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ABSTRACT Psychiatric disorders are of major public health significance. It has been claimed that vigorous physical 
activity has positive effects on mental health in both clinical and nonclinical populations. This paper reviews 

the evidence for this claim and provides recommendations for future studies. The strongest evidence suggests that physical activity 
and exercise probably alleviate some symptoms associated with mild to moderate depression. The evidence also suggests that physical 
activity and exercise might provide a beneficial adjunct for
alcoholism and substance abuse programs; improve self-image, social skills, and cognitive functioning; reduce the symptoms of anxi-
ety; and alter aspects of coronary-prone (Type A) behavior and physiological response to stressors. The effects of physical activity 
and exercise on mental disorders, such as schizophrenia, and other aspects of mental health are not known. Negative psychological 
effects from exercise have also been reported. Recommendations forfurther research on the effects of physical activity and exercise on 
mental health are made.
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Introduction
A large number of studies have confirmed the fact that regu-
lar physical activity brings benefit to individuals with depres-
sive and anxiety symptoms.1-11 It also shown to be beneficial in 
other conditions like peripheral vascular diseases, fibromyalgia, 
menopause and nicotine withdrawal.12-15 Besides these physi-
cal activity also causes improvement in other aspects like self 
esteem, vitality, general well being and satisfaction with physi-
cal appearance.16-18 Mood of healthy individuals who exercise 
regularly is altered immediately after a short period of vigorous 
exercise i.e. they become less anxious, depressed or angry and 
even may feel euphoric.19-22

There are three main types of exercise [23] focusing on 
three important aspects :
•	 Aerobic exercise : For aerobic endurance.
•	 Anaerobic exercise : For anaerobic endurance.
•	 Yoga : For Flexibility, co-ordination and relaxation.

Aerobic exercise is mostly associated with the so called endur-
ance sports such as swimming, rowing, canoeing, cycling and 
long distance running. In this type, an individual is subjected to 
physical work sustained for long period primarily intended to 
increase the efficiency of the oxygen transport system. Anaero-
bic exercise deals with high intensity work sustained for a very 
short period primarily intended to increase muscular strength 
(eg. weight lifting or sprinting).23

For individuals in general , continuous and prolonged exercise 
that does not exceed the anaerobic threshold (submaximal en-
durance) is sufficient to achieve physiological adaptation re-
quired to improve aerobic fitness.24 But for elite athletes an 
increase in quantity of this type of training does not improve 
their aerobic fitness.25-26

They require high intensity interval training which normally 
lasts 4-8 months, divided into 3 different training periods : 1) 
the beginning of the session during which increasing quantities 
of mainly sub maximal endurance training are employed ; 2) In 
this period sessions of a large quantity of sub maximal endur-
ance training are intercalated with sessions of high intensity 
interval training separated by short period of inactivity or of 
low intensity exercise, which permits partial, but not complete 
recovery of athletes to facilitate “super adaptation”(adaptation 
of the physiological system at a level higher than previously 
reached by the athlete intended to improve performance27-30; 
3) It is the period close to the competition during which train-
ing sessions are fewer and comprise lower intensity exercise to 

allow the athlete to rest so that he/she can reach his/her maxi-
mum potential at the time of competition.30-31 This article re-
views the role of exercise in regulating mental health.

Theories and mechanisms of the interface of physical exercise 
and mental health 

A large number of hypotheses have been postulated to explain 
the beneficial effects of exercise on mental health. Some of the 
hypotheses are discussed herein :

The Distraction Hypothesis : According to the distraction hy-
pothesis , physical hypothesis causes diversion from unfavora-
ble stimuli which leads to an improved mood during and after 
stimuli.1

The Self Efficacy Hypothesis : The self efficacy hypothesis be-
lieves that physical exercise is a challenging activity, hence the 
ability to get involved in it in a regularly manner might lead to 
improved mood and self confidence.14

The Social Interaction Hypothesis : The social interaction hy-
pothesis states that, the mutual support that develops amongst 
individuals involved in exercise helps them further strengthen 
their social relationships which plays an important role in the 
effects of exercise on mental health.6

The Physiological Hypothesis : One of the most important 
mechanisms by which anti depressive drugs function is by the 
synaptic transmission of monoamines.32-34 According to the 
physiological hypothesis, physical activity increase the synap-
tic transmission of monoamines and also causes release of en-
dogenous opioids (endorphins), basically -endorphins.33 The 
inhibitory effect of these substances on CNS are responsible for 
sensation of calm and improved mood experienced after exer-
cise.34-35 However these effects needs further confirmation 
and more studies are needed to support it. It has been observed 
that, physically active individuals when withdrawn from exer-
cise and in the state of endorphin abstinence have increases 
irritability, restlessness, nervousness and feelings of frustra-
tion.36

Neurobiological changes and exercize
Acute changes in lumbar cerebro-spinal (CSF) monoamines 
with exercise have been demonstrated in depressed patients by 
researchers. It was found that CSF 5-Hydroxyindoleacetic acid 
(5-HIAA) and vanyl-mandelic acid (VMA) were significantly 
higher after 4 hours hyperactivity than in same patients after 
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bed rest.37-38 Brown placed rats on an exercise programme 
which consisted of 30 min of treadmill running for 5 days a 
week over 8 weeks. After completion of the programme the 
rats were sacrificed and it was found that the nor-adrenaline 
and serotonin brain concentrations were significantly greater in 
comparison to sedentary controls.39-40 The result was similar 
to the overall neurobiological effect seen with antidepressant 
drugs and ECT.41

The role of opioid peptides in normal mood states or in mental 
illness is less clear than the monoamines.42 By using an antago-
nist drug or a PET scan with an opiate labeled ligand evidence 
of central opiate activity can be gained.43-44 In a double blind 
cross over trial researchers, studied 12 long distance runners 
on 2 occasions. On day 1, they received 2 i.v injections of 0.8 
gm naloxone at 20 min interval following a 6 mile run .On the 
other day they were given two equal volume injection of nor-
mal saline. It was observed that the ratings of mood elevations 
were reversed by naloxone where as under the saline treatment 
ischemic pain and discriminability of thermal stimuli were re-
duced post run.22 

Low dose of toxins and/or radiations can exert beneficial ef-
fects in organisms.45 It has been postulated that the beneficial 
effects of exercise are partly based on its ability to generate re-
active oxygen species (ROS). Exercise induced ROS generates 
antioxidants, proteins, degrading enzymes and causes DNA 
repair which decreases the incidence of stress related disor-
ders.46-47 Further, exercise may also upregulate anti-inflam-
matory cytokines and with time increase the immune threshold 
for stress.48 It is observed that exercise increases the release 
and synthesis of several neurotrophic factors like Brain derived 
neurotrophic factor (BDNF), Insulin like growth factor (IGF-1) 
which are related to better cognitive functioning, neurogenesis, 
angiogenesis, and plasticity. It has been proved by animal stud-
ies that BDNF is essential for hippocampal functioning, syn-
aptic plasticity, learning and modulation of depression.49-50 
Exercise is shown to elevate the level of BDNF in rat hippocam-
pus which is the similar mechanism by which antidepressants 
work.51 An increase in the level of BDNF was found in humans 
running at high intensity.52

IGF-1 plays an important role in neurogenesis and cognitive im-
provement .Elderly people with diminished IGF-1 levels have a 
poor cognitive performance which can be improved by exercise, 
as exercise is shown to elevate IGF-1 levels.53 Some authors feel 
strength training has more advantage than cardiovascular train-
ing as it increases testosterone and IGF-1 levels. After 6 months 
of strength training in a group of elderly authors observed an in-
crease in IGF-1 levels and improvement in cognitive function.54 
IGF-1 is inversely related to levels and hence it plays an impor-
tant role in regulation of amyloid level.

