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Abstract

:

Adequate nutrition is of utmost importance for athletes, especially during rehabilitation after injury in order to achieve fast healing and return to sports. The aim of this narrative review is to define the proper nutritional elements for athletes to meet their needs and facilitate their fast return to sports after surgery or injury, as well as determine the effects of specific nutrients intake. Studies on antioxidants, which are substances that protect against free radicals, for the injured athlete are few and unclear, yet poly-phenols and especially flavonoids might improve healing and inflammation following an injury. Benefits of vitamin C or E on muscle damage are disputable in relevant studies, while optimal levels of vitamin D and calcium contribute to bone healing. Minerals are also essential for athletes. Other supplements suggested for muscle damage treatment and protein synthesis include leucine, creatine, and hydroxymethylbutyrate. Diets that include high-quality products, rich in micronutrients (like vitamins, minerals, etc.) bio-active compounds and other nutritional elements (like creatine) are suggested, while an individualized nutrition program prescribed by a trained dietitian is important. Further studies are needed to clarify the underlying mechanisms of these nutritional elements, especially regarding injury treatment.
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1. Introduction


Sports injuries have a significant economic [1] and psychological [2,3] impact and could affect physical capabilities [3]. Some injuries have no impact on future quality of athletes’ life, but others can negatively affect it even if only for a short period of time [3]. The incidence of injury in athletes was 81.1 injuries per 1000 participants in International Championships [4]. Thirteen top-level championships are included in that International Championship and particularly seven outdoor championships (e.g., Olympic Games during summer of 2008 and 2012 and winter of 2010), four indoor championships, one world youth championship (aged 16–17 years), and one world junior championship (16–19 years). The sports categories included in these championships were distance sports (short, middle, or long), “jumps”, “race walks”, “throws”, and “combined events (e.g., pentathlon). Further, the World Indoor Championships had a marathon category. Indoor championships include fewer categories [4].The incidence of injury in athletes varies according to (a) the injury time (72.2% during competition and 21.8% during training), (b) the type of championships (higher in outdoor than in indoor championships or in youth/junior championships), (c) the discipline categories (highest in combined events followed by Marathon and then long and middle distances) [4], and (d) the gender (higher in males than females) [5]. The most common injuries are muscle injuries [6] and bone injuries like stress fractures and tendinopathy mainly in high-jerk sports [7].



Prolonged injury leads to sedentary periods that cause a decrease in muscle mass, muscle strength, and function [8]. In addition, muscle atrophy and increased abdominal fat deposition may delay further the return to competition [9]. There is a lack of evidence in the literature about the role of micronutrients and supplements during injury though there is encouraging indirect documentation in muscle recovery and sarcopenia [9]. Sarcopenia is mainly a disease that occurs in the elderly; however, its development may be related to conditions that do not only affect the elderly, such as malnutrition, disuse, and cachexia [10].



Rehabilitation refers to the techniques and services for individuals with physical disabilities (e.g., after injuries, stroke etc.) trying to make them reach and keep a functional level in their everyday life as normally as possible [11]. Sports rehabilitation is the therapeutic approach that targets athletes’ recovery, treating their pain, and helping them return safely to sport [12]. On the other hand, sports recovery includes strategies applied immediately post-exercise aiming to recover glycogen content and from muscle damage in order to maximize their performance while minimizing the risk of injuries [13,14,15].



The use of sports rehabilitation strategies is essential for a fast rehabilitation process in athletes’ health and their return to training and competition. In the early stages of rehabilitation, nutritional intervention is crucial to ensure adequate intake of energy and nutrients, prerequisites for wound healing and management of inflammation and oxidative stress caused by the injury [15].



Adequate and balanced nutrition is essential for rehabilitation progress [15]. The role of energy and macronutrients requirements in rehabilitation has already been extensively discussed in a previous study [15]. Thus, proper nutrition for injury recovery of athletes requires high consumption of energy 25–30 kcal/kg of body weight as well as adequate intake of carbohydrates and especially proteins (type, frequency and amount) to support athletes anabolism [15]. On the other hand, the role of micronutrients and other nutritional elements (except macronutrients) in athletes’ rehabilitation is an underdeveloped area with enormous potential regarding the time loss from training and competition due to injuries. This review aims to define the proper nutritional elements tailored by athletes’ needs in order to facilitate their fast return to sports after surgery or injury.




2. Supplements of Micronutrients and Other Bioactive Compounds


2.1. Carotenoids and Polyphenols


The role of vitamin and other micronutrients on sport rehabilitation is presented in Table 1. There are approximately 600 carotenoids found in fruits and vegetables, with β-carotene being one of the most common [16]. Some carotenoids are precursors of vitamin A and others act as antioxidants [17]. Recent reviews did not demonstrate the benefits of taking isolated β-carotene supplements. Instead, it is widely suggested that β-carotene should be consumed through carotenoid-rich foods, as part of a diet that includes consisting of the appropriate macro-, micronutrients and other nutritional elements [18]. Findings from various studies strongly support the anti-inflammatory and antioxidant potential of carotenoids’ intake for their protective effect on the development of several health problems, which are mediated by oxidative stress, caused by an increase of reactive oxygen species (ROS) [19] (Table 1). The antioxidant and anti-inflammatory actions of phenols, carotenoids, and tocopherol, contained in olive oil, have also been associated with protective effects against common chronic diseases. Their interaction with the inflammatory progress has been shown to prevent cellular damage [19]. Epidemiological studies have shown that carotenoids and polyphenols are inversely associated with sarcopenic symptomatology; thus, they are likely to preserve skeletal muscles and function [20]. In a recent 12-week intervention, an energy restricted diet, to achieve a weight loss of half-to one kg/week, was prescribed to obese or overweight healthy older adults followed macronutrient distribution of 30% protein, 30% carbohydrate, and 40% fat [21]. They were divided into two groups to follow a diet of vegetables and fruits with either high carotenoid content and extra virgin olive or low carotenoid content and polyunsaturated fatty acid based oil [20]. A positive change in appendicular skeletal muscle (ASM) indicated the synergistic effect of nutrients and the potential influence of high carotenoid and polyphenol consumption on body composition and skeletal muscle function [21].



