome evidence
rather than direct evidence for a plant-based diet [12].

Plant-rich diets supply microbiota-accessible carbohydrates that support saccharolytic
fermentation. Acetate can circulate as a substrate, propionate participates in hepatic and
intestinal gluconeogenic signaling, and butyrate fuels colonocytes and supports epithelial tight-
junction and immune functions.

G-protein-coupled receptor signaling and histone-deacetylase inhibition provide plausible links
to insulin sensitivity, inflammation, and substrate use [9,38]. These pathways remain
insufficiently validated during competition; fecal SCFA concentration reflects net production,
absorption, and transit rather than production alone. General-population reviews report that
vegan and vegetarian diets tend to enrich saccharolytic organisms and may produce more
diverse and stable ecosystems, but findings for Faecalibacterium, Coprococcus, and
Enterobacteriaceae are inconsistent [16,35]. Athlete-focused dietary reviews warn that high
protein combined with low fiber, heavy use of simple carbohydrates, and unnecessary food
avoidance may reduce microbial resilience; adequate fiber, varied protein sources, unsaturated
fats, and selected pre-, pro-, or synbiotics are more defensible than taxon-targeted claims [13].
Protein reaching the colon may yield both SCFAs and potentially adverse metabolites such as

ammonia, phenols, indoles, hydrogen sulfide, and biogenic amines. Consequently, the
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microbiome objective should be adequate fermentable substrate and gastrointestinal tolerance

rather than maximal protein supplementation.

3.4. Muscle protein synthesis and hypertrophic adaptation

3.4.1. Acute anabolic physiology

Post-exercise MPS is governed by EAA availability, leucine-triggered mechanistic target of
rapamycin complex 1 signaling, protein digestion and absorption, splanchnic sequestration,
muscle perfusion, training status, age, energy availability, and the exercise stimulus. Soy and
wheat have historically produced lower acute MPS than whey, milk, beef, or egg at
isonitrogenous doses, plausibly because of lower digestibility, EAA density, and leucine or
limiting-amino-acid content [21,32]. Greater amino-acid oxidation after some plant proteins
may further reduce substrate available for tissue synthesis [33].

The acute disadvantage is modifiable. In a randomized crossover trial, all supplements
increased MPS above fasting values, but an unfortified pea—canola blend produced a smaller
response than leucine-fortified blend and whey; MPS did not differ between the fortified blend
and whey

(p= 0.052) [24]. In resistance-trained adults ingesting 32 g after exercise, a pea—brown-rice—
canola blend produced lower four-hour plasma EAA availability than whey (approximately
44% lower; p = 0.04), yet myofibrillar protein synthesis increased similarly over four hours
with no condition interaction [34].

These findings show that aminoacidemia and MPS are related but not interchangeable
endpoints and that a sufficiently dosed complementary blend can compensate for lower
circulating EAA exposure. A systematic review of recovery studies concluded that single-
source plant proteins often underperformed whey in acute settings, whereas blends supplying
at least 30 g protein and approximately 2.5g leucine generally supported comparable MPS;
evidence for soreness, muscle-damage biomarkers, and function was heterogeneous and at
moderate-to-high risk of bias [23]. Practical strategies include increasing dose, blending
legumes with cereal or seed proteins, adding the limiting EAA or leucine, and using isolates or

concentrates when whole-food volume or fiber compromises peri-exercise tolerance [21,32,33].

3.4.2. Longitudinal hypertrophy, strength, and performance
Acute MPS differences do not necessarily predict long-term adaptation. A meta-analysis of 16
trials found no protein-source effect on absolute lean mass or strength, although animal protein

modestly favored percentage lean mass and produced a 0.41-kg greater absolute lean-mass gain
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(95% CI 0.08-0.74) in adults younger than 50 years [19]. A later meta-analysis of 43
randomized trials found a small advantage of animal protein for muscle mass in younger, but
not older, adults; soy was equivalent to animal protein, and protein source did not consistently
affect strength or physical performance [36]. A Bayesian meta-analysis found plant protein
superior to no/low protein for overall athletic outcomes (standardized mean difference 0.281;
95% credible interval 0.159-0.412) but slightly inferior to other proteins (standardized mean
difference—0.119; 95% credible interval —0.209 to—0.028), with small samples and moderate
heterogeneity limiting confidence [37].

