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	Carotenoids provide the bright red, orange and yellow colors to many of the fruits and vegetables that we eat. Most dark green leafy vegetables also contain high levels of carotenoids, but their color is masked by chlorophyll. Of the more than 600 carotenoids, only a few have nutritive value. Humans and animals are incapable of synthesizing carotenoids; the carotenoids found in human blood and other tissues are derived from the diet and supplements. Among these carotenoids, beta-carotene, which is found in yellow-orange and leafy green vegetables and some yellow-orange fruits, has attracted the most attention because it is an important source of vitamin  A, which is an essential nutrient for humans.
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	Food Sources of Beta-Carotene

	Fruits and vegetables that are particularly rich in beta-carotene include: 

· Yellow and orange vegetables, such as carrots, sweet potatoes, pumpkins and winter squash 

· Yellow and orange fruits, such as apricots, cantaloupes, peaches and papayas 

· Dark green leafy vegetables, such as spinach, broccoli, kale, Swiss chard, romaine lettuce, endive, chicory, escarole, watercress and greens from collard, beet, turnip, mustard and dandelion. 
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	Classical Role of Beta-Carotene

	Beta-carotene plays an important role in human health as a precursor of vitamin A, which is an essential nutrient needed for normal growth, development, reproduction, immune function and vision. As an important source of vitamin A, beta-carotene is especially crucial in developing countries, where preformed vitamin A (found in eggs, milk and other animal products) is often in short supply. In Asia and Africa, 80-85% of the total dietary vitamin A supply comes from carotenoids, primarily beta-carotene. Even in Europe and the Americas, where animal products are readily available, beta-carotene and other carotenoids account for 45-50% of total dietary vitamin A intake.
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	Additional Role in Health

	In addition to its role as a precursor of vitamin A, beta-carotene also has other functions. It acts as an antioxidant and a potent quencher of singlet oxygen. Singlet oxygen and free radicals are unstable chemical species that can arise from normal body metabolism or from environmental exposure to cigarette smoke, air pollutants, radiation, certain drugs and environmental toxins, and if not neutralized can cause serious cellular damage, leading to certain chronic diseases.

Because of its singlet oxygen-quenching property, beta-carotene has been effectively used at high dose levels (up to 180 mg daily) by erythropoietic protoporphyria (EPP) patients to protect against sunburn. EPP is characterized by increased levels of protoporphyrin (a potent photosensitizer) in the blood and skin causing sensitivity to visible light. In these patients, exposure to sunlight causes a burning sensation in the exposed skin, followed by edema and erythema. By taking high doses of beta-carotene supplements these patients can reasonably tolerate sunlight.
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	Large Human Intervention Studies

	A large body of epidemiological evidence has consistently shown an association between high dietary intake and/or high serum levels of beta-carotene with a reduced risk of cardiovascular disease and certain types of cancer, particularly cancers of the lung and stomach.

Based on these overwhelmingly positive data, a number of large-scale, clinical trials were launched around the world. The outcomes of these intervention trials were inconsistent. The Linxian Trial, a study conducted in an area of China where nutritional inadequacies are common, showed a reduced rate of stomach cancer in people who received supplements of beta-carotene (15 mg/day) with vitamin E and selenium for several years. Similarly, a new study of poor, rural pregnant women in Nepal with low Vitamin A intakes showed that supplementation with beta-carotene reduced the risk of death related to pregnancy by about 40%. The Physician's Health Study, on the other hand, showed no benefit nor risk after 12 years supplementation of 50 mg beta-carotene every other day. However, a subgroup analysis of the Physicians' Health Study population based on baseline plasma beta-carotene levels showed that use of beta-carotene supplements was associated with a statistically significant 32% reduction in the risk of prostate cancer in the sub-population with the lowest quartile of plasma beta-carotene (15.3 mg/dl). Two studies, The Alpha-Tocopherol Beta-Carotene Study (ATBC) and the Beta-Carotene and Retinol Efficacy Trial (CARET) showed increased risk of lung cancer in smokers receiving high dose (20-30 mg/day) beta-carotene supplementation.

Based on a revierw of the outcomes of these trials, in conjunction with newer evidence, we can conclude the following:

· Where there is an adequate intake of fruits and vegetables rich in beta-carotene, supplementation of beta-carotene may not be beneficial, and in smokers, high doses may even be harmful. 

· Where there is low intake of fruits and vegetables rich in beta-carotene, modest doses of beta-carotene or multivitamins containing beta-carotene may be beneficial. 
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	Intakes of Dietary Beta-Carotene in the U.S. Population

	Various government agencies and professional societies recommend a liberal intake of fruits and vegetables for good health. If these dietary guidelines are followed, the diet would provide about 5-6  mg of beta-carotene daily. However, various nutrition surveys of the U.S. populations have consistently shown that, on average, Americans consume less than 2 mg of beta-carotene per day. Thus, there seems to be a significant gap in the actual intake of beta-carotene and those amounts obtained from the recommended diet.
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	Safety of Beta-Carotene

	Based on detailed animal safety evaluations and long term use in EPP patients, beta-carotene has been shown to be absolutely safe. Heavy smokers should avoid high doses (20-30 mg/day) of beta-carotene.
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	Conclusion

	Beta-carotene is an important dietary source of vitamin A, a nutrient that is essential for growth, development, reproduction, immune function and vision. Beta-carotene may also have important health benefits independent of its role as a vitamin A precursor.

Findings from studies like the Linxian Nutrition Intervention Trial, the study on Nepalese pregnant women and the sub-population analysis of Physicians' Health Study collectively support the hypothesis that use of modest dose levels of beta-carotene may have health benefits, especially in populations with inadequate intakes of fruits and vegetables. Based on the totality of evidence it is important to consume plenty of fruits and vegetables. It may be prudent to take supplements containing modest doses of beta-carotene (5-10  mg daily) where there is a low intake of fruits and vegetables rich in beta-carotene. However, heavy smokers should avoid high doses (20-30 mg/day) of beta-carotene. Modest dose beta-carotene supplementation deserves serious consideration since the average American doesn't consume adequate amounts of fruits and vegetables.
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