Polyphenols such as resveratrol and flavonoids such as quercetin and catechins have also caught scientists’ attention the last decade for their protection of muscles against exhaustive exercise and oxidative stress [39]. However, for each bioactive compound there is no cause–effect potential benefit associated with muscle mass, strength, and physical performance [20]. Flavonoids, though, are likely to accelerate healing, in cases of injury and inflammation, through their antioxidant actions. As it was observed by Skarpańska-Stejnborn et al., flavonoids included in daily diet may be beneficial in cases of severe injury—an assertion which is based on their role in regulating the immune factors of the inflammatory procedure and the sequestration of iron [21]. Moreover, polyphenols like oleuropein may reduce the development of chronic joint inflammation, swelling, pain, and other clinical indications, in relation to rehabilitation or prevention of osteoarthritis [40]. The benefits of phenolic compounds combined to physical activity on joint disease, consist a positive effect on homeostasis of cartilage tissue after injury [30].




2.2. Vitamin D


Worldwide, it is estimated that one billion people have vitamin D insufficiency or deficiency [41]. Optimal levels of vitamin D and calcium have been recognized for their contribution to bone healing, which is important for the rehabilitation of athletes [42]. Vitamin D seem to have a positive impact on muscle growth and cell differentiation, and further it could also increase sarcoplasmic calcium uptake leading to higher muscle contractility [43].



In vitro studies have shown that vitamin D receptors (VDR) are expressed in the muscle stem cells depicting muscle regeneration after injury [44]. A recent review revealed that vitamin D supplementation from any source had no effect on muscle mass in elders, even though it benefitted cultured muscle fibers cells in vitro [45].



Vitamin D supplementation has different outcomes according to muscle groups and functions [46]. A meta-analysis of randomized controlled trials in elders depicted that vitamin D had a beneficial effect on muscle strength but no impact on muscle mass and power [47]. Similarly, Zhang et al. recently found in athletes that vitamin D had a beneficial effect on lower-limb muscle strength but not upper-limb muscle strength or overall muscle strength and muscle explosive power [46]. In a meta-analysis of randomized controlled trials, vitamin D supplementation in healthy adults was significantly associated with increased upper and lower limb strength [29] (Table 1). The impact of vitamin D supplementation on skeletal muscle mass and function is controversial and further research is needed.




2.3. Vitamins C, E and A


Vitamins A, E and C have frequently been called “antioxidants” since their deficiency tends to lead to oxidative stress [48]. There is also growing support for their benefits, particularly during rehabilitation. Foods containing vitamin C and flavonoids might be beneficial during the rehabilitation process when the body regenerates tissue [25]. Randomized controlled trials did not support vitamin C supplementation in the general population [49], yet it may be of use in surgery patients, whose vitamin C requirements are increased [26].



Vitamin E supplementation in rats following spinal cord injury improved the hind limb locomotor function, and reduced spinal cord histopathological and morphological damage, while decreasing inflammation [28]. Belisle et al. found in elderly that vitamin E supplementation may enhance cytokine IL-1β, IL-6, TNF-α, and IFN-γ production, but this depends on immune defense system status of each individual [50] (Table 1). Supplementation with vitamin C above sufficiency, however, is not suggested and yet there is no strong evidence, in general, for the necessity of this specific micronutrient supplementation after injury [51]. During rehabilitation, while the antioxidant intake is necessary for best results, overconsumption is not recommended when nutrient indicators are at normal levels [29]. Supplementation with mega-doses of vitamins A and E may hinder the improvements in areal bone mineral density after strength training [52].



Vitamin A is an essential fat-soluble vitamin that has been used topically in dermatology for several years to control conditions such as photo-damage, psoriasis, and after procedures such as dermabrasion to facilitate healing [53] (Table 1). Anti-inflammatory effect in open wounds has been found to stimulate epithelial development, fibroblasts, and ground material [53]. The literature confirms the beneficial impact of supplementary vitamin A in acute wounds and in the healing of injuries caused in bones, burns, intestines, and radiation [22]. An earlier study by Hunt et al. [23] on the effect of vitamin A on reversing the inhibitory effect of cortisone on healing of open wounds in animals and humans showed that topical vitamin A can revert the cortisone-related healing inhibition in open wounds without affecting other open wounds that are not treated with vitamin A in the same patient or animal, and that the antagonism between vitamin A and cortisone often occurs in humans and rabbits and rats. Vitamin A tends to serve as a hormone that alters the development of epithelial cells, melanocytes, fibroblasts, and endothelial cells via a family of receptors for retinoic acid [24]. During the rehabilitation phase, it seems that some vitamins may be needed for the appropriate nutritional support.





