
 

Psychophysiological Effects of Yoga 
 

 
 
 
 
 
 
 

Compiled by: 
  

Trisha Lamb 
Associate Director 

 
 
 
 
 
 
 
 
 
 
 
 
 

Last Revised: August 29, 2004 
 
 
 

© 2004 by International Association of Yoga Therapists (IAYT) 
 
 
 
 

 
 

International Association of Yoga Therapists 
P.O. Box 2513  •  Prescott  •  AZ 86302  •  Phone: 928-541-0004 

E-mail: mail@iayt.org  •  URL: www.iayt.org 
 

The contents of this bibliography do not provide medical advice and should not be so interpreted. Before 
beginning any exercise program, see your physician for clearance.



 2

 
NOTE: Some basic psychological research is included in this bibliography, but see the extensive 
“Psychology and Psychotherapy” bibliography for a complete list of citations. 
 
 
Abhang, R. Y. Updating yoga for healthy living. Souvenir, Conference on Yoga Update, 
held at Kaivalyadhama, Bombay, India, 1996, pp. 92-96. 
 
Abrams, A. I. Paired-associate learning and recall: A pilot study of the Transcendental 
Meditation program. In D. W. Orme-Johnson and J. T. Farrow, eds., Scientific Research 
on the Transcendental Meditation Program: Collected Papers, Vol. 1. New York: 
M.E.R.U. Press, 1977, pp. 377-381. 
 
___________. The effects of meditation on elementary school students. Dissertation 
Abstracts International, 1977, 37(9-A):5689. 
 
A comparison of the autonomic changes during three relaxation procedures. Swami 
Vivekananda Yoga Research Foundation, http://www.vkyogas.org.in. 
 
A comparison of the physiological effects of savasana with supine guided relaxation. 
Swami Vivekananda Yoga Research Foundation, http://www.vkyogas.org.in. 
 
A comparison of the psychophysiological effects of three relaxation procedures. 
Swami Vivekananda Yoga Research Foundation, http://www.vkyogas.org.in. 
 
Adhyatmananda, Swami. Yoga: Advantages and suggestions. Article available online: 
http://www.divyajivan.org/yoga&health/. 
 
Agrawal, R. C., N. Dikshit, R. Maheshwari, S. Bose, and B. N. Bisariya. Effect of 
Shavasana on vascular response to cold pressure test, serum cholesterol level and platelet 
stickiness in hyper-reactors. Indian Heart Journal, 1977, 29(4):182-185. 
 
Agte, Vaishali, and Shashi Chiplonkar. Thermic responses to vegetarian meals and 
yogic exercise. Annals of Nutrition and Metabolism, 1992. 36(3):141-147. 
 
Abstract: The thermic effect (TEF) of vegetarian meals was easured for breakfast and 
lunch in 6 lean healthy men (18-25 years) during normal feeding (NF) and with 20% 
overfeeding (OF) on 28 successive days. The energy contents of breakfast were 223 +- 10 
and 330 +- 48 kcal, and those of lunch were 1,033 +- 22- and 1,247 +- 222 kcal in NF 
and OF, respectively. In NF, the TEF per 180 min was 32.7 +- 8.6 and 54.8 +- 6.3 kcal 
for breakfast and lunch, respectively. In oF, the TEF was 38.3 +- 8.3 kcal for breakfast 
and 57.2 +- 5.4 kcal for lunch. The increase in total TEF due to OF was nonsignificant (p 
< 0.2). In response to 20% OF, adaptive thermogenesis was manifested mainly through 
an increase in the resting metabolic rate of 4.9% (p < 0.001). In both feeding regimes, the 
percent TEF was higher for breakfast than for lunch (p < 0.05). Regression analysis of 
TEF versus calorie load indicated a stable component of 42 kcal with a 2% rate of 
increase. Yoga exercises were performed from 16.00 to 17.00 daily. The thermic effect of 
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yoga exercises observed from 17.10 to 18.30 was 21 kcal and persisted beyond 90 min, 
indicating the role of yoga in energy metabolism. 
 
Ahuja, M. M. S., M. G. Karmarkar, and S. Reddy. TSH, LH, cortisol response to 
TRH and LH-RH and insulin hypoglycemia in subjects practicing Transcendental 
Meditation. Indian Journal of Medical Research, 1981, 74:715-720. 
 
Akers, T. K., D. M. Tucker, R. S. Roth, et al. Personality correlates of EEG change 
during meditation. Psychological Reports, 1977, 40(2):439-442. 
 
Akishige, Yoshiharu. Psychological studies on Zen. Bulletin of the Faculty of Literature 
of Kyushu University (Japan), 1968, no. 5. The Zen Institute, Komazawa University, 
Komoazawa 1, Setagaya-Ku, Tokyo, Japan. 
 
___________. Psychological Studies of Zen II. Tokyo: Komazawa University, 1977. 
 
Albert, I. B., and B. McNeece. The reported sleep characteristics of meditators and 
nonmeditators. Bulletin of the Psychonomic Soiety, 1974, 3(1B):73-74. 
 
Alexander, Charles N. Ego development, personality and behavioral change in inmates 
practicing the Transcendental Meditation technique or participating in other programs: A 
cross-sectional and longitudinal study. Ph.D. dissertation. Harvard University, 1982. 
Dissertation Abstracts International, 1982, 43:539B. 
 
___________, P. Robinson, D. W. Orme-Johnson, et al. Effects of Transcendental 
Meditation compared to other methods of relaxation and meditation in reducing risk 
factors, morbidity, and mortality. Homeostasis, 1994, 35(4-5):243-263. 
 
Allen, Christine P. Effects of Transcendental Meditation, electromyographic (EMG) 
biofeedback relaxation, and conventional relaxation on vasoconstriction, muscle tension, 
and stuttering: A quantitative comparison. Dissertation Abstracts International, 1979, 
(40), 689B. Ph.D., University of Michigan. Collected Papers v4.298.  
 
The data obtained in this investigation indicate that further research in the application of 
Transcendental Meditation as an adjunct therapy with stutterers is warranted. 
 
Allison, J. Respiratory changes during the practice of the technique of Transcendental 
Meditation. Lancet, 1970, no. 7651:833-834. 
 
Anand, B. K., and G. S. Chhina. Investigations on yogis claiming to stop their heart 
beats. Indian Journal of Medical Research, 1961, 49:90-94. 
 
___________, G. S. Chhina, and B. Singh. Some aspects of electroencephalographic 
studies in yogis. Electroencephalography and Clinical Neurophysiology, 1961, 13:452-
456. Also in D. H. Shapiro, and R. N. Walsh, eds., Meditation: Classic and 
Contemporary Perspectives. New York: Aldine Publishing, 1984, pp. 475-479. Also in 
Charles Tart, Altered States of Consciousness. New York: John Wiley& Sons, 1969. 
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___________, G. S. Chhina, and B. Singh. Studies on Shri Ramanand Yogi during his 
stay in an air tight box. Indian Journal of Medical Research, 1961, 49:82-89. 
 
___________, et al. Some electrographic observations in yogis. Indian Journal of 
Physiology and Pharmacology, 1960, 42:112-113. 
 
Anandamitra Acarya, Avadhutika. Physiological benefits of asanas. In Avadhutika 
Anandamitra Acarya, Yoga for Health. 2d ed. Paco, Manila, Philippines: Ananda Marga 
Publications, 1990, pp. 16-34. 
 
Anantharaman, V. Yoga as a prophylactic health care. Yoga-Mimamsa, 1989, 28(1):53-
57. 
 
___________, and Sarada Subrahmanyam. Physiological benefits in hatha yoga 
training. The Yoga Review, 1983, 3(1):9-24. 
 
Anita, Patil. Effects of tones and phonetics on the higher functions of the brain. In H. R. 
Nagendra, R. Ragarathna, and S. Telles, Yoga Research & Applications: Proceedings of 
the 5th International Conference on Frontiers in Yoga Research and Applications. 
Bangalore, Vivekananda Kendra Yoga Research Foundation, 2000, p. 90. 
 
Arambula, P.,  E. Peper, M. Kawakami, and  K.H. Gibney. The physiological 
correlates of Kundalini Yoga meditation: A study of a yoga master. Applied 
Psychophysiol Biofeedback, Jun  2001, 26(2):147-153. PMID: 11480165. 
 
Abstract: This study explores the physiological correlates of a highly practiced Kundalini 
Yoga meditator. Thoracic and abdominal breathing patterns, heart rate (HR), occipital 
parietal electroencephalograph (EEG), skin conductance level (SCL), and blood volume 
pulse (BVP) were monitored during prebaseline, meditation, and postbaseline periods. 
Visual analyses of the data showed a decrease in respiration rate during the meditation 
from a mean of 11 breaths/min for the pre- and 13 breaths/min for the postbaseline to a 
mean of 5 breaths/min during the meditation, with a predominance of 
abdominal/diaphragmatic breathing. There was also more alpha EEG activity during the 
meditation (M = 1.71 microV) compared to the pre- (M = .47 microV) and postbaseline 
(M = .78 microV) periods, and an increase in theta EEG activity immediately following 
the meditation (M = .62 microV) compared to the pre-baseline and meditative periods 
(each with M = .26 microV). These findings suggest that a shift in breathing patterns may 
contribute to the development of alpha EEG, and those patterns need to be investigated 
further. 
 
Arenander, A. Neurophysiological model of transcending. Paper presented at Maharishi 
International Univeristy Neuroscience Conference, Fairfield, Iowa, 1980. 
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Aron, A., D. W. Orme-Johnson, and P. Brubaker. The TM program in the college 
curriculum: A four-year longitudinal study of effects on cognitive affective functioning. 
College Student Journal, 1981, 15(2):140-146. 
 
Aroor, A. S., S. Rao, P. L. N. Rao, and K. K. Bhatt. Effect of yogic practices on 
biological markers of ageing. In R. C. Sawhney, K. Sridharan, and W. Selvamurthy, eds., 
Physiology of Human Performance. Delhi, India: DIPAS, 1990, pp. 156-165. 
 
Arpita (Joan Harrigan). Physiological and psychological effects of Hatha Yoga: A 
review of the literature. Research Bulletin Himalayan International Institute, 1983, 5:25-
43. Reprinted in the Journal of The International Association of Yoga Therapists, 1990, 
1(I & II). 
 
Aslan, U. B., and A. Livanelioglu. Effects of hatha yoga training on aerobic power and 
anaerobic power in healthy young adults. Fizyoterapi Rehabilitasyon, Apr 2002, 
13(1):24-30. 
 
Abstract: Purpose: This clinical study was carried out with the aim of investigating 
whether Hatha Yoga (HY) training affects aerobic and anaerobic power in healthy young 
adults. Material and method: 33 sedentary, healthy, young adult subjects, aged 18 to 26 
were divided into two groups according to age, sex and activity levels. 10 female and 7 
male (mean 20.06 +/- 2.41 years, range 18-26 years) young adults were trained with 
Hatha Yoga (HYG). The aerobic exercise group (AEG) consisted of 9 female and 7 male 
(mean 19.75 +/- 1.81 years, range 18-26 years) young adults who performed aerobic type 
strength and stretch exercises of at least 60% maximal heart rate or higher. Both training 
programs were given by a supervisor, one hour per day, four days per week, for six 
weeks. Subjects in both groups were assessed by Cooper’s 12 minutes running test for 
cardiovascular endurance and vertical jump test for anaerobic power before and after 
training. Results: Aerobic and anaerobic power increased by 9.8%, 5.5% following HY 
and by 6.6%, 2.3% following aerobic training respectively. A significant increase was 
found in aerobic power and anaerobic power (p < 0.001) in HYG. There was a significant 
increase in aerobic power (p < 0.01) in AEG, while anaerobic power of subjects in AEG 
were consistently higher compared to that of before training, statistically the difference 
was not significant (p > 0.05).  Although there was no substantial differences between the 
groups concerning cardiovascular endurance (p > 0.05), anaerobic power was 
significantly higher (p < 0.05) in the HYG. Conclusion: The results of this study suggest 
that HY training has positive effects on cardiovascular aerobic and anaerobic power. 
Therefore HY could be an exercise option for enhancing aerobic and anaerobic power in 
young adults. 
 
Asrani, U. A. Brain research is more fundamental than research in consciousness, 
siddhis, samadhis and sex-raptures. In U. A. Asrani, Yoga Unveiled, Part Two. Delhi, 
India: Motilal Banarsidass, 1993, pp. 248-250. 
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Auriol, Bernard M. Approche neuro-physiologique de la méditation. Paper presented at 
Entretiens de Toulouse (E.N.A.C.), consacrés à l'équilibre Corps-Esprit, organisés par 
l’Association Zen Midi-Pyrénées. [In French.] 
 
___________. Les effets psychologiques de la Méditation Transcendantale: Iinterview 
par J. R. Nadal. France Culture, Sep 1977. [In French.] 
 
___________. Effets de la technique de Méditation Transcendantale sur les névroses et 
les psychoses. Paper presented at Symposium International Science et Conscience, 
MERU, Paris, Dec 1978. [In French.] 
 
___________. Le hatha-yoga. In Bernard Auriol, Introduction aux Méthodes de 
Relaxation. Privat - Toulouse,1979, 1987. Article available online: 
http://auriol.free.fr/yogathera/Relaxation/yoga.htm. [In French.] 
 
___________. La Meditation Transcendantale et las technique de Benson. In Bernard 
Auriol, Introduction aux Méthodes de Relaxation. Privat - Toulouse,1979, 1987. Article 
available online: http://auriol.free.fr/yogathera/Relaxation/mt.htm. [In French.] 
 
