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An individual's total energy expenditure on a daily basis is comprised of three major components (Figure 1) (5). Resting metabolic rate (RMR) represents the largest component (50-80%) of total energy expenditure, and therefore is important in the regulation of maintaining body energy stores. RMR is defined as the energy expenditure required to maintain normal physiologic functions of the body at rest in a fasted state.  Specifically, these processes include the energy required to: maintain body temperature and electrolyte gradients; sustain cardiovascular and pulmonary work at rest; as well as to supply energy for the central nervous system and other chemical reactions.  RMR is usually measured in the early morning following a 10 to 12 hour overnight fast and at least 36 hr since the last bout of exercise.  The measurement of energy expenditure at any other time of the day under resting conditions, is termed "resting energy expenditure" and may or may not include the increase in energy expenditure associated with the level of physical activity or food ingestion.  The determination of RMR in the laboratory setting is by collection and analysis of oxygen and carbon dioxide respiratory gases and their subsequent conversion to caloric equivalents. Resting metabolic rate is influenced by factors such as age, gender, heredity, body size and composition, body temperature, physical activity, nutritional status, and various hormones.  Of these, the quantity of fat-free mass is the major determinant of RMR, however, exercise and food intake also exert an independent influence on RMR (6).

The thermic effect of food (TEF) is the energy expended above RMR following food intake and comprises approximately 10% of an individuals total energy expenditure.  The increase in energy expenditure following food ingestion is due primarily to the metabolic cost of absorbing, transporting and converting the ingested nutrients into their respective storage forms.  For example, fat digestion and storage requires the least amount of energy to metabolize (0 to 3%), whereas protein (20 to 30%) and carbohydrate (5 to 10%) metabolism are the most energetically expensive (4). TEF is comprised of two components: obligatory and facultative thermogenesis.  Obligatory thermogenesis is the energy cost due to the absorption, transport and synthesis of protein, fat, and carbohydrate for subsequent use by the body.  However, evidence has shown that the actual measured energy expenditure following food ingestion is higher than the value expected due to the obligatory component of nutrient disposal and storage.  This excess energy expenditure above obligatory thermogenesis is termed "facultative thermogenesis," and is considered to be partially mediated by sympathetic nervous system activity and increased substrate cycling.  The magnitude and duration of the thermic effect of food is influenced by the caloric content and composition of the food eaten, as well as the nutritional state (e.g., energy surfeit or deficit) of the individual.  For example, under conditions of caloric underfeeding, RMR decreases as a protective mechanism to conserve body energy stores from excessive depletion and thus, causes the body to be more energy efficient.  Conversely, during periods of overeating, RMR increases in proportion to the magnitude and duration of the food surplus condition (10).

The thermic effect of physical activity is the most variable component of an individuals total daily energy expenditure.  This consists of the energy expended above RMR and TEF due to physical and muscular activity, involving both, purposeful physical activity, as well as fidgeting and shivering.  The thermic effect of physical activity ranges from 15% of daily energy expenditure in sedentary humans, to as high as 50% or more in individuals who regularly engage in vigorous exercise regimens. In addition to the direct energy cost of physical activity, exercise may also influence RMR by: (a) a prolonged increase in postexercise metabolic rate following an acute bout of exercise; (b) a chronic increase in resting metabolic rate due to an exercise training effect; and (c) a potentiating effect on metabolic rate due to its influence on dietary thermogenesis.  

This brief review will focus on the role that exercise and nutritional status have on influencing resting metabolic rate in humans.  The effect of physical activity on RMR and the thermic effect of a meal have been previously reviewed (9,10).  



Influence Of Acute Exercise On Metabolic Rate



It is generally accepted that exercise leads to an increase in total daily energy expenditure because of the direct caloric cost of the exercise bout and the elevation in energy expenditure during the immediate postexercise period.  Following a single bout of exercise, oxygen consumption and thus, metabolic rate remains elevated above the resting level for a period of time and is termed the "excess postexercise oxygen consumption" (EPOC). Early research proposed that the increased metabolic rate resulted from the energy required to remove lactate produced during the exercise session. More recent research suggests that lactate removal requires only a small portion of the oxygen consumed and that the increased metabolic rate during the postexercise period is due to other processes such as the rephosphorylation of creatine and adenosine diphosphate (ADP), replenishment of glycogen stores, elevated catecholamine concentrations, triglyceride-fatty acid recycling, and elevation of core body temperature.  However, there is considerable variability among studies regarding the magnitude and duration of the increase in postexercise metabolic rate.  

Although several earlier studies conducted in the 1930's (3) and 1960's (2) showed that an acute bout of exercise produced a significant and prolonged increase in postexercise metabolic rate by as much as 57 kcal over a 6 hour time period (2), more recent studies have shown contradictory results with some showing a prolonged elevation and others showing no increase of postexercise metabolic rate. 