3. Supplements of Nutritional Elements


3.1. Creatine


The results of creatine on muscle strength and muscle mass gain have been examined regarding muscle atrophy, during immobilization or rehabilitation. Evidence for the impact of creatine on muscle loss during immobility is not very clear [31]. As shown in young men, 7-day creatine supplementation at 20 g/day, which is generally considered as a “high” or initial “loading” dose, could decrease loss of muscle mass and strength after immobilization of the upper arm [32]. Arm and leg muscles, however, seem to react differently; thus, creatine supplementation after surgery decrease atrophy in immobilized arm [32] while it did not lessen muscle loss during lower-limb immobility [33]. On the other hand, other studies reported increased muscle growth and strength after immobility and during rehabilitation, via creatine supplementation, indicating that it may have a protective effect on muscle damage in cases of muscle inactivity during injury rehabilitation [54] (Table 1). As Hespel et al. [33] reported, muscle hypertrophy was stimulated in individuals with 2-week leg immobilization and a 10-week rehabilitative strength training program, by using oral creatine monohydrate from 20 g down to 5 g daily. Specifically, quadriceps muscle cross sectional area was increased by 10% accounting for hypertrophy of both type I and type II muscle fibers and peak strength by 25% (Wmax knee extension) and these changes were linked to myogenic protein expression and regulating factor 4 (MRF4). In a similar study, healthy individuals in a 2-week leg immobilization participated in a 10-week long heavy resistance training program with oral creatine supplementation. Results showed that the intake of creatine offsets the decline in muscle GLUT4 protein during immobilization and increased GLUT4 protein content during rehabilitation, increasing insulin sensitivity, exerting a beneficial effect on glucose homeostasis throughout the body and thus increasing glucose uptake into muscle [55].



Moreover, creatine supplementation at 20 g/day for 7 days has been shown to strengthen exercise capacity in individuals with complete cervical-level spinal cord injury [56]. Conversely, in patients with anterior cruciate ligament reconstruction, the intake of creatine at 20 g/day for 7 days and 5 g/day thereafter did not show benefits, during a period of 12-week rehabilitation [57]. The safety of creatine supplementation has also been assessed in several studies. According to the official position of the International Society of Sports Nutrition, the ergogenic benefits of creatine monohydrate, which is the most clinically effective and extensively studied type of creatine, remain consistent in scientific evidence. In addition, other potential health benefits from creatine intake have been reported. Thus, creatine monohydrate supplementation is considered to be a safe choice and the most effective ergogenic nutritional supplement for athletes. It is also safe for patients or healthy people of all ages, as long as precautions and supervision are provided [54,55].




3.2. Gelatin and Vitamin C/Collagen


Early research data on the prevention and treatment of injuries to tendons and ligaments highlight the role of nutritional support from collagenous proteins and micronutrients such as vitamin C, which have shown potential benefits [58] (Table 1). The recommended dosage is 5–15 g gelatin with 50 mg vitamin C. Collagen hydrolysate dosage is 10 g/day. Increased collagen production, thickened cartilage, and decreased joint pain are some of the benefits that have been observed, while the use of gelatin and collagen supplements appears to be of low risk [27,59]. Few data are available, yet increased collagen production and decreased pain may be possible benefits. Functional benefits, rehabilitation from injury, and effects in elite athletes are not known yet.




3.3. Minerals


Minerals, such as manganese (Mn), copper (Cu), zinc (Zn), iron (Fe), and selenium (Se), act as antioxidants and, specifically as co-factors of important antioxidant enzymes, inactivate ROS and repair oxidative damages [34,35] (Table 1). Adequate intake of minerals like magnesium (Mg), iron (Fe), and selenium (Se) is essential for athletes as they are involved in muscle contraction, oxygen transport, antioxidant capacity and many other functions necessary for optimized health as well as peak athletic performance [60,61,62,63]. Supplementation is deemed necessary in the presence of deficiency [59,62,64,65]. Iron’s role is important for oxygen transport and perfusion of the tissues, energy metabolism, antioxidant processes and collagen synthesis [66,67]. Therefore, its deficiency, which is common among athletes, could lead to tissue ischemia, impaired collagen production, and decreased wound strength in the healing phase; thus, it can become a severe health risk factor [67,68]. It must be noted, though, that iron supplementation should be strictly monitored, as it could produce several side-effects; thus, a diet rich in iron is recommended. More specifically, the consumption of animal protein like meat and fish, dairy, fruits, and vegetables (particularly of the green leafy kind) could balance the dietary needs for the nutrients that contribute in a healthy body condition [68]. The current instructions regarding this recommended dietary intake of iron is 8 mg per day for males and 18 mg per day for pre-menopausal adult women [69]. During inflammation, zinc has promotive role for the response of the immune system and the cell proliferation phase, due to its beneficial role during DNA replication in cells in proliferation phase [67]. Selenium has also been found to participate in wound healing as a reducing factor of oxidative stress [70]. More specifically, glutathione peroxidase (GPX) is the main selenoprotein in the human body, having the role of inhibiting the overproduction of free radicals at the site of inflammation, along with other selenoproteins [70]. Recommended daily intake of selenium has been determined as 55 μg per day in adult males and 70 μg per day in adult females [70]. As a result, all the above minerals seem to be of crucial importance in an athlete’s diet.




3.4. Omega-3 Fatty Acids


Unsaturated fatty acids have anti-inflammatory and immune-modulatory effects. A prolonged inflammatory reaction, often seen after a serious injury or surgery, can be detrimental to rehabilitation. It has been suggested that n-3 PUFA lead to a decrease of muscle inflammation through the reduction of the level of pro-inflammatory cytokines, such as TNF-α and IL-6, reduced production of arachidonic acid (AA) and reactive oxygen species (ROS), resulting in a reduction in the inflammatory response [71]. Fish oil-derived omega-3 fatty acids have been found to regulate muscle protein synthesis [72]. More specifically, a long-term intake of omega-3 fatty acids (4 g/day) benefits anabolic sensitivity to amino acids [73]. Although it is stated that, omega-3 supplementation probably ameliorates muscle loss during immobilization, it has not been proven effective for muscle gain. This is why further discussion is required regarding the appropriate dose for injury rehabilitation and prevention.