Austin, James H. Consciousness evolves when the self dissolves. In Jensine Andresen 
and Robert K. C. Forman, eds., Cognitive Models and Spiritual Maps: Interdisciplinary 
Explorations of Religious Experience. Thorverton, England: Imprint Academic, 2000. 
 
Abstract: We need to clarify at least four aspects of selfhood if we are to reach a better 
understanding of consciousness in general, and of its alternate states.  
     First, how did we develop our self-centred psychophysiology? Second, can the four 
familiar lobes of the brain alone serve, if only as preliminary landmarks of convenience, 
to help understand the functions of our many self-referent networks? Third, what could 
cause one’s former sense of self to vanish from the mental field during an extraordinary 
state of consciousness? Fourth, when a person’s physical and psychic self do drop off 
briefly, how has conscious experience then been transformed? In particular, what 
happens to that subject’s personal sense of time?  
     Our many-sided self arose in widely distributed brain networks. Since infancy, these 
self-oriented circuits have been over-conditioned by limbic biases. Selfhood then seems 
to have evolved along lines suggesting at least in shorthand the operations of a kind of ‘I–
Me–Mine’ complex.  
     But what happens when this egocentric triad briefly dissolves? Novel states of 
consciousness emerge. Two personally-observed states are discussed: (1) insight-wisdom 
(kensho-satori); (2) internal absorption. How do these two states differ 
phenomenologically? The physiological processes briefly suggested here emphasize 
shifts in deeper systems, and pivotal roles for thalamo-cortical interactions in the front 
and back of the brain. 
 
___________. Zen and the Brain: Toward an Understanding of Meditation and 
Consciousness. Cambridge, Mass.: The MIT Press, 1998. Critiqued by Eleanor Rosch in 
issue no. 54, Dec 2000 – Jan 2001, IONS Noetic Sciences Review for its brain-centric 
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approach that does not allow for a nonlocal reality. See: 
http://www.noetic.org/Ions/publications/r54zen.htm. 
 
Contents: Starting to point toward Zen, Meditating, Neurologizing, Exploring states of 
consciousness, Quickening, Turning in: The absorptions, Turning out: The awakenings, 
Being and beyond: To the stage of ongoing enlightenment 
 
Autonomic changes during the practice of headstand (sirsasana). Bangalore, India: 
Vivekananda Kendra Yoga Prakashana, 1996-1997. 
 
Avorn, J., and H. Benson. Decreased variability of plasma cortisol in subjects practicing 
a relaxation technique. Clinical Research, 1973, 21:959. 
 
Backon, J. Changes in blood glucose levels induced by different forced nostril breathing, 
a technique which affects brain hemisphericity and autonomic activity. Medical Science 
Research, 1988, 16:1197-1199. Also in Brain and Cognition, Jan 1990, 12(1):155-7. 
PMID: 2297432. 
 
Abstract: Asymmetrical shoulder, thoracic and buttock pressure affect ipsilateral nasal 
resistance, autonomic tone, and hemisphericity. This factor must be taken into 
consideration when conducting psychological experimentation, and, in fact, may have 
confounded much prior research. 
 
Badawi, K., R. K. Wallace, and D. Orme-Johnson, et al. Electrophysiologic 
characteristics of respiratory suspension periods occurring during the practice of the 
Transcendental Meditation program. Psychosomatic Medicine, 1984, 46(3):267-276. 
 
Bagchi, B. K., and M. A. Wenger. Electro-physiological correlates of some yogic 
exercises. Electroencephalography and Clinical Neurophysiology, Suppl, 1957, 7:132-
149. 
 
Some excerpts from the findings and discussion: “an extreme slowing of respiration rate 
4 to 6 per minute . . .more than 70% increase of palmar electrical resistance but without 
change in basic waking EEG and EKG patterns . . . heart slowing (24 per minute) through 
particular maneuvers . . . physiologically Yogic meditation represents deep relaxation of 
the autonomic nervous system without drowsiness or sleep and a type of cerebral activity 
without highly accelerated electro-physiological manifestation but probably with more or 
less insensibility to some outside stimuli for a short or long time.” 
 
___________. Simultaneous EEG and other recordings during some yogic practices. 
Electroencephalography and Clinical Neurophysiology, 1958, 10:193. 
 
Bagga, O. P. , and A. Gandhi. A comparative study of the effect of Transcendental 
Meditation (T.M.) and Shavasana practice on the cardiovascular system. Indian Heart 
Journal, Jan 1983, 35(1):39-45. 
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This study was designed “to evaluate the effect of Transcendental Meditation and 
Shavasana practice on blood pressure, radial and carotid pulse, ECG, EMG and skin 
resistance.” 
 
___________, A. Gandhi, and S. Bagga. A study of the effect of Transcendental 
Meditation and yoga on blood glucose, lactic acid, cholesterol and total lipids. Journal of 
Clinical Chemistry and Clinical Biochemistry, 1981, 19(8):607-608. 
 
Baker, M. A. The effects of hatha yoga and self-recording on trait anxiety and locus of 
control. Doctoral dissertation, United States International University, 1979. Dissertation 
Abstracts International, 1980, 41:680B. 
 
Bakker, R. Decreased respiratory rate during the Transcendental Meditation technique: 
A replication. In D. W. Orme-Johnson and J. T. Farrow, eds., Scientific Research on the 
Transcendental Meditation Program: Collected Papers, Vol. 1. New York: M.E.R.U. 
Press, 1977, pp. 140-141. 
 
Balasubramanian, B., and M. S. Pansare. Effect of yoga on aerobic and anaerobic 
power of muscles. Indian Journal of Physiology and Pharmacology, 1991, 35(4):281-
282. 
 
Ball, O. E. The effect of TM and the TM-Sidhi Program on verbal and figural creativity 
(TTCT), auditory creativity (S and I), and hemispheric dominance (SOLAT). Doctoral 
dissertation, University of Georgia, 1980. 
 
Balodhi, J. P., and Jaswinder Singh. Brain functions: A comparative overview of the 
modern and the ancient Indian thoughts. Yoga Life, Dec 1997, 28(12):13-19. Reprinted 
from NIMHANS Journal. 
 
Banquet, Jean-Paul. EEG and meditation. Electroencephalography and Clinical 
Neurophysiology, 1972, 33:454. 
 
___________. Spectral analysis of the EEG in meditation. Electroencephalography and 
Clinical Neurophysiology, 1973, 35:143-151. Also in D. H. Shapiro, and R. N. Walsh, 
eds., Meditation: Classic and Contemporary Perspectives. New York: Aldine Publishing, 
1984, pp. 493-501. 
 
___________, and Maurice Sailhan. EEG analysis of spontaneous and induced states of 
consciousness. In D. W. Orme-Johnson and J. T. Farrow, eds., Scientific Research on the 
Transcendental Meditation Program: Collected Papers, Vol. 1. New York: M.E.R.U. 
Press, 1977, pp. 165-172. Also published in French: Analyse E.E.G. d’etats de 
conscience induits et spontanes, Revue d’Electroencephalographie et de 
Neurophysiologie Clinique, 1974, 4:445-453. 
 
___________, and Maurice Sailhan. Quantified EEG spectral analysis of sleep and 
Transcendental Meditation. In D. W. Orme-Johnson and J. T. Farrow, eds., Scientific 
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Research on the Transcendental Meditation Program: Collected Papers, Vol. 1. New 
York: M.E.R.U. Press, 1977, pp. 182-186. 
 
Bardo, Boris de. L’Iridonevraxologie dans la Physiologie de l’Acupuncture et du Yoga. 
Rueil-Malmaison, 1974. [In French.] 
 
Barnes, V. A., F. A. Treiber, and H. Davis. Impact of Transcendental Meditation on 
cardiovascular function at rest and during acute stress in adolescents with high normal 
blood pressure. Journal of Psychosomatic Research, Oct 2001, 51(4):597-60. Author 
email: vbarnes@mail.mcg.edu. PMID: 11595248. 
 
OBJECTIVE: This study examined the impact of the Transcendental Meditation (TM) 
program on cardiovascular (CV) reactivity in adolescents with high normal BP. 
METHOD: Thirty-five adolescents [34 African Americans (AAs), 1 Caucasian American 
(CA); ages 15-18 years] with resting systolic blood pressure (SBP) between the 85th and 
95th percentile for their age and gender on three consecutive occasions, were randomly 
assigned to either TM (n=17) or health education control (CTL, n=18) groups. The TM 
group engaged in 15-min meditation twice each day for 2 months including sessions 
during school lunch break. Primary CV outcome measures were changes in blood 
pressure (BP), heart rate (HR), and cardiac output (CO) at rest and in response to two 
laboratory stressors, a simulated car driving stressor and an interpersonal social stressor 
interview. RESULTS: The TM group exhibited greater decreases in resting SBP (P<.03) 
from pre- to postintervention, compared to the CTL group. The TM group exhibited 
greater decreases from pre- to postintervention in SBP, HR, and CO reactivity (P's<.03) 
to the simulated car driving stressor, and in SBP reactivity (P<.03) to the social stressor 
interview. CONCLUSION: The TM program appears to have a beneficial impact upon 
CV functioning at rest and during acute laboratory stress in adolescents at-risk for 
hypertension. 
 
___________, Frank A. Treiber, J. Rick Turner, Harry Davis, and William B. 
Strong. Acute effects of Transcendental Meditation on hemodynamic functioning in 
middle-aged adults. Psychosomatic Medicine, Jul/Aug 1999, 61(4):525-531. Abstract 
available online: http://www.psychosomatic.org/v61n899.html#525. 
 
Objective: Increased peripheral vasoconstriction (ie, total peripheral resistance, or TPR) 
has been implicated as playing an important role in the early development of essential 
hypertension. Some studies have demonstrated that Transcendental Meditation (TM) 
reduces high blood pressure, but the hemodynamic adjustments behind these blood 
pressure reductions have not been elucidated. The aim of this study was to provide a 
preliminary investigation of the acute effects of TM on TPR.  
 
Bauhofer, V. Physiological cardiovascular effects of the Transcendental Meditation 
technique. Was scheduled for inclusion in Scientific Research on the Transcendental 
Meditation Program: Collected Papers, Vol. 2. Rheinweller, Germany: Maharishi 
European Research University Press, publication date unknown. Doctoral dissertation, 
Julius-Maximilian University, Wurzburg, Germany, 1978. 
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Bauman, Alisa. Is yoga enough to keep you fit? Yoga Journal, Sep/Oct 2002, pp. 84-91, 
158. 
 
“Many yogis wonder if they need to supplement their yoga practice with weight-training 
or aerobic exercise like running to stay in shape. To investigate, Yoga Journal headed to 
a university sports medicine lab [at the University of California at Davis] to test three 
yogis for strength, endurance, flexibility, and lung capacity.” 
 
Flexibility: The yogis “compare favorably with top performers who train for maximum 
flexibility in fields like gymnastics and ballet.” 
 
Body composition: “According to skinfold measurements taken with calipers, all three 
yogis had body fat ratios and body mass indices comparable to those of elite endurance 
athletes like top marathoners and bicyclists.” 
 
Muscular strength, endurance, and balance: Based on Biodex tests or elbow and knee 
flexion and extension, measuring maximum force exerted, muscle endurance, and muscle 
balance—both between the right and left sides and between agonist and antagonist 
muscles, “the yogis scored mostly in or near the normal ranges.” 
 
Lung capacity: Using a spirometer, two of the yogis perfomed within a few percentage 
points of the norm and one performed better than the norm. 
 
Cardiorespiratory fitness: “All three yogis produced . . . VO2max measurements in the 
same range as fairly active athletes.” 

Beary, F., and H. Benson. A simple psychologic technique which elicits the 
hypometabolic changes of the relaxation response. Psychosomatic Medicine, 1974, 
36(2):115-120. (A meditation technique based on Transcendental Meditation.) 
 
Becker, D. E., and D. Shapiro. Physiological responses to clicks during zen, yoga, and 
TM meditation. Psychophysiology, 1981, 18(6):694-699. 
 
Belaia, N. A. Effect of certain asanas used in the system of yoga on the central nervous 
and cardiovascular system. Vopr Kurortol Fizioter Fiz Kult, May-Jun 1976, 0(3):13-18. 
[In Russian.] 
 
Bena, E., and J. Formanek. The influence of the headstand on EEG, pulse frequency 
and blood pressure. Proceedings Physical Fitness Satellite Symposium, 25th Conference 
on Physiological Science, Prague, 1971. 
 
Benefits of meditation. Article available online: 
http://www.lifepositive.com/Spirit/meditation/index.html.  
 
Benefits of yoga. Article available online: 
http://www.lifepositive.com/Body/yoga/index.html. 
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Bennett, J. E., and Trinder. Hemispheric laterality and cognitive-style associated with 
Transcendental Meditation. Psychophysiology, 1977, 14(3):293-296. Also in D. H. 
Shapiro, and R. N. Walsh, eds., Meditation: Classic and Contemporary Perspectives. 
New York: Aldine Publishing, 1984, pp. 506-509. 
 
Benson, H., T. Dryer, and L. H. Hartley. Decreased oxygen consumption during 
exercise with elicitation of the relaxation response. Journal of Human Stress,1978; 4:38-
42.  
 
___________, M. M. Greenwood, and H. Klemchuk. The relaxation response: 
Psychophysiologic aspects and clinical applications. International Journal of Psychiatry 
in Medicine, 1975; 6:87-98.  
 
___________, J. W. Lehman, M. S. Malhotra, R. F. Goldman, J. Hopkins, and M. D. 
Epstein. Body temperature changes during the practice of g tum-mo (heat) yoga. Nature, 
1982, 295:234-236.  
 
