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Abstract
Purpose of Review Veganism, characterized by the exclusion of all animal-derived products, has grown in popularity due to 
ethical, environmental, and health considerations. However, vegan athletes often face unique nutritional challenges related 
to dietary deficiencies of critical nutrients such as proteins, vitamin B12, iron, calcium, and omega-3 fatty acids, among 
others. This narrative review aims to explore the efficacy and benefits of vegan-friendly supplements specifically tailored to 
athletic performance, focusing on essential micronutrients, ergogenic aids, and nutrient bioavailability.
Recent Findings Nineteen key supplements are discussed, including protein powders, creatine, beta-alanine, caffeine, vita-
min B12, vitamin D, omega-3 fatty acids, zinc, calcium, iron, iodine, vitamin K2, selenium, probiotics, nitrates, electrolytes 
(including sodium and potassium), taurine, vitamin A, and magnesium. Evidence suggests that the integration of these sup-
plements into personalized nutrition plans can bridge dietary gaps while addressing specific performance needs, potentially 
leveling the competitive field for vegan athletes. Recent studies also highlight research gaps in sex-specific needs, synergistic 
effects, and strategies to enhance the bioavailability of nutrients from whole foods.
Summary Vegan diets, while conferring various benefits, require careful consideration of nutrient intake for athletes seek-
ing optimal performance. Personalized biochemical assessments should be considered when possible for tailoring specific 
nutritional guidelines for each case. This narrative review provides practical guidelines for clinicians, nutritionists, trainers, 
sports scientists, and athletes to design personalized supplementation strategies that address common nutritional shortfalls, 
enhance performance, and serve as a foundation for future research in vegan sports nutrition.

Keywords Sports · Performance · Deficiencies · Vegan · Supplementation · Health · Metabolism · Essential Micronutrients

Introduction

Veganism, a lifestyle excluding all animal-derived prod-
ucts, is driven by ethical concerns for animal welfare, envi-
ronmental awareness, and health benefits. Its adoption has 
grown significantly, particularly in developed countries, with 
over 3% of the global population following a vegan diet. 
Despite its benefits, veganism poses nutritional challenges, 
especially for active individuals and athletes, whose higher 
nutritional needs may risk deficiencies in nutrients like 
vitamin B12, iron, zinc, calcium, and omega-3 fatty acids. 
Supplements are essential to address these gaps [1–3]. It is 
critical in this context to properly distinguish between vegan 
and vegetarians, with the latter usually incorporating eggs 
and milk products to diet  [4, 5].

Popular sports supplements like protein powders, cre-
atine, and antioxidants enhance performance and recov-
ery but often include animal-based ingredients. Vegan 
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formulations must ensure quality, efficacy, and bioequiva-
lence to non-vegan alternatives. Factors like consumption 
timing, bioavailability, and nutrient interactions are key. For 
instance, plant-based omega-3 sources like algae oil offer 
alternatives but face efficacy debates compared to fish or 
krill-derived options. Similar issues have emerged for pro-
tein powders and others [6–8].

This narrative review examines vegan supplements' 
impact on health and performance, emphasizing their devel-
opment, efficacy, and differences from non-vegan versions. 
It identifies improvement areas and research opportunities to 
optimize vegan athletes' health and performance.

This review should serve both clinicians and athletes for 
properly developing their specialized nutritional protocols 
when needing to combine a vegan diet with high sports 
performance.

A summary of all the nutrients and supplements covered 
in this review is presented in Table 1. Each supplement is 
thoroughly discussed in their own section.

Protein Powders

Protein shakes are widely used to support strength devel-
opment and muscle hypertrophy, especially among athletes 
engaged in resistance training. Traditionally, animal-based 
proteins (e.g., whey and casein) were considered superior 
due to their high leucine content and essential amino acid 
profile. However, recent studies indicate that, under condi-
tions of adequate protein intake (≥ 1.8 g/kg/day), plant-based 
proteins—such as mycoprotein, pea, soy, and mung bean—
can promote muscle protein synthesis (MPS) comparably 
to animal proteins [9, 10]. This is particularly relevant for 
vegan athletes, who can achieve similar muscle gains with 
well-planned diets supplemented with high-quality plant 
proteins [11, 12]. Generally speaking, a good protein powder 
supplement for muscle development should have all 9 essen-
tial amino acids, over 70% total protein purity and contain 
around 3 g of L-Leucine, 1 g of Isoleucine and 1 g of Valine 
per serving (even though other Leucine prevalent ratios may 
also be anabolic) [13], as those are the primary amino acids 
involved in MPS (usually called BCAAs).

Key Considerations for Plant‑Based Protein 
Supplementation

• Adequate Intake: Athletes should target 1.6–2.2 g of 
protein/kg body weight/day. Given lower digestibility and 
essential amino acid content in plant proteins, doses of 
30–40 g per meal help compensate for any shortfall [14].

• Protein Quality: Combining different plant proteins 
enhances the overall amino acid profile, making it eas-

ier to meet requirements for leucine and other essential 
amino acids [11].

• Timing and Distribution: Distributing total protein 
intake across 3–5 meals daily, each supplying at least 
0.4 g protein/kg, maximizes MPS and minimizes muscle 
breakdown [12].

• Post-Workout and Evening Intake: Consuming pro-
tein soon after exercise, as well as before sleep, supports 
recovery, muscle repair, and adaptation processes [11].

• Synergy with Carbohydrates: Plant-based protein 
intake combined with carbohydrates post-training can 
further optimize absorption and enhance MPS [6].

Creatine

Creatine, found primarily in animal muscle, is a well-
researched ergogenic aid known for its capacity to boost 
muscular strength, power, and recovery. Beyond enhancing 
performance, creatine supports muscle recovery, reduces 
inflammation, and may mitigate cellular damage induced 
by intense exercise [15, 16]. Because it is absent from vegan 
diets, vegans often have lower baseline creatine levels—an 
issue that can be significantly improved through supple-
mentation [17, 18]. Creatine works by elevating muscular 
phosphocreatine stores, which are crucial for rapid ATP 
replenishment during high-intensity, short-duration activi-
ties. For vegan athletes, creatine supplementation is nec-
essary to bridge dietary gaps, resulting in notable gains in 
physical performance and cognition. Almost the entirety of 
commercially available Creatine supplements is synthetic 
and therefore vegan-friendly. The most researched and rec-
ommended form is Creatine Monohydrate, an odor and taste-
less white powder.

Key Considerations for Plant‑Based Creatine 
Supplementation

• Baseline Deficit and General Health: Vegans can expe-
rience an amplified response to creatine supplementation 
due to initially low muscle creatine levels [17]. Creatine 
is a great ally for both muscular and neurological health 
and performance [19].

• Dosage Protocols: A typical loading phase (20 g/day 
for 5–7 days, split into four doses) followed by a mainte-
nance dose (3–5 g/day) quickly saturates muscle creatine 
stores. Alternatively, a steady 3 g/day achieves similar 
results over a longer period [15, 16].

• Carbohydrate Synergy: Co-ingestion of creatine with 
carbohydrates can further enhance uptake and cellu-
lar incorporation, an important consideration both for 
vegans and omnivorous athletes [17, 18].
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• Strength and Hypertrophy: Research consistently 
shows significant improvements in muscle strength, 
power, and lean mass with creatine supplementation [15, 
20].

• Recovery and Inflammation: Creatine mitigates muscle 
damage and inflammation, contributing to faster recovery 
times and maintaining an anabolic environment condu-
cive to muscle repair [15, 16].

Beta‑Alanine

Beta-alanine, a non-essential amino acid, is a key precursor 
to carnosine, which buffers hydrogen ions  (H+) and delays 
muscle fatigue during high-intensity anaerobic activities [21, 
22]. Because natural dietary sources (e.g., meat and poul-
try) are absent from vegan diets, supplementation becomes 
particularly important for vegan athletes. Studies show that 
increasing muscle carnosine levels via beta-alanine supple-
mentation not only improves fatigue resistance in activities 
lasting 60 to 240 s—like cycling, mid-distance running, 
and weightlifting—but also provides antioxidant protec-
tion [23–25]. Therefore, beta-alanine supplementation is a 
vital tool for vegan athletes aiming to maximize physical 
and potentially cognitive performance. As with Creatine, 
beta-alanine is mostly vegan-friendly as a synthetic product. 
Outside of pure beta-alanine white powdered supplements, 
this compound is also widely used in pre-workout (energetic 
stimulant mixes) formulas.

Key Considerations for Plant‑Based Beta‑Alanine 
Supplementation

• Lower Baseline Levels: Vegans typically have reduced 
muscle carnosine concentrations. Supplementation can 
result in greater relative gains compared to omnivores, 
enhancing buffering capacity and athletic performance 
[22].

• Dosage and Timing: A daily dose of 4–6 g for at least 
4 weeks can increase carnosine by 60–80%. Dividing 
doses into smaller servings (1–1.6 g) or using sustained-
release forms helps reduce side effects such as paresthe-
sia [22, 23, 25].

• Cognitive and Recovery Benefits: Elevated carnosine 
levels may have antioxidant, antiglycation, and potential 
cognitive advantages, which are especially beneficial for 
athletes engaged in intensive training [21].

• Potential Uncomfortable Side Effects: beta-alanine is 
known to cause paresthesia to some users, a side effect 
usually described as an “itch” covering most of the body. 
Some users appear to be more sensitive to others. Proper 
dosage practice may help prevent this [22, 23, 25].
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Caffeine

Caffeine is among the most widely used ergogenic aids due 
to its ability to enhance both physical and cognitive perfor-
mance by antagonizing adenosine receptors. This mecha-
nism reduces fatigue perception, stimulates the central 
nervous system, and promotes the utilization of fatty acids 
during exercise [26]. Research indicates that caffeine sup-
plementation benefits aerobic capacity, boosting endurance 
in prolonged exercise, as well as anaerobic performance by 
increasing strength and power output [27]. Vegan athletes 
experience similar benefits to omnivores when consuming 
3–6 mg/kg of caffeine about 30–60 min pre-exercise [28]. 
Well planned caffeine supplementation can help bridge any 
ergogenic gaps in plant-based diets, enabling vegan athletes 
to achieve peak performance.

Key Considerations for Plant‑Based Beta‑Alanine 
Supplementation

• Dosing and Formats: Various caffeine delivery meth-
ods—gum, capsules, powders, or energy drinks—offer 
versatility in timing and dose. Caffeine gum, in particu-
lar, yields a faster response via sublingual absorption, 
beneficial for quick performance enhancement [29]. For 
vegans, these formats are compatible with a plant-based 
diet and enable customized intake to meet sport-specific 
demands [26]. Ideally 3–6 mg/kgbodyweight of caffeine 
about 30–60 min pre-exercise.

• Timing and Recovery: Ingesting caffeine 30–60 min 
before exercise significantly improves endurance, 
strength, and time to exhaustion [30]. However, late-day 
use may disrupt sleep—an issue for athletes training in 
the evening [31, 32]. While caffeine can aid recovery by 
reducing muscle soreness and speeding up recuperation, 
excessive doses may negatively impact heart rate vari-
ability and prolong sympathetic activation, thus hinder-
ing active recovery [33].

• Individual Variability: Genetic differences, particularly 
in the CYP1A2 gene, influence caffeine metabolism. 
Slow metabolizers may experience adverse effects such 
as anxiety or insomnia, while fast metabolizers typically 
gain more pronounced ergogenic benefits [34]. These 
factors apply equally to vegan athletes, who should adjust 
their dosage to avoid side effects and optimize perfor-
mance.

B12 Vitamin

Vitamin B12 (cobalamin) is an essential micronutri-
ent involved in DNA synthesis, red blood cell formation, 
and neuronal function. Vegan diets exclude animal-based 
foods, posing a major challenge in meeting B12 needs; 

consequently, supplementation or consumption of forti-
fied foods is crucial to prevent deficiencies [6, 35]. B12 
deficiency can lead to megaloblastic anemia, neuropathy, 
cognitive impairment, and cardiovascular issues related to 
elevated homocysteine levels [35, 36]. Epidemiological stud-
ies indicate that up to 50% of vegans have suboptimal B12 
levels, highlighting the need for targeted strategies [6, 35].

Key Considerations for Plant‑Based Vitamin B12 
Supplementation

• Sources in Vegan Diets: Fortified foods like plant-based 
milk, cereals, and nutritional yeast are primary B12 
sources for vegans. A more effective approach is in the 
form of direct supplementation; where cyanocobalamin 
is the most widely studied and stable form, while methyl 
cobalamin may be advantageous in specific metabolic 
dysfunctions [37].

• Recommended Dosages: A daily dose of 250 µg or a 
weekly dose of 2500 µg effectively maintains adequate 
B12 levels. These regimens are particularly important 
for pregnant women, lactating mothers, and older adults. 
Regular blood tests to check serum B12 levels are recom-
mended to ensure long-term sufficiency. Other effective 
alternatives are B12 injections which usually contain 
concentrations of 10.000 mg [38–40].

• Importance in Athletic Performance: B12 is essential 
for hemoglobin synthesis. Inadequate levels can reduce 
aerobic capacity and hinder post-exercise recovery. Sup-
plementation in vegan athletes enables performance com-
parable to that of omnivore counterparts [41].

• Individual Factors: Age, physical activity level, and 
intestinal absorption can influence individual B12 
requirements, necessitating tailored dietary and supple-
mentation strategies [42].

Vitamin D

Vitamin D is a crucial nutrient for bone health, immune 
function, and muscle performance, yet it is often lacking 
in vegan diets due to limited natural plant-based sources 
[43, 44]. While vitamin D2 (ergocalciferol) can be obtained 
from UV-exposed mushrooms, vitamin D3 (colecalciferol) 
is primarily sourced from animal-based foods (e.g., fatty 
fish, eggs). In vegan populations, low dietary intake of vita-
min D3 and insufficient sunlight exposure—particularly in 
higher latitudes or during low-UV seasons—significantly 
increase the risk of deficiency [45, 46]. Regarding sports, 
supplementation with vitamin D3 during winter significantly 
improved serum 25(OH)D levels, muscle strength, and func-
tional capacity in young soccer players [47]. Similarly, high-
dose vitamin D increased aerobic capacity and metabolic 
efficiency in endurance athletes [48].
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Key Considerations for Plant‑Based Vitamin D 
Supplementation

• Bone Health: Inadequate vitamin D levels lead to condi-
tions such as osteoporosis and osteomalacia, with older 
adults at heightened risk for falls, muscle weakness, and 
fractures [44]. Supplementing together with calcium 
enhances bone health and can help prevent fractures, 
particularly in vulnerable groups. [3]

• Athletic Performance: Studies report that low vitamin 
D can compromise muscle strength, aerobic capacity, 
and recovery in athletes [3, 49]. Sufficient vitamin D 
levels also support immune function, potentially reduc-
ing injury and illness in athletes [50].