Exercise also regulates the expression of vascular endothelial 
growth factor (VEGF) which regulates endothelial cell prolif-
eration and angiogenesis. It is also shown to have neuropro-
tective, neurotrophic and neurogenic effects Exercise induced 
angiogenesis is associated with increase in brain VEGF.50 On 
the basis of an increase in cerebral blood volume in the adult 
dentate gyrus authors55 observed an in vivo correlation of ex-
ercise induced angiogenesis and neurogenesis in that particular 
area. Exercise and antidepressants reverse the effects of stress, 
depression and aging by increasing neurotrophic expression 
and neurogenesis in brain. In an experiment, it was observed 
that exercise enhanced neurogenesis in the dentate gyrus of an 
adult mouse.57 According to researchers neurogenesis in adult 
hippocampus might improve cognitive processes and can treat 
several psychiatric diseases (eg., depression).58

It is observed that exercise causes an increase in cerebral 
blood flow at several cortical and subcortical areas.58 Forester 
proposed that circulating nucloetides particularly adenosine 
nucleotides (ATP : a potent vasodilator) play a major role in 
brain metabolism by regulation cerebral blood flow.59 Exer-
cise also upregulates endothelial nitric oxide (NO) synthesis 
and improves angiogenesis and CBF.60 Several hormonal ad-

aptations occurs after regular exercise which are mediated by 
Hypothalamus-Pitutary-Adrenal Axis. After an aerobic exercise 
programme there is smaller increase and faster recovery to the 
baseline of cortisol levels for the same workload and the same 
psychological stress.61-62

Exercise in various Neuro-Psychiatric Disorders 
Depression
It is observed that the prevalence of depression in elderly 
population is approximately 22% and sedentary lifestyle is one 
of the major factor responsible for depression in elderly.63 A 
large number of studies have suggested that exercise is an ef-
fective treatment for depression.64-67 According to Griest68, 
running is advocated as a more effective antidote to depression 
than psychoanalysis. In a meta-analytic review69 it was found 
that exercise is suggested to improve depression by changing 
an individuals daily routine, increasing their interaction with 
other, helping them loose weight, participate in outdoor recrea-
tion and master difficult physical and psychological challenges. 
There was a difference between the effects of acute exercise 
(single session) and effects after an exercise programme. How-
ever, both were effective antidepressants. In this meta-analysis 
the authors analysed the effects of published and unpublished 
studies and the authors accounted for factors that may have 
produced the positive effects on depression attributed to exer-
cise, e.g. source of participants, purpose of exercise, exercise lo-
cation, group assignment of participants, age, gender and mode 
and duration of exercise.

There is an inverse relationship between aerobic and strength 
training and depression in elderly.70-77 It is found that aerobic 
exercise at an intensity consistent with public health recom-
mendation can be regarded as an effective treatment of mild 
to moderate major depressive disorder whereas the effects of 
low intensity exercise are comparable to placebo effects.78 In 
one study70 patients with MDD were evaluated using different 
treatments, namely sertraline, placebo, home based exercise 
and supervised exercise. It was observed that remission rates 
was higher with sertraline (47%) and exercise (45%).The re-
sponse rates in placebo was also high ,which suggested that the 
attention provided to the patient and to his/her own expecta-
tions regarding the treatment plays an important role in deter-
mining the therapeutic response.

Anxiety
To examine the effect of acute and chronic exercise on state 
(current) anxiety, trait(dispositional) anxiety and psychophysi-
ological correlates of anxiety, Petruzzello et al79 conducted 
three metanalyses. It was observed that exercise produced a 
small effect on state anxiety (effect size : 0.24) . It was observed 
that chronic exercise had a better effect when compared with 
acute exercise, aerobic exercise was better than anaerobic ex-
ercise and high intensity exercise of 21- 30 min duration had 
a better effect than low intensity exercise shorter than 20 min 
or longer than 30 min. The effect size was largest in the pre-
post within group design, in studies using matched controls , 
age of the participants between 31 and 45 and when anxiety 
was measured after 20 mins of exercise. However, when psycho-
physiological correlates of anxiety were the outcome measures, 
exercise had a fairly large effect on anxiety ( effect sixe 0.56) 
overall. It was also observed that acute exercise was better than 
chronic exercise. The effect sizes were largest with lower inten-
sity exercise of upto 20 min duration lasting 4-6 weeks, in the 
pre-post within groups design, studies using matched controls, 
age of the participants between 18 to 30 years and those with 
psychiatric illness.

The effect of exercise was moderate (effect size : 0.34) when 
trait anxiety was the outcome measure. The effect sizes were 
largest when high intensity aerobic exercise of more than 40 
min duration, performed for more than 15 mins,age of the par-
ticipants below 18 and people with psychiatric illnesses. Over-
all, exercise has a positive effect across all the three categories, 
however, the magnitude of effect differs. For instance, exercise 
produced the largest effect when the outcome was psychophysi-
ological correlates of anxiety, especially skin measures. The ef-
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fect on current anxiety was modest and in case of trait anxiety, 
the largest effect was seen in subjects with previous psychiatric 
illnesses. Exercise of at least 20 minutes was the minimum re-
quirement for observing a reduction in anxiety irrespective of 
the way it was measured. 

