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	Athletes are constantly striving to improve performance and searching for the winning edge. One strategy that has become an important aspect of the search for performance enhancement is the use of nutritional supplements. The use of such supplements is pervasive primarily because performance enhancing claims have been made by manufacturers of various vitamin and mineral supplements to attract elite and recreational athletes hoping to gain a competitive edge. 





Supplementation Practices Of Athletes





	It is estimated that about 40-50% of athletes use some form of vitamin/mineral supplements (4,19). These include single vitamins (e.g., vitamin C) or minerals (e.g., iron) and multivitamin�mineral combinations in doses that range from amounts that approximate the Recommended Dietary Allowances (RDA) (6) to megadoses (~5 to >200 times the RDA). Supplementation practices vary by sport; supplement use is common among weight lifters, body builders and professional cyclists and less common among baseball, hockey and soccer players (4). A survey of supplementation practices of Dutch athletes revealed that body builders and professional cyclists tended to take high doses of vitamins and minerals (16). Lastly, more women than men athletes use supplements (19).





Role Of Vitamins And Minerals In Physical Activity 


 


	Vitamins and minerals are required in micro amounts by the body to perform vital metabolic and physiological functions, the demands for which increase during exercise. Tables 1 and 2 provide a selected list of vitamins and minerals and their functions related to physical activity (4,9). In general, many vitamins and minerals are involved in the generation of cellular energy from dietary and body stores of carbohydrates, fats and protein (Tables 1 and 2). Some vitamins and minerals are also required for the formation of erythrocytes (red blood cells). Hemoglobin and myoglobin, the iron containing proteins in erythrocytes and skeletal muscle, respectively, are needed for providing oxygen to exercising muscles. Recently, there has been considerable interest in the antioxidant properties of various vitamins and minerals. For example, vitamin E may improve the rate of recovery from exhaustive exercise by reducing exercise�induced oxidative damage of tissues. Because of all the functions served by vitamins and minerals, the supplement industry has embarked on a promotional campaign to encourage the use of supplements in sports nutrition. Thus, it is important to examine the relation between supplemental vitamins and minerals and exercise performance.





Supplement Use And Performance 





Vitamins


	It has been clearly shown that supplementation improves physical performance in indi�viduals with preexisting deficiencies. When intakes of vitamins B1, B2, B6 and C of normal, healthy men were restricted to approximately 35% of Dutch dietary recommendations for 8 weeks, maximal aerobic capacity (� EQ \O(˙,V) �O2max) and anaerobic threshold decreased; both measures improved after 2 weeks of repletion (15). In another study supplementation with vitamins B2 and B6 increased the � EQ \O(˙,V) �O2max of adolescents who were deficient in these vitamins (14). In contrast, vitamin supplementation had no effect on the � EQ \O(˙,V) �O2max of adolescents with normal blood vitamin values. For detailed reviews of studies on vitamin deficiencies and performance the reader is referred to van der Beek (15) and Williams (18). 


	Presently, there is no evidence to indicate that vitamin supplements will enhance physical performance in healthy individuals. For example, vitamin C supplementation studies summarized by Bruce et al (3), showed that a few days or several months of supplementation did not effect aerobic or anaerobic performance in athletes, sedentary people or soldiers; performance measurements were made before and after supplementation by using treadmill running, the Harvard step test, and bicycle ergometry. However, vitamin C may improve recovery after strenuous endurance exercise (10). Over the years it has been noted that athletes tend to develop upper respiratory tract infections (URTI) after strenuous workouts or major competitive events. Recently, Peters et al (10) reported that daily supplementation for 21 days with 600 mg.day-1 of vitamin C reduced the incidence of post�race URTI in ultramarathoners. 


	B vitamin supplements are also popular among athletes because of their role in energy metabolism. Usually, any increased B vitamin requirement can easily be met from dietary intakes. However, a moderate exercise program of jogging was reported to increase the riboflavin requirements of young women (2). Nonetheless, there is no evidence indicating that supplementing with a single B vitamin, combinations of B vitamins or taking vitamin B12 injections will enhance physical performance. 	





Minerals


	As with vitamins there is no evidence to indicate that mineral supplements will enhance physical performance in normal, healthy individuals. Exercising for a prolonged period in hot weather increases the need for minerals that function as electrolytes, i.e., sodium and potassium which are lost via sweat (9), and failure to replenish these minerals and water may result in heat�related injuries. Exercise has also been reported to increase urinary losses of zinc but no good data are available to suggest that zinc supplements will improve physical performance in healthy individuals (5).