3.5. Anti-Inflammatory Supplements


Curcumin, a constituent of the spice turmeric, is a highly pleiotropic molecule with anti-inflammatory and anti-oxidant properties that have shown a variety of beneficial effects on human health [36]. A systematic review in patients with arthritis showed that curcumin reduced symptoms of inflammation and pain, with similar outcomes to ibuprofen and sodium diclofenac [74]. Decreases in inflammatory cytokines and other indirect markers of muscle damage with anti-inflammatory supplements such as curcumin and tart cherry juice have been reported [37] (Table 1). Heaton et al. [75] state that there is limited evidence for the role of curcumin at a dosage of 0.4–5 g/day, and bromelain, a proteolytic enzyme found in both the stem and fruit of pineapple, at a dose of 900–1000 mg/day in decreasing inflammation, which is important for athletic rehabilitation. Curcumin has shown benefits regarding postoperative pain and fatigue [38]. More research is needed before these compounds can be recommended to athletes.



In general, a multi-disciplinary team, consisting of a doctor and a nurse, a physiotherapist, and a dietitian are necessary for optimal rehabilitation. The role of the dietitian is crucial, to plan an individualized nutrition program, that takes into consideration the athlete’s needs and preferences, and according to the current guidelines and recommendations, regarding nutrition during rehabilitation. Micronutrients, such as carotenoids, polyphenols, flavonoids, vitamin E or C are greatly supported for their properties against oxidative stress and they might have anti-sarcopenic properties. Although findings on the effects of antioxidants for the injured athlete are few and unclear, it has been shown that polyphenols and especially flavonoids might improve healing and inflammation following an injury. Additionally, optimal levels of vitamin D and calcium contribute to bone healing, thus they are also beneficial during the rehabilitation process. Furthermore, both the antioxidant and the anti-inflammatory properties of ingredients such as omega-3 fatty acids and curcumin could be beneficial during athletic rehabilitation. Other supplements suggested for muscle damage treatment and protein synthesis include leucine, creatine and HMB. Mineral with antioxidant function, such as manganese (Mn), copper (Cu), zinc (Zn), iron (Fe), and selenium (Se), are also essential for athletes. Athletes’ requirements and supplementary doses should be considered carefully, preferably through a diet that includes high-quality products, rich in nutrients.





4. Nutritional Elements and Specific Injuries


4.1. Rehabilitation of Muscle Injuries


The anti-inflammatory effects of the Omega-3 polyunsaturated fatty acids (n-3 PUFA) have been observed to attenuate during various rehabilitation interventions of muscle injuries. The level of supplementation, in this case, should remain much higher than in the case of a typical diet [76].




4.2. Rehabilitation of Bone Injuries


Rehabilitation of bone injuries after an athletic injury may benefit by sufficient intake of nutrients like calcium, and vitamins like D and A, along with other macronutrients (proteins) [42]. Furthermore, there is strong evidence that the presence of adequate levels of manganese, copper, boron, iron, zinc, silicon, vitamin A, vitamin K, vitamin C, and the B vitamins are of great importance for the support of the bone tissue [77].




4.3. Rehabilitation of Tendons and Ligaments


Close et al. conducted an extended study regarding the micronutrients that promote the health and rehabilitation of tendons and ligaments. The main micronutrients in that area are vitamin C, copper, glycine, gelatin/hydrolyzed collagen, turmeric/curcumin, taurine, arginine, bromelain, or boswellic acid [38,68].





5. Conclusions


During various exercise-based rehabilitation interventions, high-quality proteins, fat, vitamins, antioxidants, minerals, and other supplements can play a major role in supporting athletes’ anabolism. Although there are several studies on the ergogenic effect of nutrients and supplements before and during training and competition, there is a research gap on the effectiveness of these nutrients in the rehabilitation of athletes after injury or surgery, in maintaining muscle mass and in reducing rehabilitation time. For this reason, it is not possible to make definitive recommendations on the use of the nutrients and supplementations. Future research is warranted to clarify the underlying mechanisms of nutrients, especially regarding injury treatment, as their efficacy has not yet been assessed satisfactorily. Monitored evaluation should follow, in order to assess nutrient indicators and to avoid levels above sufficiency. Diets that include high-quality nutrients, rich in macro- and micro- and bioactive compounds are suggested. Biomedical indices and vitamin and mineral levels should be assessed and monitored, to avoid unnecessary supplementation.







Author Contributions


Conceptualization, S.K.P.; writing—original draft preparation, S.K.P., M.M., J.P., P.T.N., F.K.-S. and G.V.; writing—review and editing, S.K.P., M.M., J.P., I.A., F.K.-S. and P.T.N.; visualization, S.K.P.; supervision, S.K.P. and J.P.; project administration, S.K.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Öztürk, S.; Kılıç, D. What Is the Economic Burden of Sports Injuries? Eklem Hast. Cerrahisi 2013, 24, 108–111. [Google Scholar] [CrossRef] [PubMed]

	



Johnston, L.H. The Psychological Impact of Injury: Effects of Prior Sport and Exercise Involvement. Br. J. Sports Med. 2000, 34, 436–439. [Google Scholar] [CrossRef] [PubMed]

	



Santi, G.; Pietrantoni, L. Psychology of Sport Injury Rehabilitation: A Review of Models and Interventions. JHSE 2013, 8, 1029–1044. [Google Scholar] [CrossRef]

	



Feddermann-Demont, N.; Junge, A.; Edouard, P.; Branco, P.; Alonso, J.-M. Injuries in 13 International Athletics Championships between 2007–2012. Br. J. Sports Med. 2014, 48, 513–522. [Google Scholar] [CrossRef]

	



Edouard, P.; Feddermann-Demont, N.; Alonso, J.M.; Branco, P.; Junge, A. Sex Differences in Injury during Top-Level International Athletics Championships: Surveillance Data from 14 Championships between 2007 and 2014. Br. J. Sports Med. 2015, 49, 472–477. [Google Scholar] [CrossRef] [PubMed]

	



Quintero, K.J.; Resende, A.d.S.; Leite, G.S.F.; Lancha Junior, A.H. An Overview of Nutritional Strategies for Recovery Process in Sports-Related Muscle Injuries. Nutrire 2018, 43, 27. [Google Scholar] [CrossRef]