Recent training trials support equivalence under optimized conditions. Forty-four untrained
young men consuming 45 g/day of soy—pea blend or whey during 12 weeks of supervised
resistance training gained similar whole-body and regional lean mass, vastus lateralis cross-
sectional area, and leg-press one-repetition maximum; all between-group comparisons were
nonsignificant [22]. A systematic review of 13 studies likewise found plant isolates,
predominantly soy, produced improvements in lean mass, muscle thickness, and strength
similar to whey or leucine comparators during resistance training [20]. These results should not
be overextended to poorly planned whole-food vegan diets, energy deficit, or professional
athletes undergoing concurrent endurance and strength loads.

Reviews of vegetarian athletes generally report no significant differences in VO2 max, power,
sprint performance, or body composition, while vegetarians often consume more carbohydrate
and less protein [26]. Broader assessments similarly conclude that plant-based diets can support
exercise but require attention to protein density, leucine, iron, vitamin B12, vitamin D, calcium,
zinc, iodine, and long-chain n-3 fatty acids [5,25,27]. Evidence specific to women remains too
sparse for strong inference concerning menstrual function, hormonal adaptation, pregnancy, or

injury risk in elite sport [29].

3.5. Synergistic effects on recovery and athletic performance

An integrated model is plausible. Adequate carbohydrate restores glycogen and reduces the
need to oxidize amino acids; polyphenol- and micronutrient-rich foods may constrain excessive
oxidative damage; fermentable carbohydrate supports SCFA production and barrier function;
and adequately dosed complementary protein supplies EAAs for remodeling. Vascular and
endothelial effects may assist nutrient and oxygen delivery, while lower chronic inflammatory
tone may improve training availability [2,4]. Nevertheless, the chain from diet to microbiota or

CRP to performance has rarely been tested within the same athlete trial.
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Performance reviews consistently find maintenance rather than clear superiority. Plant-based
diets may facilitate high carbohydrate availability and favorable body composition, but
antinutrients, low energy density, high gastrointestinal bulk, and micronutrient gaps can
become limiting during heavy training [4,25]. The literature on popular diets further indicates
that no single pattern is universally appropriate and that restrictive implementation can be more
consequential than dietary label [5].

Accordingly, recovery benefits should be described as conditional and mechanistically

plausible, not as established ergogenic effects.

4. Practical Applications and Nutritional Recommendations

1. Secure energy availability first. Energy intake should be periodized to training load, body-
composition goals, travel, and competition. High-fiber foods can lower dietary energy density;
oils, nut and seed butters, avocado, tofu, tempeh, fortified beverages, refined grains around
training, and liquid nutrition may be required during high-volume phases.

2. Set an individualized protein target. A practical range of approximately 1.6-2.2 g kg—1 day—1
is defensible for strength, power, and mixed-sport athletes, with the upper portion favored
during energy restriction, injury rehabilitation, congested competition, or when protein quality
is lower. The exact requirement was not directly established by the supplied athlete trials and
should be individualized.

3. Distribute protein across the day. Four to five feedings containing approximately 0.3-0.4g/kg
high-quality or complementary plant protein should be used, including a post-exercise feeding
and, when compatible with energy needs, a pre-sleep feeding. Each principal meal should
provide a robust EAA profile and approximately 2.5-3.0 g leucine; larger doses may be needed
for whole-food sources or larger athletes [21,23,24,34].

4. Use complementary sources deliberately. Legume proteins should be combined across the
day with cereal, seed, nut, soy, pea, potato, rice, canola, or fungal proteins. Soy is the best-
supported single plant source in longitudinal evidence; pea—rice—canola and pea—canola blends
have produced whey-comparable acute responses when adequately dosed or fortified
[20,22,24,34,36].

5. Periodize fiber. Habitual intake should emphasize diverse vegetables, fruit, legumes, whole
grains, nuts, and seeds to support saccharolytic fermentation. Fiber, fermentable
oligosaccharides, and large pulse meals should be reduced immediately before high-intensity
sessions or competition in athletes susceptible to bloating, urgency, or exercise-associated

gastrointestinal symptoms [6,13,38].
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6. Monitor nutrients at risk. Vitamin B12 supplementation is mandatory for fully vegan athletes.
Iron status should be assessed with complete blood count, ferritin, transferrin saturation, and
clinical context rather than supplemented empirically. Vitamin D, calcium, iodine, zinc,
selenium, and long-chain n-3 status or intake require dietary review; creatine monohydrate may
be particularly relevant where baseline dietary creatine is absent [27,29].