A follow-up study is currently underway using sophisticated equipment to attempt to 
determine the mechanism for g tum-mo. Baseline data has been taken on the three 
Buddhist monks who are the study subjects, including oxygen consumption, carbon 
dioxide elimination, respiratory rate, immunologic measurements, and determination of 
nitric oxide. The monks will be observed for at least six months, and “the scientists will 
try to discover how the monks generate heat by measuring distribution of heat in the body 
and other metabolic changes, production of nitric oxide in the blood, and immunological 
changes.” For more information, see 
http://www.mbmi.org/press/shownews.asp?id=38&type=NB. 
 
___________, M. S. Malhotra, R. F. Goldman, G. D. Jacobs, and P. J. Hopkins. 
Three case reports of the metabolic and electroencephalographic changes during 
advanced Buddhist meditation techniques. Behavioral Medicine, Summer 1990, 
16(2):290-295. PMID: 2194593. 
 
Abstract: To examine the extent to which advanced meditative practices might alter body 
metabolism and the electroencephalogram (EEG), we investigated three Tibetan Buddhist 
monks living in the Rumtek monastery in Sikkim, India. In a study carried out in 
February 1988, we found that during the practice of several different meditative practices, 
resting metabolism (VO2) could be both raised (up to 61%) and lowered (down to 64%). 
The reduction from rest is the largest ever reported. On the EEG, marked asymmetry in 
alpha and beta activity between the hemispheres and increased beta activity were present. 
From these three case reports, we conclude that advanced meditative practices may yield 
different alterations in metabolism (there are also forms of meditation that increase 
metabolism) and that the decreases in metabolism can be striking. 
 
Bera, T. K. Physical exercise, yoga practices and aging brain. Research Journal of 
Sports Medicine and Biomechanics, 1988, 1(1):11-14. 
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___________. Muscular activity in yoga and physical exercise. Research Bi-Annual for 
Movement, 1993, 10(1):53-56. 
 
___________, S. K. Ganguly, and M. L. Gharote. Body type and predictive 
performances in yogic exercises on the basis of research review. Yoga-Mimamsa, 1988. 
27(1&2):13.  
 
___________, M. M. Gore, and J. P. Oak. Recovery from stress in two different 
[nonyogic] postures and in shavasana—a yogic relaxation posture. Indian Journal of 
Physiology and Pharmacology, 1998, 42(4):473–478. 
 
The following review of this study appears in an article by Ralph La Forge entitled 
“Spotlight on Yoga” in the May 2001 issue of IDEA Health and Fitness Source 
(http://www.findarticles.com/cf_0/m0BTW/5_19/74886169/p1/article.jhtml?term=yoga): 
 
Study: Researchers at the Scientific Research Department at Kaivalyadhama S.M.Y.M. 
Samiti in Lonavla, India, compared the efficacy of Shavasana (a yogic relaxation posture) 
and two other postures (resting in a chair and resting in the supine position) as methods of 
recovery from induced physiological stress (treadmill running). 
 
Twenty-one males and six females (age range = 21-30 years) were allowed to rest in one 
of the above postures after completing a treadmill workout. Recovery was assessed by 
measuring resting and exercise recovery heart rate and blood pressure. These factors were 
measured before and every two minutes after the treadmill running until they returned to 
their initial resting levels. 
 
The results revealed that the effects of treadmill exercise stress were reversed in 
significantly (p < 0.01) shorter time with Shavasana than with either of the other two 
resting postures. 
 
Comments: The Shavasana pose (sometimes spelled “Savasana” or called “corpse pose”) 
is often overlooked as an effective yoga pose. Seemingly easy, it is one of the most 
challenging poses in yoga. Shavasana is practiced in a relaxed supine position, feet apart, 
palms facing up to gently open the chest. The neck should be extended. (Placing a folded 
towel underneath the neck is recommended.) What primarily distinguishes Shavasana 
from the other two modes of relaxation used in this study is utilization of the breath. 
Abdominal yogic breathing is sequenced with normal breathing throughout Shavasana. 
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Abstract: Reaction time (RT) is an index of the processing ability of [the] central nervous 
system and a simple means of determining sensory-motor performance. It has been 
reported that yoga training improves human performance including central neural 
processing. Earlier studies from our laboratories have shown that yoga training produces a 
significant decrease in visual reaction time (VRT) and auditory reaction time (ART). The 
present work was planned to determine if mukh bhastrika (a yogic technique in which 
breath is actively blasted out in “whooshes” following a deep inspiration) has any effect on 
central neural processing by studying its effect on RT. 22 healthy schoolboys who were 
practicing yoga for the past three months were recruited for the present study. VRT and 
ART were recorded before and after nine rounds of much bhastrika. Mukh bhastrika 
produced a significant (P<0.01) decrease in VRT as well as ART. A decrease in RT 
indicates an improved sensory-motor performance and enhanced processing ability of 
central nervous system. This may be due to greater arousal, faster rate of information 
processing, improved concentration and/or an ability to ignore extraneous stimuli. This is 
of applied value in situations requiring faster reactivity such as sports, machine operation, 
race driving and specialized surgery. It may also be of value to train mentally retarded 
children and older sports persons who have prolonged RT. 
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The following review of this study appears in an article by Ralph La Forge entitled 
“Spotlight on Yoga” in the May 2001 issue of IDEA Health and Fitness Source 
(http://www.findarticles.com/cf_0/m0BTW/5_19/74886169/p1/article.jhtml?term=yoga): 
 
Study: The vital capacity of the lungs (functional lung volume) is a critical component of 
good health. Vital capacity is an important concern for those with asthma, heart 
conditions or lung ailments; those who smoke; and those who have no known lung 
problems. 
 
Researchers at Ball State University in Muncie, Indiana, studied the effects of yoga poses 
and breathing exercises on vital capacity. The investigators measured lung volume using 
the Spiropet spirometer (an instrument designed specifically for this purpose). 
Determinants were taken near the beginning and end of two 17-week semesters. No 
control group was used. A total of 287 college students (89 men and 198 women) 
enrolled in the yoga training program. 
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Subjects were taught yoga poses, breathing techniques and relaxation in 50-minute class 
meetings twice weekly for 15 weeks. Class adherence was very high (99.96%). The main 
outcome measure was vital capacity over time for asthmatics, smokers and subjects with 
no known lung disease. The large number of subjects--287--was a valid sample for a 
study of this type. 
 
The study showed a statistically significant (p [less than] 0.001) improvement in vital 
capacity across all categories over time. It is not known whether this positive 
improvement was the result of yoga poses, breathing techniques, relaxation or other 
aspects of exercise in the subjects' life. However, these findings were consistent with 
those of other research studies. 
 
Comments: Increases in lung capacity and function are among the trademark benefits of 
yoga exercise as long as it is of sufficient quality and duration and involves a distinct 
yogic breathing component. Earlier studies have demonstrated yoga-induced increases in 
forced expiratory volume in one second (FEV-1), the factor that is perhaps the most 
functional index of lung function. This is an important benefit for those who have 
diminished lung volume and function from emphysema or a sedentary lifestyle. 
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Abstract: Relative nostril efficiency (nasal cycle) is related to hemispheric EEG 
differences and performance on cognitive tasks. We investigated how unilateral forced 
nostril breathing influences spatial and verbal performance. Right-handed males and 
females performed both tasks under either left-nostril, right-nostril, or free-breathing 
conditions. Unilateral breathing affects performance differently in males and females. It 
influences male performance ipsilaterally on both tasks: Their spatial performance is 
better during right-nostril breathing, and their verbal performance is better during left-
nostril breathing. Unilateral breathing influences female performance contralaterally, but 
only on the spatial task: Their spatial performance is better during left-nostril breathing. 
These differences within and between sexes may exist because unilateral nostril breathing 
differentially activates the two hemispheres and thereby facilitates performance, or 
because attempts of the brain to control the nasal cycle unilaterally interfere with 
performance. 
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Abstract: The cardiovascular and behavioral adaptations associated with a 4-month 
program of aerobic exercise training were examined in 101 older men and women (mean 
age = 67 years). Subjects were randomly assigned to an Aerobic Exercise group, a Yoga 
and Flexibility control group, or a Waiting List control group. Prior to and following the 
4-month program, subjects underwent comprehensive physiological and psychological 
evaluations. Physiological measures included measurement of blood pressure, lipids, 
bone density, and cardiorespiratory fitness including direct measurements of peak oxygen 
consumption (VO2) and anaerobic threshold. Psychological measures included measures 
of mood, psychiatric symptoms, and neuropsychological functioning. This study 
demonstrated that 4 months of aerobic exercise training produced an overall 11.6% 
improvement in peak VO2 and a 13% increase in anaerobic threshold. In contrast, the 
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Yoga and Waiting List control groups experienced no change in cardiorespiratory fitness. 
Other favorable physiological changes observed among aerobic exercise participants 
included lower cholesterol levels, diastolic blood pressure levels, and for subjects at risk 
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reflecting sympathetic activity as well), derived from spectral and cross-spectral analysis 
of spontaneous fluctuations in heart rate and blood pressure. Twenty-six (10 women) 
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and the U.S. The first installment of the program has . . . been scheduled to begin 
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ancient practice of Indian yogic science has been recently discovered in Western science 
only in the past several decades, and especially in the last several years has become a 
subject of enormous importance in Western nutritional science, gerontology, and 
medicine and physiology in general. The reason for this intensive focus is the fact that 
CR can significantly retard aging and extend the maximum life-span, and delay or 
prevent the onset of many diseases associated with aging, including cancer, heart disease, 
stroke, Alzheimer’s Disease, Parkinson’s Disease, other major forms of 
neurodegenerative disease, diabetes, arthritis, and other debilitating conditions. 
 
“The essential CR regimen involves a reduction of caloric intake, by between one- and 
two- thirds, while maintaining a comprehensive, balanced nutritional composition: 
‘undernutrition without malnutrition.’ Achievement of this goal is generally facilitated by 
utilization of nutritionally rich, balanced foods such as legumes, milk, and other kinds of 
nutrient-dense foods. Such a regimen results in enhanced physiological functioning on a 
fundamental level, involving enhancement of the immune system, antioxidant defense 
systems, and, as most recently determined, enhancement of growth factor and stem cell 
activity. 
 
“While in Western medical science the discovery of the benefits of the CR regimen are 
currently flourishing as never before - and bringing with them the very tangible, realistic 
notion of dramatic life-span and health-span extension into Western scientific 
consciousness - this knowledge has been a central part of Indian yogic science for 
centuries, and probably millenia. The association of this type of dietary regimen with 
enhanced longevity has continued into modern times, and the yogis I interviewed at the 
Kumbha Mela followed a classic Indian form of CR based on 1-2 small meals a day 
consisting of legumes, milk, and augmented with fresh vegetables and fruit . . . 
 
“The spectacle of the underground (bhugarbha) samadhi that I was privileged to witness 
at the Kumbha Mela camp of Mahayogi Pilot Baba was truly impressive. Performed by 
his student, Yog Mata Keiko Aikawa, a Japanese woman, the yogini was buried in an 
underground pit for 72 hours. She emerged on the afternoon of January 23rd in 
apparently excellent condition after having entered the pit, which was covered over with 
earth, on the afternoon of January 20th.  
 
“The full scientific understanding of this phenomenon awaits an appropriate 
investigation, which has in fact been scheduled for the spring of this year at the 
Columbia-Cornell Medical Center. The practice has been observed and written about for 
centuries by Indians and Westerners, including physicians. An appropriate scientific 
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consideration of the practice must take into account the following: the practice has been 
done in the past under false pretenses, i.e., in some cases a secret tunnel was dug which 
allowed the performer to escape the underground enclosure. Instances of such deception 
have been recorded. In addition, the underground enclosure can be constructed so that, in 
actuality, no special respiratory, metabolic, or other putative yogic abilities are necessary, 
other than the ability to tolerate the tedium and physical discomfort imposed by the 
demonstration (although this may not be designed with the intent to deceive). In such a 
case, the dimensions of the pit, in conjunction with air seepage through the soil, allows 
for enough oxygen to make survival possible without such reputed yogic abilities. 
However, these considerations do not fully explain the bhugarbha samadhi practice, as 
several previous preliminary clinical investigations, including by members of our own 
research team, have shown that dramatic voluntary control over respiration and 
metabolism may in fact be involved. In these several studies, the yogis agreed to perform 
the samadhi under controlled conditions while being monitored. In these several cases, 
the yogis demonstrated an unprecedented voluntarily-induced state of profound 
hypometabolism, ranging from 40-64% below resting baseline. Such states are generally 
only encountered in profoundly hypothermic individuals close to death. 
 
“Furthermore, Mahayogi Pilot Baba has purportedly demonstrated the more extreme 
variation of this practice, the underwater or jala samadhi, for four. If such a feat proves 
to be possible under controlled conditions - as is soon to be tested - this indeed would 
constitute a revolution in Western physiological science. Such a feat would require, 
among a number of critical adaptations, the survival of extended respiratory suspension 
and circulatory arrest. Although human survival of circulatory arrest for briefer durations 
has been conclusively documented - in, for example, cases of medically induced 
hypothermia for surgery and cold-water near-drownings - the voluntary induction and 
survival of such a phenomenon is scientifically unprecedented. (See Bushell, in 
preparation, for comprehensive review of this data and discussion of allegedly 
demonstrated heart-stopping by yoga practitioners. On the genetic relevance of 
hibernation for primates, including humans, see Andrews et al 1998, Srere et al 1992). 
The study of this phenomenon, as mentioned, is scheduled to be conducted at the 
Autonomic Physiology Laboratory of the Columbia-Cornell Medical Center within the 
next several months. With the present author as Principle Investigator, the study has been 
designed by him and the above-mentioned researchers. HC Heller, Chairman of the 
Biology Department and Dean of Students at Stanford University, is an authority on 
mammalian hibernation, and R Elsner, formerly of the prestigious Scripps Research 
Institute, is one of the world's leading experts on the physiology of diving mammals. The 
study of this phenomenon, far from merely representing an exotic, anomalous sideshow 
technique, actually represents part of the spectrum of enhanced physiological functioning 
that constitutes the true potential of human nature as understood empirically in the 
advanced yogic science of India.” 
 