	



Patel, D.S.; Roth, M.; Kapil, N. Stress Fractures: Diagnosis, Treatment, and Prevention. Am. Fam. Phys. 2011, 83, 39–46. [Google Scholar]

	



Pierre, N.; Appriou, Z.; Gratas-Delamarche, A.; Derbré, F. From Physical Inactivity to Immobilization: Dissecting the Role of Oxidative Stress in Skeletal Muscle Insulin Resistance and Atrophy. Free Radic. Biol. Med. 2016, 98, 197–207. [Google Scholar] [CrossRef]

	



Cesare, M.M.; Felice, F.; Santini, V.; Di Stefano, R. Antioxidants in Sport Sarcopenia. Nutrients 2020, 12, 2869. [Google Scholar] [CrossRef]

	



Santilli, V. Clinical Definition of Sarcopenia. Clin. Cases Miner. Bone Metab. 2014, 11, 177. [Google Scholar] [CrossRef]

	



WHO. Rehabilitation. Available online: https://www.who.int/news-room/fact-sheets/detail/rehabilitation (accessed on 26 April 2022).

	



Dhillon, R.J.; Hasni, S. Pathogenesis and Management of Sarcopenia. Clin. Geriatr. Med. 2017, 33, 17–26. [Google Scholar] [CrossRef] [PubMed]

	



Reilly, T.; Ekblom, B. The Use of Recovery Methods Post-exercise. J. Sports Sci. 2005, 23, 619–627. [Google Scholar] [CrossRef] [PubMed]

	



Gu, P.; Zhang, L.; Zheng, X.; Zhang, X. Effects of Post-Exercise Recovery Methods on Exercise-Induced Hormones and Blood Fatigue Factors: A Systematic Review and Meta-Analysis. Ann. Palliat. Med. 2021, 10, 184–193. [Google Scholar] [CrossRef]

	



Papadopoulou, S.K. Rehabilitation Nutrition for Injury Recovery of Athletes: The Role of Macronutrient Intake. Nutrients 2020, 12, 2449. [Google Scholar] [CrossRef]

	



Institute of Medicine (US) Panel on Dietary Antioxidants and Related Compounds. Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids. Washington (DC): National Academies Press (US); 2000. 8, β-Carotene and Other Carotenoids. Available online: https://www.ncbi.nlm.nih.gov/books/NBK225469/ (accessed on 7 February 2022).

	



Hammond, B.R.; Renzi, L.M. Carotenoids1. Adv. Nutr. 2013, 4, 474–476. [Google Scholar] [CrossRef] [PubMed]

	



Hermann, M. Nutrition for Athletes. Available online: http://memorialhermann.org/services/specialties/ironman-sports-medicine-institute/sports-nutrition/sports-nutrition-for-athletes (accessed on 24 September 2021).

	



Fiedor, J.; Burda, K. Potential Role of Carotenoids as Antioxidants in Human Health and Disease. Nutrients 2014, 6, 466–488. [Google Scholar] [CrossRef] [PubMed]

	



Villani, A.; Wright, H.; Slater, G.; Buckley, J. A Randomised Controlled Intervention Study Investigating the Efficacy of Carotenoid-Rich Fruits and Vegetables and Extra-Virgin Olive Oil on Attenuating Sarcopenic Symptomology in Overweight and Obese Older Adults during Energy Intake Restriction: Protocol Paper. BMC Geriatr. 2018, 18, 2. [Google Scholar] [CrossRef]

	



Skarpańska-Stejnborn, A.; Basta, P.; Sadowska, J.; Pilaczyńska-Szcześniak, Ł. Effect of Supplementation with Chokeberry Juice on the Inflammatory Status and Markers of Iron Metabolism in Rowers. J. Int. Soc. Sports Nutr. 2014, 11, 48. [Google Scholar] [CrossRef]

	



Gropper, S.A.S.; Smith, J.L.; Groff, J.L. Advanced Nutrition and Human Metabolism; Wadsworth Cengage Learning: Perth, Australia, 2009. [Google Scholar]

	



Hunt, T.K.; Ehrlich, H.P.; Garcia, J.A.; Dunphy, J.E. Effect of Vitamin A on Reversing the Inhibitory Effect of Cortisone on Healing of Open Wounds in Animals and Man. Ann. Surg. 1969, 170, 633–641. [Google Scholar] [CrossRef]

	



Reichrath, J.; Lehmann, B.; Carlberg, C.; Varani, J.; Zouboulis, C.C. Vitamins as Hormones. Horm Metab. Res. 2007, 39, 71–84. [Google Scholar] [CrossRef]

	



Kloubec, J.; Harris, C. Whole foods nutrition for enhanced injury prevention and healing. ACSM’s Health Fit. J. 2016, 20, 7–11. [Google Scholar] [CrossRef]

	



Fukushima, H.; Koga, F. Impact of Sarcopenia in the Management of Urological Cancer Patients. Expert Rev. Anticancer Ther. 2017, 17, 455–466. [Google Scholar] [CrossRef] [PubMed]

	



Shaw, G.; Lee-Barthel, A.; Ross, M.L.; Wang, B.; Baar, K. Vitamin C-Enriched Gelatin Supplementation before Intermittent Activity Augments Collagen Synthesis. Am. J. Clin. Nutr. 2017, 105, 136–143. [Google Scholar] [CrossRef]

	



Zadeh-Ardabili, P.M.; Rad, S.K.; Rad, S.K.; Khazaài, H.; Sanusi, J.; Zadeh, M.-A.-R.H. Palm Vitamin E Reduces Locomotor Dysfunction and Morphological Changes Induced by Spinal Cord Injury and Protects against Oxidative Damage. Sci. Rep. 2017, 7, 14365. [Google Scholar] [CrossRef] [PubMed]

