Dietary protein and physical activity: effects on muscle protein synthesis
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Aging is associated with a progressive loss of muscle mass. This process of age-related loss of muscle mass and function, or sarcopenia, has substantial health consequences. It is associated with decreased basal metabolic rate, increased body fat content, loss of bone mass, reduced capacity for whole-body blood glucose disposal and reduced strength and functional capacity. Sarcopenia is facilitated by a combination of factors, which include a more sedentary lifestyle and a sub-optimal diet. Overall, it is the chronic misbalance of protein synthesis and degradation that results in a loss of muscle mass. Exercise and nutritional interventions have been suggested as a potential strategy to attenuate muscle wasting during aging. Exercise, resistance-type exercise in particular, can effectively increase muscle protein synthesis rates in young and elderly humans. In addition, increases in muscle mass and strength have been reported following resistance exercise training in frail elderly humans.
The intake of protein following exercise is crucial to attain a positive net protein balance, i.e. a situation in which muscle protein synthesis exceeds muscle protein breakdown. Exercise stimulates muscle protein synthesis and protein breakdown and without the intake of ample protein, muscle protein balance remains negative. Thus, nutrition plays a crucial role in the regulation of muscle protein synthesis and degradation. It has been shown that the administration of a mixture of carbohydrate, protein and/or amino acids results in an increase in muscle protein synthesis in young and elderly humans. In addition, we have shown that the stimulatory effect of nutrition is mainly determined by the protein content and not the carbohydrate content of a meal. Amino acids, derived from dietary protein, do not only serve as building blocks for muscle protein, but play a major regulatory role as they are strong stimulators of various anabolic hormones, for example insulin. In addition, amino acids can directly stimulate muscle protein synthesis by the activation of the mammalian target of rapamycin (mTOR). Among the amino acids, leucine has been shown to be very effective in stimulating insulin secretion and muscle protein synthesis in rodents. More recently, data has become available showing that the intake of additional leucine can also acutely increase circulating insulin levels and increase muscle protein synthesis in humans. However, the magnitude of the stimulatory effect of leucine on muscle protein synthesis seems to be dependent on the total amount of protein that is ingested. We were unable to detect a surplus value of leucine supplementation when elderly men ingested ample amounts of protein following a session of physical activity.
The anabolic response to food intake seems to be reduced in elderly humans. The latter may be due to a reduced insulin sensitivity, increased amino acid utilization in the gut (and thus reduced availability in the periphery), or a reduced amino acid sensitivity in elderly humans. It has been proposed that the intake of more rapidly digested and absorbed protein, as opposed to a slower digestible protein, is more effective in stimulating protein accretion in the elderly as it can increase plasma amino acids levels to a greater extent. Whey protein is more rapidly digested and absorbed compared to casein, and has a relatively high leucine content. As a result, whey protein intake in the elderly could be of significance to stimulate muscle protein synthesis and reduce muscle protein degradation, thereby enhancing net muscle protein accretion. More research is warranted to assess the preferred dietary protein source to stimulate protein synthesis in the elderly.