• Daily Intake: Research suggests a safe and effective 
range of 2000–5000 IU/day of vitamin D3 for maintain-
ing serum 25(OH)D levels above 30 ng/mL [48, 49].

• Monitoring Levels: Regular serum 25(OH)D testing 
is essential for athletes—especially vegans—to adjust 
supplementation to individual needs and environmental 
conditions [46].

Omega‑3 Unsaturated Fatty Acids

Omega-3 fatty acids play a critical role in cardiovascular, 
neurological, and immune function, but vegan diets lack 
traditional sources such as fatty fish. Instead, they rely on 
alpha-linolenic acid (ALA) from flaxseed, chia, and walnuts; 
however, ALA’s conversion to EPA and DHA in humans is 
quite limited (under 10% for EPA and under 1% for DHA) 
due to factors like enzyme competition with omega-6 fats, 
micronutrient deficiencies (e.g., zinc, iron), and genetic var-
iants [45, 51]. Omega-3 fatty acids—especially EPA and 
DHA—are vital for overall health and sports performance. 
In vegan populations, microalgae supplements bridge the 
gap left by the absence of fish-based omega-3 s providing 
effective DHA sources [52, 53]. Future research should 
refine supplementation strategies and assess the long-term 
impacts of omega-3 use in vegan populations as well as pro-
viding novel vegan EPA sources [53, 54]. As vegans already 
have many of the EPA associated benefits solely from their 
diet (for example reduced inflammation due to higher fiber 
and antioxidants consumption), supplementing only DHA is 
still an effective approach. Nevertheless, there is an increas-
ing need of developing new microalgae sources high in both 
EPA and DHA [53, 55].

Key Considerations for Plant‑Based Omega‑3 
Supplementation

• Dosing Recommendations: 3–5 g/day of EPA + DHA 
has been linked to reduced muscle soreness and IL-6 lev-
els after intense workouts, particularly benefiting vegan 

athletes [56, 57]. Consuming just DHA on its own is also 
enough for most vegan population for this effects. For 
vegans, microalgae-based DHA provides an effective, 
sustainable solution. Generally recommended doses are 
250–500 mg/day for general health and 2–4 g/day for 
targeted applications like lowering blood triglycerides 
or supporting cognitive health [58].

• Impact on Health and Performance: DHA makes 
up ~ 40% of the brain’s polyunsaturated fatty acids, aiding 
synaptic plasticity and cognitive function. Supplemen-
tation aids developing brains and also protects against 
neurodegenerative diseases in older adults [59, 60]. Even 
though most research focuses on high-dose EPA [61, 62], 
vegan microalgae supplements high in DHA can simi-
larly improve blood pressure and vascular elasticity [53].

Zinc

Zinc is an essential trace element involved in protein syn-
thesis, immune regulation, and energy metabolism. Its role 
in vegan athletes is particularly significant due to limited 
plant-based availability and the mineral’s direct impact on 
physical performance and muscle recovery [63, 64]. Main 
vegan dietary sources—whole grains, seeds, nuts, and leg-
umes—are rich in phytates, which reduce zinc bioavailabil-
ity and raise deficiency risks for high-demand groups such 
as athletes [65, 66]. Organic supplements (e.g., zinc lactate) 
often show superior absorption compared to inorganic forms 
[67].

Adequate zinc status supports muscle repair, antioxidant 
defenses, and immune function [63, 68]. Sufficient zinc also 
helps maintain gut barrier integrity, reducing inflammation 
and enhancing nutrient absorption [69]. Research indicates 
zinc supplementation can improve satellite cell prolifera-
tion, modulate key immune responses, and lower inflamma-
tory markers, thereby supporting muscle recovery following 
endurance exercise [67, 70].

Key Considerations for Zinc Supplementation

• Bioavailability and Sources: Zinc lactate and other 
organic salts typically show enhanced uptake compared 
to inorganic forms [67]. High-phytate foods (e.g., grains, 
legumes) can hinder absorption [65, 66]. Proper supple-
mentation and food intake timing are therefore essential 
for securing proper zinc absorption.

• Dosing Recommendations: Factors such as training 
intensity, dietary patterns, and environmental conditions 
influence zinc requirements. 20–40 mg/day is generally 
advised to prevent deficiencies and avoid adverse effects 
from excessive intake [68].

• Impact on Health and Performance: Adequate zinc 
promotes muscle regeneration, immune defense, and 
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reduced inflammation—key for athletes with intense 
training regimens. Zinc’s role in maintaining intestinal 
barrier function further aids nutrient assimilation and 
inflammation control [63, 66]. Proper Zinc levels are 
essential for MPS and muscular metabolism. Effective 
Zinc supplementation could aid developing humans, ath-
letes and older persons to enhance their muscular devel-
opment, strength and overall functionality [63, 70].

Calcium

Calcium is an essential mineral for bone formation and 
maintenance, muscle function, and nerve transmission. 
Within vegan diets, calcium intake can be challenging due 
to limited plant-based sources and reduced bioavailability 
caused by phytates and oxalates [71, 72]. Calcium deficiency 
can lead to osteoporosis, reduced bone mineral density, and 
an elevated risk of fractures, issues particularly pertinent to 
vegan athletes [73].

Vegan sources of calcium include leafy greens, almonds, 
fortified tofu, and enriched plant milks [71]. However, sup-
plementation—commonly in forms like calcium carbonate 
or citrate—often becomes necessary to ensure adequate 
intake. When combined with vitamin D, calcium absorp-
tion and bone retention improve significantly [74]. Recent 
studies underscore the efficacy of fractionated calcium dos-
ing throughout the day to optimize absorption and minimize 
gastrointestinal side effects [73]. Adequate calcium status 
supports not only bone health but also overall athletic per-
formance, particularly in preventing injury and enhancing 
post-exercise recovery [72].

Key Considerations for Calcium Supplementation

• Bioavailability and Dietary Sources: Plant-based cal-
cium can be hindered by phytates and oxalates, reducing 
absorption. Leafy greens, almonds, fortified tofu, and 
enriched plant milks can help meet calcium requirements 
but often need to be combined with supplementation. 
Calcium carbonate or citrate are the preferred supple-
mentation forms [71, 72].

• Dosing Recommendations: the general recommenda-
tion lies around 1000–1200 mg/day for adults; vegan 
athletes may require higher amounts to account for 
increased bone turnover [75]. Splitting total daily cal-
cium into multiple smaller doses can improve bioavail-
ability and reduce gastrointestinal discomfort [73]. It is 
recommended to consume calcium together with Vitamin 
D for enhanced absorption [74].

• Impact on Health and Performance: Adequate calcium 
status reduces fracture risk and maintains bone density 

in populations prone to deficiency [73]. Proper calcium 
intake supports recovery, prevents overuse injuries, and 
aids in overall musculoskeletal integrity [72].

Iron

Iron is essential for oxygen transport, energy production, and 
immune function. In sports performance, adequate iron lev-
els underpin hemoglobin, myoglobin, and key mitochondrial 
enzymes [76, 77]. For vegan athletes, iron deficiency risk 
is elevated due to reliance on non-heme plant-based iron—
less bioavailable than heme iron from animal sources. This 
limited absorption is further influenced by inhibitors like 
phytates and polyphenols, although vitamin C and organic 
acids enhance non-heme iron uptake [78, 79]. While vegans 
often show lower iron stores, their hemoglobin levels are 
generally comparable to omnivores [76].

Deficiency manifests in three stages—depleted iron 
stores, impaired erythropoiesis, and iron-deficiency ane-
mia—leading to reduced oxygen transport capacity, mito-
chondrial dysfunction and fatigue [77, 79].

Non-anemic iron deficiency can also negatively impact 
 VO2 max and overall athletic output. Early intervention, 
especially when ferritin is below 20 µg/L, significantly 
improves aerobic capacity [80].

Key Considerations for Iron Supplementation

• Dietary Sources and Bioavailability: Non-heme iron in 
legumes, whole grains, leafy greens, and nuts has lower 
bioavailability. Vitamin C boosts absorption, whereas 
phytates and polyphenols hinder it. Intense training ele-
vates hepcidin, reducing iron absorption. Administer iron 
when hepcidin levels are lower, typically before or well 
after exercise [78–80].

• Dosing Recommendations: Ferrous sulfate, ferrous 
gluconate, or ferrous fumarate at 30–100 mg of ele-
mental iron per day [78]. Adjust dose based on ferritin 
levels, training intensity, and dietary inhibitors [77]. 
Ferritin (storage) and hemoglobin (oxygen transport 
capacity) blood levels should be used as marker for 
personalized supplementation strategies [80]. Consum-
ing iron-rich foods or supplements together with Vita-
min C (and other organic acids) effectively enhances 
bioavailability.

• Impact on Health and Performance: Maintaining 
proper iron levels is crucial for energetic metabolism 
and oxygen transport. Improving iron levels when a defi-
ciency is at place, significantly improved aerobic capac-
ity, a feature critical for high-resistance and explosive 
athletes.
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Iodine

Iodine is essential for synthesizing the thyroid hormones 
triiodothyronine (T3) and thyroxine (T4), which regu-
late metabolism, neurological development, and thyroid 
function. Because vegan diets exclude typical animal-
based iodine sources (e.g., fish, dairy, eggs), vegans face 
a higher risk of deficiency [81, 82]. Although seaweeds 
(e.g., kombu), iodized salt, and fortified foods can provide 
iodine, their availability and consistency vary widely [83]. 
Low iodine intake may lead to hypothyroidism, goiter, and 
metabolic disturbances—factors that can negatively affect 
athletic performance by reducing metabolic efficiency, ther-
moregulation, and muscle recovery [84].

Recent research confirms that vegans tend to have the 
lowest urinary iodine concentrations relative to omnivores, 
often below the WHO’s optimal range of 100–200 μg/L [81, 
82]. Iodine supplementation, usually 150 μg/day as potas-
sium iodide, is a key preventive measure [81]. Food fortifi-
cation—such as iodine-enriched plant milks or breads—can 
also help, although its impact depends on local regulations 
and availability [84]. Seaweed, while potentially high in 
iodine, can present toxicity risks due to highly variable 
content, underscoring the need for moderated intake [83].

Key Considerations for Iodine Supplementation

• Dietary Sources and Variability: Iodized salt, enriched 
plant milks, and fortified breads can provide consistent 
iodine, particularly in areas lacking mandatory iodization 
[81, 84]. Some algae like kombu can contain excessive 
iodine, posing toxicity risks if consumed frequently and 
in large amounts, algal supplementation should therefore 
be conducted with caution [83].

• Dosing Recommendations: WHO advises 150 μg/day 
for adults, 250 μg/day for pregnant/lactating women [85]. 
150 μg/day of potassium iodide is typically considered 
safe and effective for preventing deficiency in vegans 
[81].

• Impact on Health and Performance: Adequate iodine 
is critical for synthesizing T3/T4 hormones, which drive 
metabolic rate, thermoregulation, and energy utiliza-
tion—factors essential for athletic performance [84]. 
Proper iodine levels are required for effective metabolism 
as well as muscular and neurological health [86].

Vitamin K2

Vitamin K2 (menaquinone) is a fat-soluble micronutrient 
crucial for bone health, cardiovascular function, and inflam-
matory and metabolic processes. In vegan diets, natural 
sources of K2 (e.g., egg yolks, cheese, natto) are limited, 
making deficiency a concern [87]. Menaquinone-7 (MK-7), a 

more bioavailable form, can be sustainably produced through 
bacterial fermentation and is therefore suitable for vegan sup-
plementation [88]. Vitamin K2 supports the carboxylation of 
vitamin K-dependent proteins such as osteocalcin and matrix 
Gla protein (MGP), which are essential for bone mineraliza-
tion and preventing vascular calcification [89].

Recent studies highlight potential ergogenic effects of 
K2 through reducing exercise-induced inflammation and 
enhancing muscle recovery [90, 91]. MK-7 supplementation 
at 90–200 µg/day is considered safe and effective for improv-
ing K2 status, especially when combined with vitamin D 
and calcium for optimal bone health [87, 89]. Addition-
ally, research suggests K2 may have metabolic benefits, as 
observed in individuals with polycystic ovary syndrome and 
hemodialysis patients [88, 92]. For vegan athletes, ensuring 
adequate vitamin K2 intake can mitigate risks associated 
with bone density loss and inflammation, thereby supporting 
overall performance and recovery.

Key Considerations for Vitamin K2 Supplementation

• Dietary Sources and Bioavailability: Traditional K2 
sources (e.g., egg yolk, cheese) are off-limits in a vegan 
diet. Natto (fermented soy) contains high amounts of 
MK-7 but may not be widely consumed, mostly due to 
organoleptic reasons. MK-7 supplements produced via 
fermentation provide a vegan-compatible source of vita-
min K2 [90].

• Dosage Recommendations: 90–200 µg/day of MK-7 
is generally recognized as both safe and sufficient to 
enhance K2 status [87]. Co-supplementation of K2 with 
vitamin D and calcium further supports bone mineraliza-
tion and skeletal integrity [89].

• Impact on Health and Performance: Adequate K2 
status helps reduce fracture risk, improve bone density, 
and prevent arterial calcification [89]. Studies indicate 
that vitamin K2 can aid post-exercise muscle repair and 
reduce inflammatory markers, which is especially rel-
evant for vegan athletes [90].

Selenium

Selenium is an essential trace element involved in antioxi-
dant defense, muscle performance, and thyroid hormone 
regulation. It is incorporated into selenoproteins—such as 
glutathione peroxidase—that protect against oxidative stress 
and help maintain metabolic homeostasis [93, 94]. In vegan 
diets, selenium intake can be suboptimal because plant-
based selenium content depends heavily on soil composition, 
highlighting the need for supplementation or fortified foods 
in this population [95–97].

Adequate selenium status benefits muscle recovery by 
limiting exercise-induced oxidative damage and supports 
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thyroid function via the conversion of thyroxine (T4) to the 
more active triiodothyronine (T3) [98, 99]. In vegan athletes, 
selenium supplementation helps maintain optimal thyroid 
hormone levels and metabolic parameters. Recent findings 
also suggest selenium may combat sarcopenia by enhanc-
ing protein synthesis in muscle and preserving functionality 
in aging and athletic populations [94, 96]. Sodium selenate 
or selenium-enriched yeast are considered safe, effective 
vegan-friendly supplement forms. Co-supplementation of 
selenium with other antioxidants, like vitamin E and zinc, 
may amplify protective effects [98].