It has been observed that moderate intensity physical activity 
has been associated with mood improvement on a medium and 
a long term basis, whereas worsening of mood has been re-
ported with high intensity exercise lasting for 10 days to some 
weeks.80-91 However majority of the studies reporting these 
mood disturbances have mainly monitored elite athletes from 
sports that requires high degree of aerobic fitness (endurance 
sports such as swimming, cycling, canoeing, rowing).85-89 
These elite athletes are subjected to high intensity interval 
training divided into three different training periods. It was ob-
served that, on an average for most of the athletes there was 
worsening of mood from the first to second training period, fol-
lowed by improvement from second to third period. Hence, just 
before the competition an improvement in mood is seen when 
an increase in anxiety would be expected

Exercise and cognitive function
The beneficial effects of exercise on cognition has been dem-
onstrated by a large number of studies.92-94 It was observed 
that exercise has the capacity to enhance learning and memory 
in a variety of conditions ranging from mental decline associ-
ated with aging to facilitating functional recovery in patients 
suffering from brain injury or disease.95-100 Exercise induced 
increase in BDNF in the hippocampus is one of the major mech-
anisms by which exercise causes an improvement in cognitive 
function.101-104 In an analysis of 18 longitudinal fitness train-
ing studies it was found that cardiovascular fitness training im-
proves cognitive regardless of the task type.101 A study on rats, 
demonstrated that blocking BDNF action using specific immu-
noadhesive chimers abolished the ability of exercise to augment 
learning and memory.105

In a meta analysis of 18 previously published studies106 which 
reviewed studies which included exercise interventions like 
bicycle ergometry, walking and calisthenics, flex and stretch 
exercises, aerobic workouts of varying levels of intensity and 
duration and nonaerobic stretch and co-ordination exercise. It 
was observed that the impact of exercise on cognitive function 
is more pronounced in the elderly population, where it tends 
to produce a moderate benefit. Of the different types of exer-
cise Yoga has been shown to have the greatest benefit in this 
particular population. Authors107 conducted meta- analysis of 
of 134 studies that investigated the effects of exercise on cogni-
tive function. It was found the effect of exercise on the cognitive 
functioning of the general population is small yet significant. 
Also chronic exercise tends to produce more effects than acute 
exercise. However, no study till date examines the impact of the 
improvement in cognitive function that is attributable to exer-
cise on longevity and quality of life.

Alzheimer’s Dementia (AD)
A wide variety of environmental stimuli along with genetic 
factors are thought to influence the onset of AD. It is observed 
that exercise is one of the most important lifestyle changes as-
sociated with AD prevention.63 In one study it was observed 
that daily 30 min of physical training (aerobic, flexibility and 
strength ) reduced the number of hospitalizations in 153 AD pa-
tients and also decreased depressive symptoms and improved 
their quality of life.108 After one year of exercise interven-
tions in 134 patients109 it was demonstrated that the exercise 
group had improved quality of life as compared to the sedentary 
group. Williams And Tappen110 observed an antidepressant 
effect of exercise in severe AD. A large number of other stud-
ies have shown a significant improvement in older adults with 
AD.110-111

Parkinson’s disease
Parkinson’s Disease is a neurodegenerative disease associated 
with tremor, rigidity and hypokinesia as well as posture and bal-
ance changes.112 Exercise serves as a adjunctive treatment and 

plays an important role in prevention of PD.113-128 It is highly 
effective in the improvement of motor symptoms, gait and ac-
tivities of daily living (ADLs).129-130 The intensity of exercise 
also influences the neuroprotective response. According to au-
thors128 higher intensity of exercise would be positively relat-
ed to protective factor, when compared to lower intensity. In a 
study130, it was observed that physical activity is significantly 
beneficial to PD patients by improving their quality of life, walk-
ing skills, and reducing neurological symptoms. Particularly, the 
strength and balance training plays a very important role in im-
proving their functional capabilities which has a positive influ-
ence on their quality of life and independence. It was observed 
that parkinsonians who accomplished a 10 week strength and 
balance program developed strength and the number of falls 
were also reduced.131

Schizophrenia
Schizophrenia is one of the most disabling of all mental illness-
es. Faulkner and Sparkes132 designed an ethnographic study 
– participant observation and interviews with participants and 
their keyworkers. They explored the therapeutic value of a 10 
week exercise programme of twice weekly sessions for peo-
ple living with schizophrenia.. It was observed that exercise 
reduced auditory hallucinations, raised their self esteem and 
improved their sleep patterns and general behavior. The major 
factor responsible for these benefits was that exercise provided 
distraction and social interaction. It was unclear from the study 
how exercise interacted with other interventions like medica-
tions which may have produced the outcome. However, the eth-
nographic design allowed the researchers to study intensively 
the participants and their key workers experiences. Hence the 
results of this study support the therapeutic value of exercise.

Psychiatric disorders related to exercize
Disorders associated with excessive exercise
Many individuals show an exaggerated preoccupation with ex-
ercise and exercise training even in the presence of medically 
contraindicated conditions.133-135 For them physical activity 
becomes an obsession or rather an addiction.136-139 Since 
most individuals with exercise dependence have a good mental 
health and show no signs of diseases it is considered that exces-
sive exercise is rarely pathologic.137-138 

Muscle dysmorphia
In large number of bodybuilders and weight lifters it is found 
that physical activity is associated with a condition of alteration 
in body image in which an individual , although large and muscu-
lar, believe they are weak and skinny.139-145. This condition is 
denominated as “bigamerexia”140 and “reverse anorexia”141. 
Pope and others144 proposed a criteria based the DSM IV diag-
nostic criteria for the diagnosis of muscle dysmorphia.146 Ac-
cording to Pope the following features suggest body dysmorphic 
disorder : (1) Excessive preoccupation with the idea that their 
body is not sufficiently slim (in terms of a low fat content) and 
muscular ; (2) this preoccupation causes discomfort and signifi-
cant impaired social functioning ; (3) this preoccupation can-
not be explained by any other psychiatric disorder. Also there 
are evidences indicating a relationship between the presence of 
muscle dysmorphia and a history of mood and anxiety and eat-
ing disorders145, as well as use of anabolic androgenic steroids.

Anabolic- Androgenic steroid dependence
Most of the physically active individuals use anabolic-androgen-
ic steroids and are in a state of dependence.147 These substanc-
es causes symptoms like increase in irritability, aggressiveness, 
mania, psychotic symptoms which might provoke the users to 
commit criminal acts.148 Also, abstinence from its use might 
lead to depressive symptoms.149-152

Overtraining Syndrome
Overtraining153, staleness83, overstress, overuse and burn-
out129, overwork, over fatigue , overstrain , chronic fatigue in 
athletes154, sport fatigue syndrome, unexplained underper-
formance syndrome155-156 etc are the different denomina-
tions used for this condition. It is estimated that per training 
session 7% to 20% of the athletes face this problem157-158 



IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 363 

Volume : 2 | Issue : 7 | July 2013 • ISSN No 2277 - 8179Research Paper

REFERENCE
1. Morgan WP. Affective beneficence of vigorous physical activity. Med Sci Sports Exerc 1985;17:94-100. | 2. Farmer ME, Locke BZ, Moscicki EK, 
Dannenberg AL, Larson DB, Radloff LS. Physical activity and depressive symptoms: the NHANES I epidemiologic follow-up study. Am J Epidemiol 