7. Prefer foods over chronic megadose antioxidants. Berries, cherries, pomegranate, cocoa, tea,
herbs, spices, colorful vegetables, and extra-virgin olive oil can be concentrated during
competition and short recovery windows, while routine high-dose isolated vitamins C and E
should be avoided unless clinically indicated [30].

8. Treat probiotics as strain-specific interventions. Kefir and synbiotic studies provide
preliminary signals, but benefits cannot be generalized across products. Selection should be

based on strain, dose, indication, safety, and trial period rather than commercial claims [10,12].

5. Limitations and Future Research Directions

The principal limitation is that the review was bounded by uploaded sources and therefore
cannot claim exhaustive retrieval. The corpus combined narrative reviews, systematic reviews,
meta- analyses, acute tracer studies, cross-sectional observations, and small interventions,
creating overlap and risk of double-counting underlying studies. Many data were derived from
healthy adults rather than professional athletes; male participants predominated, dietary
definitions varied, and few trials verified long-term adherence to a fully vegan diet. Microbiome
studies used different sequencing regions, bioinformatic pipelines, sample handling, diversity
indices, and metabolite assays.

Fecal measurements incompletely represent mucosal ecology or circulating microbial
metabolites. CRP evidence was stronger than evidence for I1L-6, TNF-a, gut permeability,
illness incidence, or competition performance.

Future trials should recruit adequately powered professional-athlete cohorts stratified by sex,
sport, ethnicity, training phase, and habitual diet. Controlled but ecologically valid interventions
of at least one competitive season should compare a well-designed vegan diet with an energy-,
carbohydrate-, and protein-matched omnivorous diet. Prespecified outcomes should include
training availability, validated performance tests, competition metrics, illness and
gastrointestinal symptom burden, body composition, menstrual and endocrine function, iron
and micronutrient status, plasma and fecal metabolomics, shotgun metagenomics, barrier
markers, and stable-isotope MPS. Repeated sampling is needed to distinguish transient training

responses from stable adaptation. Trials should also test whether microbiome changes
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mediate—rather than merely correlate with—changes in recovery or performance. The
systematic-review literature itself calls for standardized methods, athlete-specific longitudinal

designs, and mechanistic integration [7,8,11,16].

6. Conclusions

Plant-based diets are compatible with professional sport when energy and nutrient provision
are deliberately engineered. The most defensible benefits are a modestly lower basal
inflammatory burden, particularly CRP, and provision of fermentable substrates that can
support SCFA-producing microbiota. Neither effect has been shown consistently to improve
elite performance. For skeletal- muscle adaptation, protein source becomes less consequential
when total intake is sufficient, meals are well distributed, and plant proteins are blended,
processed, or fortified to provide adequate EAAs and leucine. Single-source proteins at equal
modest doses may produce lower acute anabolic responses, while optimized blends can match
whey and support comparable training-induced hypertrophy and strength. The primary clinical
risk is not plant-based eating per se, but low energy availability, insufficient protein quality or
dose, and unrecognized micronutrient deficiency. Individualized planning, biochemical
surveillance, gastrointestinal periodization, and outcome-based reassessment are therefore

required.

DISCLOSURE:

Conceptualization: Artur Goc, Katarzyna Garbacz, Lidia Jasielska

Methodology: Natalia Wiczuk, Julia Drzewiecka

Investigation: Kamila Sattawska, Artur Goc, Julia Drzewiecka, Karolina Laskowska, Lidia
Jasielska, Karolina Dabek, Katarzyna Garbacz, Natalia Wiczuk, Michat Siwko, Szymon
Kanadys

Writing rough preparation: Kamila Sattawska, Szymon Kanadys

Writing review and editing: Kamila Sattawska, Artur Goc, Julia Drzewiecka, Karolina
Laskowska, Lidia Jasielska, Karolina Dabek, Katarzyna Garbacz, Natalia Wiczuk, Michat
Siwko, Szymon Kanadys

Supervision: Szymon Kanadys

Project administration: Szymon Kanadys

Funding statement:

This study received no external funding.

15



Informed consent statement:

Not applicable.

Institutional Review Board Statement:

Not applicable.

Conflict of interest:

The authors declare no conflict of interest.