Campbell, J. F., R. J. Stenstrom, and D. Bertrand. Systematic changes in perceptual 
reactance induced by physical fitness training. Perceptual Motor Skills, Aug 1985, 
61(1):279-284. (Compared a physical fitness program, a course in yoga, and training in 
Transcendental Meditation.) 
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Carrico, Marie. Contraindications of Yoga. IDEA Health & Fitness Source, Nov-Dec 
1998, pp. 34-43. 

Carlson, C. R., F. L. Collins, Jr., A. J. Nitz, E. T. Sturgis, and J. L. Rogers. Muscle 
stretching as an alternative relaxation training procedure. Journal of Behavior Therapy 
and Experimental Psychiatry, Mar 1990, 21(1):29-38. PMID: 2197297.  

Abstract: The purpose of this program of research was to explore the use of muscle 
stretching procedures in relaxation training with a clinical population. In the first 
controlled study, stretching exercises for four muscle groups (obicularis occuli, 
sternocleidomastoid/trapezius, triceps/pectoralis major, and forearm/wrist flexors) were 
prepared. A group of people using these procedures (SR, N = 8) was compared to a group 
using the Bernstein and Borkovec (1973) tense-release (TR; N = 8) techniques for those 
same muscle groups, as well as compared to an appropriate group of controls (WL; N = 
8). Assessment of physiological (multi-site EMG) and subjective (emotions, muscle 
tension, and self-efficacy) responses showed that persons in the SR displayed less 
sadness, less self-reported muscle tension at four sites, and less EMG activity on the 
r.masseter than persons in the TR group. In the second study, 15 subjects were 
administered an expanded version of the SR relaxation procedures. Results showed that 
all subjects reported significant decreases in self-reported levels of muscle tension; 
muscle tension responders showed lowered trapezius EMG and respiration rates and 
cardiovascular responders showed lowered diastolic blood pressure. The results are 
discussed in terms of the utility of relaxation procedures based primarily on muscle 
stretching exercises for lowering subjective and objective states of arousal. 
 
Carroll, J., A. Blansit, R. M. Otto, and J. W. Wygand. The metabolic requirements of 
Vinyasa Yoga. Medicine & Science in Sports & Exercise, May 2003, 35(5):S155.  
 
Abstract: Purpose: To quantify the hemodynamic and metabolic demand of Ashtanga 
Vinyasa Yoga (aka power yoga), and compare the heart rate/oxygen consumption 
relationship of yoga to a maximal treadmill GXT, thirteen yoga practitioners (age 36.7 ± 
6.5 yrs, body mass 62.1±13.2 kg, height 166.1 ± 9.4 cm, max VO2 46.6±4.5 mL/kg-min) 
with yoga experience of 3-36 months, participated in the study. Methods: Open circuit 
spirometry was continuously employed during both a maximal Bruce protocol GXT and 
while subjects mimicked a fifteen-minute video displayed yoga sequence. The video 
included six yoga positions repeated in several sequences with verbal cueing. All 
participants were familiarized with the yoga sequence prior to testing. Results: The 
following mean data were obtained during the yoga trial: VO2: 23.4±2.2mL/kg-min 
(~50% max VO2), HR: 143±14 b/min (~77% max HR), Lactate: 4.16±1.3 mMol/L, RER: 
.89±.04, caloric expenditure 7.15±1.3 kcal/min. The correlation of HR versus VO2 was 
r=.90 and r=.05 for the Bruce protocol and yoga, respectively. Conclusion: Despite the 
lack of relationship between HR and VO2, and the mild blood lactate level, Ashtanga 
Vinyasa Yoga can provide a moderate cardiovascular stimulus through a combination of 
anaerobic and aerobic energy requirements. The anaerobic exercise and isometric muscle 
actions involved in Vinyasa Yoga, may in part be responsible for the disproportionate 
HR/VO2 response and thus preclude the use of HR to estimate exercise intensity. The 6.7 
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MET energy cost of Vinyasa Yoga is similar to the moderate exercise intensity required 
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eds., Meditation: Classic and Contemporary Perspectives. New York: Aldine Publishing, 
1984, pp. 440-464. PMID: 365124. * 
 
Abstract: Autonomic and electroencephalographic (EEG) correlates of Tantric Yoga 
meditation were studied in three groups of subjects as they progressed from normal 
consciousness into meditation. Groups differed in their level of meditation proficiency. 
Measures of skin resistance, heart rate, respiration, autonomic orienting responses, resting 
EEG, EEG alpha and theta frequencies, sleep-scored EEG, averaged evoked responses, 
and subjective experience were employed. Unlike most previously reported meditation 
studies, proficient meditators demonstrated increased autonomic activation during 
meditation while unexperienced meditators demonstrated autonomic relaxation. During 
meditation, proficient meditators demonstrated increased alpha and theta power, minimal 
evidence of EEG-defined sleep, and decreased autonomic orienting to external 
stimulation. An episode of sudden autonomic activation was observed that was 
characterized by the meditator as an approach to the Yogic ecstatic state of intense 
concentration. These findings challenge the current "relaxation" model of meditative 
states. 
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Coulter, H. David. The physiology of bhastrika. Yoga International, no. 22. Article 
available online: http://www.himalayaninstitute.org/cgi-
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Contents: Controlling the breath; Oxygen and carbon dioxide; The chemoreceptors; High 
altitude and the bellows breath; Bhastrika, the bellows exercise 
 
___________. Anatomy of Hatha Yoga: A Manual for Students, Teachers, and 
Practitioners. Honesdale, Pa.: Body and Breath, Inc., 2001. URL: 
www.bodyandbreath.com. (Excellent.) 
 
From the publisher: “As the third millennium begins, Anatomy of Hatha Yoga is the only 
modern authoritative source that correlates the study of hatha yoga with anatomy and 
physiology. Yoga teachers, personal trainers, medical therapists of all kinds, or anyone 
who is at times curious or troubled about how the body responds to stretching and 
exercise will find in this book a cornucopia—partly new and partly old—of readable and 
reliable information. Chapter 1 summarizes general principles of anatomy and physiology 
as applied to hatha yoga. Breathing is next in chapter 2 because yogic breathing expedites 
movement and posture. Breathing is followed by pelvic and abdominal exercises in 
chapter 3 because the pelvis and abdomen form the foundation of the body. Standing 
postures will then be covered in chapter 4 because these poses are so important for 
beginning students, and because they provide a preview of backbending, forward 
bending, and twisting postures, which are covered in detail in chapters 5, 6, and 7. The 
headstand and shoulderstand, including an introduction to cardiovascular function, are 
presented in chapters 8 and 9. Postures for relaxation and meditation are treated last in 
chapter 10.” 
 
About the author: “David Coulter received a Ph.D. in anatomy from the University of 
Tennessee Center for the Health Sciences in 1968. From 1968 to 1986 he taught various 
microscopic, neuroscience, and elementary gross anatomy courses in the Department of 
Anatomy of the University of Minnesota (Medical School) in Minneapolis, MN. During 
that period he also served as a principal investigator for neuroscience research funded by 
the National Institutes of Health and the National Science Foundation. He next taught in 
the Department of Anatomy and Cell Biology at Columbia University College of 
Physicians & Surgeons (1986 to 1988), and since then has practiced and taught a style of 
bodywork called Ohashiatsu® in New York City and elsewhere. Dr. Coulter has been 



 29

practicing yoga since 1974. He was initiated by Swami Veda (formerly Dr. Usharbudh 
Arya of Minneapolis, MN), trained under Swami Rama from 1975 to 1996, and studied 
under Pandit Rajmani Tigunait at the Himalayan Institute since 1988. From the inception 
of his interest in yoga, Dr. Coulter has been committed to correlating his understanding of 
the practices of that discipline with accepted principles of biomedical science.” 
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Yoga.) Reviewed by Jim Dreaver in The Journal of The International Association of 
Yoga Therapists, 1995, no. 6, pp. 48-49. 
 
Cromie, William J. Meditation changes temperatures: Mind controls body in extreme 
experiments. Harvard Gazette, 19 Apr 2002. Article available online: 
http://www.hno.harvard.edu/gazette/2002/04.18/09-tummo.html.  
 
“In a monastery in northern India, thinly clad Tibetan monks sat quietly in a room where 
the temperature was a chilly 40 degrees Fahrenheit. Using a yoga technique known as g 
Tum-mo, they entered a state of deep meditation. Other monks soaked 3-by-6-foot sheets 
in cold water (49 degrees) and placed them over the meditators’ shoulders. For untrained 
people, such frigid wrappings would produce uncontrolled shivering.  
“If body temperatures continue to drop under these conditions, death can result. But it 
was not long before steam began rising from the sheets. As a result of body heat 
produced by the monks during meditation, the sheets dried in about an hour.  

“Attendants removed the sheets, then covered the meditators with a second chilled, wet 
wrapping. Each monk was required to dry three sheets over a period of several hours . . . 

“During visits to remote monasteries in the 1980s, Benson and his team studied monks 
living in the Himalayan Mountains who could, by g Tum-mo meditation, raise the 
temperatures of their fingers and toes by as much as 17 degrees. It has yet to be 
determined how the monks are able to generate such heat.  

“The researchers also made measurements on practitioners of other forms of advanced 
meditation in Sikkim, India. They were astonished to find that these monks could lower 
their metabolism by 64 percent. ‘It was an astounding, breathtaking [no pun intended] 
result,’ Benson exclaims.  

“To put that decrease in perspective, metabolism, or oxygen consumption, drops only 10-
15 percent in sleep and about 17 percent during simple meditation. Benson believes that 
such a capability could be useful for space travel. Travelers might use meditation to ease 
stress and oxygen consumption on long flights to other planets. 

“In 1985, the meditation team made a video of monks drying cold, wet sheets with body 
heat. They also documented monks spending a winter night on a rocky ledge 15,000 feet 
high in the Himalayas. The sleep-out took place in February on the night of the winter 
full moon when temperatures reached zero degrees F. Wearing only woolen or cotton 
shawls, the monks promptly fell asleep on the rocky ledge. They did not huddle together 
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and the video shows no evidence of shivering. They slept until dawn then walked back to 
their monastery.” 
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States of Consciousness, 1975-1976, 2:319-324. 
 
Cusumano, Jerome A., and Sharon E. Robinson. The short-term psychophysiological 
effects of hatha yoga and progressive relaxation on female Japanese students. Applied 
Psychology: An International Review, 1992, 42(1):77-90. 
 
Abstract: This study explored the effects of hatha yoga and progressive relaxation on 
heart rate, blood pressure, physical self-efficacy, and self-esteem. Ninety-five female 
Japanese undergraduates participated in the three weekly treatment sessions. Results 
showed that both treatments were effective in lowering heart rate and blood pressure and 
increasing self-esteem; however, perceptions of physical self-efficacy declined over time. 
No significant differences were found between the treatments. 
 
Cysarz,Dirk, Dietrich von Bonin, Helmut Lackner, Peter Heusser, Maximilian 
Moser, and Henrik Bettermann. Oscillations of heart rate and respiration synchronize 
during poetry recitation. American Journal of Physiology: Hearth and Circulatory 
Physiology, 2004, 287:H579-H587. Author email: d.cysarz@rhythmen.de. Abstract: 
http://ajpheart.physiology.org/cgi/content/abstract/287/2/H579?ct  
 
Abstract: The objective of this study was to investigate the synchronization between low-
frequency breathing patterns and respiratory sinus arrhythmia (RSA) of heart rate during 
guided recitation of poetry, i.e., recitation of hexameter verse from ancient Greek 
literature performed in a therapeutic setting. Twenty healthy volunteers performed three 
different types of exercises with respect to a cross-sectional comparison: 1) recitation of 
hexameter verse, 2) controlled breathing, and 3) spontaneous breathing. Each exercise 
was divided into three successive measurements: a 15-min baseline measurement (S1), 20 
min of exercise, and a 15-min effect measurement (S2). Breathing patterns and RSA were 
derived from respiratory traces and electrocardiograms, respectively, which were 
recorded simultaneously using an ambulatory device. The synchronization was then 
quantified by the index , which has been adopted from the analysis of weakly coupled 
chaotic oscillators. During recitation of hexameter verse,  was high, indicating prominent 
cardiorespiratory synchronization. The controlled breathing exercise showed 
cardiorespiratory synchronization to a lesser extent and all resting periods (S1 and S2) 
had even fewer cardiorespiratory synchronization. During spontaneous breathing, 
cardiorespiratory synchronization was minimal and hardly observable. The results were 
largely determined by the extent of a low-frequency component in the breathing 
oscillations that emerged from the design of hexameter recitation. In conclusion, 
recitation of hexameter verse exerts a strong influence on RSA by a prominent low-
frequency component in the breathing pattern, generating a strong cardiorespiratory 
synchronization.   
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thesis. D’Youville College, Buffalo, New York, 2002. Masters Abstracts International, 
Feb 2003, 41/01, p. 217. First 24 pages available online: 
http://wwwlib.umi.com/dissertations/preview/1409936. UMI #1409936. 
 