	



Tomlinson, P.B.; Joseph, C.; Angioi, M. Effects of Vitamin D Supplementation on Upper and Lower Body Muscle Strength Levels in Healthy Individuals. A Systematic Review with Meta-Analysis. J. Sci. Med. Sport 2015, 18, 575–580. [Google Scholar] [CrossRef]

	



Musumeci, G.; Mobasheri, A.; Trovato, F.M.; Szychlinska, M.A.; Imbesi, R.; Castrogiovanni, P. Post-Operative Rehabilitation and Nutrition in Osteoarthritis. F1000Research 2016, 3, 116. [Google Scholar] [CrossRef]

	



Tipton, K.D. Nutritional Support for Exercise-Induced Injuries. Sports Med. 2015, 45, S93–S104. [Google Scholar] [CrossRef]

	



Johnston, A.P.W.; Burke, D.G.; MacNeil, L.G.; Candow, D.G. Effect of Creatine Supplementation during Cast-Induced Immobilization on the Preservation of Muscle Mass, Strength, and Endurance. J. Strength Cond. Res. 2009, 23, 116–120. [Google Scholar] [CrossRef]

	



Hespel, P.; Op’t Eijnde, B.; Van Leemputte, M.; Ursø, B.; Greenhaff, P.L.; Labarque, V.; Dymarkowski, S.; Van Hecke, P.; Richter, E.A. Oral Creatine Supplementation Facilitates the Rehabilitation of Disuse Atrophy and Alters the Expression of Muscle Myogenic Factors in Humans. J. Physiol. 2001, 536, 625–633. [Google Scholar] [CrossRef]

	



Powers, S.K.; DeRuisseau, K.C.; Quindry, J.; Hamilton, K.L. Dietary Antioxidants and Exercise. J. Sports Sci. 2004, 22, 81–94. [Google Scholar] [CrossRef]

	



Yavari, A.; Javadi, M.; Mirmiran, P.; Bahadoran, Z. Exercise-induced oxidative stress and dietary antioxidants. Asian J. Sports Med. 2015, 6, e24898. [Google Scholar] [CrossRef] [PubMed]

	



Mantzorou, M.; Pavlidou, E.; Vasios, G.; Tsagalioti, E.; Giaginis, C. Effects of Curcumin Consumption on Human Chronic Diseases: A Narrative Review of the Most Recent Clinical Data. Phytother. Res. 2018, 32, 957–975. [Google Scholar] [CrossRef] [PubMed]

	



Maughan, R.J.; Burke, L.M.; Dvorak, J.; Larson-Meyer, D.E.; Peeling, P.; Phillips, S.M.; Rawson, E.S.; Walsh, N.P.; Garthe, I.; Geyer, H.; et al. IOC Consensus Statement: Dietary Supplements and the High-Performance Athlete. Br. J. Sports Med. 2018, 52, 439–455. [Google Scholar] [CrossRef] [PubMed]

	



Agarwal, K.A.; Tripathi, C.D.; Agarwal, B.B.; Saluja, S. Efficacy of Turmeric (Curcumin) in Pain and Postoperative Fatigue after Laparoscopic Cholecystectomy: A Double-Blind, Randomized Placebo-Controlled Study. Surg. Endosc. 2011, 25, 3805–3810. [Google Scholar] [CrossRef]

	



Malaguti, M.; Angeloni, C.; Hrelia, S. Polyphenols in Exercise Performance and Prevention of Exercise-Induced Muscle Damage. Oxid Med. Cell Longev. 2013, 2013, 825928. [Google Scholar] [CrossRef]

	



Chin, K.-Y.; Pang, K.-L. Therapeutic Effects of Olive and Its Derivatives on Osteoarthritis: From Bench to Bedside. Nutrients 2017, 9, 1060. [Google Scholar] [CrossRef]

	



Cashman, K.D.; Dowling, K.G.; Škrabáková, Z.; Gonzalez-Gross, M.; Valtueña, J.; De Henauw, S.; Moreno, L.; Damsgaard, C.T.; Michaelsen, K.F.; Mølgaard, C.; et al. Vitamin D Deficiency in Europe: Pandemic? Am. J. Clin. Nutr. 2016, 103, 1033–1044. [Google Scholar] [CrossRef]

	



Karpouzos, A.; Diamantis, E.; Farmaki, P.; Savvanis, S.; Troupis, T. Nutritional Aspects of Bone Health and Fracture Healing. J. Osteoporos. 2017, 2017, 4218472. [Google Scholar] [CrossRef]

	



Girgis, C.M.; Clifton-Bligh, R.J.; Hamrick, M.W.; Holick, M.F.; Gunton, J.E. The Roles of Vitamin D in Skeletal Muscle: Form, Function, and Metabolism. Endocr. Rev. 2013, 34, 33–83. [Google Scholar] [CrossRef]

	



Braga, M.; Simmons, Z.; Norris, K.C.; Ferrini, M.G.; Artaza, J.N. Vitamin D Induces Myogenic Differentiation in Skeletal Muscle Derived Stem Cells. Endocr. Connect. 2017, 6, 139–150. [Google Scholar] [CrossRef]

	



Romeu Montenegro, K.; Amarante Pufal, M.; Newsholme, P. Vitamin D Supplementation and Impact on Skeletal Muscle Function in Cell and Animal Models and an Aging Population: What Do We Know So Far? Nutrients 2021, 13, 1110. [Google Scholar] [CrossRef]

	



Zhang, L.; Quan, M.; Cao, Z.-B. Effect of Vitamin D Supplementation on Upper and Lower Limb Muscle Strength and Muscle Power in Athletes: A Meta-Analysis. PLoS ONE 2019, 14, e0215826. [Google Scholar] [CrossRef]