	Magnesium is one mineral that has been studied by many investigators. A significant positive correlation was reported between plasma magnesium and aerobic capacity in male university athletes (8). Additionally, plasma magnesium concentrations decrease during prolonged, intense exercise, a finding that may reflect a redistribution from plasma to the working muscle (5). Thus, low plasma magnesium concentrations in magnesium deficient individuals may reduce their capacity to exercise. However, data to indicate that magnesium supplements will enhance exercise performance in athletes are not available. 


	Chromium supplements are becoming increasingly popular among athletes because of purported anabolic effects. A recent review concluded that chromium compounds are unlikely to have measurable anabolic effects, such as increases in muscle mass, in healthy athletes (7). For example, no changes were noted in the body composition of weight�lifters supplemented with a chromium�nicotinic acid compound (glucose tolerance factor�like) for 8 weeks. Clearly more work is required. Meanwhile, athletes are advised to refrain from taking chromium supplements in amounts that exceed current recommendations.	


	Of all essential minerals, iron has received the most attention since iron deficiency anemia continues to be a public health problem. Strenuous exercise can increase iron losses through sweat, urine and feces and endurance running may cause gastrointestinal bleeding in some individuals (5). If increased losses are accompanied by poor dietary intakes, the athlete may develop iron deficiency anemia. This form of anemia, which is associated with decreased iron stores and hemoglobin levels, would restrict the oxygen carrying capacity of erythrocytes and compromise aerobic capacity. Supplementation with iron repletes iron stores, and restores hemoglobin values and physical performance in individuals with clinically established iron deficiency anemia (5). However, iron supplements have not been shown to improve exercise performance in non�deficient individuals (5). Moreover, excessive iron intakes can be detrimental (11). Despite exercise�induced losses of various minerals through urine, sweat and/or the gastrointestinal tract, any increased need should be met by consuming an adequate diet. Whether mineral supplements will accelerate recovery from a major competition is unknown. 





Multivitamin�Minerals


	Few studies have examined the effects of multivitamin� mineral supplements on performance in physically active populations, despite the finding that many competitive and recreational athletes use such supplements. Findings from three studies are summarized below (1,13,17). For the composition of the vitamin and mineral supplements used, the reader is referred to the original articles.


	Barnett and Conlee (1) reported no change in the maximal oxygen uptake (� EQ \O(˙,V) �O2max) of male runners after four weeks of vitamin and mineral supplementation. They also reported that supplementation did not alter the patterns of change in blood glucose, free fatty acid or lactate concentrations in response to a 60 min run at 65 to 70% of � EQ \O(˙,V) �O2max in these runners. Furthermore, the decrease in muscle glycogen content after the 60 min run was similar before and after supplementation and oxygen uptake values remained unchanged. Thus, no performance enhancing effects were noted.


	Weight et al. (17) studied the effects of three months of supplementation with a multivitamin and mineral mixture on performance in well�trained male runners during a � EQ \O(˙,V) �O2max treadmill test and 15 k road races. The study was conducted in a double blinded, placebo controlled, crossover design. They reported that supplementation did not affect � EQ \O(˙,V) �O2max, blood lactate or peak treadmill running speed. Submaximal performance, as assessed by the time to complete a 15 km road race, was also unaffected by supplementation. Again, performance measures were not improved.


	Singh et al (13) conducted a double�blinded, placebo controlled study to examine the effects of three months of supplementation with a high potency multivitamin�mineral supplement on � EQ \O(˙,V) �O2max, endurance running (running at submaximal and high intensities) and isokinetic muscle endurance and strength in healthy, physically active men. Supplementation did not affect � EQ \O(˙,V) �O2max, maximal heart rate or treadmill time. For the endurance run, Singh et al (6) used a protocol that was more strenuous than the two studies mentioned above; it required running for 90 min at submaximal intensities followed by anaerobic exercise (30 sec bouts at nearly 100% of � EQ \O(˙,V) �O2max) until exhaustion. The endurance run was performed under controlled, laboratory conditions, unlike the study by Weight et al (17), and a variety of performance�related measures were monitored, including heart rate, rectal temperature, plasma glucose, lactate and the pituitary stress hormone, adrenocorticotrophic hormone (ACTH). No differences were found between the pre and post�supplementation values of any of performance parameters measured and the supplement did not attenuate the exercise�induced rise in ACTH. Despite the strenuous nature of the exercise and the sensitivity of the physiological measures, no significant effects of supplementation were noted. Finally, Singh et al (13) also measured muscle strength and endurance by isokinetic dynamometry and noted that supplementation conferred no beneficial effect. 	