1988;128:1340-51. | 3. Martinsen EW, Hoffart A, Solberg O. Aerobic and non-aerobic forms of exercise in the treatment of anxiety disorders. Stress Med 1989;5:115-20. | 4. Martin-
sen EW, Hoffart A, Solberg O. Comparing aerobic with nonaerobic forms of exercise in the treatment of clinical depression: a randomized trial. Compr Psychiatry 1989;30(4):324-
31. | 5. Raglin JS. Exercise and mental health. Beneficial and detrimental effects. Sports Med 1990;9(6):323-9. | 6. North TC, McCullagh P, Tran ZV. Effect of exercise on depression. 
Exerc Sport Sci Rev 1990;18:379-415. | 7. Petruzzello SJ, Landers DM, Hatfield BD, Kubitz KA, Salazar W. A meta-analysis of the anxiety-reducing effects of acute and chronic exer-
cise. Outcomes and mechanisms. Sports Med 1991;11(3):143-82. | 8. Martinsen EW. Physical activity and depression: clinical experience. Acta Psychiatr Scand 1994;377 Sup-
pl:23-7. | 9. Dimeo F, Bauer M, Varahram I, Proest G, Halter U. Benefits from aerobic exercise in patients with major depression: a pilot study. Br J Sports Med 2001;35(2):114-7. | 
10. Dunn AL, Trivedi MH, O’Neal HA. Physical activity dose- response effects on outcomes of depression and anxiety. Med Sci Sports Exerc 2001;33(6 Suppl):587-97. | 11. Lep-
pamaki SJ, Partonen TT, Hurme J, Haukka JK, Lonnqvist JK. Randomized trial of the efficacy of bright-light exposure and aerobic exercise on depressive symptoms and serum lipids. 
J Clin Psychiatry 2002;63(4):316-21. | 12. Gartenmann Ch, Kirchberger I, Herzig M, Baumgartner I, Saner H, Mahler F, Meyer K. Effects of exercise training program on functional 
capacity and quality of life in patients with peripheral arterial occlusive disease. Evaluation of a pilot project. Vasa 2002;31(1):29-34. | 13. Gowans SE, deHueck A, Voss S, Silaj A, 
Abbey SE, Reynolds WJ. Effect of a randomized, controlled trial of exercise on mood and physical function in individuals with fibromyalgia. Arthritis Rheum 2001;45(6):519-29. | 
14. Ussher M, Nunziata P, Cropley M, West R. Effect of a short bout of exercise on tobacco withdrawal symptoms and desire to smoke. Psychopharmacology (Berl.2001;158(1):66-
72. | 15. Slaven L, Lee C. Mood and symptom reporting among middle- aged women: the relationship between menopausal status, hormone replacement therapy, and exercise 
participation. Health Psychol 1997;16(3):203-8. | 16. Paluska SA, Schwenk TL. Physical activity and mental health: current concepts. Sports Med 2000;29(3):167-80. | 17. Son-
stroem RJ, Morgan WP. Exercise and self-esteem rationale and model. Med Sci Sports Exerc 1989;21:329-37. | 18. Salmon P. Effects of physical exercise on anxiety, depression, and 
sensitivity to stress: a unifying theory. Clin Psychol Rev 2001;21(1):33-61. | 19. Morgan WP. Anxiety reduction following acute physical activity. Psychiatr Ann 1979 : 9: 36-45. | 20. 
De Vries HA.Tranquilizer effect of exercise: A Critical Review. Phys Sports Med 1981:9:47-55. | 21. Markoff R, Ryan P, Young T. Endorphins and mood changes in long distance run-
ning. Med Sci Sports Exerc 1982:14:11-15. | 22. Janal MN, Colt EWD, Crawford Clark W, Glusman M. Pain sensitivity, mood and plasma endocrine levels in man following long dis-
tance running. Effects of naloxone. Pain 1984: 19:13-25. | 23. American College of Sports Medicine. Guidelines for graded exercise testings and exercise preparations. (2nd edition). 
Philadelphia: Lea & Febiger, 1980. | 24. American College of Sports Medicine. ACSM position stand: the recommended quantity and quality of exercise for developing and maintain-
ing cardiorespiratory and muscular fitness, and flexibility in healthy adults. Med Sci Sports Exerc 1998;30(6):975-91. | 25. Lake MJ, Cavanagh PR. Six weeks of training does not 
change running mechanics or improve running economy. Med Sci Sports Exerc 1996;28:860-9. | 26. Londeree BR. Effect of training on lactate/ventilatory thresholds: a meta-
analysis. Med Sci Sports Exerc 1997;29:837-43. | 27. Daniels J, Scardina N. Interval training and performance. Sports Med 1984;1:327-34. | 28. Laursen PB, Jenkins DG. The scien-
tific basis for high-intensity interval training: optimising training programmes and maximising performance in highly trained endurance athletes. Sports Med 2002;32(1):53-73. | 
29. Raglin JS. Overtraining and staleness: Psychometric monitoring of endurance athletes. In: Singer RB, Murphey M, Tennart LK (Eds.). Handbook of Research on Sport Psychology. 
New York: Macmillan; 1993. | 30. Kuipers H. Training and overtraining: an introduction. Med Sci Sports Exerc 1998;30(7):1137-9. | 31. Raglin JS, Koceja DM, Stager JM, Harms CA. 
Mood, neuromuscular function, and performance during training in female swimmers. Med Sci Sports Exerc 1996;28(3):372-7. | 32. Ransford CP. A role for amines in the antide-
pressant effect of exercise: a review. Med Sci Sports Exerc 1982;4(1):1-10. | 33. Nicoloff G, Schwenk TS. Using exercise to ward off depression. Phys Sportsmed 1995;23(9):44-58. | 
34. Dunn AL, Dishman RK. Exercise and the neurobiology of depression. Exerc Sport Sci Rev 1991;19:41-98. | 35. Allen M. The psychobiology of athletic training. In: Begel D, Burton 
RW, editors. Sport psychiatry: theory and practice. New York: W. W. Norton & Company; 2000. p. 22-44. | 36. Morris M, Steinberg H, Sykes EA, Salmon P. Effects of temporary with-
drawal from regular running. J Psychosom Res 1990;34:493-500. | 37. Jarvekulg A, Viru A. Opioid receptor blockade eliminates mood effects of aerobic gymnastics. Int J Sports Med 
2002;23(3):155-7. | 38. Post RM,Kotin J, Goodwin F, Gordon EK, Psychomotor activity and cerebrospinal fluid amine metabolites in affective illness. Am J Psychiatry 1973 :130:67-
72. | 39. Brown BS, van Huss WD. Exercise and rat brain catecholamines. J Appl Physiol 1973:34:664-669. | 40. Brown BS. Payne T, Kim C, Moore G, Krebs P, Martin W.Chronic re-
sponse of rat brain norepinephrine and serotonin levels to endurance training. J Appl Physio 1979:46:19-23. | 41. Van Praag HM. Neurotransmitters and CNS diseases: Lancet 1982.
ii:1259-1264. | 42. Jeffcoate WJ. Gaind RN, Fawzy FI, Hudson BL, Pasnau RO, eds. Current themes in psychiatry volume Volume 4. NewYork : Macmillan, 1985:89-101. | 43. Jones 
AKP, Luthra SK, Pike VW, Herold S, Brady F, New labelled ligand for in-vivo studies of opoid physiology. Lancet 1985:ii:665-666. | 44. Blake MJ, Steln EA, Vomachka AJ.Effects of ex-
ercise training on brain opoid peptides and serum LH in female rats. Peptides 1984:5:953-958. | 45. Stebbing AR: Hormesis: the stimulation of growth by low levels of inhibitors. 
Sci Total Environ 1982;22:213–234. | 46. Radak Z, Chung HY, Goto S: Exercise and hormesis: oxidative stress-related adapta- tion for successful aging. Biogerontology 2005;6:71–
75. | 47. Radak Z, Chung HY, Koltai E, et al: Exercise, oxidative stress and hormesis. Ageing Res Rev 2008;7:34–42. | 48. Zaldivar F, Wang-Rodriguez J, Nemet D, et al: Constitutive 
pro- and anti-inflammatory cytokine and growth factor response to exer- cise in leukocytes. J Appl Physiol 2006;100: 1124–1133. | 49. Lie D, Song H, Colamarino S, et al: Neuro- 
genesis in the adult brain: new strategies for central nervous system diseases. Annu Rev Pharmacol Toxicol 2004;44:399–421. | 50. Cotman CW, Berchtold NC, Christie LA: Ex- ercise 
builds brain health: key roles of growth factor cascades and inf lammation. Trends Neurosci 2007;30:464–472. | 51. Russo-Neustadt A, Beard RC, Cotman CW: Exercise, antidepres-
sant medications, and enhanced brain derived neurotrophic fac- tor expression. Neuropsychopharmacology 1999;21:679–682. | 52. Winter B, Breitenstein C, Mooren FC, et al: High 
impact running improves learning. Neurobiol Learn Mem 2007;87:597–609. | 53. Landi F, Capoluongo E, Russo A, et al: Free insulin-like growth factor-I and cognitive function in 
older persons living in commu- nity. Growth Horm IGF Res 2007;17:58–66. | 54. Cassilhas RC, Viana VA, Grassmann V, et al: The impact of resistance exercise on the cog- nitive 
function of the elderly. Med Sci Sports Exerc 2007;39:1401–1407. | 55. Pereira A, Huddleston D, Brickman A, et al: An in vivo correlate of exercise-induced neu- rogenesis in the 
adult dentate gyrus. Proc Natl Acad Sci USA 2007;104:5638–5643. | 56. Kempermann G: Regulation of adult hippo- campal neurogenesis – implications for nov- el theories of major 