Declaration of the use of generative Al and Al-assisted technologies in the writing process. In

preparing this work, the authors used Gemini for the purpose of checking grammar and

improving readability. After using this tool, the authors have reviewed and edited the content

as needed and accept full responsibility for the substantive content of the publication

References

1.

Zare, M., Shoaei, N., Karimian, J., Nouri, M., Zare, S., Leilami, K., Shateri, Z., Sarbakhsh,
P., Eftekhari, M., & Gargari, B. P. (2024). Effect of a plant-based diet on oxidative stress
biomarkers in male footballers. Scientific Reports, 14. https://doi.org/10.1038/s41598-024-
54198-3

Barnard, N., Goldman, D. M., Loomis, J. F., Kahleova, H., Levin, S., Neabore, S., & Batts,
T. C. (2019). Plant-Based Diets for Cardiovascular Safety and Performance in Endurance
Sports. Nutrients, 11. https://doi.org/10.3390/nu11010130

lari, S., Proietti, S., Milani, F., Vitiello, L., Muscoli, C., Russo, P., & Bonassi, S. (2025).
Dietary Patterns, Oxidative Stress, and Early Inflammation: A Systematic Review and
Meta-Analysis Comparing Mediterranean, Vegan, and Vegetarian Diets. Nutrients, 17.
https://doi.org/10.3390/nu17030548

Sarmento, T. C., Ferreira, R. G. D. S., & Franco, O. (2024). Plant-Based Diet and Sports
Performance. ACS Omega, 9, 47939 - 47950. https://doi.org/10.1021/acsomega.4c07560
Kaufman, M. W., Nguyen, C., Shetty, M., Oppezzo, M., Barrack, M., & Fredericson, M.
(2023). Popular Dietary Trends ’Impact on Athletic Performance: A Critical Analysis
Review. Nutrients, 15. https://doi.org/10.3390/nu15163511

Govindan, A., Du, H., Manjaly, J. P., Patangia, D., Zannini, E., Ross, R., & Stanton, C.
(2025). Increased intake of plant protein is associated with changes in composition and
functionality of the gut microbiome during a period of intense training. Food Nutrition.
https://doi.org/10.1016/j.fnutr.2025.100050

16



10.

11.

12.

13.

14.

15.

16.

Chen, Y.-L., Yang, K., Xu, M., Zhang, Y., Weng, X,, Luo, J.-Z,, Li, Y., & Mao, Y.-H.
(2024). Dietary Patterns, Gut Microbiota and Sports Performance in Athletes: A Narrative
Review. Nutrients, 16. https://doi.org/10.3390/nu16111634

Pustuta, P., Michnowska, W., Hebda, P., Czaplinski, M., Bruska, N., Btaszkowski, B.,
Bilyk, A., Wolski, A., Kubicki, M., & Wigckowska, K. (2026). The Role of the Gut
Microbiome in Exercise Physiology and Athletic Performance: A Review of Evidence.
Quality in Sport. https://doi.org/10.12775/9s.2026.50.68111

Carey, R., & Montag, D. (2021). Exploring the relationship between gut microbiota and
exercise: short-chain fatty acids and their role in metabolism. BMJ Open Sport — Exercise
Medicine, 7. https://doi.org/10.1136/bmjsem-2020-000930

Fritz, P., Fritz, R., Bdday, P., Boday, A., Bato, E., Kesseri, P., & Olah, C. (2023). Gut
microbiome composition: link between sports performance and protein absorption?. Journal
of the International Society of Sports Nutrition, 21.
https://doi.org/10.1080/15502783.2023.2297992

Gaskell, S., Martinez, I. G., & Costa, R. J. S. (2025). Gut Microbiota and Exercise: A
Systematic Review of Interventions and Evidence Limitations. International Journal of
Sports Medicine, 47, 255 - 286. https://doi.org/10.1055/a-2705-2210

Zavotcu, M., Nisan, N., Bas, M., & Saglam, D. (2025). Effects of Kefir Consumption on
Gut Microbiota and Athletic Performance in Professional Female Soccer Players: A
Randomized Controlled Trial. Nutrients, 17. https://doi.org/10.3390/nu17030512

Hughes, R. L., & Holscher, H. (2021). Fueling Gut Microbes: A Review of the Interaction
between Diet, Exercise, and the Gut Microbiota in Athletes. Advances in Nutrition, 12,
2190 - 2215. https://doi.org/10.1093/advances/nmab077