 	The findings from all three supplementation studies concur and indicate that multivitamin�mineral supplements do not enhance physical performance in healthy individuals. Although strength athletes, such as body builders, tend to use megadoses of vitamin and mineral supplements, from the limited data available it appears that supplements will not improve muscle strength or endurance in healthy individuals.





Benefits of Supplementation


 


	Supplements are useful for treating an existing deficiency and may prevent the onset of deficiencies in individuals with poor nutrient intakes and dietary habits. Women gymnasts, ballet dancers, and men involved in weight�controlled sports such as wrestling are prone to restricting their dietary intakes (4). Athletes on low calorie diets, fad diets and those with eating disorders may benefit from taking a daily multivitamin�mineral supplement that approximates the RDA until they learn to improve their diets (4). A recent study indicated that mountaineers benefited from taking vitamin E supplements (12). Vitamin E minimized altitude�induced performance decrements by maintaining adequate blood flow and reducing peroxidative damage to cell membranes. However, this performance benefit may have been related to the altered environmental conditions. Most athletes, including endurance athletes, should be able to obtain adequate amounts of vitamins and minerals by dietary means, since an increase in energy expenditure is typically associated with an increase in food intake. By learning to choose nutritious foods an athlete should meet any increased need for vitamins and minerals through their diet. 





Risks of Supplementation 


 


	The indiscriminate use of high potency vitamins and minerals is of concern since excessive amounts of vitamins and/or minerals can be harmful and may result in nutritional imbalances (6,11). Some of the harmful effects noted with excessive intakes of vitamin and mineral supplements are provided below (6,11):








Vitamins


	Daily intake of large amounts of retinol (>20,000 IU), a form of vitamin A, over several months is extremely toxic. Symptoms of overdosing with retinol include nausea, vomiting, abdominal pain, weight loss, hair loss, enlargement of the liver, etc (11). Beta carotene is not usually considered to be toxic, but chronic high intakes may result in temporary yellowing of the skin (6). High intakes of vitamin D (>20,000 IU.day-1) are harmful, and symptoms include loss of appetite, vomiting and formation of kidney stones (11). Chronic megadosing with vitamin C (>1 g.day-1) can induce a dependency and some individuals may develop kidney stones, gout, or hemolytic anemia (9,11). Lastly, chronic megadoses of vitamin B6 (2 g.day-1) have resulted in neurological problems, including peripheral neuropathies, ataxia, and loss of sensation in hands and feet; some individuals may develop these neurological problems with even lower doses of vitamin B6 (~100 mg.day-1) (6,11).


	


Minerals


	Iron overload and iron poisoning are well documented concerns. Acute iron poisoning is most often seen in young children who accidentally consume large quantities of iron supplements (6). For example, acute ingestion of 3 gm of ferrous sulfate would be lethal for a 2 year old, whereas acute intakes of 200�250 mg.kg-1 body weight would be lethal for an adult (6). Chronic use of iron supplements can also be a problem, especially in individuals genetically predisposed to iron overload (hemochromatosis); damage to multiple organs including the liver has been observed (6). Thus, supplemental iron is not indicated unless an iron deficiency anemia has been diagnosed. Although less is known about excessive zinc intakes, high intakes of zinc interfere with copper absorption (11). Chronic high intakes of zinc may also create problems. Daily zinc intakes of >150 mg.day-1 may increase the risk for cardiovascular disease by decreasing serum high density lipoprotein levels and increasing low density lipoprotein levels (6,11). Other minerals that can be toxic in excess include copper, manganese and selenium (11).





Summary and Conclusions





	In summary, there may be a delicate balance between vitamin�mineral intakes and physical performance as shown (Figure 1). Deficiency can impair performance and restoration to a sufficient state reverses performance decrements. In healthy, nutritionally adequate individuals, studies conducted in a double�blind, placebo controlled manner have failed to show performance enhancing effects of vitamin and mineral supplements. Performance measures have included � EQ \O(˙,V) �O2max, heart rates, plasma lactate concentrations, submaximal endurance running performance, muscle glycogen stores and muscle strength and endurance. However, vitamins and minerals may confer benefits that are indirectly related to performance. For example, vitamin and/or mineral supplements may facilitate recovery from strenuous workouts or major competitive events by reducing the incidence/severity of post�exercise infections and protecting cell membranes from oxidative damage. These issues remain to be resolved. Finally, athletes need to be aware of the potential for toxicity and nutritional imbalances by megadosing with vitamin and mineral supplements.
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FIGURE LEGEND


Figure 1. Vitamin and mineral intakes: effects on performance.