and this prevalence is even higher in endurance sports and 
amongst elite athletes because of their extensive training pro-
gramme.159 In this condition in order to reach the goal of im-
proved performance the athlete overshoots his/her limits of 
physical capacity. They start presenting with complaints like 
sleep disturbances, loss of weight and appetite, reduced libido, 
irritability, heavy and painful musculature, emotional liability 
and even depression. In one study by Morgan et al it was found 
that its prevalence was higher than 60% along the career of elite 
runners and 38% amongst lower level runners. The milder or 
initial form of this condition is called as overreaching or dis-
tress.158 Its incidence was found to be 30% per training ses-
sion in studies conducted on university swimmers.

Overtraining syndrome is considered when an athlete shows 
a decline in sports performance following or during period of 
intense training which does not improve with short term rest 
of 1 or 2 weeks. Along with symptoms of persistent fatigue, 
sleep disturbances, reduced appetite and libido, sensation of 
painful musculature and mood changes such as apathy, irrita-
bility and depression.159 Along with these symptoms there 
are physiological alterations like reduced maximum heart rate, 
altered lactate measurements such as lactate concentration at 
maximum performance or lactate threshold, reduced nocturnal 
epinephrine secretion, changes in testosterone: cortisol ratio, 
immunological alterations leading to infections of upper air-
way and changes in serum markers such as creatine kinase and 
urea.160-164 According to Eichner,161 overtraining syndrome 
is “ depression with a new face”. It is observed that athletes with 

overtraining syndrome generally show complete recovery after 
weeks or months.165 However, prolonged inactivity might lead 
to decrease in an individuals performance which might prevent 
their participation in competition, leading to loss of motivation, 
sponsorship, and even retirement. Hence, prevention of over-
training syndrome is the best way to deal with it. Since the reli-
ability of physiological biomarkers is still questionable and do 
not permit early diagnosis166-168, changes in the mood states 
can be used to diagnose overtraining syndrome169. A decrease 
in training load of athletes presenting with initial signs of over-
training syndrome detected by monitoring of mood disturbanc-
es prevents the development of complete syndrome.170

Conclusions
For both psychiatric and nonclinical populations, physical activ-
ity and exercise would seem to offer some benefit. Yet despite 
the great public health importance of this potential benefit, sur-
prisingly few studies meeting acceptable standards of method-
ology have been reported to help explain how physical activity 
and exercise might be useful (a) to reduce morbidity in psychi-
atric populations and (b) to prevent psychological problems and 
even improve mental health in nonclinical populations. Even the 
controlled studies have been short term, involving small sam-
ples, and few studies have addressed possible mechanisms. Our 
knowledge in the area can best be advanced through a variety of 
studies that both address a variety of populations and combine 
excellent psychological and physiological methodology with 
equally careful description and assessment of physical activity 
and exercise.



364 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Volume : 2 | Issue : 7 | July 2013 • ISSN No 2277 - 8179 Research Paper

REFERENCE
depression. Bipolar Dis- ord 2002;4:17–33. | 57. Van Praag H, Kempermann G, Gage FH: Running increases cell proliferation and neurogenesis in 
the adult mouse dentate gy- rus. Nat Neurosci 1999;2:266–270. | 58. Critchley HD, Corfield DR, Chandler MP, et al: Cerebral correlates of auto-