Key Considerations for Selenium Supplementation

• Dietary Sources and Bioavailability: Selenium content 
in grains, legumes, and nuts (e.g., Brazil nuts) depends 
on soil selenium levels, making intake inconsistent for 
vegans [95]. Cereals and breads enriched with selenium 
offer a potentially sustainable approach to enhance intake 
[96]. Sodium selenate or selenium-enriched yeast are 
well-absorbed and commonly recommended [93].

• Dosing Recommendations: An intake of 55 μg/day of 
elemental selenium for adults is recommended, though 
athletes may need more. Combining with Vitamin E and 
Zinc enhances benefits associated with muscle recovery 
and immune function [98].

• Impact on Health and Performance: Selenoproteins 
such as glutathione peroxidase mitigate the reactive oxy-
gen species produced during high-intensity exercise [99]. 
Adequate selenium supports T4-to-T3 conversion, crucial 
for metabolic rate, MPS and energy utilization [96, 98]. 
It also impacts recovery and immune function [98].

Probiotics

Probiotics are live microorganisms that confer significant health 
benefits to the host. In sports nutrition, they have gained atten-
tion for their ability to modulate the gut microbiota, enhance 
nutrient absorption, and optimize physical performance. Vegan 
athletes may particularly benefit from probiotic supplementa-
tion to improve intestinal health and address challenges related 
to the bioavailability of essential nutrients [100, 101].

A fiber-rich vegan diet often promotes beneficial bacteria 
such as Bifidobacterium and Lactobacillus. However, these 
benefits can be substantially enhances with supplementation 
[102]. Specific strains like Lactiplantibacillus plantarum 
TWK10 have demonstrated improved amino acid bioavail-
ability, improved muscle regeneration, and reduced inflam-
mation post-exercise [101, 103]. Additionally, probiotics can 
positively influence the gut–microbiota–brain axis, poten-
tially improving cognitive functions crucial in high-level 
sports [103].

Key Considerations for Probiotic Supplementation

• Strain Selection: Research supports the efficacy of 
strains like Lactobacillus rhamnosus, Bifidobacterium 
breve, and Lactiplantibacillus plantarum for enhanced 
nutrient absorption, immune function, and muscle recov-
ery [101]. Different strains may yield distinct metabolic 
outcomes, necessitating careful selection based on per-
formance goals [102].

• Dosing Recommendations: At least 1 × 10 [9] CFU/day 
for several weeks is generally recommended to achieve 
measurable clinical benefits. Combining probiotics with 
prebiotic fibers (e.g., inulin, fructooligosaccharides) fos-
ters the growth of beneficial microbes and optimizes gut 
microbiota balance [100, 101].

• Impact on Health and Performance: Probiotics can 
mitigate exercise-induced inflammation, aiding in 
faster muscle recovery and reduced soreness. By influ-
encing the gut–brain axis, probiotic supplementation 
may also boost concentration, decision-making, and 
mental resilience in competitive settings. Probiotics 
can also help in improving the bioavailability of certain 
essential nutrients, like amino acids and others derived 
from the metabolism of probiotic bacteria themselves 
[100–103].

Nitrates

Dietary nitrates have emerged as a key ergogenic aid for 
enhancing athletic performance. They are converted into 
nitrites (NO₂⁻) and subsequently into nitric oxide (NO) via 
a nitric oxide synthase–independent pathway, increasing 
vasodilation, metabolic efficiency, and oxygen transport 
[104, 105]. These benefits translate into enhanced blood 
flow to working muscles and more efficient mitochondrial 
function, both of which are crucial in endurance sports and 
high-intensity intermittent activities [104, 106]. The effect 
appears most pronounced in athletes with lower baseline 
aerobic capacity, suggesting that vegans unaccustomed to 
dietary nitrates may benefit significantly from additional 
supplementation [107].

Beetroot juice is a common nitrate supplement, shown 
to reduce the oxygen cost of submaximal exercise and 
increase time to exhaustion [104, 108]. Benefits extend 
to rapid, explosive contractions by improving fast-twitch 
muscle function and recovery [107]. Typical doses range 
from 300–600 mg of nitrates daily, ingested about 2–3 h 
pre-exercise to maximize plasma nitrite levels (Jones, 2014; 
Murphy et al., 2022). Oral bacteria are essential for convert-
ing nitrates to nitrites, so excessive use of antiseptic mouth-
wash can inhibit this process and diminish ergogenic effects 
(González-Soltero et al., 2020).
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Key Considerations for Nitrate Supplementation

• Dietary Sources and Bioavailability: Beetroot, spinach, 
and Swiss chard are rich in nitrates, aligning naturally 
with plant-based diets [107]. Other supplements associ-
ated with nitric oxide metabolism like L-Arginine and 
Citrulline have few evidence for their use and therefore 
are not recommended [108]. Beetroot juice and powder 
allow for more precise dosing, ensuring adequate nitrate 
intake [105].

• Dosing Recommendations: 300–600 mg of nitrates per 
day is commonly used in research, taken 2–3 h before 
exercise to elevate plasma nitrite levels [104]. Athletes 
with lower aerobic capacity or limited prior nitrate expo-
sure may see more pronounced performance gains [107].

• Impact on Health and Performance: Improved 
blood flow and oxygenation to working muscles [108]. 
Enhanced utilization of energy substrates leads to 
increased exercise tolerance and performance [106].

Electrolytes

Electrolytes, including  Na+,  K+,  Mg2+, and  Cl−, are vital 
for fluid balance, neuromuscular function, and pH regula-
tion. In sports contexts, maintaining adequate electrolyte 
levels is crucial to prevent performance declines, cramps, 
fatigue, and associated health risks. Vegan athletes may 
face limited dietary sources [109, 110]. Electrolyte supple-
mentation strategies should be based on training intensity, 
body composition, sweat rate, and environmental condi-
tions [109]. In the context of prolonged and intense exer-
cise, keeping correct hydration levels is crucial for sports 
performance and electrolytes play a key role in keeping 
that equilibrium.

• Sodium: Key for preserving plasma volume and avoiding 
hyponatremia in prolonged activities. Sufficient sodium 
intake promotes fluid retention, reduces fatigue, and 
mitigates heat-related injuries [111]. Exercise-induced 
hyponatremia—low blood sodium—can cause confusion, 
weakness, and in severe cases, cerebral edema [109]. 
300–600 mg of sodium per hour during prolonged exer-
cise to maintain fluid balance and energy output [111]. 
Sodium-enriched rehydration solutions combined with 
carbohydrates enhance both fluid absorption and glyco-
gen replenishment [112].

• Potassium: Works in tandem with sodium for osmotic 
balance and neuromuscular signaling. Deficiencies—
though less frequent than sodium shortages—can impair 
muscle contractions and heart function, particularly 
under high-intensity training [112]. Daily recommended 
intake for adults is of 3500–4000 mg per day, athletes 

could probably benefit of a higher intake of 4700 mg per 
day [113, 114].

• Magnesium: Involved in over 300 enzymatic reactions, 
including ATP energy metabolism. Low magnesium dis-
rupts muscle contraction, hinders recovery, and under-
mines energy production [110]. Recommended intake is 
of 300–600 mg per hour during extensive exercise with 
hydrating solutions containing carbohydrates [112].

Taurine

Taurine is a non-essential sulfur-containing amino acid pre-
dominantly found in animal tissues. Its antioxidants, anti-
inflammatory, and ergogenic properties have been widely 
studied, making it particularly relevant for vegan athletes 
who may lack significant dietary sources of taurine. Supple-
mentation has demonstrated improvements in both aerobic 
and anaerobic performance by enhancing oxygen utilization, 
optimizing intracellular calcium levels, and reducing oxida-
tive stress [115, 116].

Research indicates that acute doses of 1–6 g of taurine 
before exercise can increase endurance, power output, and 
overall muscular performance [117, 118]. Additionally, 
taurine’s antioxidant role helps mitigate exercise-induced 
damage and accelerate muscle recovery [116]. Its metabolic 
benefits—such as improved insulin sensitivity and lipid 
metabolism—are also noted, particularly in populations with 
insulin resistance [119].

Key Considerations for Taurine Supplementation

• Dosage Recommendations: 1–6 g/day, often divided 
based on training intensity and performance goals [115]. 
For immediate ergogenic effects, 2–3 g taken 1–2 h 
before exercise is recommended. Chronic use along-
side regular training may maximize long-term benefits 
[117, 118]. Vegan athletes, lacking direct dietary taurine 
sources, can particularly benefit from supplementation 
for both performance and metabolic support [115].

• Mechanism of Action: Taurine reduces oxidative dam-
age by neutralizing reactive oxygen species (ROS), aid-
ing muscle protection and recovery [116]. By optimizing 
intracellular calcium, taurine enhances muscle contrac-
tion and delays fatigue [118].

• Impact on Health and Performance: Studies show 
increased endurance capacity, lowered lactate levels, 
and better power output in various sports [117, 118]. 
Improved recovery from high-intensity exercise, with 
reductions in markers of muscle damage [116]. Taurine 
supplementation may boost insulin sensitivity and help 
regulate body weight, potentially advantageous in ath-
letes seeking refined body composition [119].
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Vitamin A

Vitamin A (retinol) is a fat-soluble micronutrient crucial for 
vision, immune function, cellular growth, and bone metabo-
lism. In vegan diets, vitamin A intake relies predominantly 
on the conversion of carotenoids (e.g., beta-carotene) into 
active retinol—a process influenced by genetic, metabolic, 
and dietary factors [120, 121]. Retinol is integral in forming 
rhodopsin for low-light vision, regulating epithelial tissue 
differentiation, and aiding collagen synthesis—key to wound 
healing and post-exercise recovery [122].

For athletes, adequate vitamin A supports immune func-
tion, reduces oxidative stress, and enhances muscle recovery 
following high-intensity workouts [123, 124]. However, rely-
ing solely on carotenoid conversion, which can be affected 
by genetic variants in enzymes like beta-carotene-15,15’-
dioxygenase could be insufficient [124]. Retinol also plays 
a role in calcium metabolism and bone formation, helping 
to prevent injuries in impact sports. Additionally, its influ-
ence on vision can benefit sports requiring precise hand–eye 
coordination [120, 122].

Key Considerations for Vitamin A Supplementation

• Dietary Sources and Bioavailability: While carotenoids 
are abundant in fruits and vegetables, absorption and 
conversion to retinol can be limited. Liposomal vitamin 
A shows superior bioavailability [120]. Polymorphisms 
in key enzymes can lead to reduced beta-carotene conver-
sion, making supplementation particularly important for 
some vegans [124].

• Dosing Recommendations: 700–900 μg retinol equiva-
lent per day, though individual needs may vary, espe-
cially for active vegans [125]. Consuming healthy fats 
alongside carotenoid-rich foods enhances vitamin A 
absorption and conversion [125]. Deficiency can impair 
performance, excessive retinol intake leads to hypervita-
minosis A. Balancing intake with other fat-soluble vita-
mins (D, E, K) is essential.

• Impact on Health and Performance: Retinol helps 
mitigate oxidative damage from intense exercise, accel-
erating muscular recovery [123]. Adequate vitamin A 
supports epithelial integrity, immune response, and bone 
metabolism—vital for resilience against injury and infec-
tion [122].

Magnesium

Magnesium is an essential mineral involved in over 300 
enzymatic reactions, including ATP production, protein syn-
thesis, and neuromuscular function. While vegan diets often 
include magnesium-rich foods (e.g., nuts, seeds, legumes, 
whole grains), intense exercise may increase magnesium 

requirements, making supplementation beneficial [126, 
127]. Adequate magnesium supports muscle contraction and 
relaxation, helps prevent cramps and fatigue, and enhances 
exercise performance [128, 129]. Reviews indicate that daily 
doses of 300–450 mg of magnesium can boost strength, aid 
recovery, and reduce exercise-induced damage [127]. The 
mineral also offers antioxidant properties, mitigating stress 
and accelerating muscle repair, which is especially valuable 
to vegan athletes with high nutrient demands [130].

Key Considerations for Magnesium Supplementation

• Dietary Sources and Bioavailability: Nuts, seeds, leg-
umes, whole grains, spinach, pumpkin seeds, black beans 
and others present effective magnesium dietary sources. 
Nevertheless, vegan athletes should balance supplemen-
tal and dietary magnesium to avoid deficiencies [126]. 
Citrate and malate salts of magnesium are preferred due 
to higher absorption rates compared to inorganic forms 
like magnesium oxide [131].

• Dosage Recommendations: 300–450 mg per day is 
commonly recommended for athletes, although medical 
advice may warrant specific adjustments [127]. Pairing 
magnesium with zinc or potassium may enhance meta-
bolic and muscular gains. Even with supplementation, 
vegan athletes benefit from a base of nutrient-dense, 
magnesium-rich plant foods [126].

• Impact on Health and Performance: Adequate mag-
nesium regulates calcium, sodium, and potassium flux, 
supporting optimal contraction and relaxation [128, 129]. 
Magnesium helps reduce exercise-induced oxidative 
stress, diminishing DOMS and speeding recovery [130]. 
As exposed in the above section about electrolytes, mag-
nesium can also be a key nutrient associated with proper 
hydric equilibrium, helping maintain proper hydration in 
extensive and prolonged exercise.

Summary and Discussion

This review underscores the increasing relevance of vegan-
friendly supplements in bridging nutritional gaps and opti-
mizing sports performance for vegan athletes. Despite the 
rising adoption of vegan diets due to ethical, environmen-
tal, and health motivations, this dietary choice poses unique 
challenges, particularly for athletes with elevated nutritional 
needs. A summary of the reviewed supplements and their 
associated effects, recommendations and preferred sources 
are presented in Fig. 1. These 19 supplements are supported 
by research to be critical for sports performance, providing 
potentially game-changing effects in vegan athletes, espe-
cially in the case where formal deficiencies are usually pre-
sent (e.g.: iron, B12, K2…).
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We can highlight our findings for vegan supplementation 
focused on sports performances as follows.