Abstract: The purpose of this study was to determine whether a 10-week yoga practice of 
postures, breathing, and relaxation can increase a person's strength, balance, functional 
flexibility, and mental and physical quality of life. A sample of 16 volunteers was 
recruited from a community-based yoga center. A quasi-experimental, one-group within 
subject control, pre-post-test design was used for this study. Data were analyzed at the 
significance level of p < .05 for one group pre- and post-test of two data sets. The first set 
generating physical performance data of five tests. The second set, a survey measuring 
mental and physical health. The Mann-Whitney showed significance at the p < .01 for the 
sit-to-stand physical test. A West showed significance at the p < .05 for the mental 
component of the questionnaire. This study suggests that, even a relatively short (10-
weeks) program of yoga will result in improvements of lower limb strength and self-
perception of mental well-being of community-dwelling adults (mean age = 46.81) who 
are novice yoga practitioners. 
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Abstract: A finger tapping task was used to assess motor speed (MS) of both hands in 53 
adults and 152 children before and after yoga training and in 38 adults of a non-yoga 
(control) group. All subjects were right hand dominant. The 30-second tapping speed 
(TS) test was considered as three time intervals, i.e. 0-10 second (TS1), 10-20 seconds 
(TS2) and 20-30 seconds (TS3). There was a significant (Student's t-test) increase in all 
three TS values following 10 days of yoga in children and 30 days of yoga in adults. 
However for both groups at baseline and final assessments, TS2 and TS3 were 
significantly lower than TS1. Hence the TS was increased after yoga training during the 
first 10-seconds of the test but not during the next 20 seconds. These results suggest an 
increase in motor speed for repetitive finger movements following yoga training, but not 
in strength or endurance, as the increase was not sustained over 30 sec. 
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Pharmacology, Jul 2001,45(3):355-360. PMID: 11881576. 
 
Abstract: The present study aimed at assessing the effects of a set of yoga practices on 
normal adults (n = 37), children (n = 86), and patients with rheumatoid arthritis (n = 20). 
An equal number of normal adults, children, and patients with rheumatoid arthritis who 
did not practice yoga were studied under each category, forming respective control 
groups. Yoga and control group subjects were assessed at baseline and after varying 
intervals, as follows, adults after 30 days, children after 10 days and patients after 15 
days, based on the duration of the yoga program, which they attended, which was already 
fixed. Hand grip strength of both hands, measured with a grip dynamometer, increased in 
normal adults and children, and in rheumatoid arthritis patients, following yoga, but not 
in the corresponding control groups, showing no re-test effect. Adult female volunteers 
and patients showed a greater percentage improvement than corresponding adult males. 
This gender-based difference was not observed in children. Hence yoga practice 
improves hand grip strength in normal persons and in patients with rheumatoid arthritis, 
though the magnitude of improvement varies with factors such as gender and age. 
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Abstract: A detailed analysis of methods of induction of meditation and meditative 
experience encountered therein implicates involvement of several mechanisms in 
inducing “meditative effect.” “Efferent attenuation,” “sensory attenuation” and “cognitive 
restructuring” appear three possible mechanisms employed in varying degree of 
combinations to produce the “meditative effect” during different types of meditations. 
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voltage in meditators as compared to controls. Meditators had significantly more alpha 
rhythm as compared to control group. Percentage of alpha waves were higher in persons 
performing meditation with good coherence which suggested good homogenicity, 
uniformity and increased orderliness of brain.   
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Abstract: Recent neuroimaging studies of brain function have led to an explosion of 
knowledge about psychological processes and states. In this paper, functional brain 
imaging studies of Yoga meditation are reviewed. Tantra-based meditations activate 
frontal and occipital cortical regions involved in focused, sustained attention and visual 
imagery. The overall pattern of brain activation in Tantra-based meditations is similar to 
that of self-hypnosis but different from that of sleep onset. Pure consciousness, the 
ultimate aim of Vedanta-based meditation, also activates frontal cortical areas regulating 
focused attention but deactivates sensory areas involved in imagery. Functional brain 
imaging studies thus support the distinction between meditation with conceptual support, 
a distinction that appears throughout Yoga meditation texts. Brain imaging investigations 
also explain how Yoga therapy may be helpful to those with anxiety disorders by 
reducing activity in brain regions linked to the processing of negative emotions. 
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Increased dopamine tone during meditation-induced change of consciousness. Brain 
Research. Cognitive Brain Research, Apr 2002, 13(2):255-259. PMID: 11958969. 
  
Abstract: This is the first in vivo demonstration of an association between endogenous 
neurotransmitter release and conscious experience. Using 11C-raclopride PET we 
demonstrated increased endogenous dopamine release in the ventral striatum during Yoga 
Nidra meditation. Yoga Nidra is characterized by a depressed level of desire for action, 
associated with decreased blood flow in prefrontal, cerebellar and subcortical regions, 
structures thought to be organized in open loops subserving executive control. In the 
striatum, dopamine modulates excitatory glutamatergic synapses of the projections from 
the frontal cortex to striatal neurons, which in turn project back to the frontal cortex via 
the pallidum and ventral thalamus. The present study was designed to investigate whether 
endogenous dopamine release increases during loss of executive control in meditation. 
Participants underwent two 11C-raclopride PET scans: one while attending to speech 
with eyes closed, and one during active meditation. The tracer competes with endogenous 
dopamine for access to dopamine D2 receptors predominantly found in the basal ganglia. 
During meditation, 11C-raclopride binding in ventral striatum decreased by 7.9%. This 
corresponds to a 65% increase in endogenous dopamine release. The reduced raclopride 
binding correlated significantly with a concomitant increase in EEG theta activity, a 
characteristic feature of meditation. All participants reported a decreased desire for action 
during meditation, along with heightened sensory imagery. The level of gratification and 
the depth of relaxation did not differ between the attention and meditation conditions. 
Here we show increased striatal dopamine release during meditation associated with the 
experience of reduced readiness for action. It is suggested that being in the conscious 
state of meditation causes a suppression of cortico-striatal glutamatergic transmission. To 
our knowledge this is the first time in vivo evidence has been provided for regulation of 
conscious states at a synaptic level.  
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Abstract: Frontal midline theta rhythm (Fm theta), recognized as distinct theta activity on 
EEG in the frontal midline area, reflects mental concentration as well as meditative state 
or relief from anxiety. Attentional network in anterior frontal lobes including anterior 
cingulate cortex is suspected to be the generator of this activity, and the regulative 
function of the frontal neural network over autonomic nervous system (ANS) during 
cognitive process is suggested. However no studies have examined peripheral autonomic 
activities during Fm theta induction, and interaction of central and peripheral mechanism 
associated with Fm theta remains unclear. In the present study, a standard procedure of 
Zen meditation requiring sustained attention and breath control was employed as the task 
to provoke Fm theta, and simultaneous EEG and ECG recordings were performed. For 
the subjects in which Fm theta activities were provoked (six men, six women, 48% of the 
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five decades of research have revealed numerous plausible mechanisms underlying 
exercise-related mood alterations. The purpose of this narrative review is briefly to 
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health and fitness. By attempting to comprehend these extraordinary psychobiological 
features, fitness and health promotion professionals can better understand and respect 
individual differences in mood and performance. 
 
___________. Mind-body fitness: Encouraging prospects for primary and secondary 
prevention. Journal of Cardiovascular Nursing, April 1997, 11(3):53-65. PMID: 
9095454. 
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promotion and cardiac rehabilitation services can improve self-efficacy and long-term 
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body exercise programs will be a welcome and necessary addition to evolving disease 
management models that focus on self-care and decreased health care use. 
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as Low Resolution Electromagnetic Tomography (LORETA) functional images of the 
EEG “gamma” (35-44 Hz) frequency band activity differed significantly between 
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Abstract: OBJECTIVE: This study examined the effects of “tanden breathing” by Zen 
practitioners on cardiac variability. Tanden breathing involves slow breathing into the 
lower abdomen. METHODS: Eleven Zen practitioners, six Rinzai and five Soto, were 
each studied during 20 minutes of tanden breathing, preceded and followed by 5-minute 
periods of quiet sitting. During this time, we measured heart rate and respiration rate. 
RESULTS: For most subjects, respiration rates fell to within the frequency range of 0.05 
to 0.15 Hz during tanden breathing. Heart rate variability significantly increased within 
this low-frequency range but decreased in the high-frequency range (0.14–0.4 Hz), 
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frequency waves (<0.05 Hz). Total amplitude of heart rate oscillations (across frequency 
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CONCLUSIONS: These data are consistent with the theory that increased oscillation 
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maximum and minimum in comparison to the apnoea without JB. Application of JB 
increases the number of vasodilatations and shortens the latencies of vasodilatations, 
duration and amplitude of reactions. JB during breath holding decreases the vagal reflex 
changes and may thus work as a stabilizing component in yogic breathing exercises. 
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Abstract: QiGong is an ancient and widely practiced Chinese meditation exercise. We 
studied the effects of QiGong on brain function with modern neuromonitoring tools in 
two subjects. In a male QiGong master (extremely trained practitioner), the technique 
induced reproducible changes in transcranial Doppler sonography, EEG, stimulus-
induced 40 Hz oscillations, and near-infrared spectroscopy findings. Similar effects were 
seen after the application of multimodal stimuli and when the master concentrated on 
intense imagined stimuli (e.g. 22.2% increase in mean blood flow velocity (vm) in the 
posterior cerebral artery, and a simultaneous 23.1% decrease of vm in the middle cerebral 
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Lobo, R. J., M. C. H. Michailov, V. Iyenger, V. T. Zonevia, and E. Neu. On 
psychological effects of Hatha yoga: Long time group teaching. Proceedings of the 
International Union of Physiology Sci Xi, 1974, 378. 



 77

 
Lonsorfer, J., et al. Approche physiologique du Hatha-Yoga. Vie Médicale, Mar 1974. 
[In French.] 
 
The lotus pose: A classical meditation pose. Bindu, no. 8. 
 