Recently, Poehlman et al (9) proposed four reasons for the discrepant findings between studies: 1) varying modes of exercise (e.g., bench-stepping, cycle ergometry, and treadmill exercise), duration of exercise (5 minutes to 3 hours), and intensities (18 to 100% of �O2max) of activities; 2) postexercise meals were provided in some but not all studies; 3) some studies compared the magnitude and duration of postexercise metabolic rate based on comparisons of postexercise oxygen consumption (�O2) to pre-exercise �O2, whereas other studies compared the postexercise �O2to resting values taken on a separate control (no exercise) day; and 4) statistical data analysis, sample size, and between study subject differences were not consistent among all studies. 

However, despite the inconsistent findings, it appears that the greater the exercise duration and intensity, the greater the increase in postexercise metabolic rate in an attempt to return the body to resting homeostasis. Exercise of low (< 50% �O2max) and moderate (50 to 75% �O2max) intensity does not appear to be sufficient enough to produce a significant and prolonged elevation of postexercise metabolic rate, unless the exercise is of long duration (e.g., 80 to 180 minutes) and the individual consumes food during the postexercise period.  The higher intensity, longer duration bouts of exercise, on the other hand, are associated with postexercise metabolic rates of 14 to 15% of exercise oxygen consumption, although a percentage of this may be due to the combined effect of the exercise and food ingestion. Thus, from a realistic standpoint, the intensity and duration of a single exercise bout prescribed for the general healthy population would produce an increase in postexercise metabolic rate of approximately 9 to 30 kcal.  

Taken together, it appears that only exercise of high intensity and prolonged duration will significantly increase energy expenditure in the immediate post-exercise recovery period. Furthermore, it is unlikely that exercise of this type could be regularly adhered to by the majority of the population. Thus, it is unlikely that the contribution of the postexercise metabolic rate to weight control is of significant importance.      



Influence Of Exercise Training On Resting Metabolic Rate



This section briefly deals with the chronic elevation in RMR due to regular participation in physical exercise leading to high maximal aerobic fitness.  There are two acceptable study designs that may be employed to examine the effects of exercise training status on resting metabolic rate in humans.  Cross-sectional designs may be useful in comparing RMR between individuals that vary widely in their physical activity level (e.g., trained versus untrained) and permit the control over differences in body composition components (e.g., fat-free mass and fat mass), by either matching individuals or statistically controlling for body compositional variables that influence RMR.  However, it is important to note that weaknesses of this design are the arbitrary cutoff points by investigators to classify trained and untrained individuals, and the possibility that genetic predisposition or other factors may contribute to variation in RMR among individuals independent of fitness level.  

The second study design used to examine the influence of fitness level on RMR is exercise intervention studies.  This approach allows the investigator to measure changes in fitness level (e.g., �O2max) and body composition with changes in RMR. For more detailed accounts of the studies conducted in these areas the reader is referred to previous reviews (5,9).

Exercise training is known to influence RMR independent of body composition and the residual effects of the last bout of exercise.  Poehlman et al (8) examined a wide range of fitness levels (40 to 80 ml.kg.-1.min-1) in a group of 28 young healthy males and found a significant linear relationship between maximal oxygen consumption (�O2max) and RMR.  Specifically, when volunteers were classified into low, moderate, and high fitness levels, those individuals with the highest RMR (1.20 + 0.04 kcal.kgFFM-1.h-1) were the most highly trained (> 60 ml.kg.-1.min-1), whereas the RMRs in moderately trained and untrained men were similar. It is important to note that RMR was measured at least 24-hours since the last bout of exercise as this time period is necessary to remove the residual effects of the exercise on RMR. Furthermore, recent findings from the University of Vermont have shown that RMR is also increased in older individuals engaged in moderate endurance exercise training (7).  

It has been proposed that the higher RMR associated with a higher level of physical activity (or endurance training) is the result of a high caloric turnover concurrent with the maintenance of an energy balance state, which is a characteristic of weight stable endurance athletes.  This "high energy flux state" is created by matching a high level of food intake with a high level of energy expenditure in the form of exercise. In the Poehlman et al. study (1989), the highly trained endurance athletes consumed more than 4000 kcal per day while maintaining a stable body weight through a high caloric expenditure.  Collectively these findings suggest that the energy demands of the "active metabolic tissue" are increased with high levels of exercise training.  

Since not all cross-sectional studies have found differences in RMR between trained and untrained individuals, other factors may be contributing to discrepant findings among studies. Examples may include: (a) insufficient sample sizes and statistical power to detect differences in RMR between groups of varying fitness levels; (b) the timing of the indirect calorimetry measurements relative the last exercise session; (c) technical and/or methodological errors in determining energy expenditure; and (d) between-subject variability due to preceding dietary practices and the state of energy balance (9).



