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	The extent of mental health disturbances throughout the United Sates has reached alarming proportions.  Nearly 30 million U.S. citizens experience significant disruption in their "normal" lifestyle due to anxiety and depression, with 10 million Americans exhibiting the more severe symptoms of anxiety neurosis (8).  Furthermore, 30 to 70% of patients seen by general practitioners and internist suffer from unrelieved stress (8).  In 1988, these mental health disturbances translated into $23 billion, representing $94.34 per capita, being spent at mental health organizations (9).  While these disturbances may be treated with psychotropic medication or psychotherapy (8), participation in an exercise program represents a potentially effective, and less costly, alternative for the treatment of emotional problems.  In fact, exercise has become a regularly prescribed intervention for emotional disorders.  Among 1,756 primary care physicians, 85% regularly prescribed exercise as a treatment for depression, and 60% prescribed exercise to treat anxiety (8).  


	This review will rely on primary sources, as well as narrative and meta-analytic reviews as a source of information.  Meta-analytic techniques allow an investigator to statistically summarize a number of empirical investigations.  This is a process in which the magnitude of the effects associated with individual studies are averaged (2).  Meta-analyses are particularly useful in that they allow for an examination of the relative impact of moderating variables.  These techniques are therefore helpful in examining the limitations of an effect and, as a result, in testing theory.


	In a meta-analytic review of 104 studies, employing 204 measures of anxiety, an acute bout of exercise was associated with a small to moderate decrease in anxiety.  This was represented in the obtained effect size of .24.  Thus, the average post-exercise change in anxiety, across all 104 studies, was a decrease of .24 standard deviations.   These changes have been measured as early as 5 min post exercise and last at least 2 hrs  (8).  It has been previously stated that 20 min was the minimum exercise duration needed to produce an effect on state anxiety (8).  However, significant within-subject changes in state anxiety are associated with acute bouts of exercise lasting less than 20 min. (ES = .22) (8).  


	The average exercise related decrease in trait anxiety is similar to the change in state anxiety (ES = .34).  In both cases, the reduction in anxiety is associated with continuous, rhythmical exercise.  In contrast, resistance exercise was actually associated with a slight increase in both state (ES = -.05) and trait (ES = -.16) anxiety (8).   While there are similarities between the two effects, the impact of the moderating variables differ between the two types of anxiety (8).  For example, while an acute bout of exercise would not be expected to effect trait anxiety, the more stable personality construct, the length of the exercise program does have an effect.  Exercise programs lasting more than 15 weeks are associated with a significantly greater reduction in trait anxiety (ES = .90) than those programs lasting 7-9 weeks (ES = .17).  The effect of exercise on trait anxiety also differs from its effect on state anxiety when compared to other anxiety reducing techniques (e.g., relaxation, medication,  quiet rest).   For state anxiety, an acute bout of exercise is no better than other anxiety reducing techniques (ES = -.04), while for trait anxiety exercise programs are significantly more effective than other anxiety reducing techniques (ES = .31).


	Whenever exercise is shown to produce a psychological effect, it is natural to assume that there is some physiological change, associated with the training effect, acting as a mechanism.  There is, however, no training effect associated with an acute bout of exercise (5).  Therefore, such a mechanism cannot explain the changes in state anxiety that occur after an acute bout of exercise.  As a result, Bahrke and Morgan (8) have proposed the distraction hypothesis as the most likely explanation.  They hold that acute exercise is successful in reducing anxiety because it serves to distract the subject from the pressures of daily life.  Physiological mechanisms that have been advanced are the release of endorphins and monoamines (10).  However, the literature has not demonstrated a consistent finding.  This methodology generally attempts to block the natural effect, for example utilizing  naloxone to block, and therefore demonstrate the effect of endorphins.  Those researchers who utilize large doses of naloxone have supported an endorphin based hypothesis, while those using low levels have not found support (10).  As a result, a controlled dose response study would be necessary to demonstrate the plausibility of an endorphin or monoamine mechanism for changes in anxiety.  


	Exercise has also been shown to directly effect depression.  In an examination of 80 studies, utilizing 290 comparisons, participation in an exercise program was associated with an average decrease in depression of just over one half of a standard deviation (6).  This conclusion, supporting the effect of exercise on depression, is echoed in traditional reviews by Martinson (6).  However, it has been reported that psychiatric patients generally do not enjoy exercise; thus limiting its effectiveness as a treatment (4).  A controlled experiment investigated the possibility of an anti-exercise bias in a clinical population.  Depressed patients reported that the inclusion of an aerobic training program was the most important aspect of their treatment, with 21 of 23 patients engaging in satisfactory adherence (4).  Therefore, the prescription of aerobic exercise is not only an effective treatment, but is one that depressive patients not only accept but value. 


	However, not all types of exercise are equally effective in reducing depression, nor is exercise equally effective across all groups of patients.  In contrast to findings described for anxiety, where resistance training increased anxiety, weight training had the largest effect on depression.  A change of nearly two standard deviations was associated with studies employing a weightlifting program (6).  This effect, however, is based on only two studies.  As a result the magnitude of this relationship should be considered with caution.  Aerobic forms of exercise also had a positive effect on depression.  They led to an average reduction of over one half of a standard deviation across 64 studies (6).  Lastly, exercise location also seems to be an important consideration.  Exercising at home was associated with a decrease of well over one standard deviation, with exercise at a medical center, or community center exhibiting half of that effect (6).  


	The effectiveness of the exercise intervention is moderated by the population from which the subjects have been drawn.  While significant decreases in depression were found within all sub-populations of subjects, this effect was magnified for certain groups.  Even though the initial level of depression was not a factor, exercise was associated with greater reductions in depression for those subjects drawn from patient populations, i.e., those who were already receiving either medical or psychological treatment.  Smaller, but significant, changes were found in those subjects drawn from college classes, or under no medical treatment (6).    