• Protein Powders: Vegan protein powders, when well-
formulated, offer comparable benefits to whey and casein 
in muscle protein synthesis and recovery. Combining 
multiple plant protein sources enhances the amino acid 
profile, addressing concerns over bioavailability. A good 
protein powder should be of over 70% protein purity, 
and have over 3 g of Leucine, 1 g of Isoleucine and 1 g 
of valine per serving. Mixtures of plant-protein isolates 
from pea, mung bean or soy, and/or fortified products 
tend to be the best choice.

• Creatine: Vegans, who typically have lower baseline 
creatine levels, show pronounced benefits from supple-
mentation. Synthetic creatine monohydrate, a widely 
accepted vegan option, significantly boosts strength, 
power, and cognitive function.

• Beta-Alanine: Supplementation effectively enhances 
muscle carnosine concentrations in vegans, supporting 
fatigue resistance and recovery. Dividing doses mini-
mizes side effects like paresthesia.

• Caffeine: As a universal ergogenic aid, caffeine benefits 
both vegan and omnivorous athletes. Personalized dos-
age strategies are essential to balance performance gains 
against potential adverse effects such as disrupted sleep.

• Calcium, Vitamin K2, Vitamin D: These supplements 
have proven to be extremely effective for maintaining 
musculoskeletal health and function. As vegan athletes 
are statistically at higher risk of injury, considering a 
supplementation strategy with these nutrients is key for 
preventing fractures and improving recovery.

• Omega-3 Fatty Acids: Plant-based omega-3 sources 
(e.g., algae-derived DHA) offer viable alternatives to 
fish oil, though their efficacy in EPA conversion warrants 
further investigation. Targeted dosing supports cardio-
vascular and cognitive health.

• Probiotics: Have been demonstrated to positively influ-
ence the gut-microbiota-brain axis, supporting metabolic, 
neurologic and gut health. They have also been demon-
strated to improve amino acid bioavailability and muscle 
regeneration, and to reduce inflammation post-exercise.

• Selenium, Zinc and Iodine: These nutrients have been 
shown to act synergistically in supporting adequate endo-
crine function and metabolism. Proper levels of these 
nutrients are critical for muscular health and neurological 
function.

• Vitamin B12: Cobalamin is crucial for red blood cell 
formation, DNA synthesis, and neuronal function. Vegan 
diets lack direct sources of B12, making supplementa-
tion essential to prevent deficiencies leading to anemia, 
cognitive issues, and cardiovascular risks. Fortified foods 
and supplements (e.g., cyanocobalamin or methylcobala-

min) are effective. For athletic performance, B12 ensures 
proper hemoglobin synthesis, crucial for oxygen trans-
port and recovery.

• Iron: Supports oxygen transport and energy produc-
tion, essential for athletic performance. Vegan diets rely 
on non-heme iron, which has lower bioavailability than 
heme iron. Absorption can be enhanced by pairing iron-
rich foods with vitamin C. Recommended supplementa-
tion includes ferrous salts.

• Nitrates: Dietary nitrates, primarily from beetroot, con-
vert to nitric oxide, enhancing blood flow, oxygen deliv-
ery, and metabolic efficiency. Benefits are pronounced 
in endurance and high-intensity activities. Beetroot juice 
and powders are the most recommended sources, other 
supplements like L-Arginine and Citrulline still require 
more research. Avoiding excessive use of antiseptic 
mouthwash is essential to maintain nitrate-nitrite con-
version

• Electrolytes: Electrolytes like sodium, potassium, 
and magnesium are vital for hydration, muscle func-
tion, and pH regulation. For athletes, replenishment 
through supplements or enriched hydration solutions 
is recommended, especially in intense or prolonged 
exercise.

• Taurine: Taurine, absent from vegan diets, supports 
muscle contraction, oxygen utilization, and oxidative 
stress reduction. Acute doses of 1–6  g/day improve 
endurance and recovery, especially in high-intensity 
sports. Chronic supplementation enhances long-term 
metabolic and muscular benefits.

• Vitamin A: Retinol is essential for vision, immunity, 
and recovery. Vegan diets depend on carotenoid con-
version, which can be inefficient. Liposomal vitamin A 
supplementation (700–900 µg/day) ensures sufficiency. 
It supports post-exercise recovery, bone health, and per-
formance in sports requiring coordination.

• Magnesium: Magnesium is involved in energy metab-
olism, muscle function, and neuromuscular balance. 
Vegan diets provide dietary magnesium, but intense 
exercise increases needs. Magnesium citrate or malate is 
recommended for superior absorption, and pairing with 
sodium, potassium and/or zinc enhances benefits .

While not all of the mentioned nutrients are truly “essen-
tial” in the common sense used in the field, the authors do 
recognize that they should be considered as essential in the 
context of high-performance vegan athletes where nutri-
tional gaps stemming from their diet could play decisive 
differences in competition and sports performance. Com-
bining supplements with nutrient-dense plant-based food 
enhances bioavailability and having a carefully tailored and 
personalized diet should always be considered priority for 
high-performance athletes.
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Additionally, strategizing nutrition related to timing (such 
as post-workout protein intake and pre-exercise nitrate or 
caffeine use) and synergistic effects (such as the coupled 
consumption of Calcium, Vitamin D and Vitamin K2 for 
enhancing bioavailability) optimize ergogenic effects and 
metabolic benefits, greatly improving the gains from utiliz-
ing nutritional supplements alone.

The authors also have to emphasize the fact that there 
is no such thing as a “fit-for-all” nutritional strategy. This 
means that the ideal scenario for each athlete (and any 
patient in that case) should be to perform the necessary bio-
chemical assays in order to assess the urgency to supplement 
each nutrient and the amount to supplement with. While this 
review has been extensive on the proper protocols and ben-
efits associated with each nutrient, there are still knowledge 
gaps in the area. These knowledge gaps that are prevalent 
in general nutrition and sports sciences are only highlighted 
in the case of vegan populations, whose demographics have 
been traditionally underrepresented (even though in the last 
10 + years significant efforts have been made on that front).

These research gaps are mostly associated with: (a) syn-
ergetic effects of different supplements (where due to the 

enormous research space available seems impractical to 
completely fill); (b) the bioavailability of plant-based nutri-
ents in whole foods and how to improve it in simple fash-
ion (as not every vegan athlete is able to afford specialized 
supplementation); (c) sex-specific needs in vegan athletes 
(when combining both vegan and female population the 
underrepresentation problems in research are further high-
lighted, posing serious impairments on specialized nutri-
tional strategizing in female vegan athletes). Bridging these 
research gaps with randomized control studies and special-
ized research is crucial for further safe development of vegan 
nutrition science.

Conclusions

This narrative review has given detailed guidelines and 
provided extensive research for 19 key supplements con-
sidered to be crucial in leveling the high-performance com-
petition field for vegan athletes. The discussion included: 
protein powders, creatine, beta-alanine, caffeine, vitamin 
B12, vitamin D, omega-3 fatty acids, zinc, calcium, iron, 

Fig. 1  Infographic summary 
of the recommended supple-
ments and their effect. Please 
note that all the supplements 
under “Focus on health” are 
still critical for metabolism and 
sports performance, but not all 
“Focus on sports performance” 
supplements are critical for 
general health (although many 
of them could be beneficial in 
most cases). Please also note 
that the following supplements 
are considered essential for 
most (if not all) vegan diets 
seeking to optimize health, 
regardless of sports activity 
level: Vitamin B12, Vitamin D, 
Omega-3, Iron, Calcium, Zinc, 
Iodine, Selenium, Vitamin K2, 
Magnesium
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iodine, vitamin K2, selenium, probiotics, nitrates, electro-
lytes (including sodium and potassium), taurine, vitamin A, 
and magnesium.

While probably most of the vegan athlete population 
would benefit from taking these supplements, careful con-
sideration into timing, synergetic effects and sourcing, as 
well as individual blood-serum levels, should be considered 
prior to implementation.

Further research is needed in order to optimize nutri-
tional intake from whole foods. Sex-specific needs for vegan 
athletes are also severely underrepresented and therefore 
require further extensive research. Finally, more biochemical 
and metabolic research associated with potential synergetic 
effects between nutrients is needed in order to maximize 
benefits from supplementation.

Key References

• Of outstanding importance: West, S.; Monteyne, A. J.; 
Van Der Heijden, I.; Stephens, F. B.; Wall, B. T. Nutri-
tional Considerations for the Vegan Athlete. Adv. Nutr. 
2023, 14 (4), 774–795. https:// doi. org/https:// doi. org/ 10. 
1016/j. advnut. 2023. 04. 012.

o This review highlights the differences between sev-
eral types of diets compared to vegan diets and also 
provides extensive perspectives on the incorpora-
tion of the main 3 macronutrients (proteins, fats and 
carbs), with a focus on athletic related goals, as well 
as providing interesting insights on the most com-
mon nutritional deficiencies and their likelihood.

• Of importance: Monteyne, A. J.; Coelho, M. O. C.; 
Murton, A. J.; Abdelrahman, D. R.; Blackwell, J. R.; 
Koscien, C. P.; Knapp, K. M.; Fulford, J.; Finnigan, T. 
J. A.; Dirks, M. L.; Stephens, F. B.; Wall, B. T. Vegan 
and Omnivorous High Protein Diets Support Comparable 
Daily Myofibrillar Protein Synthesis Rates and Skeletal 
Muscle Hypertrophy in Young Adults. J. Nutr. 2023, 153 
(6), 1680–1695. https:// doi. org/https:// doi. org/ 10. 1016/j. 
tjnut. 2023. 02. 023.

o This randomized controlled trial compares omnivo-
rous and vegan diets in the context of resistance/
strength training, giving substantial evidence on the 
effectivity of vegan-protein based diets for myofi-
brillar protein synthesis and skeletal muscle hyper-
trophy in young adults, where both processes are 
recognized as cornerstones for athletic performance 
in most competitive sports.

• Of importance: Landry, M. J.; Ward, C. P.; Cunanan, K. 
M.; Durand, L. R.; Perelman, D.; Robinson, J. L.; Hen-

nings, T.; Koh, L.; Dant, C.; Zeitlin, A.; Ebel, E. R.; Son-
nenburg, E. D.; Sonnenburg, J. L.; Gardner, C. D. Car-
diometabolic Effects of Omnivorous vs Vegan Diets in 
Identical Twins: A Randomized Clinical Trial. JAMA 
Netw. Open 2023, 6 (11), e2344457. https:// doi. org/https:// 
doi. org/ 10. 1001/ jaman etwor kopen. 2023. 44457.

o In this randomized clinical trial involving several 
pairs of healthy identical twins, omnivorous and 
vegan diets are compared. Participants following a 
healthy vegan diet experienced significantly lower 
low-density lipoprotein cholesterol, improved fast-
ing insulin levels, and greater weight loss than their 
counterparts consuming a healthy omnivorous diet. 
This study gives substantial evidence on the cardio-
vascular positive effects of plant-based diets, which 
can signify an important effect also on athletes fol-
lowing vegan diets.

Author Contributions A.A.V.N was the main researcher and leader of this 
investigation, being involved in all stages of research. He did the primary 
literature revision and writing, and crafted all figures and tables. A.H.D is 
the main corresponding authors and was involved in all stages of research, 
he was the main responsible of final translating,  writing, editing and 
revisiting of the manuscript. M.H.M was involved in all stages of research, 
with focus on final editing and research supervision.

Funding The authors thank the Agencia Nacional de Investigación y 
Desarrollo de Chile (ANID)/CONICYT for the PhD scholarship No. 
21221699 awarded to A. Halabi.

Data Availability No datasets were generated or analysed during the 
current study.

Declarations 

Competing Interest The authors declare no competing interests.

References

 1. Position of the American Dietetic Association. Dietitians of Can-
ada, and the American College of Sports Medicine: Nutrition and 
Athletic Performance. J Am Diet Assoc. 2009;109(3):509–27. 
https:// doi. org/ 10. 1016/j. jada. 2009. 01. 005.

 2. Poore J, Nemecek T. Reducing Food’s Environmen-
tal Impacts through Producers and Consumers. Science. 
2018;360(6392):987–92. https:// doi. org/ 10. 1126/ scien ce. aaq02 
16.

 3. Yao P, Bennett D, Mafham M, Lin X, Chen Z, Armitage J, Clarke 
R. Vitamin D and Calcium for the Prevention of Fracture: A 
Systematic Review and Meta-Analysis. JAMA Netw Open. 
2019;2(12):e1917789. https:// doi. org/ 10. 1001/ jaman etwor kopen. 
2019. 17789.

 4. Craddock JC, Probst YC, Peoples GE. Vegetarian and Omnivo-
rous Nutrition—Comparing Physical Performance. Int J Sport 

https://doi.org/
https://doi.org/10.1016/j.advnut.2023.04.012
https://doi.org/10.1016/j.advnut.2023.04.012
https://doi.org/
https://doi.org/10.1016/j.tjnut.2023.02.023
https://doi.org/10.1016/j.tjnut.2023.02.023
https://doi.org/
https://doi.org/10.1001/jamanetworkopen.2023.44457
https://doi.org/10.1001/jamanetworkopen.2023.44457
https://doi.org/10.1016/j.jada.2009.01.005
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1001/jamanetworkopen.2019.17789
https://doi.org/10.1001/jamanetworkopen.2019.17789


Current Nutrition Reports           (2025) 14:44  Page 15 of 19    44 

Nutr Exerc Metab. 2016;26(3):212–20. https:// doi. org/ 10. 1123/ 
ijsnem. 2015- 0231.

 5. Venderley AM, Campbell WW. Vegetarian Diets: Nutritional 
Considerations for Athletes. Sports Med. 2006;36(4):293–305. 
https:// doi. org/ 10. 2165/ 00007 256- 20063 6040- 00002.

 6. West S, Monteyne AJ, Van Der Heijden I, Stephens FB, Wall 
BT. Nutritional Considerations for the Vegan Athlete. Adv Nutr. 
2023;14(4):774–95. https:// doi. org/ 10. 1016/j. advnut. 2023. 04. 
012.

 7. Peeling P, Binnie MJ, Goods PSR, Sim M, Burke LM. Evidence-
Based Supplements for the Enhancement of Athletic Perfor-
mance. Int J Sport Nutr Exerc Metab. 2018;28(2):178–87. https:// 
doi. org/ 10. 1123/ ijsnem. 2017- 0343.

 8. Springmann M, Clark M, Mason-D’Croz D, Wiebe K, Bodirsky 
BL, Lassaletta L, De Vries W, Vermeulen SJ, Herrero M, Carlson 
KM, Jonell M, Troell M, DeClerck F, Gordon LJ, Zurayk R, Scar-
borough P, Rayner M, Loken B, Fanzo J, Godfray HCJ, Tilman 
D, Rockström J, Willett W. Options for Keeping the Food System 
within Environmental Limits. Nature. 2018;562(7728):519–25. 
https:// doi. org/ 10. 1038/ s41586- 018- 0594-0.