	



Beaudart, C.; Buckinx, F.; Rabenda, V.; Gillain, S.; Cavalier, E.; Slomian, J.; Petermans, J.; Reginster, J.-Y.; Bruyère, O. The Effects of Vitamin D on Skeletal Muscle Strength, Muscle Mass, and Muscle Power: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J. Clin. Endocrinol. Metab. 2014, 99, 4336–4345. [Google Scholar] [CrossRef]

	



Traber, M.G.; Stevens, J.F. Vitamins C and E: Beneficial Effects from a Mechanistic Perspective. Free Radic. Biol. Med. 2011, 51, 1000–1013. [Google Scholar] [CrossRef] [PubMed]

	



Lykkesfeldt, J.; Poulsen, H.E. Is Vitamin C Supplementation Beneficial? Lessons Learned from Randomised Controlled Trials. Br. J. Nutr. 2010, 103, 1251–1259. [Google Scholar] [CrossRef] [PubMed]

	



Belisle, S.E.; Leka, L.S.; Dallal, G.E.; Jacques, P.F.; Delgado-Lista, J.; Ordovas, J.M.; Meydani, S.N. Cytokine Response to Vitamin E Supplementation Is Dependent on Pre-Supplementation Cytokine Levels. Biofactors 2008, 33, 191–200. [Google Scholar] [CrossRef]

	



Arnold, M.; Barbul, A. Nutrition and Wound Healing. Plast Reconstr. Surg. 2006, 117, 42S–58S. [Google Scholar] [CrossRef] [PubMed]

	



Stunes, A.K.; Syversen, U.; Berntsen, S.; Paulsen, G.; Stea, T.H.; Hetlelid, K.J.; Lohne-Seiler, H.; Mosti, M.P.; Bjørnsen, T.; Raastad, T.; et al. High Doses of Vitamin C plus E Reduce Strength Training-Induced Improvements in Areal Bone Mineral Density in Elderly Men. Eur. J. Appl. Physiol. 2017, 117, 1073–1084. [Google Scholar] [CrossRef] [PubMed]

	



Molnar, J.A.; Underdown, M.J.; Clark, W.A. Nutrition and Chronic Wounds. Adv. Wound Care (New Rochelle) 2014, 3, 663–681. [Google Scholar] [CrossRef]

	



Cooper, R.; Naclerio, F.; Allgrove, J.; Jimenez, A. Creatine Supplementation with Specific View to Exercise/Sports Performance: An Update. J. Int. Soc. Sports Nutr. 2012, 9, 33. [Google Scholar] [CrossRef]

	



Op ’t Eijnde, B.; Ursø, B.; Richter, E.A.; Greenhaff, P.L.; Hespel, P. Effect of Oral Creatine Supplementation on Human Muscle GLUT4 Protein Content after Immobilization. Diabetes 2001, 50, 18–23. [Google Scholar] [CrossRef] [PubMed]

	



Jacobs, P.L.; Mahoney, E.T.; Cohn, K.A.; Sheradsky, L.F.; Green, B.A. Oral Creatine Supplementation Enhances Upper Extremity Work Capacity in Persons with Cervical-Level Spinal Cord Injury. Arch. Phys. Med. Rehabil. 2002, 83, 19–23. [Google Scholar] [CrossRef] [PubMed]

	



Tyler, T.F.; Nicholas, S.J.; Hershman, E.B.; Glace, B.W.; Mullaney, M.J.; McHugh, M.P. The Effect of Creatine Supplementation on Strength Recovery after Anterior Cruciate Ligament (ACL) Reconstruction: A Randomized, Placebo-Controlled, Double-Blind Trial. Am. J. Sports Med. 2004, 32, 383–388. [Google Scholar] [CrossRef] [PubMed]

	



Thomas, D.T.; Erdman, K.A.; Burke, L.M. Position of the Academy of Nutrition and Dietetics, Dietitians of Canada, and the American College of Sports Medicine: Nutrition and Athletic Performance. J. Acad. Nutr. Diet. 2016, 116, 501–528. [Google Scholar] [CrossRef]

	



Burke, L.M.; Castell, L.M.; Casa, D.J.; Close, G.L.; Costa, R.J.S.; Desbrow, B.; Halson, S.L.; Lis, D.M.; Melin, A.K.; Peeling, P.; et al. International Association of Athletics Federations Consensus Statement 2019: Nutrition for Athletics. Int. J. Sport Nutr. Exerc. Metab. 2019, 29, 73–84. [Google Scholar] [CrossRef]

	



Williams, M.H. Dietary Supplements and Sports Performance: Minerals. J. Int. Soc. Sports Nutr. 2005, 2, 43–49. [Google Scholar] [CrossRef]

	



Welch, A.A.; Kelaiditi, E.; Jennings, A.; Steves, C.J.; Spector, T.D.; MacGregor, A. Dietary Magnesium Is Positively Associated With Skeletal Muscle Power and Indices of Muscle Mass and May Attenuate the Association Between Circulating C-Reactive Protein and Muscle Mass in Women. J. Bone Min. Res. 2016, 31, 317–325. [Google Scholar] [CrossRef]

	



Hinton, P.S. Iron and the Endurance Athlete. Appl. Physiol. Nutr. Metab. 2014, 39, 1012–1018. [Google Scholar] [CrossRef]

	



Fernández-Lázaro, D.; Fernandez-Lazaro, C.I.; Mielgo-Ayuso, J.; Navascués, L.J.; 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 Systematic Review. Nutrients 2020, 12, 1790. [Google Scholar] [CrossRef]

	



Zimmermann, M.B. Vitamin and Mineral Supplementation and Exercise Performance; Human Nutrition Laboratory, Institute for Food Science and Nutrition, Swiss Federal Institute of Technology: Zürich, Switzerland, 2003. [Google Scholar]