Lou, H. C., T. W. Kjaer, L. Friberg, G. Wildschiodtz, S. Holm, and M. Nowak. A 
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Abstract: The aim of the present study was to examine whether the neural structures 
subserving meditation can be reproducibly measured, and, if so, whether they are 
different from those supporting the resting state of normal consciousness. Cerebral blood 
flow distribution was investigated with the 15O-H20 PET technique in nine young adults, 
who were highly experienced yoga teachers, during the relaxation meditation (Yoga 
Nidra), and during the resting state of normal consciousness. In addition, global CBF was 
measured in two of the subjects. Spectral EEG analysis was performed throughout the 
investigations. In meditation, differential activity was seen, with the noticeable exception 
of V1, in the posterior sensory and associative cortices known to participate in imagery 
tasks. In the resting state of normal consciousness (compared with meditation as a 
baseline), differential activity was found in dorso-lateral and orbital frontal cortex, 
anterior cingulate gyri, left temporal gyri, left inferior parietal lobule, striatal and 
thalamic regions, pons and cerebellar vermis and hemispheres, structures thought to 
support an executive attentional network. The mean global flow remained unchanged for 
both subjects throughout the investigation (39+/-5 and 38+/-4 ml/100 g/min, uncorrected 
for partial volume effects). It is concluded that the (H2)15O PET method may measure 
CBF distribution in the meditative state as well as during the resting state of normal 
consciousness, and that characteristic patterns of neural activity support each state. These 
findings enhance our understanding of the neural basis of different aspects of 
consciousness. 
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Abstract: There is evidence that the practice of yoga improves physical and mental 
performance. The present investigation was undertaken to study the effect of yoga 
training on visual and auditory reaction times (RTs), maximum expiratory pressure 
(MEP), maximum inspiratory pressure (MIP), 40 mmHg test, breath holding time after 
expiration (BHTexp), breath holding time after inspiration (BHTinsp), and hand grip 
strength (HGS). Twenty seven student volunteers were given yoga training for 12 weeks. 
There was a significant (P < 0.001) decrease in visual RT (from 270.0 +/- 6.20 (SE) to 
224.81 +/- 5.76 ms) as well as auditory RT (from 194.18 +/- 6.00 to 157.33 +/- 4.85 ms). 
MEP increased from 92.61 +/- 9.04 to 126.46 +/- 10.75 mmHg, while MIP increased 
from 72.23 +/- 6.45 to 90.92 +/- 6.03 mmHg, both these changes being statistically 
significant (P < 0.05). 40 mmHg test and HGS increased significantly (P < 0.001) from 
36.57 +/- 2.04 to 53.36 +/- 3.95 s and 13.78 +/- 0.58 to 16.67 +/- 0.49 kg respectively. 
BHTexp increased from 32.15 +/- 1.41 to 44.53 +/- 3.78s (P < 0.01) and BHTinsp 
increased from 63.69 +/- 5.38 to 89.07 +/- 9.61 s (P < 0.05). Our results show that yoga 
practice for 12 weeks results in significant reduction in visual and auditory RTs and 
significant increase in respiratory pressures, breath holding times and HGS. 
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Abstract: Indian culture stresses the importance of direction during performance of daily 
activities. Some yoga teachers prescribe that yogic relaxation and polarity practices must 
be done while lying with head towards north in order to align oneself with the earth’s 
electromagnetic field. There is some evidence that earth’s magnetic field influences 
physiological functions. Hence, the present study was undertaken to see whether head 
direction has any effect on heart rate (HR) and blood pressure during supine rest. 43 
normal healthy school children were recruited and their recordings were taken after 5 
minutes of supine rest. The subjects were randomly assigned to lie with their head 
towards north, east, south and west directions on four different days. HR and blood 
pressure were recorded at the end of 5 minutes of supine rest. HR was loweset in north 
and highest in south, the difference being statistically significant by students’ paired “t” 
test. Systolic pressure was lowest in the north and significantly higher in the west. Lying 
supine with head towards north had the lowest rate-pressure-product as compared to the 
west. Our study demonstrates that lying supine with head in different directions has a 
definite effect on the HR and blood pressure. Further studies in different age groups and 
in hypertensive patients may help in understanding the mechanisms and implications of 
this phenomenon. 
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Abstract: Shavasan is known to enhance one’s ability to combat stressful situations. The 
present study was planned to determine if shavasan could modulate the physiological 
response to stress induced by cold pressor test (CPT) and the possible mechanisms 
involved. Ten normal adults were taught shavasan and practiced the same for a total 
duration of seven days. RR interval variation (RRIV), deep breathing difference (DBD), 
and heart rate, blood pressure and rate-pressure-product (RPP) response to CPT were 
measured before and immediately after shavasan. Shavasan produced a significant 
increase in DBD and an appreciable but statistically insignificant increase in RRIV 
suggesting an enhanced parasympathetic activity. Significant blunting of cold pressor-
induced increase in heart rate, blood pressure and RPP by shavasan was seen during and 
even five minutes after CPT suggesting that shavasan reduces the load on the heart by 
blunting the sympathetic response. It is concluded that shavasan can enhance one’s 
ability to withstand stress induced by CPT and this ability can be achieved even with 
seven days of shavasan training. 
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volunteers to determine the effect of savitri pranayam and shavasan on O2 consumption, 
heart rate and blood pressure. In trained subjects we found a consistent and significant 
(p<0.01) reduction in O2 consumption within a few minutes of starting savitri pranayam. 
During shavasan, there was significant reduction in O2 consumption (p<0.05), heart rate 
(p<0.001) and diastolic blood pressure (p<0.05). In untrained subjects, the changes in 
above mentioned parameters were statistically insignificant. 
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Abstract: Objectives: This exploratory study is the first systematic outcome evaluation to 
examine the effects of an 8-week meditation-based program in mindfulness in a German 
sample. Design: Twenty-one (21) participants with chronic physical, psychologic, or 
psychosomatic illnesses were examined in a longitudinal pretest and post-treatment 
design with a 3-month follow-up. Outcome Measures: Both quantitative and qualitative 
data were gathered. Emotional and general physical well-being, sense of coherence, 
overall psychologic distress, and satisfaction with life were measured with standardized 
instruments. Results: Overall, the interventions led to high levels of adherence to the 
meditation practice and satisfaction with the benefits of the course, as well as effective 
and lasting reductions of symptoms (especially in psychologic distress, well-being, and 
quality of life). Changes were of moderate-to-large effect sizes. Positive complementary 
effects with psychotherapy were also found. Conclusions: These findings warrant 
controlled studies to evaluate the efficacy and cost effectiveness of mindfulness-based 
stress reduction as an intervention for chronic physical and psychosomatic disorders in 
Germany. 
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Abstract: Twentyfive normal male volunteers undergoing a ten weeks course in the 
practice of yoga have been studied by some parameters of ventilatory functions tests. The 
observations recorded at the end of ten weeks of the course have shown improved 
ventilatory functions in the form of lowered respiratory rate, increased forced vital 
capacity, FEV1, maximum breathing capacity and breath holding time, while tidal 
volume and %FEV1, did not reveal any significant change. Thus, a combined practice of 
yoga seems to be beneficial on respiratory efficiency. 
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Abstract: Certain yoga asanas if practiced regularly are known to have beneficial effects 
on [the] human body. These yoga practices might be interacting with various somato-
neuro-endocrine mechanisms to have therapeutic effects. The present study done in 
twenty four NIDDM patients . . . 30 to 60 year[s] old provides metabolic and clinical 
evidence of improvement in glycemic control and pulmonary functions. These middle-
aged subjects were type II diabetics on antihyperglycemic and dietary regimen. Their 
baseline fasting and postprandial blood glucose and glycosylated Hb were monitored 
along with pulmonary function studies. The expert gave these patients training in yoga 
asanas [and they were practiced] 30-40 min/day for 40 days under guidance. These 
asanas consisted of 13 well-known postures, done in a sequence. After 40 days of yoga 
asanas regimen, [tests of] the parameters were repeated. The results indicate that there 
was significant decrease in fasting blood glucose levels (basal 190.08 +/- 90.8 in mg/dl to 
141.5 +/- 79.8 in mg/dl). The postprandial blood glucose levels also decreased (276.54 
+/- 101.0 in mg/dl to 201.75 +/- 104.1 in mg/dl), glycosylated hemoglobin showed a 
decrease (9.03 +/- 1.4% to 7.83 +/- 2.6%). The FEV1, FVC, PEFR, MVV increased 
significantly (1.81 +/- 0.4 lt to 2.08 +/- 0.4 lt, 2.20 +/- 0.6 lt to 2.37 +/- 0.5 lt, 3.30 +/- 1.0 
lt/s to 4.43 +/- 1.4 lt/s and 64.59 +/- 25.7 lt min to 76.28 +/- 28.1 lt/min respectively). 
FEV1/FVC% improved (85 +/- 0.2% to 89 +/- 0.1%). These findings suggest that better 
glycemic control and pulmonary functions can be obtained in NIDDM cases with yoga 
asanas and pranayama. The exact mechanism as to how these postures and controlled 
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breathing interact with [the] somato-neuro-endocrine mechanism affecting metabolic and 
pulmonary functions remains to be worked out. 
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Effect of Yoga asanas on nerve conduction in type 2 diabetes. Indian Journal of 
Physiology and Pharmacology, Jul 2002, 46(3):298-306. PMID: 12613392. 
 
Abstract: Twenty Type 2 diabetic subjects between the age . . . of 30-60 years were 
studied to see the effect of 40 days of Yoga asanas on the nerve conduction velocity. The 
duration of diabetes ranged from 0-10 years. Subjects suffering from cardiac, renal and 
proliferative retinal complications were excluded from the study. Yoga asanas included 
Suryanamskar, Tadasan, Konasan, Padmasan Pranayam, Paschimottansan, 
Ardhmatsyendrasan, Shavasan, Pavanmukthasan, Sarpasan and Shavasan. Subjects were 
called to the cardio-respiratory laboratory in the morning time and were given training by 
the Yoga expert. The Yoga exercises were performed for 30-40 minutes every day for 40 
days in the above sequence. The subjects were prescribed certain medicines and diet. The 
basal blood glucose [and] nerve conduction velocity of the median nerve was measured 
and repeated after 40 days of [the] Yogic regimen. Another [control] group of 20 Type 2 
diabetes subjects of comparable age and severity . . . were kept on prescribed medication 
and light physical exercises like walking. Their basal & post 40 days parameters were 
recorded for comparison. Right hand and left hand median nerve conduction velocity 
increased from 52.81 +/- 1.1 m/sec to 53.87 +/- 1.1 m/sec and 52.46 +/- 1.0 to 54.75 +/- 
1/1 m/sec respectively. Control group nerve function parameters deteriorated over the 
period of study, indicating that diabetes is a slowly progressive disease involving the 
nerves. Yoga asanas have a beneficial effect on glycemic control and improve nerve 
function in mild to moderate Type 2 diabetes with sub-clinical neuropathy. 
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Results: If jalandhara bandha is performed improperly, by only fixing the chin in the 
jugular notch, blood pressure may rise, possibly leading to hypertension, but blood 
pressure was considerably reduced if jalandhara bandha was properly performed, i.e., by 
contracting all the muscles of the neck and bending the neck a little forward. 
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Abstract: Twenty girls between 10 and 13 years of age, studying at a residential school 
were randomly assigned to two groups. One group practiced yoga for one hour fifteen 
minutes per day, 7 days a week, while the other group was given physical training for the 
same time. Time for planning and for execution and the number of moves required to 
complete the Tower of London task were assessed for both groups at the beginning and 
end of a month. These three assessments were separately tested in increasingly complex 
tasks requiring 2-moves, 4-moves and 5-moves. The pre-post data were compared using 
the Wilcoxon paired signed ranks test. The yoga group showed a significant reduction in 
planning time for both 2-moves and 4-moves tasks (53.9 and 59.1 percent respectively), 
execution time in both 4-moves and 5-moves tasks (63.7 and 60.3 percent respectively), 
and in the number of moves in the 4-moves tasks (20.9 percent). The physical training 
group showed no change. Hence yoga training for a month reduced the planning and 
execution time in simple (2-moves) as well as complex tasks (4, 5-moves) and facilitated 
reaching the target with a smaller number of moves in a complex task (4-moves). 
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Abstract: The present study had two aims: (1) To assess heart rate variability (HRV) 
along with non-specific autonomic measures (used in earlier studies), before and after 
two minutes of the headstand. (2) To compare changes in two categories of subjects, i.e., 
those who practiced the headstand in a traditional way (without any support) and those 
who used the support of the wall (a present day adaptation).  The subjects were forty 
male volunteers (age range 19 to 36 years), with twenty subjects under each category. 
The following changes were significant after the practice, compared to values at baseline. 
(i) Both categories had an increase in the power of the low frequency component (LF) 
and a decrease in the high frequency component (HF) of the HRV spectrum, increased 
LF/HF ratio, and decreased heart rate. (ii) Subjects who practiced the headstand with the 
support of a wall showed reduced finger plethysmogram amplitude suggesting increased 
sympathetic vasomotor tone. (iii) Practicing the headstand without support was 
associated with an increase in the skin conductance level, suggestive of increased 
sympathetic sudomotor tone.  Hence, both categories showed similar changes in the HRV 
components though changes in sympathetic vasomotor and sudomotor activity were 
different.  These changes suggest sympathetic activation, irrespective of the method of 
practice.  
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1557. PMID: 11745596.  
 
Abstract: This study compared the psychological effects of Progressive Muscle 
Relaxation (PMR) and breathing exercises. Forty-two students were divided randomly 
into two groups and taught PMR or breathing exercises. Both groups practiced for five 
weeks and were given the Smith Relaxation States Inventory before and after each 
session. As hypothesized, PMR practitioners displayed greater increments in relaxation 
states (R-States) Physical Relaxation and Disengagement, while breathing practitioners 
displayed higher levels of R-State Strength and Awareness. Slight differences emerged at 
Weeks 1 and 2; major differences emerged at Weeks 4 and 5. A delayed and potentially 
reinforcing aftereffect emerged for PMR only after five weeks of training—increased 
levels of Mental Quiet and Joy. Clinical and theoretical implications are discussed. 
Copyright 2001 John Wiley & Sons, Inc. 
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“In this [video], Dr. McLanahan shows how Yoga postures affect the different organs and 
functions of the body. Also covered is the importance of [a] vegetarian diet to maintain 
optimum health.” 
 
McNamara, Patrick. The motivational origins of religious practices. Zygon, Mar 2002, 
37(1)143-160. 
 
Abstract: I hypothesize that people engage in religious practices, in part, because such 
practices activate the frontal lobes. Activation of the frontal lobes is both intrinsically 
rewarding and necessary for acquisition of many of the behaviors that religions seek to 
foster, including self-responsibility, impulse and emotion modulation, empathy, moral 
insight, hope, and optimism. Although direct tests of the hypothesis are as yet 
nonexistent, there is reasonably strong circumstantial evidence (reviewed herein) for it. 
Recent brain-imaging studies indicate greater anterior activation values and increased 
blood flow to frontal sites during prayer and meditation. Regular prayer is positively 



 86

correlated with better overall mental health. Religiosity is correlated with higher levels of 
self-monitoring, empathy, and moral insight and other positive behaviors and negatively 
correlated with depression and impulsive and risky behaviors. Independent data show that 
self-monitoring, empathy, hope, and moral insight are all selectively associated with 
intact frontal function, whereas depression, impulsiveness, and drug and alcohol abuse 
are associated selectively with frontal dysfunction. If religious practices do indeed 
preferentially activate and stimulate development of the frontal lobes, (a) religious 
practices should be considered as possible adjuncts for some patients in treatment for 
mental health disorders, and (b) the frontal lobes (rather than the temporal lobes) should 
be considered the major brain site that supports the core components of religious 
experience. 
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“Using meditation over a longer period of time can have an enduring beneficial effect on 
your brain activity. One who meditates regularly experiences a last relaxing effect in 
daily life.” 
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parasympathetic nervous system. Greater variability is associated with relaxation and 
quiescence and a lower risk of major cardiovascular events, such as heart attack. 
 
To measure HRV, two spectral components of an electrocardiogram are usually recorded: 
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(Appendix G). 
 
Rele, Vasdant Gangaram. Yogic Asanas for Health and Vigour: A Physiological 
Exposition. Bombay, India: Taraporevala, 1939. 
 
___________. The Mysterious Kundalini: The Physiological Basis of the “Kundalini 
(Hatha Yoga)” in Terms of Western Anatomy and Physiology. Bombay: D. B. 
Taraporevala Sons, 1927. LC 50-32378. Many reprint editions. 
 
Reuters. Deep breathing can improve fitness. 28 May 1998. Available online:   
http://www.healthcentral.com/news/newsfulltext.cfm?id=5439&StoryType=ReutersNews 
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“Simple breathing techniques can lower respiration rates and help cardiac patients to 
maintain healthy blood oxygen levels and become more physically fit.” 
 
Rieckert, H.  Plethysmographic studies on concentration and meditation exercises. 
Arztliche Forschung, 1967, 21:61-65. 
 
Robin, Mel.  A Physiological Handbook for Teachers of Yogasana. Tucson, Ariz.: 
Fenestra Books, 2002. Available from www.fenestrabooks.com or from 
Studioyoga@yoga.com, 973-966-5311. 
 
From the publisher: “Western doctors make quantitative, objective observations on the 
bodies and the minds of others, and from such experiments are able to construct a general 
model of the body/mind. On the other hand, Eastern yogis make qualitative, subjective 
observations of their own bodies and minds, yielding a model of the body/mind with little 
or no apparent relevance to that of the Western Doctor. This Handbook attempts to 
reconcile these two points of view, discussing many basic aspects of physiology and then 
applying these ideas to the practice of the yogasanas, as well as pointing out many 
phenomena well known to yogis, for which Western medicine has only a feeble 
explanation.  
 