Fontana, F., Longhi, G., Tarracchini, C., Mancabelli, L., Lugli, G., Alessandri, G., Turroni,
F., Milani, C., & Ventura, M. (2023). The human gut microbiome of athletes: metagenomic
and metabolic insights. Microbiome, 11. https://doi.org/10.1186/s40168-023-01470-9
Craddock, J., Neale, E., Peoples, G., & Probst, Y. (2019). Vegetarian-Based Dietary
Patterns and their Relation with Inflammatory and Immune Biomarkers: A Systematic
Review and Meta-Analysis.. Advances in nutrition, 10 3, 433-451
https://doi.org/10.1093/advances/nmy103

Sidhu, S. R. K., Kok, C.-W., Kunasegaran, T., & Ramadas, A. (2023). Effect of Plant-Based
Diets on Gut Microbiota: A Systematic Review of Interventional Studies. Nutrients, 15.
https://doi.org/10.3390/nu15061510

17



17.

18.

19.

20.

21.

22.

23.

24.

Kroplewski, B., Przybylowicz, K., Sawicki, T., & Przemieniecki, S. (2026).
Supplementation with Animal- and Plant-Derived Proteins Modulates the Structure and
Predicted Metabolic Potential of the Gut Microbiota in Elite Football Players. Nutrients, 18.
https://doi.org/10.3390/nu18050768

Bell, L., Gibbs, J., & Cappuccio, F. (2026). The effect of plant-based dietary patterns on C-
reactive protein: A systematic review and meta-analysis of randomised controlled trials..
Nutrition, metabolism, and cardiovascular diseases : NMCD, 104631
https://doi.org/10.1016/j.numecd.2026.104631

Lim, M. T., Pan, B. J., Toh, D. W. K., Sutanto, C., & Kim, J. E. (2021). Animal Protein
versus Plant Protein in Supporting Lean Mass and Muscle Strength: A Systematic Review
and  Meta-Analysis of Randomized Controlled Trials.  Nutrients, 13.
https://doi.org/10.3390/nu13020661

Bertin, R. L., Retondario, A., & Ulbrich, A. Z. (2026). Effects of plant-based protein
supplementation on hypertrophy in healthy males and females who practice resistance
training: a systematic review. Retos. https://doi.org/10.47197/retos.v81.117266

Pinckaers, P. J. M., Trommelen, J., Snijders, T., & Van Loon, L. V. (2021). The Anabolic
Response to Plant-Based Protein Ingestion. Sports Medicine (Auckland, N.z.), 51, 59 - 74,
https://doi.org/10.1007/s40279-021-01540-8

Santini, M. H., Leitdo, A. E., Mazzolani, B., Smaira, F., De Souza, M. S. C., Santamaria,
A., Gualano, B., & Roschel, H. (2025). Similar effects between animal-based and plant-
based protein blend as complementary dietary protein on muscle adaptations to resistance
training: findings from a randomized clinical trial. Journal of the International Society of
Sports Nutrition, 22. https://doi.org/10.1080/15502783.2025.2568047

Govindasamy, K., Parpa, K., Katani¢, B., Clark, C., Elayaraja, M., Dulceanu, C., Geanta,
V. A., Tolan, G. A., & Zouhal, H. (2025). Effect of Plant-Based Proteins on Recovery from
Resistance Exercise-Induced Muscle Damage in Healthy Young Adults—A Systematic
Review. Nutrients, 17. https://doi.org/10.3390/nu17152571

Lim, C., Janssen, T. A. H., Currier, B. S., Paramanantharajah, N., McKendry, J., Sawan, S.
A., & Phillips, S. (2024). Muscle Protein Synthesis in Response to Plant-Based Protein
Isolates With and Without Added Leucine Versus Whey Protein in Young Men and
Women. Current Developments in Nutrition, 8.
https://doi.org/10.1016/j.cdnut.2024.103769

18



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lynch, H. M., Johnston, C., & Wharton, C. M. (2018). Plant-Based Diets: Considerations
for Environmental Impact, Protein Quality, and Exercise Performance. Nutrients, 10.
https://doi.org/10.3390/nu10121841

Hernandez-Lougedo, J., Maté-Mufioz, J., Garcia-Fernandez, P., Ubeda-D’Ocasar, E.,
Hervas-Pérez, J., & Pedauyé-Rueda, B. (2023). The Relationship between Vegetarian Diet
and Sports Performance: A Systematic Review. Nutrients, 15.
https://doi.org/10.3390/nu15214703