Influence Of Diet And Exercise Training On Resting Metabolic Rate



It is well known that when either lean or obese individuals are placed into negative energy balance (underfed), their RMR decreases.  The reduction in energy expenditure during states of energy deficit indicate a survival mechanism to conserve body energy stores from excessive depletion.  This adaptation is useful in times of famine when food supplies are scarce, but may be a source of frustration for the obese individual on a calorie restricted diet attempting to lose weight.  Because exercise training has been shown to increase RMR, studies have frequently combined exercise training with caloric restriction to examine whether fat loss is accelerated, fat-free mass is maintained, and the decline in RMR is prevented more effectively than with diet restriction alone. Unfortunately, however, there has been disagreement among investigators regarding the optimal combination of diet restriction and exercise training on body composition changes and RMR.  

Several studies have shown that the combination of aerobic exercise and low calorie diets produce a significant loss of body weight while maintaining or increasing RMR, whereas, others support that the addition of endurance exercise during low calorie diets exerts no preservation on metabolic rate or body composition and may actually accelerate the decline in RMR.  Moreover, it is likely that large amounts of aerobic exercise does not accelerate weight loss and enhance the effects of caloric restriction. 

Poehlman et al (1991), suggested that future investigations re-examine the quantity and quality of exercise and diet needed to achieve optimal fat loss and maintenance of RMR in various populations.  The optimal combinations of exercise and caloric restriction that would maintain RMR and fat-free mass while promoting fat loss, remains unknown because of differences among experimental protocols that include: (a) heterogeneity of the population studied (e.g., type of obesity and fat patterning); (b) variations in the exercise training programs intensity, mode, and duration; (c) differences in diet composition and food intake during the exercise program; and (d) differences in the size of the population studied.  

In an earlier study by Poehlman et al (10), these issues were addressed by examining the adaptive response to RMR in 6 pairs of monozygotic twins following 3 weeks of aerobic exercise training that created a caloric deficit of 1000 kcal per day.  Average body weight and percentage body fat loss was 2.4 kg and 2.4 %, respectively.  Although there were large variations in the direction and magnitude of changes among the 6 genotypes for RMR (5 pairs showing a lower RMR and 1 pair a higher RMR), of greater interest was the concordance of responses within twin pairs.  These results suggest that changes in RMR in response to exercise generating a caloric deficit state are genotype-dependent.  In other words, there are "high responders" and "low responders" in terms of the metabolic response to aerobic exercise training programs.  Interestingly, others have shown that the addition of weight training in the form of isotonic resistance exercises (e.g., free weights, Nautilus, Universal) to a calorically restricted diet increases RMR and at the same time promotes significant weight loss.  Thus, it appears that isotonic weight training can be undertaken during periods of weight loss using a very low calorie diet and may preserve fat-free mass and enhance RMR.

During periods of overeating, RMR is increased. However, it is unknown whether the increase in energy expenditure is proportional to the increase in body weight or if an "energy wasting" mechanism exists to reduce weight gain. It has been shown that lean subjects have difficulty in gaining weight when overfed a high carbohydrate diet, compared to the relative ease when the extra calories are supplied as fat.  Additionally, the caloric requirement for weight maintenance after weight gain is significantly increased compared to the energy required for weight maintenance before overfeeding in individuals overfed high carbohydrate diets.  These findings suggest that "energy wasting" occurs in some individuals and that the nutrient composition of the excess caloric intake has a major effect on weight gain.  Furthermore, it has also been shown that heredity plays a significant role in the magnitude and direction of the adaptive response in individuals being overfed an abundance of calories.  The reader is referred to previous reviews regarding the influence of overfeeding on energy expenditure (1).



Summary



	In conclusion, a plethora of studies have examined the combined effects of exercise and diet on resting metabolic rate. Thus, this review serves the purpose of only providing a general framework of appropriate concepts and references in the area. Exercise, in addition to its direct energy cost, may increase metabolic rate by both acute and long-term effects. The increase in RMR due to endurance exercise training may be due to a state of energy balance when the caloric turnover through the body is high, such as the case with a weight stable endurance athlete. The combination of diet and exercise may accelerate fat loss, maintain fat-free mass and resting metabolic rate more effectively than with diet restriction alone and these findings may be more pronounced with the use of isotonic resistance exercise although, the optimal combination of diet and exercise remains unknown at present.  It does however, appear that large quantities of aerobic exercise with a very low calorie diet resulting in substantial loss of body weight may accelerate the decline in resting metabolic rate.  On the other hand, excess caloric intake results in an increase in metabolic rate that may be accompanied by an "energy wasting" in some individuals.  Heredity plays a role in individual variation in the adaptive response of RMR to diet and exercise interventions. 	
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