“In the course of this study, many interesting questions are raised, and answers are put 
forth using modern concepts. We discuss questions such as, How can inversions lower 
blood pressure? Why are backbends energizing? If one has a heart condition, what is the 
best time of day to practice yogasana? How does yogasana practice blur the line between 
the conscious and the subconscious? Can practicing in colored lights intensify the 
physiological effects of various yogasanas? How can one balance in yogasanas without 
leaning against the wall? Why must one turn the femur of the forward leg outward in 
trikonasana but inward in parsvottanasana? Answers to these and many other questions 
can be found in this Handbook.”  
 
About the author: “On graduating from the University of Washington in 1960 with a 
Ph.D. degree in chemical physics, Dr. Robin took a position at Bell Telephone 
Laboratories, Murray Hill, New Jersey, in the Molecular Spectroscopy research area. 
Though he published 4 books and over 100 technical papers during the next 28 years, in 
hindsight, the most fortunate event of that exciting time was having wandered into Judy 
Freedman’s noontime yoga class at the Labs, which proved to be a turning point in his 
life. On retiring in 1988, he spent time between studying and teaching yoga, and working 
as Director of Student Research at Science High School in Newark, New Jersey. During 
the 8 years spent at Science High, he was the recipient of the Science Mentor of the Year 
award from President W. J. Clinton, the first such award ever given to a high-school 
teacher.  
 
“Enchanted with the idea of writing a book exploring the possible connections between 
yoga and science, he retired from high-school science, and entered into the full-time 
practice and teaching of Iyengar Yoga, interspersed with more and more research into 
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how yoga and medicine might be related. This Handbook is the culmination of that effort. 
Nothing could make him happier than to think that there might be something in this 
Handbook that would advance some teacher’s interest in and understanding of the 
subject.”  
 
Contents: Eastern Yoga and Western medicine; Nervous systems of the body; The brain; 
The spine and its appendages; The nerves; The autonomic nervous system; The skeletal 
muscles; The bones; Connective and supporting tissues; The skin; The heart and the 
vascular system; Respiration; The immune system; External secretions; The hormones; 
The eyes and vision; Sound, hearing, and balance; The gastrointestinal organs and 
digestion; Sexual function, gynecology, and pregnancy; The emotions; Time and body 
rhythms; Aging and longevity; Yogasana illustrations; Injuries incurred during improper 
yogasana practice; Body symmetry; Balancing; Gravity; Glossary; References; Index 
 
Each section contains descriptive text and illustrations, along with yogasana’s effect on 
the system in question. 
 
___________. Neuromuscular transformation as driven by yogâsana practice. Yoga 
Rahasya, 2003, 10(1):86-90. Abstracted from the author’s book, A Physiological 
Handbook for Teachers of Yogasana. 
 
Rodenbeck, Joachim. Neti: Nose cleansing [see section entitled “What does physiology 
say?”]. Available online: http://www.scand-yoga.org/english/shop/uk_neti.html. 
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Mar 2001, 357(9258):807. 
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Romanowski, W., and T. Pasek. Current psycho-physiological aspects of the activity of 
physical educators. [Title of journal unknown], 1970, pp. 48-51. [Original in Polish.] 
 
Roney-Dougal, S. M. On a possible psychophysiology of the yogic chakra system. 
Journal of Indian Psychology, Jul 1999, 17(2). Reprinted in Yoga (Sivananda Math), May 
2000, 11(3):35-46 (Part 1), Jul 2000, 11(4):39-47 (Part 2), Sep 2000, 11(5):40-48 (Part 
3). Articles available online: (Part 1): 
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http://www.yogamag.net/archives/2000/4july00/chakra2.shtml; (Part 3): 
http://www.yogamag.net/archives/2000/5sep00/chakras3.shtml. 
 
Ross, Robyn. Yoga and neurological illness. In Michael Weintraub, ed., Alternative 
Medicine in Neurological Illness. Philadelphia: W. B. Saunders, 2000. 
 
Routt, Thomas J. Low normal heart and respiration rates in individuals practicing the 
Transcendental Meditation technique. In David W. Orme-Johnson, and John T. Farrow, 
eds., Scientific Research on the Transcendental Meditation Program: Collected Papers, 
Vol. I. Germany: Maharishi European Research University Press, 1976, pp. 256-260. 
 
Rozmarynowaski, Mat. Experiments with vajroli. Yoga-Mimamsa, 1979, 19(4):36-45. 

 
___________.  Experiments with danda dhauti following vastra dhauti – A personal 
experience. Yoga-Mimamsa, 1991, 29(4):37-40. 
 

___________. Experiment with kaya-kalpa. Yoga-Mimamsa, 1991, 29(4):41-52. 
 
___________.  My experiments with brain stimulation as a yoga practitioner—a 
communication. Yoga-Mimamsa, 1991, 30(1):14-21. 
 
___________. New evidence for the physical existence of the nadis. Yoga-Mimamsa, 
1991, 30(1):1-13. 
 
Ruddell, Steven. Heart rate, breath, and meditation. Yoga Journal, May/Jun 1976, p. 15. 
 
Russell, W. R. Yoga and the vertebral arteries. British Medical Journal, 1972, 1:685. 
 
Rzesutko, K. M., D. M. Jay, W. J. Picconatto, M. Stuart, and R. E. Nelson. Heart rate 
and perceived exertion response during power yoga asanas. Medicine & Science in Sports 
& Exercise, May 2002, 34(5) Supplement:S259.  
 
Abstract: Power yoga is a modernized form of Ashtanga Vinyasa yoga [and] has been 
suggested as a form of aerobic conditioning. Purpose: The purpose of this study was to 
determine whether participants in a beginning power yoga class could attain a level of 
intensity to achieve ACSM recommended target heart rate (THR) levels (55-90% 
HRmax) for aerobic training. Methods: Thirteen active college aged individuals with no 
prior yoga experience participated in the study. Participants met for three consecutive 45-
minute testing sessions with a 48-hour rest interval between sessions. Each session 
consisted of six segments: 10 min rest, 5 min deep breathing, 5 min warm-up, 20 min 
work, 10 min deep-breathing, and 5 min final relaxation. Heart rate and rating of 
perceived exertion (RPE) was obtained every 5 minutes. Variables of interested included 
time to achievement of THR level, consistency of heart rates over the initial 3 power 
yoga sessions, ability to sustain THR levels, and correlation of perceived exertion (Borg 
6-20 scale) to heart rate levels. Results: Time to achievement of THR levels varied 
among participants but there was no significant difference (p = .05) within a participant 
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across sessions (power = .145). The amount of time participants were in the target heart 
rate zone during the 20 minute work segment varied but there was no significant 
difference (p = .05) within a participant across sessions (power = .48). Heart rate and 
perceived exertion during the work segment showed poor correlation (r < 0.58) in each of 
the three sessions. Conclusion: The results indicate that power yoga does not consistently 
provide heart rate intensities that meet ACSM recommendations for aerobic training in 
beginning power yoga participants. In addition the use of perceived exertion during 
power yoga does not appear to be an accurate correlation with heart rate. 
 
Sahai, M., and D. D. Malhotra. Yoga for health. Yoga-Mimamsa, 1969, 11(3):31-38. 
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motor performance. Yoga-Mimamsa, 1981, 20(1&2):33-37. 
 
___________. Effect of 3 weeks yogic training programme on psycho-motor 
performance. Yoga-Mimamsa, 1983, 22(1&2):59-62. 
 
___________. Effect of two types of Pranava (omkar) recitation on psycho-motor 
performance. Yoga-Mimamsa, 1983, 22(3&4):23-29. 
 
___________. Experiences during listening to high and low pitched omkars. Yoga-
Mimamsa, 1983, 22(3&4):98-103. 
 
___________. Feelings and sensations during recitation of high and low pitched omkars. 
Yoga-Mimamsa, 1983, 22(3&4):104-109. 
 
___________. Effect of short term yogic training programme on dexterity: A pilot study. 
Yoga-Mimamsa, 1984, 23(2):21-27. 
 
___________. Psycho-motor performance as influenced by techniques similar to 
pranadharana and nadanusandhana in shavansana. – a preliminary study. Yoga-Mimamsa, 
1983, 22(3&4):36-41. 
 
___________. Effect of yogic training programme on some aspects of psycho-motor 
performance. To be published. 
 
___________, and M. L. Gharote. Effect of sort term yogic training programme on 
dexterity—a pilot study. Yoga-Mimamsa, 1984, 23(2):21-27. 
 
___________, and M. L. Gharote. Effect of short term yogic practices on the perception 
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Sakthignanavel, D. Effect of pranayama with aerobic exercise on aerobic fitness. Yoga-
Mimamsa, 1998, 32(4):1-12. 
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on muscular efficiency. Indian Journal of Medical Research, 1975, 63:768ff. 
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Journal of Medical Research, 1981, 74:120-124. 
 
___________, K. Shridharan, S. K. B. Patil, M. L. Kumaria, W. Selvamurthy, N. T. 
Joseph, and H. S. Nayar. Study of some physiological and biochemical parameters in 
subjects undergoing yogic training. Indian Journal of Medical Research, July 1981, 
74:120-124. 
 
Abstract: A study was carried out on 10 healthy subjects [male soldiers; mean age 24.9 
years] to evaluate the effect of yogic training [prayer, asanas, pranayama, and meditation 
taught by instructors from Vishwayatan Yogashram in Delhi] on some autonomic 
responses and biochemical indices. Yogic training was administered daily in the morning 
hours for one hour under the supervision of qualified yoga. Physiological and 
biochemical responses were assessed before and after three months of training instructors 
[subjects took one month to learn the program, followed by three months of practice for 
this study].. A significant decrease in heart rate, blood pressure and elevation of mean 
skin temperature and alpha index of EEG were recorded, followed by reduction in blood 
glucose and plasma cholesterol level. Changes in the dopamine-beta-hydroxylase (DBH) 
activity, monoamine oxidase (MAO), and adrenal steroids along with the physiological 
parameters indicated a shift in the autonomic balance towards relative 
parasympathodominance. 
 
Santhanam, R. Effect of the practice of selected asanas on energy expenditure. Yoga-
Mimamsa, 1976-1977, 18(3&4):48-56 
 
Sathe, R. V. Yoga and health. Yoga-Mimamsa, 1972, 15(3):1-12. 
 
Satish, C., N. K. Manjunath, S. Telles, and H. R. Nagendra. Verbo spatial memory 
studies on school students undergoing yogic training. Swami Vivekananda Yoga 
Research Foundation. 
 
___________, S. Telles, H. Mishra, and H. R. Nagendra. Beneficial effects of yoga on 
school students measured by position meter. Swami Vivekananda Yoga Research 
Foundation. 
 
___________, S. Telles, and H. R. Nagendra. BMR studies on SMET in comparison to 
shavasana. Swami Vivekananda Yoga Research Foundation. 
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Satyananda Saraswati, Swami. Physiology/psychology & yoga. In Ma Yogabhakti, ed., 
Yoga Discussed in Relation to Other Thoughts & a Dialogue on Practical Yoga. Bihar, 
India: The Bihar School of Yoga, 1968, pp. 47-51. 
 
___________. Siddhasana and the heart. Yoga, Mar 1981, 19(3):29-32. 
 
___________. The heart and circulatory system. In Swami Satyananda Saraswati, Yogic 
Management of Common Diseases. Bihar, India: Bihar School of Yoga, 1983, pp. 27-43. 
 
___________. Yoga nidra and the brain. In Swami Satyananda, Yoga Nidra. Munger, 
Bihar, India: Yoga Publications Trust, 1998, pp. 35-42. 
 
Satyanarayana, M., K. R. Rajeswari, N. J. Rnai,. C. S. Krishna, and P. V. Rao. 
Effect of Santhi Kriya on certain psychophysiological parameters: A preliminary study. 
Indian J Physiol Pharmacol, Apr 1992, 36(2):88-92. PMID: 1506088.  (Body weight, 
blood pressure, oral temperature, pulse rate, respiration, ECG, and EEG.)  
 
Abstract: Santhi Kriya is a mixture of combined yogic practices of breathing and 
relaxation. Preliminary attempts were made to determine the effect of Santhi Kriya on 
certain psychophysiological parameters. Eight healthy male volunteers of the age group 
25.9 +/- 3 (SD) years were subjected to Santhi Kriya practice daily for 50 minutes for 30 
days. The volunteer's body weight, blood pressure, oral temperature, pulse rate, 
respiration, ECG and EEG were recorded before and after the practice on the 1st day and 
subsequently on 10th, 20th and 30th day of their practice. They were also given a 
perceptual acuity test to know their cognitive level on the 1st day and also at the end of 
the study i.e., on the 30th day. Results indicate a gradual and significant decrease in the 
body weight from 1st to 30th day (P less than 0.001) and an increase in alpha activity of 
the brain (P less than 0.001) during the course of 30 days of Santhi Kriya practice. 
Increase of alpha activity both in occipital and pre-frontal areas of both the hemispheres 
of the brain denotes an increase of calmness. This study also revealed that Santhi Kriya 
practice increases oral temperature by 3 degrees F and decreases respiratory rate 
significantly (P less than 0.05) on all practice days. Other parameters were not found to 
be altered significantly. It is concluded that the Santhi Kriya practice for 30 days reduces 
body weight and increases calmness. 
 
Satyanarayanamurthi, G. V., and P. Brhmayyasastry. A preliminary scientific 
investigation into some of the unusual physiological manifestations acquired as a result of 
yogic practices in India. Vienna Journal of Neurophysiol Allied Sc, 1958, 15:241-248. 
 
Satyanesan, A. G., and V. K .S. Sastry. Current status of the pineal organ which was 
thought to be the seat of the soul. The Yoga Review, Winter 1981, 1(4):175-189. 
 