nomic cardio- vascular arousal: a functional neuroimaging investigation in humans. J Physiol 2000;523: 259–270. | 59. Forrester T: Extracellular nucleotides in ex- ercise: possible 
effect on brain metabolism. Physiologist 1979;22:50–58. | 60. Gertz K, Priller J, Kronenberg G, et al: Phys- ical activity improves long-term stroke out- come via endothelial nitric 
oxide synthase- dependent augmentation of neovas- cularization and cerebral blood flow. Circ Res 2006;99:1132–1140. | 61. Duman R: Neurotrophic factors and regula- tion of 
mood: role of exercise, diet and me- tabolism. Neurobiol Aging 2005;26(suppl): S88–S93. | 62. White JA, Ismail AH, Bottoms GD. Effect of physical fitness on adrenocortical response 
to exercise stress. Med Sci Sports Exerc 1976:8:113-118. | 63. Blay S, Andreoli S, Fillenbaum G, et al: De- pression morbidity in later life: prevalence and correlates in a developing 
country. Am J Geriatr Psychiatry 2007;15:790–799. | 64. Stathopoulou G, Powers M, Berry A, et al: Exercise interventions for mental health: a quantitative and qualitative review. 
Clin Psychol Sci Pract 2006;13:180–193. | 65. Frazer CJ, Christensen H, Griffiths KM: Ef- fectiveness of treatments for depression in older people. Med J Aust 2005;182:627–632. | 
66. Craft L, Perna F: The benefits of exercise for the clinically depressed. Prim Care Com- panion J Clin Psychiatry 2004;6:104–111. | 67. Moraes H, Deslandes A, Ferreira C, et al: O 
exercício físico no tratamento da depressão em idosos: revisão. Rev Psiquiatr RS 2007;29: 70–79. | 68. Greist J., Klein M., Eischens R., Faris J., Gurman A. & Morgan W. (1979) Running 
as a treatment for depression. Compr Psychiatry 20, 41–54. | 69. North T.C., McCullagh P. & Tran Z.V. (1990) Effect of exercise on depression. In: Exercise and Sport Sciences Reviews 
(eds Pandolf, K.P. & Holloszy, J.O.), pp. 379–415. Williams & Wilkins, Baltimore. | 70. Blumenthal JA, Babyak MA, Doraiswamy MP, et al: Exercise and pharmacotherapy in the treat-
ment of major depressive disorder. Psychosom Med 2007;69:587–596. | 71. Blumenthal JA, Babyak MA, Moore KA, et al: Effects of exercise training on older pa- tients with major 
depression. Arch Intem Med 1999;159:2349–2356. | 72. Babyak M, Blumenthal JA, Herman S, et al: Exercise treatment for major depression: maintenance of therapeutic benefit at 
10 months. Psychosom Med 2000;62:633–638. | 73. Herman S, Blumenthal JA, Babyak M, et al: Exercise therapy for depression in middle- aged and older adults: predictors of 
early dropout and treatment failure. Health Psy- chol 2002;21:553–563. | 74. Mather AS, Rodriguez C, Guthrie MF, et al: Effects of exercise on depressive symptoms in older adults 
with poorly responsive de- pressive disorder: randomized controlled trial. Br J Psychiatry 2002;180:411–415. | 75. Singh NA, Clements KM, Fiatarone MA: A randomized controlled 
trial of progressive resistance training in depressed elders. J Gerontol A Biol Sci Med Sci 1997;52:M27-M35 | 76. Singh N, Clements K, Singh M: The efficacy of exercise as a long-term 
antidepressant in elderly subjects: a randomized, controlled trial. J Gerontol A Biol Sci Med Sci 2001;56: M497–M504. | 77. Singh N, Stavrinos TM, Scarbek Y, et al: A randomized 
controlled trial of high versus low intensity weight training versus general practitioner care for clinical depression in older adults. J Gerontol 2005;6:768–776 | 78. Dunn A, Trivedi 
M, Kampert J, et al: Exercise treatment for depression efficacy and dose response. Am J Prev Med 2005;28:1–8. | 79. Petruzzello S.J., Landers D.M., Hatfield B.D., Kubitz K.A. & Salazar 
W. (1991) A meta-analysis on the anxiety-reducing effects acute and chronic exercise. Sports Medicine 11, 143– 182. | 80. Blanchard CM, Rodgers WM, Spence JC, Courneya KS. 
Feeling state responses to acute exercise of high and low intensity. J Sci Med Sport 2001;4(1):30-8. | 81. Oweis P, Spinks W. Biopsychological, affective and cognitive responses to 
acute physical activity. J Sports Med Phys Fitness 2001;41(4):528-38. | 82. Shephard RJ. Absolute versus relative intensity of physical activity in a dose-response context. Med Sci 
Sports Exerc 2001;33(6 Suppl):400-18. | 83. Morgan WP, Brown DR, Raglin JS, O’Connor PJ, Ellickson KA. Psychological monitoring of overtraining and staleness. Br J Sports Med 
1987;21(3):107-14. | 84. Morgan WP, Costill DL, Flynn MG, Raglin JS, O’Connor PJ. Mood disturbance following increased training in swimmers. Med Sci Sports Exerc 1988;20(4):408-
14. | 85. O’Connor PJ, Morgan WP, Raglin JS, Barksdale CM, Kalin NH. Mood state and salivary cortisol levels following overtraining in female swimmers. Psychoneuroendocrinology 
1989;14(4):303-10. | 86. Raglin JS, Morgan WP, Luchsinger AE. Mood state and self- motivation in successful and unsuccessful women rowers. Med Sci Sports Exerc 1990;22:849-
53. | 87. Raglin JS, Morgan WP, O’Connor PJ. Changes in mood states during training in female and male college swimmers. Int J Sports Med 1991;12:585-9. | 88. Verde T, Thomas 
SC, Shephard RJ. Potential markers of heavy training in highly trained distance runners. Br J Sports Med 1992;26:167-75. | 89. Berglund B, Safstrom H. Psychological monitoring 
and modulation of training load of world-class canoeists. Med Sci Sports Exerc 1994;26(8):1036-40. | 90. Steinacker JM, Lormes W, Kellmann M, Liu Y, Reissnecker S, Opitz-Gress 
A, et al. Training of junior rowers before world championships. Effects on performance, mood state and selected hormonal and metabolic responses. J Sports Med Phys Fitness 
2000;40(4):327-35. | 91. Peluso MA. Alterações de humor associadas a atividade física intensa. (Tese de doutorado). São Paulo: Universidade de São Paulo; 2003. | 92. Suominen-
Troyer S, Davis KJ, Ismail AH, Salvendy G. Impact of physical fitness on strategy development in decision-making tasks. Percept Mot Skills. 1986; 62:71–77. [PubMed: 3960686] | 
93. Kramer AF, Hahn S, Cohen NJ, Banich MT, McAuley E, Harrison CR, Chason J, Vakil E, Bardell L, Boileau RA, Colcombe A. Ageing, fitness and neurocognitive function. Nature. 1999; 
400:418– 419. [PubMed: 10440369] | 94. Fordyce DE, Farrar RP. Enhancement of spatial learning in F344 rats by physical activity and related learning-associated alterations in 
hippocampal and cortical cholinergic functioning. Behav Brain Res. 1991; 46:123–133. [PubMed: 1664728] | 95. an Praag H, Christie BR, Sejnowski TJ, Gage FH. Running enhances 
neurogenesis, learning, and long-term potentiation in mice. Proc Natl Acad Sci U S A. 1999a; 96:13427–13431. [PubMed: 10557337] | 96. van Praag H, Kempermann G, Gage FH. 
Running increases cell proliferation and neurogenesis in the adult mouse dentate gyrus. Nat Neurosci. 1999b; 2:266–270. [PubMed: 10195220] | 97. Rogers RL, Meyer JS, Mortel 
KF. After reaching retirement age physical activity sustains cerebral perfusion and cognition. J Am Geriatr Soc. 1990; 38:123–128. [PubMed: 2299115] | 98. Lindvall O, Ernfors P, 
Bengzon J, Kokaia Z, Smith ML, Siesjo BK, Persson H. Differential regulation of mRNAs for nerve growth factor, brain-derived neurotrophic factor, and neurotrophin 3 in the adult 