 9. Teixeira FJ, Matias CN, Faleiro J, Giro R, Pires J, Figueiredo H, 
Carvalhinho R, Monteiro CP, Reis JF, Valamatos MJ, Teixeira 
VH, Schoenfeld BJ. A Novel Plant-Based Protein Has Simi-
lar Effects Compared to Whey Protein on Body Composition, 
Strength, Power, and Aerobic Performance in Professional and 
Semi-Professional Futsal Players. Front Nutr. 2022;9:934438. 
https:// doi. org/ 10. 3389/ fnut. 2022. 934438.

 10. Berrazaga I, Micard V, Gueugneau M, Walrand S. The Role of 
the Anabolic Properties of Plant- versus Animal-Based Protein 
Sources in Supporting Muscle Mass Maintenance: A Critical 
Review. Nutrients. 2019;11(8):1825. https:// doi. org/ 10. 3390/ 
nu110 81825.

 11. Hannaian SJ, Churchward-Venne TA. Meatless Muscle Growth: 
Building Muscle Size and Strength on a Mycoprotein-Rich 
Vegan Diet. J Nutr. 2023;153(6):1665–7. https:// doi. org/ 10. 
1016/j. tjnut. 2023. 04. 011.

 12. Monteyne AJ, Coelho MOC, Murton AJ, Abdelrahman DR, 
Blackwell JR, Koscien CP, Knapp KM, Fulford J, Finnigan TJA, 
Dirks ML, Stephens FB, Wall BT. Vegan and Omnivorous High 
Protein Diets Support Comparable Daily Myofibrillar Protein 
Synthesis Rates and Skeletal Muscle Hypertrophy in Young 
Adults. J Nutr. 2023;153(6):1680–95. https:// doi. org/ 10. 1016/j. 
tjnut. 2023. 02. 023.

 13. Duan Y, Zeng L, Li F, Wang W, Li Y, Guo Q, Ji Y, Tan B, Yin 
Y. Effect of Branched-Chain Amino Acid Ratio on the Prolif-
eration, Differentiation, and Expression Levels of Key Regu-
lators Involved in Protein Metabolism of Myocytes. Nutrition. 
2017;36:8–16. https:// doi. org/ 10. 1016/j. nut. 2016. 10. 016.

 14. Hevia-Larraín V, Gualano B, Longobardi I, Gil S, Fernandes 
AL, Costa LAR, Pereira RMR, Artioli GG, Phillips SM, Roschel 
H. High-Protein Plant-Based Diet Versus a Protein-Matched 
Omnivorous Diet to Support Resistance Training Adaptations: 
A Comparison Between Habitual Vegans and Omnivores. 
Sports Med. 2021;51(6):1317–30. https:// doi. org/ 10. 1007/ 
s40279- 021- 01434-9.

 15. Forbes SC, Cordingley DM, Cornish SM, Gualano B, Roschel 
H, Ostojic SM, Rawson ES, Roy BD, Prokopidis K, Giannos 
P, Candow DG. Effects of Creatine Supplementation on Brain 
Function and Health. Nutrients. 2022;14(5):921. https:// doi. org/ 
10. 3390/ nu140 50921.

 16. Kreider RB, Kalman DS, Antonio J, Ziegenfuss TN, Wildman 
R, Collins R, Candow DG, Kleiner SM, Almada AL, Lopez HL. 
International Society of Sports Nutrition Position Stand: Safety 
and Efficacy of Creatine Supplementation in Exercise, Sport, and 
Medicine. J Int Soc Sports Nutr. 2017;14(1):18. https:// doi. org/ 
10. 1186/ s12970- 017- 0173-z.

 17. Kaviani M, Shaw K, Chilibeck PD. Benefits of Creatine Sup-
plementation for Vegetarians Compared to Omnivorous Ath-
letes: A Systematic Review. Int J Environ Res Public Health. 
2020;17(9):3041. https:// doi. org/ 10. 3390/ ijerp h1709 3041.

 18. Rogerson D. Vegan Diets: Practical Advice for Athletes and 
Exercisers. J Int Soc Sports Nutr. 2017;14(1):36. https:// doi. org/ 
10. 1186/ s12970- 017- 0192-9.

 19. Prokopidis K, Giannos P, Triantafyllidis KK, Kechagias KS, 
Forbes SC, Candow DG. Effects of Creatine Supplementation 
on Memory in Healthy Individuals: A Systematic Review and 
Meta-Analysis of Randomized Controlled Trials. Nutr Rev. 
2023;81(4):416–27. https:// doi. org/ 10. 1093/ nutrit/ nuac0 64.

 20. Wu S-H, Chen K-L, Hsu C, Chen H-C, Chen J-Y, Yu S-Y, Shiu 
Y-J. Creatine Supplementation for Muscle Growth: A Scoping 
Review of Randomized Clinical Trials from 2012 to 2021. Nutri-
ents. 2022;14(6):1255. https:// doi. org/ 10. 3390/ nu140 61255.

 21. Ostfeld I, Hoffman JR. The Effect of β-Alanine Supplementa-
tion on Performance, Cognitive Function and Resiliency in Sol-
diers. Nutrients. 2023;15(4):1039. https:// doi. org/ 10. 3390/ nu150 
41039.

 22. Trexler ET, Smith-Ryan AE, Stout JR, Hoffman JR, Wilborn CD, 
Sale C, Kreider RB, Jäger R, Earnest CP, Bannock L, Campbell 
B, Kalman D, Ziegenfuss TN, Antonio J. International Society of 
Sports Nutrition Position Stand: Beta-Alanine. J Int Soc Sports 
Nutr. 2015;12(1):30. https:// doi. org/ 10. 1186/ s12970- 015- 0090-y.

 23. Hobson RM, Saunders B, Ball G, Harris RC, Sale C. Effects of 
β-Alanine Supplementation on Exercise Performance: A Meta-
Analysis. Amino Acids. 2012;43(1):25–37. https:// doi. org/ 10. 
1007/ s00726- 011- 1200-z.

 24. Baguet A, Koppo K, Pottier A, Derave W. β-Alanine Sup-
plementation Reduces Acidosis but Not Oxygen Uptake 
Response during High-Intensity Cycling Exercise. Eur J 
Appl Physiol. 2010;108(3):495–503. https:// doi. org/ 10. 1007/ 
s00421- 009- 1225-0.

 25. Harris RC, Tallon MJ, Dunnett M, Boobis L, Coakley J, Kim 
HJ, Fallowfield JL, Hill CA, Sale C, Wise JA. The Absorption 
of Orally Supplied β-Alanine and Its Effect on Muscle Car-
nosine Synthesis in Human Vastus Lateralis. Amino Acids. 
2006;30(3):279–89. https:// doi. org/ 10. 1007/ s00726- 006- 0299-9.

 26. Guest NS, VanDusseldorp TA, Nelson MT, Grgic J, Schoen-
feld BJ, Jenkins NDM, Arent SM, Antonio J, Stout JR, Trexler 
ET, Smith-Ryan AE, Goldstein ER, Kalman DS, Campbell BI. 
International Society of Sports Nutrition Position Stand: Caffeine 
and Exercise Performance. J Int Soc Sports Nutr. 2021;18(1):1. 
https:// doi. org/ 10. 1186/ s12970- 020- 00383-4.

 27. De Almeida RF, De Oliveira M, Furigo IC, Aquino R, Clarke 
ND, Tallis J, Guimaraes-Ferreira L. Effects of Acute Caf-
feine Ingestion on Cognitive Performance before and after 
Repeated Small-Sided Games in Professional Soccer Players: 
A Placebo-Controlled, Randomized Crossover Trial. Nutrients. 
2023;15(14):3094. https:// doi. org/ 10. 3390/ nu151 43094.

 28. Grgic J, Trexler ET, Lazinica B, Pedisic Z. Effects of Caffeine 
Intake on Muscle Strength and Power: A Systematic Review and 
Meta-Analysis. J Int Soc Sports Nutr. 2018;15(1):11. https:// doi. 
org/ 10. 1186/ s12970- 018- 0216-0.

 29. Barreto G, Loureiro LMR, Reis CEG, Saunders B. Effects of 
Caffeine Chewing Gum Supplementation on Exercise Perfor-
mance: A Systematic Review and Meta-analysis. Eur J Sport 
Sci. 2023;23(5):714–25. https:// doi. org/ 10. 1080/ 17461 391. 2022. 
20498 85.

 30. Zhang Y, Yang W, Xue Y, Hou D, Chen S, Xu Z, Peng S, Zhao 
H, Wang C, Liu C. Timing Matters: Time of Day Impacts the 
Ergogenic Effects of Caffeine—A Narrative Review. Nutrients. 
2024;16(10):1421. https:// doi. org/ 10. 3390/ nu161 01421.

 31. Sánchez-Redondo IR, Alejo LB, Revuelta C, De Pablos 
R, Ibañez M, Pérez-López A, Lucia A, Barranco-Gil D, 

https://doi.org/10.1123/ijsnem.2015-0231
https://doi.org/10.1123/ijsnem.2015-0231
https://doi.org/10.2165/00007256-200636040-00002
https://doi.org/10.1016/j.advnut.2023.04.012
https://doi.org/10.1016/j.advnut.2023.04.012
https://doi.org/10.1123/ijsnem.2017-0343
https://doi.org/10.1123/ijsnem.2017-0343
https://doi.org/10.1038/s41586-018-0594-0
https://doi.org/10.3389/fnut.2022.934438
https://doi.org/10.3390/nu11081825
https://doi.org/10.3390/nu11081825
https://doi.org/10.1016/j.tjnut.2023.04.011
https://doi.org/10.1016/j.tjnut.2023.04.011
https://doi.org/10.1016/j.tjnut.2023.02.023
https://doi.org/10.1016/j.tjnut.2023.02.023
https://doi.org/10.1016/j.nut.2016.10.016
https://doi.org/10.1007/s40279-021-01434-9
https://doi.org/10.1007/s40279-021-01434-9
https://doi.org/10.3390/nu14050921
https://doi.org/10.3390/nu14050921
https://doi.org/10.1186/s12970-017-0173-z
https://doi.org/10.1186/s12970-017-0173-z
https://doi.org/10.3390/ijerph17093041
https://doi.org/10.1186/s12970-017-0192-9
https://doi.org/10.1186/s12970-017-0192-9
https://doi.org/10.1093/nutrit/nuac064
https://doi.org/10.3390/nu14061255
https://doi.org/10.3390/nu15041039
https://doi.org/10.3390/nu15041039
https://doi.org/10.1186/s12970-015-0090-y
https://doi.org/10.1007/s00726-011-1200-z
https://doi.org/10.1007/s00726-011-1200-z
https://doi.org/10.1007/s00421-009-1225-0
https://doi.org/10.1007/s00421-009-1225-0
https://doi.org/10.1007/s00726-006-0299-9
https://doi.org/10.1186/s12970-020-00383-4
https://doi.org/10.3390/nu15143094
https://doi.org/10.1186/s12970-018-0216-0
https://doi.org/10.1186/s12970-018-0216-0
https://doi.org/10.1080/17461391.2022.2049885
https://doi.org/10.1080/17461391.2022.2049885
https://doi.org/10.3390/nu16101421


 Current Nutrition Reports           (2025) 14:44    44  Page 16 of 19

Valenzuela PL. Intrasession Caffeine Intake and Cycling Per-
formance After Accumulated Work: A Field-Based Study. Int 
J Sport Nutr Exerc Metab. 2025;35(1):61–6. https:// doi. org/ 10. 
1123/ ijsnem. 2024- 0109.

 32 Shabir A, Hooton A, Tallis J, Higgins FM. The Influence of Caf-
feine Expectancies on Sport, Exercise, and Cognitive Perfor-
mance. Nutrients. 2018;10(10):1528. https:// doi. org/ 10. 3390/ 
nu101 01528.

 33. Saremi M, Shahriari F, Hemmatinafar M, Rezaei R, Niknam 
A, Nordvall M, Wong A, Bagheri R. Low-Dose Caffeine 
Supplementation Is a Valuable Strategy for Increasing Time 
to Exhaustion, Explosive Power, and Reducing Muscle 
Soreness in Professional Male Kickboxers. Curr Dev Nutr. 
2024;9(1):104538. https:// doi. org/ 10. 1016/j. cdnut. 2024. 
104538.

 34. Sicova M, Guest NS, Tyrrell PN, El-Sohemy A. Caf-
feine, Genetic Variation and Anaerobic Performance in 
Male Athletes: A Randomized Controlled Trial. Eur J Appl 
Physiol. 2021;121(12):3499–513. https:// doi. org/ 10. 1007/ 
s00421- 021- 04799-x.

 35. Marrone G, Guerriero C, Palazzetti D, Lido P, Marolla A, Di 
Daniele F, Noce A. Vegan Diet Health Benefits in Metabolic 
Syndrome. Nutrients. 2021;13(3):817. https:// doi. org/ 10. 3390/ 
nu130 30817.

 36. Landry MJ, Ward CP, Cunanan KM, Durand LR, Perelman 
D, Robinson JL, Hennings T, Koh L, Dant C, Zeitlin A, Ebel 
ER, Sonnenburg ED, Sonnenburg JL, Gardner CD. Cardio-
metabolic Effects of Omnivorous vs Vegan Diets in Identical 
Twins: A Randomized Clinical Trial. JAMA Netw Open. 
2023;6(11):e2344457. https:// doi. org/ 10. 1001/ jaman etwor kopen. 
2023. 44457.

 37. Marques De Brito B, Campos VDM, Neves FJ, Ramos LR, 
Tomita LY. Vitamin B12 Sources in Non-Animal Foods: A Sys-
tematic Review. Crit Rev Food Sci Nutr. 2023;63(26):7853–67. 
https:// doi. org/ 10. 1080/ 10408 398. 2022. 20530 57.

 38. Behere RV, Deshmukh AS, Otiv S, Gupte MD, Yajnik CS. Mater-
nal Vitamin B12 Status During Pregnancy and Its Association 
With Outcomes of Pregnancy and Health of the Offspring: A 
Systematic Review and Implications for Policy in India. Front 
Endocrinol. 2021;12:619176. https:// doi. org/ 10. 3389/ fendo. 
2021. 619176.