Ayaz, A., Zaman, W., Radak, Z., & Gu, Y. (2024). Green strength: The role of
micronutrients in plant-based diets for athletic performance enhancement. Heliyon, 10.
https://doi.org/10.1016/j.heliyon.2024.e32803

Shrivastava, A. (2025). A Systematic Review of the Impact of Vegan and Plant Based Diets
on Sports Performance of Athletes. European Journal of Biology and Medical Science
Research. https://doi.org/10.37745/ejbmsr.2013/vol13n32536

Lopez-Moreno, M., Pérez-Diaz-Del-Campo, N., Villa, N., Leszczynska, P. M., Sanchez-
Infante, J., & Marrero-Ferndndez, P. (2026). Vegetarian diets in female athletes:
performance, health outcomes, and the implementation gap. Frontiers in Nutrition, 13.
https://doi.org/10.3389/fnut.2026.1901139

Yang, H., Dong, J., Yang, J., Wu, C.-C., & Su, C.-H. (2026). Food-Based Antioxidant
Nutrition for Exercise Recovery and Training Adaptation: A Narrative Review and
Conceptual Framework for Redox Signaling, Dietary Matrices, and Periodized Application.
Nutrients, 18. https://doi.org/10.3390/nu18132115

Aleksandrova, K., Koelman, L., & Rodrigues, C. E. (2021). Dietary patterns and biomarkers
of oxidative stress and inflammation: A systematic review of observational and intervention
studies. Redox Biology, 42. https://doi.org/10.1016/j.redox.2021.101869

Van Vliet, S., Burd, N., & Van Loon, L. V. (2015). The Skeletal Muscle Anabolic Response
to Plant- versus Animal-Based Protein Consumption.. The Journal of nutrition, 1459, 1981-
91 . https://doi.org/10.3945/jn.114.204305

Berrazaga, 1., Micard, V., Gueugneau, M., & Walrand, S. (2019). The Role of the Anabolic
Properties of Plant- versus Animal-Based Protein Sources in Supporting Muscle Mass
Maintenance: A Critical Review. Nutrients, 11. https://doi.org/10.3390/nu11081825

Van Der Heijden, I., Monteyne, A. J., West, S., Morton, J. P., Langan-Evans, C., Hearris,
M., Abdelrahman, D., Murton, A., Stephens, F., & Wall, B. T. (2024). Plant protein blend

ingestion stimulates post-exercise myofibrillar protein synthesis rates equivalently to whey

19



35.

36.

37.

38.

39.

in resistance-trained adults. Medicine and science in sports and exercise, 56, 1467 - 1479.
https://doi.org/10.1249/mss.0000000000003432

Tomova, A., Bukovsky, I., Rembert, E., Yonas, W., Alwarith, J., Barnard, N., & Kahleova,
H. (2019). The Effects of Vegetarian and Vegan Diets on Gut Microbiota. Frontiers in
Nutrition, 6. https://doi.org/10.3389/fnut.2019.00047

Reid-McCann, R., Brennan, S., Ward, N. A., Logan, D., McKinley, M., & McEvoy, C.
(2025). Effect of Plant Versus Animal Protein on Muscle Mass, Strength, Physical
Performance, and Sarcopenia: A Systematic Review and Meta-analysis of Randomized
Controlled Trials. Nutrition Reviews, 83, e1581 - e1603.
https://doi.org/10.1093/nutrit/nuae200

Zhao, S., Xu, Y., Li, J., & Ning, Z. (2024). The Effect of Plant-Based Protein Ingestion on
Athletic Ability in Healthy People—A Bayesian Meta-Analysis with Systematic Review of
Randomized Controlled Trials. Nutrients, 16. https://doi.org/10.3390/nu16162748
Bongiovanni, T., Yin, M., & Heaney, L. (2021). The Athlete and Gut Microbiome: Short-
chain Fatty Acids as Potential Ergogenic Aids for Exercise and Training. International
Journal of Sports Medicine, 42, 1143 - 1158. https://doi.org/10.1055/a-1524-2095

Menzel, J., Jabakhanji, A., Biemann, R., Mai, K., Abraham, K., & Weikert, C. (2020).
Systematic review and meta-analysis of the associations of vegan and vegetarian diets with
inflammatory biomarkers. Scientific Reports, 10. https://doi.org/10.1038/s41598-020-
78426-8

20