	



Polat, Y. Effects of Zinc Supplementation on Hematological Parameters of High Performance Athletes. AJPP 2011, 5, 1436–1440. [Google Scholar] [CrossRef]

	



Galaris, D.; Barbouti, A.; Pantopoulos, K. Iron Homeostasis and Oxidative Stress: An Intimate Relationship. Biochim. Biophys. Acta (BBA) Mol. Cell Res. 2019, 1866, 118535. [Google Scholar] [CrossRef]

	



Barchitta, M.; Maugeri, A.; Favara, G.; Magnano San Lio, R.; Evola, G.; Agodi, A.; Basile, G. Nutrition and Wound Healing: An Overview Focusing on the Beneficial Effects of Curcumin. Int. J. Mol. Sci. 2019, 20, 1119. [Google Scholar] [CrossRef] [PubMed]

	



Close, G.L.; Sale, C.; Baar, K.; Bermon, S. Nutrition for the Prevention and Treatment of Injuries in Track and Field Athletes. Int. J. Sport Nutr. Exerc. Metab. 2019, 29, 189–197. [Google Scholar] [CrossRef] [PubMed]

	



McCormick, R.; Sim, M.; Dawson, B.; Peeling, P. Refining Treatment Strategies for Iron Deficient Athletes. Sports Med. 2020, 50, 2111–2123. [Google Scholar] [CrossRef] [PubMed]

	



Hariharan, S.; Dharmaraj, S. Selenium and Selenoproteins: It’s Role in Regulation of Inflammation. Inflammopharmacology 2020, 28, 667–695. [Google Scholar] [CrossRef] [PubMed]

	



Mickleborough, T.D. Omega-3 Polyunsaturated Fatty Acids in Physical Performance Optimization. Int. J. Sport Nutr. Exerc. Metab. 2013, 23, 83–96. [Google Scholar] [CrossRef]

	



McGlory, C.; Calder, P.C.; Nunes, E.A. The Influence of Omega-3 Fatty Acids on Skeletal Muscle Protein Turnover in Health, Disuse, and Disease. Front. Nutr. 2019, 6, 144. [Google Scholar] [CrossRef]

	



Smith, G.I.; Atherton, P.; Reeds, D.N.; Mohammed, B.S.; Rankin, D.; Rennie, M.J.; Mittendorfer, B. Dietary Omega-3 Fatty Acid Supplementation Increases the Rate of Muscle Protein Synthesis in Older Adults: A Randomized Controlled Trial. Am. J. Clin. Nutr. 2011, 93, 402–412. [Google Scholar] [CrossRef]

	



Daily, J.W.; Yang, M.; Park, S. Efficacy of Turmeric Extracts and Curcumin for Alleviating the Symptoms of Joint Arthritis: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. J. Med. Food 2016, 19, 717–729. [Google Scholar] [CrossRef]

	



Heaton, L.E.; Davis, J.K.; Rawson, E.S.; Nuccio, R.P.; Witard, O.C.; Stein, K.W.; Baar, K.; Carter, J.M.; Baker, L.B. Selected In-Season Nutritional Strategies to Enhance Recovery for Team Sport Athletes: A Practical Overview. Sports Med. 2017, 47, 2201–2218. [Google Scholar] [CrossRef]

	



McGlory, C.; Galloway, S.D.R.; Hamilton, D.L.; McClintock, C.; Breen, L.; Dick, J.R.; Bell, J.G.; Tipton, K.D. Temporal Changes in Human Skeletal Muscle and Blood Lipid Composition with Fish Oil Supplementation. Prostaglandins Leukot Essent Fat. Acids 2014, 90, 199–206. [Google Scholar] [CrossRef] [PubMed]

	



Palacios, C. The Role of Nutrients in Bone Health, from A to Z. Crit. Rev. Food Sci. Nutr. 2006, 46, 621–628. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. The role of vitamins and other micronutrients on sport rehabilitation.
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	Nutrient
	Function on Rehabilitation
	References





	Vitamin A
	
	
Positive impact on acute wounds



	
Positive impact on healing of fractures



	
Hormone action in altering the activity of epithelial cells, melanocytes, fibroblasts, and endothelial cells via retinoic acid receptors



	
Counteraction of corticosteroid impact on wound healing





	[22,23,24]



	Vitamin C
	
	
Regulation of cytokines and oxidative stress



	
Collagen formation



	
Adequate levels result in improved muscle strength after surgery





	[25,26]



	Gelatin and vitamin C/collagen
	
	
Increased collagen production



	
Thickened cartilage



	
Decreased joint pain





	[27]



	Vitamin E
	
	
Decreased inflammation



	
Improvement of limb function



	
Reduction of spinal cord histopathological and morphological damage





	[28]



	Vitamin D
	
	
Bone formation and healing



	
Increased upper and lower limb strength



	
Increases in type II muscle fibers and muscle strength



	
Improvements in atrophy





	[25,29]



	Carotenoids, Polyphenols and Flavonoids
	
	
Anti-inflammatory action



	
Homeostasis of cartilage tissue after injury



	
Decreased sarcopenicsymptatology



	
Increased appendicular skeletal muscle





	[20,30]



	Creatine
	
	
Decreased muscle mass loss & decreased strength loss after immobilization of upper arm



	
Increased muscle growth and strength after immobility and during rehabilitation



	
Protective effect on muscle oxidative damage





	[31,32,33]



	Minerals

Manganese (Mn), Copper (Cu), Zinc (Zn), Iron (Fe), Selenium (Se)
	
	
Antioxidant function



	
Repair of oxidative damage





	[34,35]



	Anti-inflammatory supplements
	
	
Anti-inflammatory and anti-oxidant functions regarding muscle damage and post-operative pain and fatigue



	
Curcumin improves arthritis outcomes





	[36,37,38]
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