 39. Abdelwahab OA, Abdelaziz A, Diab S, Khazragy A, Elboraay 
T, Fayad T, Diab RA, Negida A. Efficacy of Different Routes 
of Vitamin B12 Supplementation for the Treatment of Patients 
with Vitamin B12 Deficiency: A Systematic Review and Net-
work Meta-Analysis. Ir J Med Sci. 2024;193(3):1621–39. https:// 
doi. org/ 10. 1007/ s11845- 023- 03602-4.

 40. Wang H, Li L, Qin LL, Song Y, Vidal-Alaball J, Liu TH. Oral 
Vitamin  B12 versus Intramuscular Vitamin  B12 for Vitamin  B12 
Deficiency. Cochrane Database Syst Rev. 2018;2018 (3). https:// 
doi. org/ 10. 1002/ 14651 858. CD004 655. pub3.

 41. Krzywański J, Mikulski T, Pokrywka A, Młyńczak M, Kryszto-
fiak H, Frączek B, Ziemba A. Vitamin B12 Status and Optimal 
Range for Hemoglobin Formation in Elite Athletes. Nutrients. 
2020;12(4):1038. https:// doi. org/ 10. 3390/ nu120 41038.

 42. Niklewicz A, Smith AD, Smith A, Holzer A, Klein A, McCad-
don A, Molloy AM, Wolffenbuttel BHR, Nexo E, McNulty H, 
Refsum H, Gueant J-L, Dib MJ, Ward M, Murphy M, Green R, 
Ahmadi KR, Hannibal L, Warren MJ, Owen PJ, on behalf of 
CluB-12. The Importance of Vitamin B12 for Individuals Choos-
ing Plant-Based Diets. Eur J Nutr. 2023;62(3):1551–9. https:// 
doi. org/ 10. 1007/ s00394- 022- 03025-4.

 43. Weiss K, Devrim-Lanpir A, Jastrzębski Z, Nikolaidis PT, Hill 
L, Knechtle B. Performance Improvement in Sport through 
Vitamin D – a Narrative Review. Eur Rev Med Pharmacol 

Sci. 2022;26(21):7756–70. https:// doi. org/ 10. 26355/ eurrev_ 
202211_ 30124.

 44. Remelli F, Vitali A, Zurlo A, Volpato S. Vitamin D Deficiency 
and Sarcopenia in Older Persons. Nutrients. 2019;11(12):2861. 
https:// doi. org/ 10. 3390/ nu111 22861.

 45. Neufingerl N, Eilander A. Nutrient Intake and Status in Adults 
Consuming Plant-Based Diets Compared to Meat-Eaters: A 
Systematic Review. Nutrients. 2021;14(1):29. https:// doi. org/ 
10. 3390/ nu140 10029.

 46. De La Puente Yagüe M, Collado Yurrita L, Ciudad Cabañas M, 
Cuadrado Cenzual M. Role of Vitamin D in Athletes and Their 
Performance: Current Concepts and New Trends. Nutrients. 
2020;12(2):579. https:// doi. org/ 10. 3390/ nu120 20579.

 47. Bezuglov E, Tikhonova A, Zueva A, Khaitin V, Waśkiewicz Z, 
Gerasimuk D, Żebrowska A, Rosemann T, Nikolaidis P, Kne-
chtle B. Prevalence and Treatment of Vitamin D Deficiency 
in Young Male Russian Soccer Players in Winter. Nutrients. 
2019;11(10):2405. https:// doi. org/ 10. 3390/ nu111 02405.

 48. Weiss K, Devrim-Lanpir A, Jastrzębski Z, Nikolaidis PT, Hill 
L, Knechtle B. Performance Improvement in Sport through 
Vitamin D – a Narrative Review. Eur Rev Med Pharmacol 
Sci. 2022;26(21):7756–70. https:// doi. org/ 10. 26355/ eurrev_ 
202211_ 30124.

 49. Knechtle B, Nikolaidis PT. Vitamin D and Sport Performance. 
Nutrients. 2020;12(3):841. https:// doi. org/ 10. 3390/ nu120 
30841.

 50. Botelho J, Machado V, Proença L, Delgado AS, Mendes JJ. Vita-
min D Deficiency and Oral Health: A Comprehensive Review. 
Nutrients. 2020;12(5):1471. https:// doi. org/ 10. 3390/ nu120 
51471.

 51. Burdge GC, Calder PC. Conversion of α -Linolenic Acid to 
Longer-Chain Polyunsaturated Fatty Acids in Human Adults. 
Reprod Nutr Dev. 2005;45(5):581–97. https:// doi. org/ 10. 1051/ 
rnd: 20050 47.

 52. Winwood RJ. Recent Developments in the Commercial Pro-
duction of DHA and EPA Rich Oils from Micro-Algae. OCL. 
2013;20(6):D604. https:// doi. org/ 10. 1051/ ocl/ 20130 30.

 53. Maki KC, Yurko-Mauro K, Dicklin MR, Schild AL, Geohas 
JG. A New, Microalgal DHA- and EPA-Containing Oil Low-
ers Triacylglycerols in Adults with Mild-to-Moderate Hyper-
triglyceridemia. Prostaglandins Leukot Essent Fatty Acids. 
2014;91(4):141–8. https:// doi. org/ 10. 1016/j. plefa. 2014. 07. 012.

 54. Brenna JT, Salem N, Sinclair AJ, Cunnane SC. α-Linolenic Acid 
Supplementation and Conversion to n-3 Long-Chain Polyunsatu-
rated Fatty Acids in Humans. Prostaglandins Leukot Essent Fatty 
Acids. 2009;80(2–3):85–91. https:// doi. org/ 10. 1016/j. plefa. 2009. 
01. 004.

 55. Sharma J, Sarmah P, Bishnoi NR. Market Perspective of EPA and 
DHA Production from Microalgae. In Nutraceutical Fatty Acids 
from Oleaginous Microalgae; Patel, A. K., Matsakas, L., Eds.; 
Wiley, 2020;281–297. https:// doi. org/ 10. 1002/ 97811 19631 729. 
ch11.

 56. Kyriakidou Y, Wood C, Ferrier C, Dolci A, Elliott B. The 
Effect of Omega-3 Polyunsaturated Fatty Acid Supplementation 
on Exercise-Induced Muscle Damage. J Int Soc Sports Nutr. 
2021;18(1):9. https:// doi. org/ 10. 1186/ s12970- 020- 00405-1.

 57. Fernández-Lázaro D, Arribalzaga S, Gutiérrez-Abejón E, 
Azarbayjani MA, Mielgo-Ayuso J, Roche E. Omega-3 Fatty Acid 
Supplementation on Post-Exercise Inflammation, Muscle Dam-
age, Oxidative Response, and Sports Performance in Physically 
Healthy Adults—A Systematic Review of Randomized Con-
trolled Trials. Nutrients. 2024;16(13):2044. https:// doi. org/ 10. 
3390/ nu161 32044.

 58. Mcglory C, Gorissen SHM, Kamal M, Bahniwal R, Hector AJ, 
Baker SK, Chabowski A, Phillips SM. Omega-3 Fatty Acid Sup-
plementation Attenuates Skeletal Muscle Disuse Atrophy during 

https://doi.org/10.1123/ijsnem.2024-0109
https://doi.org/10.1123/ijsnem.2024-0109
https://doi.org/10.3390/nu10101528
https://doi.org/10.3390/nu10101528
https://doi.org/10.1016/j.cdnut.2024.104538
https://doi.org/10.1016/j.cdnut.2024.104538
https://doi.org/10.1007/s00421-021-04799-x
https://doi.org/10.1007/s00421-021-04799-x
https://doi.org/10.3390/nu13030817
https://doi.org/10.3390/nu13030817
https://doi.org/10.1001/jamanetworkopen.2023.44457
https://doi.org/10.1001/jamanetworkopen.2023.44457
https://doi.org/10.1080/10408398.2022.2053057
https://doi.org/10.3389/fendo.2021.619176
https://doi.org/10.3389/fendo.2021.619176
https://doi.org/10.1007/s11845-023-03602-4
https://doi.org/10.1007/s11845-023-03602-4
https://doi.org/10.1002/14651858.CD004655.pub3
https://doi.org/10.1002/14651858.CD004655.pub3
https://doi.org/10.3390/nu12041038
https://doi.org/10.1007/s00394-022-03025-4
https://doi.org/10.1007/s00394-022-03025-4
https://doi.org/10.26355/eurrev_202211_30124
https://doi.org/10.26355/eurrev_202211_30124
https://doi.org/10.3390/nu11122861
https://doi.org/10.3390/nu14010029
https://doi.org/10.3390/nu14010029
https://doi.org/10.3390/nu12020579
https://doi.org/10.3390/nu11102405
https://doi.org/10.26355/eurrev_202211_30124
https://doi.org/10.26355/eurrev_202211_30124
https://doi.org/10.3390/nu12030841
https://doi.org/10.3390/nu12030841
https://doi.org/10.3390/nu12051471
https://doi.org/10.3390/nu12051471
https://doi.org/10.1051/rnd:2005047
https://doi.org/10.1051/rnd:2005047
https://doi.org/10.1051/ocl/2013030
https://doi.org/10.1016/j.plefa.2014.07.012
https://doi.org/10.1016/j.plefa.2009.01.004
https://doi.org/10.1016/j.plefa.2009.01.004
https://doi.org/10.1002/9781119631729.ch11
https://doi.org/10.1002/9781119631729.ch11
https://doi.org/10.1186/s12970-020-00405-1
https://doi.org/10.3390/nu16132044
https://doi.org/10.3390/nu16132044


Current Nutrition Reports           (2025) 14:44  Page 17 of 19    44 

Two Weeks of Unilateral Leg Immobilization in Healthy Young 
Women. FASEB J. 2019;33(3):4586–97. https:// doi. org/ 10. 1096/ 
fj. 20180 1857R RR.

 59. Lauritzen L, Brambilla P, Mazzocchi A, Harsløf L, Ciappolino 
V, Agostoni C. DHA Effects in Brain Development and Function. 
Nutrients. 2016;8(1):6. https:// doi. org/ 10. 3390/ nu801 0006.

 60. Bazan NG, Eady TN, Khoutorova L, Atkins KD, Hong S, Lu 
Y, Zhang C, Jun B, Obenaus A, Fredman G, Zhu M, Winkler 
JW, Petasis NA, Serhan CN, Belayev L. Novel Aspirin-Triggered 
Neuroprotectin D1 Attenuates Cerebral Ischemic Injury after 
Experimental Stroke. Exp Neurol. 2012;236(1):122–30. https:// 
doi. org/ 10. 1016/j. expne urol. 2012. 04. 007.

 61. Bhatt DL, Steg PG, Miller M, Brinton EA, Jacobson TA, 
Ketchum SB, Doyle RT, Juliano RA, Jiao L, Granowitz C, 
Tardif J-C, Ballantyne CM. Cardiovascular Risk Reduction 
with Icosapent Ethyl for Hypertriglyceridemia. N Engl J Med. 
2019;380(1):11–22. https:// doi. org/ 10. 1056/ NEJMo a1812 792.

 62. Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y, Saito Y, 
Ishikawa Y, Oikawa S, Sasaki J, Hishida H, Itakura H, Kita T, 
Kitabatake A, Nakaya N, Sakata T, Shimada K, Shirato K. Effects 
of Eicosapentaenoic Acid on Major Coronary Events in Hyper-
cholesterolaemic Patients (JELIS): A Randomised Open-Label 
Blinded Endpoint Analysis. The Lancet. 2007;369(9567):1090–
8. https:// doi. org/ 10. 1016/ S0140- 6736(07) 60527-3.

 63. Hernández-Camacho JD, Vicente-García C, Parsons DS, Navas-
Enamorado I. Zinc at the Crossroads of Exercise and Proteosta-
sis. Redox Biol. 2020;35:101529. https:// doi. org/ 10. 1016/j. redox. 
2020. 101529.

 64. Zarghi H, Golian A, Hassanabadi A, Khaligh F. Effect of Sup-
plemental Zinc on Performance, Nutrient Digestibility, Jejunum 
Architecture, and Immune Response in Broiler Chickens Fed 
Wheat-Soy Diets. An Acad Bras Ciênc. 2022;94(2):e20200266. 
https:// doi. org/ 10. 1590/ 0001- 37652 02220 200266.

 65. Sanna A, Firinu D, Zavattari P, Valera P. Zinc Status and Auto-
immunity: A Systematic Review and Meta-Analysis. Nutrients. 
2018;10(1):68. https:// doi. org/ 10. 3390/ nu100 10068.

 66. Gibson RS, King JC, Lowe N. A Review of Dietary Zinc Recom-
mendations. Food Nutr Bull. 2016;37(4):443–60. https:// doi. org/ 
10. 1177/ 03795 72116 652252.

 67. Long L, Zhao X, Li H, Yan X, Zhang H. Effects of Zinc 
Lactate Supplementation on Growth Performance, Intes-
tinal Morphology, Serum Parameters, and Hepatic Metal-
lothionein of Chinese Yellow-Feathered Broilers. Biol Trace 
Elem Res. 2022;200(4):1835–43. https:// doi. org/ 10. 1007/ 
s12011- 021- 02785-0.

 68. Escobedo-Monge MF, Ayala-Macedo G, Sakihara G, Peralta S, 
Almaraz-Gómez A, Barrado E, Marugán-Miguelsanz JM. Effects 
of Zinc Supplementation on Nutritional Status in Children 
with Chronic Kidney Disease: A Randomized Trial. Nutrients. 
2019;11(11):2671. https:// doi. org/ 10. 3390/ nu111 12671.

 69. Scarpellini E, Balsiger LM, Maurizi V, Rinninella E, Gasbar-
rini A, Giostra N, Santori P, Abenavoli L, Rasetti C. Zinc and 
Gut Microbiota in Health and Gastrointestinal Disease under the 
COVID-19 Suggestion. BioFactors. 2022;48(2):294–306. https:// 
doi. org/ 10. 1002/ biof. 1829.

 70. Kong F-S, Ma C-M. Dietary Zinc Intakes Are Associated 
With Skeletal Muscle Mass and Strength in Children and Ado-
lescents: Zinc and Muscle in Children. Clin Pediatr (Phila). 
2024;63(3):313–7. https:// doi. org/ 10. 1177/ 00099 22823 11712 42.

 71. LeBoff MS, Greenspan SL, Insogna KL, Lewiecki EM, Saag 
KG, Singer AJ, Siris ES. The Clinician’s Guide to Prevention and 
Treatment of Osteoporosis. Osteoporos Int. 2022;33(10):2049–
102. https:// doi. org/ 10. 1007/ s00198- 021- 05900-y.