 


�
Table 1: Vitamins: highest daily intake recommended for adults and functions related to physical activity.





Vitamins�
Intakes*�
Functions Related to Physical Activity�
�
�
�
�
�
Vitamin A 


(retinol)�
1000 µg RE (5000 IU)�
Antioxidant as ß carotene. Critical for collagen synthesis�
�
�
�
�
�
Vitamin D �
10 µg (400 IU)�
An agent of calcium metabolism and bone mineralization�
�
�
�
�
�
Vitamin E (a�tocopherol) �
10 mg a TE (10 IU)�
Antioxidant. Protects cell membranes.�
�
�
�
�
�
Vitamin C (ascorbic acid) �
60 mg�
Antioxidant. Collagen & epinephrine synthesis�
�
�
�
�
�
Thiamin (vitamin B1)�
1.5 mg�
Constituent of the coenzyme, thiamin pyrophosphate (TPP); required for CHO metabolism�
�
 �
�
�
�
Riboflavin (vitamin B2)�
1.7 mg�
Constituent of the coenzymes, flavin mononucleotide (FMN) and flavin adenine nucleotide (FAD), required in CHO, fat and protein metabolism.�
�
�
�
�
�
Niacin (vitamin B3)�
19 mg NE�
Constituent of the coenzymes, nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP); required for energy metabolism. �
�
�
�
�
�
Pyridoxine (vitamin B6)�
2.0 mg�
Metabolically active coenzyme form pyridoxal 5' phosphate (PLP); required for protein and fat metabolism. Required by glycogen phosphorylase to release glucose from muscle glycogen (stored CHO).�
�
�
�
�
�
Folate �
200 µg�
Vital for erythrocyte synthesis�
�
�
�
�
�
Cyanocobalamin (vitamin B12)�
2.0 µg�
Vital for erythrocyte synthesis�
�
�
�
�
�
Biotin �
100 µg�
Fatty acid & glycogen synthesis�
�
�
�
�
�
Pantothenic acid �
7 mg�
A component of coenzyme A which participates in fat metabolism and oxidation of pyruvate to acetyl CoA for entry into the Krebs cycle.�
�



* The highest recommended value for normal, healthy adults, excluding pregnant and lactating women (6). CHO = carbohydrate.


�
Table 2: Minerals: highest daily intake recommended for adults and functions related to physical activity. 





Minerals�
Intake*�
Functions Related to Physical Activity �
�
�
�
�
�
Calcium �
1200 mg�
Participates in muscle contraction and nerve transmission.�
�
�
�
�
�
Phosphorus �
1200 mg�
Required for fat absorption and transport. Needed for enzymes essential in CHO, fat and protein metabolism. Component of adenosine triphosphate (ATP) and adenosine diphosphate (ADP) which are needed for storing and releasing energy. Acid�base balance.�
�
�
�
�
�
Magnesium �
350 mg�
Central to muscle contraction and nerve transmission. Activates enzymes involved in energy metabolism. �
�
�
�
�
�
Iron �
15 mg�
Iron in hemoglobin participates in oxygen transport from the lungs to the tissues and removal of carbon dioxide. Constituent of myoglobin. Cofactor of several enzymes involved in metabolism of glucose and fatty acids. �
�
�
�
�
�
Selenium �
70 µg�
Antioxidant. Prevents the destruction of erythrocytes.�
�
�
�
�
�
Zinc�
15 mg�
Required by numerous enzymes that participate in energy metabolism. A component of carbonic anhydrase, an acid�base balance enzyme, and lactate dehydrogenase, a critical muscle enzyme.�
�
�
�
�
�
Copper �
3.0 mg�
Copper enzymes participate in catecholamine metabolism, energy metabolism (oxidative phosphorylation) and cardiac function. Needed for iron transport.�
�
�
�
�
�
Manganese �
5.0 mg�
Participates in fat metabolism. Required for collagen synthesis.�
�
�
�
�
�
Chromium �
200 µg�
Participates in CHO and fat metabolism. Facilitates insulin action. May have an anabolic effect on body composition.�
�
* The highest daily recommended value for normal, healthy adults excluding pregnant and lactating women (6). CHO = carbohydrate.
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