	A proposed explanation for exercise's effect on depression is that participation in an exercise program promotes social interaction.  The interactions associated with exercise would be seen as pleasurable and would therefore serve to reduce depression (6).  The meta-analysis, however, did not support a social interaction hypothesis.  Aerobic exercise was a more effective anti-depressant than lower levels of exercise as well as participation in other enjoyable activities (6).  These findings can also be used to argue against the distraction hypothesis (8), where exercise is seen as serving to distract the individual from life's stressors.   


	There was a significant, positive correlation between the length of the training program and the reduction in depression, r=-.33 (6).  One might therefore argue that any change in depression is due to a change in cardiovascular fitness.  However, while large changes in depression were only found after 17 weeks of training, moderate but significant decreases in depression were seen within 5-8 weeks (6).  This finding challenges the fitness hypothesis because at the exercise intensities employed in these studies it would be unusual to find a significant change in � EQ \O(.,V) �O2max after only 5 weeks.  The American College of Sports Medicine suggests a minimum of 12 weeks (7).  In addition, resistance exercise, which would not be expected to change cardiovascular fitness (5), produced a large change in depression.  Therefore, while plausible, there is no direct support for a change in fitness producing changes in depression.  Future research needs to manipulate both the duration and intensity of the exercise training, as well as document any changes in � EQ \O(.,V) �O2max, to demonstrate a direct link between improved fitness and lowered depression.  Additional explanations that have yet to be ruled out include the endorphin hypothesis, monoamine hypothesis and the cognitive-behavioral hypothesis (6).  The cognitive-behavioral hypothesis centers on the feelings of control and success that are accrued after the achievement of a difficult goal, such as exercise.  These feelings of accomplishment are thought to generalize to personal problems and behavior, leading to reduced depression.


	In addition to being viewed as a post hoc treatment, many health professionals now view exercise as an effective agent in preventing the onset of emotional problems (8).  This conception of the use of exercise is best illustrated in the stress reactivity literature.


	Chrousos and Gold (1) define stress as a state of disharmony or disrupted homeostasis.  Lazarus and Folkman (7) suggest that this disruption is caused by an individual appraising a situation as one in which their resources are insufficient to meet the demands of, or cope with that situation.  This perceived inability to cope results in the engagement of the general adaptation syndrome, that is activation of the locus ceruleus-norepinephrine system and the hypothalamic-pituitary adrenal axis.  This response controls the release of catecholamines and glucocorticoids, and through them mediates, among other things, changes in heart rate, blood pressure and glucose availability (1).    Extended application of this response has been associated with anorexia nervosa, obsessive compulsive disorder, and other serious illnesses (1).  Thus, any method of moderating the magnitude of this response should have a positive influence on both psychological and physical health.  


	Participation in an exercise program may provide a method of controlling reactivity to stressors.  Exercise is a physical stressor that produces a strong sympathetic response (1).  However, after a period of training the magnitude of the sympathetic response, to the same absolute work load, is decreased (1).  It has been hypothesized that the stress response is non-specific with regard to stressors.  If this is the case, then the change in reactivity that is associated with exercise should generalize to other physiological as well as psychological stressors (7).  Direct measures of catecholamine responses have failed to support this theory.  In their review, Peronnet and Szabo (7) conclude that after chronic exercise, plasma catecholamine levels are not changed either at rest or in response to psychological stressors.  


	However, in a meta-analytic review of 34 studies, exercise was associated with nearly a one half of a standard deviation decrease in stress reactivity from baseline values (2).  These changes were seen in autonomic and central nervous system indicators of stress.  The largest changes were found with muscle tension (ES = .87), galvanic skin response (ES = .67) and psychological self-report (ES = .57).  Therefore, while post exercise changes in sympathetic activity have not been directly observed, changes have been seen in the autonomic responses that they control, and subjects report less stress.  This finding led Crews and Landers to the conclusion that exercise results in "over-all less time spent in stress and perhaps at a lower level of stress" (2).  


	This conclusion stands in direct contrast to that found in Perronet and Szabo's review.  This discrepancy, however, is not surprising given the difficulty of accurately measuring changes in sympathetic activity over time.  Catecholamine levels are effected by such factors as diurnal patterns and diet.  As a result, catecholamine levels exist in a state of constant fluctuation "regardless of homeostatic state" (7), while autonomic indicators, such as blood pressure and skin response, demonstrate less variability (7).  In addition, studies that measure catecholamine response are extremely expensive to conduct.  As a result, these studies generally utilize small numbers of subjects.  This combines with high variability to produce extremely low statistical power to detect significant effects, especially over the course of a 10 week chronic training program.  Thus, changes in autonomic measures may present a more accurate view of the effects of exercise on stress reactivity. 


	A recent controlled study provides a synopsis of the type of effects associated with exercise.  LaPerriere et al. (3) provided HIV testing for 50 asymptomatic homosexual men.  They then randomly assigned them to either 5 weeks of exercise or a no exercise control group.  After the 5 weeks, the subjects were informed of the test results.   In comparison to the HIV positive controls, those HIV positive individuals who participated in the exercise sessions reported significantly less anxiety and depression after the notification of their disease state.  Interestingly, while all HIV positive subjects had lowered levels of natural killer cells, the control group experienced a significantly greater decrease in these cells than did exercise subjects.  Thus, exercise appears to have both reactive and proactive effects on psychological disruptions.  Not only can it be used to reduce existing emotional disorders, but it can lesson the magnitude of future occurrences.  
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