rat brain following cerebral ischemia and hypoglycemic coma. Proc Natl Acad Sci U S A. 1992; 89:648–652. [PubMed: 1731336] | 99. Bohannon RW. Physical rehabilitation in 
neurologic diseases. Curr Opin Neurol. 1993; 6:765–772. [PubMed: 8293149] | 100. Grealy MA, Johnson DA, Rushton SK. Improving cognitive function after brain injury: the use of 
exercise and virtual reality. Archives of Physical Medicine and Rehabilitation. 1999; 80:661–667. [PubMed: 10378492] | 101. Colcombe S, Kramer AF. Fitness effects on the cognitive 
function of older adults: a meta-analytic study. Psychol Sci. 2003; 14:125–130. [PubMed: 12661673] | 102. Neeper SA, Gómez-Pinilla F, Choi J, Cotman CW. Physical activity in-
creases mRNA for brain- derived neurotrophic factor and nerve growth factor in rat brain. Brain Res. 1996; 726:49–56. [PubMed: 8836544] | 103. Gomez-Pinilla F, Ying Z, Roy RR, 
Molteni R, Edgerton VR. Voluntary exercise induces a BDNF- mediated mechanism that promotes neuroplasticity. Journal of Neurophysiology. 2002; 88:2187– 2195. [PubMed: 
12424260] | 104. Vaynman S, Ying Z, Gomez-Pinilla F. Interplay between BDNF and signal transduction modulators in the regulation of the effects of exercise on synaptic-plasticity. 
Neuroscience. 2003; 122:647–657. [PubMed: 14622908] | 105. Vaynman S, Ying Z, Gomez-Pinilla F. Hippocampal BDNF mediates the efficacy of exercise on synaptic plasticity and 
cognition. Eur J Neurosci. 2004; 20:2580–2590. [PubMed: 15548201] | 106. Van Sickle T.D., Hersen M., Simco E.R., Melton M.A. & Van Hasselt V.B. (1996) Effects of physical exercise 
on cognitive functioning in the elderly. International Journal of Rehabilita- tion and Health 2, 67–100. | 107. Etnier J., Salazar W., Landers D.M., Petruzzello S.J., Myungwoo H. & 
Nowell P. (1997) The influence of physical fitness and exercise upon cognitive functioning: a meta analysis. Journal of Sport and Exercise Psychology 19, 249–277. | 108. Teri L, 
Gibbons LE, McCurry SM, et al: Ex- ercise plus behavioral management in pa- tients with Alzheimer disease: a randomized controlled trial. JAMA 2003; 290: 2015– 2022. | 109. 
Rolland Y, Pillard F, Klapouszczak A, et al: Exercise program for nursing home resi- dents with Alzheimer’s disease: a 1-year ran- domized, controlled trial. J Am Geriatr Soc 
2007;55:158–165. | 110. Williams CL, Tappen RM: Effect of exercise on mood in nursing home residents with Alzheimer’s disease. Am J Alzheimers Dis Other Demen 2007;22:389–
397. | 111. Williams CL, Tappen RM: Exercise training for depressed older adults with Alzheimer’s disease. Aging Ment Health 2008;12:72–80. | 112. Hof P, Mobbs C: Functional 
Neurobiology of Aging. New York, Academic Press, 2001. | 113. Cakit BD, Saracoglu M, Genc H, et al: The  effects of incremental speed-dependent treadmill training on postural 
instability and fear of falling in Parkinson’s disease. Clin Rehabil 2007;21:698–705. | 114. Herman T, Giladi N, Gruendlinger L, et al: Six weeks of intensive treadmill training im- 
proves gait and quality of life in patients with Parkinson’s disease: a pilot study. Arch Phys Med Rehabil 2007;88:1154–1158. | 115. Burini D, Farabollini B, Iacucci S, et al: A ran-
domised controlled cross-over trial of aerobic training versus Qigong in advanced Parkinson’s disease. Eura Medicophys 2006; 42:231–238. | 116. Miyai I, Fujimoto Y, Ueda Y, et al: 
Treadmill training with body weight support: its effect on Parkinson’s disease. Arch Phys Med Re- habil 2000;81:849–852. | 117. Bergen JL, Toole T, Elliott RG 3rd, et al: Aer- obic 
exercise intervention improves aerobic capacity and movement initiation in Parkin- son’s disease patients. NeuroRehabilitation 2002;17:161–168. | 118. Nieuwboer A, Kwakkel G, 
Rochester L, et al: Cueing training in the home improves gait- related mobility in Parkinson’s disease: the RESCUE trial. J Neurol Neurosurg Psychia- try 2007;78:134–140. | 119. 
Baatile J, Langbein WE, Weaver F, et al: Ef- fect of exercise on perceived quality of life of individuals with Parkinson’s disease. J Reha- bil Res Dev 2000;37:529–534. | 120. Reuter I, 
Engelhardt M, Stecker K, et al: Therapeutic value of exercise training in Parkinson’s disease. Med Sci Sports Exerc 1999;31:1544–1549. | 121. Schenkman M, Cutson TM, Kuchib-
hatla M, et al: Exercise to improve spinal flexibility and function for people with Parkinson’s disease: a randomized, controlled trial. J Am Geriatr Soc 1998;46:1207–1216. | 122. 
Comella CL, Stebbins GT, Brown-Toms N, et al: Physical therapy and Parkinson’s disease: a controlled clinical trial. Neurology 1994; 44:376–378. | 123. Lun V, Pullan N, Labelle N, et 
al: Compari- son of the effects of a self-supervised home exercise program with a physiotherapist-su- pervised exercise program on the motor symptoms of Parkinson’s disease. 
Mov Dis- ord 2005;20:971–975. | 124. Ashburn A, Fazakarley L, Ballinger C, et al: A randomised controlled trial of a home based exercise programme to reduce the risk of falling 
among people with Parkinson’s disease. J Neurol Neurosurg Psychiatry 2007; 78:678–684. | 125. Protas EJ, Mitchell K, Williams A, et al: Gait and step training to reduce falls in 
Parkin- son’s disease. NeuroRehabilitation 2005;20: 183–190. | 126. De Paula F, Teixeira-Salmela LF, Faria CD, et al: Impact of an exercise program on physi- cal, emotional, and 
social aspects of quality of life of individuals with Parkinson’s dis- ease. Mov Disord 2006;21:1073–1077. | 127. Dibble LE, Hale TF, Marcus RL, et al: High- intensity resistance train-
ing amplifies mus- cle hypertrophy and functional gains in per- sons with Parkinson’s disease. Mov Disord 2006;21:1444–1452. | 128. Thacker EL, Chen H, Patel AV, et al: Recre- 
ational physical activity and risk of Parkin- son’s disease. Mov Disord 2008;23:69–74. | 129. 58 Garber CE, Friedman JH: Effects of fatigue on physical activity and function in pa-
tients with Parkinson’s disease. Neurology 2003; 60:1119–1124. | 130. Goede CJ, Keus SH, Kwakkel G, et al: The ef- fects of physical therapy in Parkinson’s dis- ease: a research 
synthesis. Arch Phys Med Rehabil 2001;82:509–515. | 131. Hirsch M, Toole T, Maitland C, et al: The ef- fects of balance training and high-intensity resistance training on persons 
with idio- pathic Parkinson’s disease. Phys Med Reha- bil 2003;84:1109–1117. | 132. Faulkner G. & Sparkes A. (1999) Exercise as therapy for Schizo- phrenia: an ethnographic 
study. Journal of Sport and Exercise Psychology 21, 52–69. | 133. Greenspan M, Fitzsimmons P, Biddle S. Aspects of psychology in sports medicine. Br J Sports Med 1991;25(4):178-
80. | 134. Spieker MR. Exercise dependence in a pregnant runner. J Am Board Fam Pract 1996;9(2):118-21. | 135. Bamber D, Cockerill IM, Carroll D. The pathological status of exer-
cise dependence. Br J Sports Med 2000;34(2):125-32. | 136. de Coverly Veale DMW. Exercise dependence. Br J Addict 1987;87:735-40. | 137. Blumenthal JA, O’Toole LL, Chang JL. 
Is running an analogue of anorexia nervosa? An empirical study of obligatory running and anorexia nervosa. JAMA 1984;252:520-3. | 138. Davis C, Fox J. Excessive exercise and 
weight preoccupation in women. Addict Behav 1993;18(2):201-11. | 139. Anderson SJ, Basson CJ, Geils C. Personality style and mood states associated with a negative addiction to 



IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 365 

Volume : 2 | Issue : 7 | July 2013 • ISSN No 2277 - 8179Research Paper

REFERENCE
running. Sports Med 1997;4:6-11. | 140. Taylor WN. Hormonal manipulation: a new era of monstrous athletes. Jefferson (NC): McFarland; 1985. 
| 141. Pope HG Jr, Katz DL, Hudson JI. Anorexia nervosa and “reverse anorexia” among 108 male bodybuilders. Compr Psychiatry 1993;34:406-9. 

| 142. Blouin AG, Goldfield GS. Body image and steroid use in male bodybuilders. Int J Eating Disord 1995;18:159-65. | 143. Drewnowski A, Kurth CL, Krah DD. Effects of body image 
on dieting, exercise, and anabolic steroid use in adolescent males. Int J Eat Disord 1995;17:381-6. | 144. Pope HG Jr, Gruber AJ, Choi P, Olivardia R, Phillips K. Muscle dysmorphia: an 
underrecognized form of body dysmorphic disorder. Psychosomatics 1997;38:548-557. | 145. Olivardia R, Pope, Harrison G Jr, Hudson JI. Muscle dysmorphia in male weightlifters’: 
a case-control study. Am J Psychiatry 2000;157(8):1291-6. | 146. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 4th ed. Washington (DC): 
American Psychiatric Association; 1994. | 147. Pope HG Jr, Kouri EM, Powell KF, Campbell C, Katz DL. Anabolic-androgenic steroid use among 133 prisoners. Compr Psychiatry 
1996;37:322-7. | 148. Pope HG Jr, Katz DL. Affective and psychotic symptoms associated with anabolic steroid use. Am J Psychiatry 1988;145:487-90. | 149. Perry PJ, Yates WR, 
Andersen KH. Psychiatric symptoms associated with anabolic steroids: a controlled, retrospective study. Ann Clin Psychiatry 1990;2:11-7. | 150. Bahrke MS, Wright JE, Strauss RH, 
Catlin DH. Psychological moods and subjectively perceived behavioral and somatic changes accompanying anabolic-androgenic steroid use. Am J Sports Med 1992;20:717-24. | 
151. Pope HG Jr, Katz DL. Psychiatric and medical effects of anabolic- androgenic steroid use: a controlled study of 160 athletes. Arch Gen Psychiatry 1994;51:375-82. | 152. Peluso 
MA, Assunção S, Araújo LA, Andrade L. Alterações psiquiátricas associadas ao uso de anabolizantes. Rev Psiquiat Clín 2000;27(4): 229-36. | 153. Brower KJ. Anabolic steroids. 
Psychiatr Clin North Am 1993;16:97-103. | 154. Petibois C, Cazorla G, Poortmans JR, Deleris G. Biochemical aspects of overtraining in endurance sports: a review. Sports Med 
2002;32(13):867-78. | 155. Budgett R. Overtraining syndrome. Br J Sports Med 1990;24(4):231-6. | 156. .Budgett R, Newsholme E, Lehmann M, Sharp C, Jones D, Jones T, et al. 
Redefining the overtraining syndrome as the unexplained underperformance syndrome. Br J Sports Med 2000;34(1):67-8. | 157. Hooper SL, Mackinnon LT, Gordon RD, Bachmann 
AW. Hormonal responses of elite swimmers to overtraining. Med Sci Sports Exerc 1993;25:741-7. | 158. Raglin JS, Morgan WP. Development of a scale for use in monitoring training-
induced distress in athletes. Int J Sports Med 1994;15(2):84-8. | 159. Mackinnon LT. Overtraining effects on immunity and performance in athletes. Immunol Cell Biol 
2000;78(5):502- 9. | 160. Smith C, Kibry P, Noakes TD. The worn out athlete: a clinical approach to chronic fatigue in athletes. J Sports Sci 1997;15:341-51. | 161. Urhausen A, Kin-
dermann W. Diagnosis of overtraining: what tools do we have? Sports Med 2002;32(2):95-102. | 162. Lehmann M, Schnee W, Scheu R, Stockhausen W, Bacl N. Decreased nocturnal 
catecholamine excretion: parameter for an overtraining syndrome in athletes. Int J Sports Med 1992;13:236-42. | 163. Snyder AC, Kuipers H, Cheng B, Servais RM, Fransen E. 
Overtraining following intensified training with normal muscle glycogen. Med Sci Sports Exerc 1995;27:1063-70. | 164. Urhausen A, Gabriel HH, Welier B, Kindermann W. Ergomet-
ric and psychological findings during overtraining: a long-term follow-up study in endurance athletes. Int J Sports Med 1998;19:114-20. | 165. Zavorsky GS. Evidence and possible 
mechanisms of altered maximum heart rate with endurance training and tapering. Sports Med 2000;29:13-26. | 166. Mackinnon LT, Hooper SL, Jones S, Gordon RD, Bachmann AW. 
Hormonal, immunological, and hematological responses to intensified training in swimmers. Med Sci Sports Exerc 1997;29:1637-45. | 167. Foster C. Monitoring training in athletes 
with reference to overtraining syndrome. Med Sci Sports Exerc 1998;30(7):1164-8. | 168. Hartmann U, Mester J. Training and overtraining markers in selected sport events. Med 
Sci Sports Exerc 2000;32(1):209- 15. | 169. Eichner E. Chronic fatigue syndrome: searching for the cause and treatment. Phys Sportsmed 1989;17(6):142-52. | 170. Koutedakis Y, 
Budgett R, Faulmann L. Rest in underperforming elite athletes. Br J Sports Med 1990;24(4):248-52 | 