 72. Gracia-Marco L. Calcium, Vitamin D, and Health. Nutrients. 
2020;12(2):416. https:// doi. org/ 10. 3390/ nu120 20416.

 73. Dobrowolski H, Karczemna A, Włodarek D. Nutrition for 
Female Soccer Players—Recommendations. Medicina (Mex). 
2020;56(1):28. https:// doi. org/ 10. 3390/ medic ina56 010028.

 74. Rapún-López M, Olmedillas H, Gonzalez-Agüero A, Gomez-
Cabello A, Pradas De La Fuente F, Moreno LA, Casajús JA, 
Vicente-Rodríguez G. May Young Elite Cyclists Have Less Effi-
cient Bone Metabolism? Nutrients. 2019;11(5):1178. https:// doi. 
org/ 10. 3390/ nu110 51178.

 75 Sims ST, Kerksick CM, Smith-Ryan AE, Janse De Jonge XAK, 
Hirsch KR, Arent SM, Hewlings SJ, Kleiner SM, Bustillo E, 
Tartar JL, Starratt VG, Kreider RB, Greenwalt C, Rentería LI, 
Ormsbee MJ, VanDusseldorp TA, Campbell BI, Kalman DS, 
Antonio J. International Society of Sports Nutrition Position 
Stand: Nutritional Concerns of the Female Athlete. J Int Soc 
Sports Nutr. 2023;20(1):2204066. https:// doi. org/ 10. 1080/ 15502 
783. 2023. 22040 66.

 76. Craig WJ, Mangels AR, Fresán U, Marsh K, Miles FL, Saunders 
AV, Haddad EH, Heskey CE, Johnston P, Larson-Meyer E, Orlich 
M. The Safe and Effective Use of Plant-Based Diets with Guide-
lines for Health Professionals. Nutrients. 2021;13(11):4144. 
https:// doi. org/ 10. 3390/ nu131 14144.

 77. Pedlar CR, Brugnara C, Bruinvels G, Burden R. Iron Balance 
and Iron Supplementation for the Female Athlete: A Practical 
Approach. Eur J Sport Sci. 2018;18(2):295–305. https:// doi. org/ 
10. 1080/ 17461 391. 2017. 14161 78.

 78. Domellöf M, Braegger C, Campoy C, Colomb V, Decsi T, 
Fewtrell M, Hojsak I, Mihatsch W, Molgaard C, Shamir R, Turck 
D, Van Goudoever J. Iron Requirements of Infants and Toddlers. 
J Pediatr Gastroenterol Nutr. 2014;58(1):119–29. https:// doi. org/ 
10. 1097/ MPG. 00000 00000 000206.

 79. Clénin G, Cordes M, Huber A, Schumacher Y, Noack P, Scales 
J, Kriemler S. Iron Deficiency in Sports – Definition, Influence 
on Performance and Therapy. Swiss Med Wkly. 2015. https:// doi. 
org/ 10. 4414/ smw. 2015. 14196.

 80. Rubeor A, Goojha C, Manning J, White J. Does Iron Supplemen-
tation Improve Performance in Iron-Deficient Nonanemic Ath-
letes? Sports Health Multidiscip Approach. 2018;10(5):400–5. 
https:// doi. org/ 10. 1177/ 19417 38118 777488.

 81. Eveleigh ER, Coneyworth L, Welham SJM. Systematic Review 
and Meta-Analysis of Iodine Nutrition in Modern Vegan and 
Vegetarian Diets. Br J Nutr. 2023;130(9):1580–94. https:// doi. 
org/ 10. 1017/ S0007 11452 30005 1X.

 82. Fallon N, Dillon SA. Low Intakes of Iodine and Selenium 
Amongst Vegan and Vegetarian Women Highlight a Potential 
Nutritional Vulnerability. Front Nutr. 2020;7:72. https:// doi. org/ 
10. 3389/ fnut. 2020. 00072.

 83. Bouga M, Combet E. Emergence of Seaweed and Seaweed-Con-
taining Foods in the UK: Focus on Labeling, Iodine Content. 
Toxic Nutri Foods. 2015;4(2):240–53. https:// doi. org/ 10. 3390/ 
foods 40202 40.

 84. Whitbread JS, Murphy KJ, Clifton PM, Keogh JB. Iodine Excre-
tion and Intake in Women of Reproductive Age in South Aus-
tralia Eating Plant-Based and Omnivore Diets: A Pilot Study. Int 
J Environ Res Public Health. 2021;18(7):3547. https:// doi. org/ 
10. 3390/ ijerp h1807 3547.

 85. Zimmermann MB. The Role of Iodine in Human Growth and 
Development. Semin Cell Dev Biol. 2011;22(6):645–52. https:// 
doi. org/ 10. 1016/j. semcdb. 2011. 07. 009.

 86. Rigutto-Farebrother J. Optimizing Growth: The Case for Iodine. 
Nutrients. 2023;15(4):814. https:// doi. org/ 10. 3390/ nu150 40814.

 87. Iolascon G, Gimigliano R, Bianco M, De Sire A, Moretti A, 
Giusti A, Malavolta N, Migliaccio S, Migliore A, Napoli N, Pis-
citelli P, Resmini G, Tarantino U, Gimigliano F. Are Dietary 
Supplements and Nutraceuticals Effective for Musculoskeletal 
Health and Cognitive Function? A Scoping Review. J Nutr 

https://doi.org/10.1096/fj.201801857RRR
https://doi.org/10.1096/fj.201801857RRR
https://doi.org/10.3390/nu8010006
https://doi.org/10.1016/j.expneurol.2012.04.007
https://doi.org/10.1016/j.expneurol.2012.04.007
https://doi.org/10.1056/NEJMoa1812792
https://doi.org/10.1016/S0140-6736(07)60527-3
https://doi.org/10.1016/j.redox.2020.101529
https://doi.org/10.1016/j.redox.2020.101529
https://doi.org/10.1590/0001-3765202220200266
https://doi.org/10.3390/nu10010068
https://doi.org/10.1177/0379572116652252
https://doi.org/10.1177/0379572116652252
https://doi.org/10.1007/s12011-021-02785-0
https://doi.org/10.1007/s12011-021-02785-0
https://doi.org/10.3390/nu11112671
https://doi.org/10.1002/biof.1829
https://doi.org/10.1002/biof.1829
https://doi.org/10.1177/00099228231171242
https://doi.org/10.1007/s00198-021-05900-y
https://doi.org/10.3390/nu12020416
https://doi.org/10.3390/medicina56010028
https://doi.org/10.3390/nu11051178
https://doi.org/10.3390/nu11051178
https://doi.org/10.1080/15502783.2023.2204066
https://doi.org/10.1080/15502783.2023.2204066
https://doi.org/10.3390/nu13114144
https://doi.org/10.1080/17461391.2017.1416178
https://doi.org/10.1080/17461391.2017.1416178
https://doi.org/10.1097/MPG.0000000000000206
https://doi.org/10.1097/MPG.0000000000000206
https://doi.org/10.4414/smw.2015.14196
https://doi.org/10.4414/smw.2015.14196
https://doi.org/10.1177/1941738118777488
https://doi.org/10.1017/S000711452300051X
https://doi.org/10.1017/S000711452300051X
https://doi.org/10.3389/fnut.2020.00072
https://doi.org/10.3389/fnut.2020.00072
https://doi.org/10.3390/foods4020240
https://doi.org/10.3390/foods4020240
https://doi.org/10.3390/ijerph18073547
https://doi.org/10.3390/ijerph18073547
https://doi.org/10.1016/j.semcdb.2011.07.009
https://doi.org/10.1016/j.semcdb.2011.07.009
https://doi.org/10.3390/nu15040814


 Current Nutrition Reports           (2025) 14:44    44  Page 18 of 19

Health Aging. 2017;21(5):527–38. https:// doi. org/ 10. 1007/ 
s12603- 016- 0823-x.

 88. Tarkesh F, Namavar Jahromi B, Hejazi N, Tabatabaee H. Ben-
eficial Health Effects of Menaquinone-7 on Body Composi-
tion, Glycemic Indices, Lipid Profile, and Endocrine Mark-
ers in Polycystic Ovary Syndrome Patients. Food Sci Nutr. 
2020;8(10):5612–21. https:// doi. org/ 10. 1002/ fsn3. 1837.

 89. Sim M, Smith C, Bondonno NP, Radavelli-Bagatini S, Blek-
kenhorst LC, Dalla Via J, McCormick R, Zhu K, Hodgson JM, 
Prince RL, Lewis JR. Higher Dietary Vitamin K Intake Is Asso-
ciated with Better Physical Function and Lower Long-Term 
Injurious Falls Risk in Community-Dwelling Older Women. J 
Nutr Health Aging. 2023;27(1):38–45. https:// doi. org/ 10. 1007/ 
s12603- 022- 1866-9.

 90. Lithgow H, Johnston L, Ho FK, Celis-Morales C, Cobley J, 
Raastad T, Hunter AM, Lees JS, Mark PB, Quinn TJ, Gray SR. 
Protocol for a Randomised Controlled Trial to Investigate the 
Effects of Vitamin K2 on Recovery from Muscle-Damaging 
Resistance Exercise in Young and Older Adults—the TAKEO-
VER Study. Trials. 2022;23(1):1026. https:// doi. org/ 10. 1186/ 
s13063- 022- 06937-y.

 91. Rønning SB, Pedersen ME, Berg RS, Kirkhus B, Rød-
botten R. Vitamin K2 Improves Proliferation and Migra-
tion of Bovine Skeletal Muscle Cells in Vitro. PLoS ONE. 
2018;13(4):e0195432. https:// doi. org/ 10. 1371/ journ al. pone. 
01954 32.

 92. Xu D, Yang A, Ren R, Shan Z, Li YM, Tan J. Vitamin K2 as 
a Potential Therapeutic Candidate for the Prevention of Mus-
cle Cramps in Hemodialysis Patients: A Prospective Multi-
center, Randomized, Controlled. Crossover Pilot Trial Nutri. 
2022;97:111608. https:// doi. org/ 10. 1016/j. nut. 2022. 111608.

 93. Heffernan SM, Horner K, De Vito G, Conway GE. The Role 
of Mineral and Trace Element Supplementation in Exercise 
and Athletic Performance: A Systematic Review. Nutrients. 
2019;11(3):696. https:// doi. org/ 10. 3390/ nu110 30696.

 94. Fernández-Lázaro D, Fernandez-Lazaro CI, Mielgo-Ayuso J, 
Navascués LJ, Córdova Martínez A, Seco-Calvo J. The Role 
of Selenium Mineral Trace Element in Exercise: Antioxidant 
Defense System, Muscle Performance, Hormone Response, 
and Athletic Performance. A Syst Rev Nutri. 2020;12(6):1790. 
https:// doi. org/ 10. 3390/ nu120 61790.

 95. Ganapathy A, Nieves JW. Nutrition and Sarcopenia—What Do 
We Know? Nutrients. 2020;12(6):1755. https:// doi. org/ 10. 3390/ 
nu120 61755.

 96. Van Dronkelaar C, Fultinga M, Hummel M, Kruizenga H, 
Weijs PJM, Tieland M. Minerals and Sarcopenia in Older 
Adults: An Updated Systematic Review. J Am Med Dir Assoc. 
2023;24(8):1163–72. https:// doi. org/ 10. 1016/j. jamda. 2023. 05. 
017.

 97. Klein L, Dawczynski C, Schwarz M, Maares M, Kipp K, Haase 
H, Kipp AP. Selenium, Zinc, and Copper Status of Vegetarians 
and Vegans in Comparison to Omnivores in the Nutritional Eval-
uation (NuEva) Study. Nutrients. 2023;15(16):3538. https:// doi. 
org/ 10. 3390/ nu151 63538.

 98. Zavros A, Andreou E, Aphamis G, Bogdanis GC, Sakkas GK, 
Roupa Z, Giannaki CD. The Effects of Zinc and Selenium Co-
Supplementation on Resting Metabolic Rate, Thyroid Func-
tion, Physical Fitness, and Functional Capacity in Overweight 
and Obese People under a Hypocaloric Diet: A Randomized, 
Double-Blind, and Placebo-Controlled Trial. Nutrients. 
2023;15(14):3133. https:// doi. org/ 10. 3390/ nu151 43133.

 99. Mason SA, Trewin AJ, Parker L, Wadley GD. Antioxidant Sup-
plements and Endurance Exercise: Current Evidence and Mecha-
nistic Insights. Redox Biol. 2020;35:101471. https:// doi. org/ 10. 
1016/j. redox. 2020. 101471.

 100. Jäger R, Mohr AE, Carpenter KC, Kerksick CM, Purpura M, 
Moussa A, Townsend JR, Lamprecht M, West NP, Black K, 
Gleeson M, Pyne DB, Wells SD, Arent SM, Smith-Ryan AE, 
Kreider RB, Campbell BI, Bannock L, Scheiman J, Wissent CJ, 
Pane M, Kalman DS, Pugh JN, Ter Haar JA, Antonio J. Inter-
national Society of Sports Nutrition Position Stand: Probiotics. 
J Int Soc Sports Nutr. 2019;16(1):62. https:// doi. org/ 10. 1186/ 
s12970- 019- 0329-0.

 101. Marttinen M, Ala-Jaakkola R, Laitila A, Lehtinen MJ. Gut 
Microbiota, Probiotics and Physical Performance in Athletes 
and Physically Active Individuals. Nutrients. 2020;12(10):2936. 
https:// doi. org/ 10. 3390/ nu121 02936.

 102. Fritz P, Fritz R, Bóday P, Bóday Á, Bató E, Kesserű P, Oláh 
C. Gut Microbiome Composition: Link between Sports Per-
formance and Protein Absorption? J Int Soc Sports Nutr. 
2024;21(1):2297992. https:// doi. org/ 10. 1080/ 15502 783. 2023. 
22979 92.

 103. Dalton A, Mermier C, Zuhl M. Exercise Influence on the Micro-
biome–Gut–Brain Axis. Gut Microbes. 2019;10(5):555–68. 
https:// doi. org/ 10. 1080/ 19490 976. 2018. 15622 68.

 104. Bailey SJ, Winyard P, Vanhatalo A, Blackwell JR, DiMenna FJ, 
Wilkerson DP, Tarr J, Benjamin N, Jones AM. Dietary Nitrate 
Supplementation Reduces the  O2 Cost of Low-Intensity Exercise 
and Enhances Tolerance to High-Intensity Exercise in Humans. 
J Appl Physiol. 2009;107(4):1144–55. https:// doi. org/ 10. 1152/ 
jappl physi ol. 00722. 2009.

 105. Jones AM. Dietary Nitrate Supplementation and Exercise Per-
formance. Sports Med. 2014;44(S1):35–45. https:// doi. org/ 10. 
1007/ s40279- 014- 0149-y.

 106. González-Soltero R, Bailén M, De Lucas B, Ramírez-Goercke 
MI, Pareja-Galeano H, Larrosa M. Role of Oral and Gut Micro-
biota in Dietary Nitrate Metabolism and Its Impact on Sports 
Performance. Nutrients. 2020;12(12):3611. https:// doi. org/ 10. 
3390/ nu121 23611.

 107. Tan R, Cano L, Lago-Rodríguez Á, Domínguez R. The Effects of 
Dietary Nitrate Supplementation on Explosive Exercise Perfor-
mance: A Systematic Review. Int J Environ Res Public Health. 
2022;19(2):762. https:// doi. org/ 10. 3390/ ijerp h1902 0762.

 108. d’Unienville NMA, Blake HT, Coates AM, Hill AM, Nelson 
MJ, Buckley JD. Effect of Food Sources of Nitrate, Polyphe-
nols, L-Arginine and L-Citrulline on Endurance Exercise Perfor-
mance: A Systematic Review and Meta-Analysis of Randomised 
Controlled Trials. J Int Soc Sports Nutr. 2021;18(1):76. https:// 
doi. org/ 10. 1186/ s12970- 021- 00472-y.

 109. Belval LN, Hosokawa Y, Casa DJ, Adams WM, Armstrong LE, 
Baker LB, Burke L, Cheuvront S, Chiampas G, González-Alonso 
J, Huggins RA, Kavouras SA, Lee EC, McDermott BP, Miller K, 
Schlader Z, Sims S, Stearns RL, Troyanos C, Wingo J. Practi-
cal Hydration Solutions for Sports. Nutrients. 2019;11(7):1550. 
https:// doi. org/ 10. 3390/ nu110 71550.

 110. Vitale K, Getzin A. Nutrition and Supplement Update for the 
Endurance Athlete: Review and Recommendations. Nutrients. 
2019;11(6):1289. https:// doi. org/ 10. 3390/ nu110 61289.

 111. Veniamakis E, Kaplanis G, Voulgaris P, Nikolaidis PT. Effects 
of Sodium Intake on Health and Performance in Endurance 
and Ultra-Endurance Sports. Int J Environ Res Public Health. 
2022;19(6):3651. https:// doi. org/ 10. 3390/ ijerp h1906 3651.

 112. Millard-Stafford M, Snow TK, Jones ML, Suh H. The Beverage 
Hydration Index: Influence of Electrolytes, Carbohydrate and 
Protein. Nutrients. 2021;13(9):2933. https:// doi. org/ 10. 3390/ 
nu130 92933.

 113. Strohm D.; Ellinger S.; Leschik-Bonnet E.; Maretzke F.; Heseker 
H.; German Nutrition Society (DGE). Revised Reference Values 
for Potassium Intake. Ann Nutr Metab. 2017;71(1–2):118–24. 
https:// doi. org/ 10. 1159/ 00047 9705.

https://doi.org/10.1007/s12603-016-0823-x
https://doi.org/10.1007/s12603-016-0823-x
https://doi.org/10.1002/fsn3.1837
https://doi.org/10.1007/s12603-022-1866-9
https://doi.org/10.1007/s12603-022-1866-9
https://doi.org/10.1186/s13063-022-06937-y
https://doi.org/10.1186/s13063-022-06937-y
https://doi.org/10.1371/journal.pone.0195432
https://doi.org/10.1371/journal.pone.0195432
https://doi.org/10.1016/j.nut.2022.111608
https://doi.org/10.3390/nu11030696
https://doi.org/10.3390/nu12061790
https://doi.org/10.3390/nu12061755
https://doi.org/10.3390/nu12061755
https://doi.org/10.1016/j.jamda.2023.05.017
https://doi.org/10.1016/j.jamda.2023.05.017
https://doi.org/10.3390/nu15163538
https://doi.org/10.3390/nu15163538
https://doi.org/10.3390/nu15143133
https://doi.org/10.1016/j.redox.2020.101471
https://doi.org/10.1016/j.redox.2020.101471
https://doi.org/10.1186/s12970-019-0329-0
https://doi.org/10.1186/s12970-019-0329-0
https://doi.org/10.3390/nu12102936
https://doi.org/10.1080/15502783.2023.2297992
https://doi.org/10.1080/15502783.2023.2297992
https://doi.org/10.1080/19490976.2018.1562268
https://doi.org/10.1152/japplphysiol.00722.2009
https://doi.org/10.1152/japplphysiol.00722.2009
https://doi.org/10.1007/s40279-014-0149-y
https://doi.org/10.1007/s40279-014-0149-y
https://doi.org/10.3390/nu12123611
https://doi.org/10.3390/nu12123611
https://doi.org/10.3390/ijerph19020762
https://doi.org/10.1186/s12970-021-00472-y
https://doi.org/10.1186/s12970-021-00472-y
https://doi.org/10.3390/nu11071550
https://doi.org/10.3390/nu11061289
https://doi.org/10.3390/ijerph19063651
https://doi.org/10.3390/nu13092933
https://doi.org/10.3390/nu13092933
https://doi.org/10.1159/000479705


Current Nutrition Reports           (2025) 14:44  Page 19 of 19    44 

 114. EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA); 
Turck, D, Bresson J, Burlingame B, Dean T, Fairweather‐Tait 
S, Heinonen M, Hirsch‐Ernst KI, Mangelsdorf I, McArdle H, 
Neuhäuser‐Berthold M, Nowicka G, Pentieva K, Sanz Y, Siani 
A, Sjödin A, Stern M, Tomé D, Van Loveren H, Vinceti M, 
Willatts P, Aggett P, Martin A, Przyrembel H, Brönstrup A, 
Ciok J, Gómez Ruiz JÁ, de Sesmaisons‐Lecarré A, Naska A. 
Dietary Reference Values for Potassium. EFSA Journal EFSA J 
2016;14(10): e04592. https:// doi. org/ 10. 2903/j. efsa. 2016. 4592.

 115. Kurtz JA, VanDusseldorp TA, Doyle JA, Otis JS. Taurine in 
Sports and Exercise. J Int Soc Sports Nutr. 2021;18(1):39. https:// 
doi. org/ 10. 1186/ s12970- 021- 00438-0.

 116. Thirupathi A, Pinho RA, Baker JS, István B, Gu Y. Taurine 
Reverses Oxidative Damages and Restores the Muscle Function 
in Overuse of Exercised Muscle. Front Physiol. 2020;11:582449. 
https:// doi. org/ 10. 3389/ fphys. 2020. 582449.

 117. Chen Q, Li Z, Pinho RA, Gupta RC, Ugbolue UC, Thirupathi A, 
Gu Y. The Dose Response of Taurine on Aerobic and Strength 
Exercises: A Systematic Review. Front Physiol. 2021;12:700352. 
https:// doi. org/ 10. 3389/ fphys. 2021. 700352.

 118. Buzdağlı Y, Eyipınar C, Öget F, Şıktar E, Forbes S, Tekin A. 
Taurine Supplementation Enhances Anaerobic Power in Elite 
Speed Skaters: A Double-Blind, Randomized, Placebo-Con-
trolled. Crossover Study Biol Sport. 2023;40(3):741–51. https:// 
doi. org/ 10. 5114/ biols port. 2023. 119990.

 119. Batitucci G, Brandao CFC, De Carvalho FG, Marchini JS, 
Pfrimer K, Ferrioli E, Cunha FQ, Papoti M, Terrazas SIBM, 
Junqueira-Franco MVM, Da Silva ASR, Freitas ECD. Taurine 
Supplementation Increases Irisin Levels after High Intensity 
Physical Training in Obese Women. Cytokine. 2019;123:154741. 
https:// doi. org/ 10. 1016/j. cyto. 2019. 154741.

 120. Ko J, Yoo C, Xing D, Gonzalez DE, Jenkins V, Dickerson B, 
Leonard M, Nottingham K, Kendra J, Sowinski R, Rasmussen 
CJ, Kreider RB. Pharmacokinetic Analyses of Liposomal and 
Non-Liposomal Multivitamin/Mineral Formulations. Nutrients. 
2023;15(13):3073. https:// doi. org/ 10. 3390/ nu151 33073.

 121. Menezes MSS, Almeida CMM. Structural, Functional, Nutri-
tional and Clinical Aspects of Vitamin A: A Review. PharmaNu-
trition. 2024;27:100383. https:// doi. org/ 10. 1016/j. phanu. 2024. 
100383.

 122. Bentley DJ, Ackerman J, Clifford T, Slattery KS. Acute and 
Chronic Effects of Antioxidant Supplementation on Exercise 
Performance. In Antioxidants in Sport Nutrition; Lamprecht, 
M., Ed.; CRC Press/Taylor & Francis: Boca Raton (FL), 2015

 123. Draeger CL, Naves A, Marques N, Baptistella AB, Carnauba RA, 
Paschoal V, Nicastro H. Controversies of Antioxidant Vitamins 
Supplementation in Exercise: Ergogenic or Ergolytic Effects in 
Humans? J Int Soc Sports Nutr. 2014;11(1):4. https:// doi. org/ 10. 
1186/ 1550- 2783- 11-4.

 124. Barker T. Vitamins and Human Health: Systematic Reviews and 
Original Research. Nutrients. 2023;15(13):2888. https:// doi. org/ 
10. 3390/ nu151 32888.

 125. Ter Borg S, Koopman N, Verkaik-Kloosterman J. An Evaluation 
of Food and Nutrient Intake among Pregnant Women in The 
Netherlands: A Systematic Review. Nutrients. 2023;15(13):3071. 
https:// doi. org/ 10. 3390/ nu151 33071.

 126 Bakaloudi DR, Halloran A, Rippin HL, Oikonomidou AC, Dar-
davesis TI, Williams J, Wickramasinghe K, Breda J, Chourdakis 
M. Intake and Adequacy of the Vegan Diet. A Systematic Review 
of the Evidence. Clin Nutr. 2021;40(5):3503–21. https:// doi. org/ 
10. 1016/j. clnu. 2020. 11. 035.

 127. Wang R, Chen C, Liu W, Zhou T, Xun P, He K, Chen P. 
The Effect of Magnesium Supplementation on Muscle Fit-
ness: A Meta-Analysis and Systematic Review. Magnes Res. 
2017;30(4):120–32. https:// doi. org/ 10. 1684/ mrh. 2018. 0430.

 128. Nielsen FH, Lukaski HC. Update on the Relationship between 
Magnesium and Exercise. Magnes Res. 2006;19(3):180–9.

 129. Zhang Y, Xun P, Wang R, Mao L, He K. Can Magnesium 
Enhance Exercise Performance? Nutrients. 2017;9(9):946. 
https:// doi. org/ 10. 3390/ nu909 0946.

 130. Tarsitano MG, Quinzi F, Folino K, Greco F, Oranges FP, Cerulli 
C, Emerenziani GP. Effects of Magnesium Supplementation on 
Muscle Soreness in Different Type of Physical Activities: A Sys-
tematic Review. J Transl Med. 2024;22(1):629. https:// doi. org/ 
10. 1186/ s12967- 024- 05434-x.

 131. Blancquaert L, Vervaet C, Derave W. Predicting and Test-
ing Bioavailability of Magnesium Supplements. Nutrients. 
2019;11(7):1663. https:// doi. org/ 10. 3390/ nu110 71663.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

View publication stats

https://doi.org/10.2903/j.efsa.2016.4592
https://doi.org/10.1186/s12970-021-00438-0
https://doi.org/10.1186/s12970-021-00438-0
https://doi.org/10.3389/fphys.2020.582449
https://doi.org/10.3389/fphys.2021.700352
https://doi.org/10.5114/biolsport.2023.119990
https://doi.org/10.5114/biolsport.2023.119990
https://doi.org/10.1016/j.cyto.2019.154741
https://doi.org/10.3390/nu15133073
https://doi.org/10.1016/j.phanu.2024.100383
https://doi.org/10.1016/j.phanu.2024.100383
https://doi.org/10.1186/1550-2783-11-4
https://doi.org/10.1186/1550-2783-11-4
https://doi.org/10.3390/nu15132888
https://doi.org/10.3390/nu15132888
https://doi.org/10.3390/nu15133071
https://doi.org/10.1016/j.clnu.2020.11.035
https://doi.org/10.1016/j.clnu.2020.11.035
https://doi.org/10.1684/mrh.2018.0430
https://doi.org/10.3390/nu9090946
https://doi.org/10.1186/s12967-024-05434-x
https://doi.org/10.1186/s12967-024-05434-x
https://doi.org/10.3390/nu11071663
https://www.researchgate.net/publication/389787337

	Are there Effective Vegan-Friendly Supplements for Optimizing Health and Sports Performance? a Narrative Review
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Protein Powders
	Key Considerations for Plant-Based Protein Supplementation

	Creatine
	Key Considerations for Plant-Based Creatine Supplementation

	Beta-Alanine
	Key Considerations for Plant-Based Beta-Alanine Supplementation

	Caffeine
	Key Considerations for Plant-Based Beta-Alanine Supplementation

	B12 Vitamin
	Key Considerations for Plant-Based Vitamin B12 Supplementation

	Vitamin D
	Key Considerations for Plant-Based Vitamin D Supplementation

	Omega-3 Unsaturated Fatty Acids
	Key Considerations for Plant-Based Omega-3 Supplementation

	Zinc
	Key Considerations for Zinc Supplementation

	Calcium
	Key Considerations for Calcium Supplementation

	Iron
	Key Considerations for Iron Supplementation

	Iodine
	Key Considerations for Iodine Supplementation

	Vitamin K2
	Key Considerations for Vitamin K2 Supplementation

	Selenium
	Key Considerations for Selenium Supplementation

	Probiotics
	Key Considerations for Probiotic Supplementation

	Nitrates
	Key Considerations for Nitrate Supplementation

	Electrolytes
	Taurine
	Key Considerations for Taurine Supplementation

	Vitamin A
	Key Considerations for Vitamin A Supplementation

	Magnesium
	Key Considerations for Magnesium Supplementation


	Summary and Discussion
	Conclusions
	Key References
	References