Savic, K., D. Pfau, S. Skoric, J. Pfau, and N. Spasojevic. [The effect of Hatha yoga on 
poor posture in children and the psychophysiologic condition in adults]. Med Pregl, 
1990, 43(5-6):268-272. [Article in Serbo-Croatian (Roman).] 
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Abstract: Hatha Yoga’s effects on the posture of 15 ten year-old children and also its 
effects on the psychophysical condition of 15 grown-ups was studied. As symptoms, 
during the first examination, 12 of the 15 children had head protrusion, 14 had shortened 
back extensors, all 15 had bent shoulders, relaxation of the frontal abdominal wall and 
shortened flexors of both the calf and thigh. The condition of all the children was 
remarkably better after six months of practice, some of the symptoms having completely 
disappeared (head protrusion, asymmetry of the shoulders, mamillas and hips, shortening 
of the pectoralis and back extensors), 9 children still had slight to medium relaxation of 
the frontal abdominal wall, 8 children still had bent shoulders, and 1 child still had 
shortened calf and thigh extensors. The adults were in a weak or very weak 
psychophysical condition, they tired easily, they complained of sleep disturbances, 
fluctuation of emotional state and irritability. After 3 months of practice, the vital 
capacity of 8 of the adults tested (53.3%) had increased by 435 ml. The time duration of 
apnoea had lengthened for all of the practicing adults, but with a truly large variation 
among them (a median of 14%). The deep waist-bend length of all the practicing adults 
had lengthened by an average of 9.5 cm, and the average length increase for the 3-minute 
running test was 42 m. All those who practiced had experienced an alleviation of psychic 
difficulties. 
 
Sawada, Y., and A. Steptoe. The effects of brief meditation training on cardiovascual 
stress responses. Journal of Psychophysiology, 1988, 24:249-257. 
 
Schecter, H. The Transcendental Meditation program in the classroom: A psychological 
evaluation. In David W. Orme-Johnson, and John T. Farrow, eds., Scientific Research on 
the Transcendental Meditation Program: Collected Papers, Vol. I. Germany: Maharishi 
European Research University Press, 1976, pp. 403-409. 
 
Schell, F. J., B. Allolio, and O. W. Schonecke. Physiological and psychological effects 
of Hatha-Yoga exercise in healthy women. International Journal of Psychosomatics, 
1994, 41(1-4):46-52. 
 
Abstract: Hatha-Yoga has become increasingly popular in western countries as a method 
for coping with stress. However, little is known about the physiological and 
psychological effects of yoga practice. We measured heart rate, blood pressure, the 
hormones cortisol, prolactin and growth hormone and certain psychological parameters in 
a yoga practicing group and a control group of young female volunteers reading in a 
comfortable position during the experimental period. There were no substantial 
differenfes between the groups concerning endocrine parameters and blood pressure. The 
course of heart rate was significantly different; the yoga group had a decrease during the 
yog practice. Significant differences between both groups were found in psychological 
parameters. In the personality inventory the yoga group showed markedly higher scores 
in life satisfaction and lower scores in excitability, aggressiveness, openness, 
emotionality and somatic complaints. Significant differences could also be observed 
concerning coping with stress and the mood at the end of the experiment. The yoga group 
had significant[ly] higher scores in high spirits and extravertedness. 
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Schmidt, T., A. Wijga, A. Von Zur Muhlen, G. Brabant, and T. O. Wagner. Changes 
in cardiovascular risk factors and hormones during a comprehensive residential three 
month kriya yoga training and vegetarian nutrition. Acta Physiol Scand Suppl, 1997, 
640:158-162.  
 
The following review of this study appears in an article by Ralph La Forge entitled 
“Spotlight on Yoga” in the May 2001 issue of IDEA Health and Fitness Source 
(http://www.findarticles.com/cf_0/m0BTW/5_19/74886169/p1/article.jhtml?term=yoga): 
 
Study: Researchers at Hannover Medical University in Hannover, Germany, investigated 
some of the effects of a comprehensive, residential three-month kriya yoga training 
program on cardiovascular risk factors in 106 healthy adults (58 men and 48 women ages 
18-64 years, mean age = 29.6 years). Kriya yoga is an advanced tantric meditation 
process combining physical and mental techniques; sessions last four hours or longer. 
 
The yoga program, which took place at the Scandinavian Yoga and Meditation School in 
Ha, Sweden, consisted of three parts: During the first month, subjects practiced 
traditional yoga (daily hatha yoga exercises, breathing techniques, deep relaxation and 
meditation). In the second month, they learned kriya yoga. In the final month, they 
practiced kriya yoga daily, along with other yoga techniques and advanced meditations. 
Practical work in the school’s kitchen, garden, fields and woods constituted an essential  
part of the training. Throughout the program, participants adhered to a low-fat (23% fat) 
vegetarian diet with no alcohol or caffeine. Pre- and postlaboratory assessments included 
blood lipids and lipoproteins, complete blood counts, fibrinogen (a plasma protein that 
contributes to the formation of blood clots), urinary and serum hormone levels, stress 
reactivity and blood pressure. The subjects were compared to control groups living their 
normal lives in Hannover; subjects and controls were matched for age, gender and 
respective initial risk factor levels. 
 
The subjects lost an average of 5.7 kilograms and reduced their body mass index (BMI) 
by 1.88. Men experienced significant reductions in total serum cholesterol (from 181 to 
166 milligrams per deciliter [mg/dl]), LDL cholesterol (from 117 to 102 mg/dl) and LDL-
to-HDL ratio (from 2.7 to 2.2) (p [less than] 0.001 in each category). Reductions in these 
categories were not significant for women, whose initial levels were lower than the 
men’s. HDL cholesterol did not change significantly in men or women. In the 15 
participants whose HDL was initially [less than] 35 mg/dl, however, HDL did increase 
significantly (from 30 to 40 mg/dl, p [less than] 0.001). 
 
Compared to the matched controls, male and female yoga participants had, after three 
months, significantly reduced their fibrinogen levels (decreasing the risk of blood clots) 
(p = 0.04). Blood pressure and heart rate dropped significantly during the course, with 
blood pressure improvements being more pronounced (decreasing from 150/82 to123/69) 
in those with initial systolic blood pressure levels [greater than or equal to] 140 
millimeters of mercury (both p [lesser than] 0.000 1). Serum testosterone levels and 
urinary excretions of adrenaline, noradrenaline, dopamine and aldosterone all fell 
significantly in the study group compared to the control group. Schmidt and his fellow 
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researchers concluded that commitment to intensive yoga therapy can significantly 
reduce cardiovascular risk factors, especially in individuals with increased risk factor 
levels, such as elevated BMI, cholesterol, blood pressure and fibrinogen. 
 
Comments: The results of this study were not entirely unexpected considering the 
intensive and residential nature of the intervention. Nonetheless, reductions in total 
cholesterol, LDL cholesterol and blood pressure were substantial. Such clinical results 
rival those attained by many drugs prescribed for lowering lipid and blood pressure 
levels. The challenge for fitness and health promotion professionals as lifestyle-change 
agents is knowing how to implement effective strategies to foster lifelong behavior 
change. Finally, it is noteworthy that, as was the case in this program, yoga therapy is 
often far more comprehensive than mere exercise poses. 
 
Schneider, R. H., S. I. Nidich, J. W. Salerno, H. M. Sharma, C. E. Robinson, 
R. J. Nidich, and C. N. Alexander. Lower lipid peroxide levels in practitioners of 
the Transcendental Meditation program. Psychosomatic Medicine, Jan-Feb 1998, 
60(1):38-41. 
 
From a review by Bella Neparstek, Health Journeys: Eighteen subjects were long-term 
practitioners of the TM program (average 16.5 years). Twenty-three controls were not 
practicing a formal stress management technique. Venous blood samples were analyzed 
for lipid peroxides by the TBARS assay. A dietary questionnaire was also used to assess 
fat intake, red meat consumption, antioxidant vitamin supplementation, and smoking. 
Differences between groups and subgroups were analyzed by T-test, and correlations. 
 
The study found significantly lower serum levels of lipid peroxides in the TM 
practitioners, as compared with the controls (-15%, p = .026). No significant differences 
were found between groups on smoking, fat intake, or vitamin supplementation. TM 
practitioners also had lower red meat consumption but matched subgroup analysis. Partial 
correlations did not confirm a relationship between red meat intake and lipid peroxide 
levels. 
 
These preliminary findings suggest that lower serum lipid peroxide levels are associated 
with a reduction of psychosocial stress from using the Transcendental Meditation 
technique. [Oxidative stress and free radical activity are increased by psychosocial stress, 
and are known to contribute to the pathophysiology of atherosclerosis and other chronic 
diseases associated with aging.] 
 
Prospective controlled trials are needed to confirm that this effect is because of TM 
practice rather than other lifestyle factors, such as diet. 
 
Schulte, H. J., and V. V. Abhyanker. Yogic breathing and psychologic states. Arizona 
Medicine, Sep 1979, 36(9):681-683. 
 
Overview: “One of the authors (VVA) recently traveled to India and had the opportunity 
to interview several well-known yogic masters regarding their use of yogic breating for 
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selected emotional disorders. The goal of this paper is to discuss the psychologic changes 
associated with respiration controlled by the Yogic method. Two case examples will be 
presented with discussion.” 
 
Sedlak, W. Joga v swietle wspólcesnej biofiziky [Yoga in the light of modern 
biophysics]. Zeszyty Naukowe, KUL, 1972, 15(2):43-52. [In Polish.] 
 
Selvamurthy, W. Yoga for everyone: A physiologists’ view. Journal of Oriental 
Research, 1996, 63:7-32. 
 
___________, H. S. Nayar, N. T. Joseph, and S. Joseph. Physiological effects of yogic 
practices. NIMHANS (National Institute of Mental Health and Neuro Sciences of India) 
Journal, Jan1983, 1(1):71-79. 
 
Abstract: A comprehensive study was conducted on 30 healthy men [soldiers] (20-30 
years of age) to evaluate the effects of six months of regular yogic practice on autonomic 
balance, thermoregulatory efficiency, orthostatic tolerance, energy metabolism and 
biochemical profile. The subjects were randomly divided into two groups (A & B) of 15 
each. Group-A served as control, while in group-B yogic training was administered daily 
in the morning hours for one hour under the supervision of qualified Yoga instructor from 
Vishwaytan Yogashram for six months. Various physiological tests and biochemical 
estimations were done before, and after, every month of yogic training, in both the 
groups. Yogic practice for six months resulted in a trend of shift in the autonomic 
equilibrium towards relative parasympathodominance, improvement in thermoregulatory 
efficiency and orthostatic tolerance. It has also brought about improvement in physical 
performance by minimizing the energy expenditure during submaxmal exercise. The 
changes in the biochemical profile indicated a relative hypometabolic state after six 
months of yogic practice. Physiological significance of these finds is discussed in this 
paper. 
 
___________, and U. S. Ray. Yoga and physiology. In H. R. Nagendra, R. Ragarathna, 
and S. Telles, Yoga Research & Applications: Proceedings of the 5th International 
Conference on Frontiers in Yoga Research and Applications. Bangalore, Vivekananda 
Kendra Yoga Research Foundation, 2000, pp. 257-259. 
 
___________, U. S. Ray, K. S. Hedge, and R. P. Sharma. Physiological responses to 
cold (100C) in men after six months’ practice of yoga exercises. International Journal of 
Biometeorology, 1983, 32:188-193. 
 
Shachoy, Cator. The chakra system and human physiology: The healing potential of 
integrating ancient yogic wisdom and modern medical understanding. Common Ground, 
Fall 2001, pp. 14, 126-128. Author contact: 415-235-9380 
 
Shah, C. S. Neurophysiology of meditation. Article available online: 
http://www.geocities.com/neovedanta/a28.html. 
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Shankaranand, B. Yoga, brain and consciousness. The Yoga Review, Spring 1982, 
2(1):1-5. 
 
Shannahoff-Khalsa, D., M. R. Boyle, and M. E. Buebel. The effects of unilateral 
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cardiopulmonary baroreflex (CPBR) control of peripheral vascular tone. PURPOSE: To 
test the hypothesis that improvement in peak oxygen consumption (VO2peak) during 
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was increased during later stages of 15 min KB compared to the pre-exercise period. Beta 
1 activity increased during the first 10 min of KB in occipital and to a lesser degree in 
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parietal regions. Alpha and beta 1 activity decreased and theta activity was maintained on 
the level of the initial resting period after KB. The score of General Deactivation factor 
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now substantial Western concern to evaluate their effectiveness in the way that many 
other psychotherapeutic traditions have been examined. In particular a technique in the 
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strong scientific attention in the West. This paper looks at some of the physiological, 
psychological and social research on this practice, and also looks at some of the rather 
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“human realization.” 
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Abstract: Sudarshan Kriya Yoga has been tried as an alternative treatment in depression. 
Studies on patients with dysthymia and major depression showed significant 
antidepression effect. The biological basis of the therapeutic efficacy of SKY has not 
been investigated. In the present study we examined the effect of SKY on plasma 
cortisol. Plasma cortisol levels were measured before and after a SKY treatment in 20 
major depressive patients who received no psychotropic medication. There was 
significant reduction in plasma cortisol levels. The relevance of this finding to the 
biological correlates of SKY will be presented. 
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Sudsuang, R., V. Chentanez, and K. Veluvan. Effect of Buddhist meditation on serum 
cortisol and total protein levels, blood pressure, pulse rate, lung volume and reaction 
time. Physiology and Behavior, Sep 1991, 50(3):543-548. PMID: 1801007. 
 
Abstract: Serum cortisol and total protein levels, blood pressure, heart rate, lung volume, 
and reaction time were studied in 52 males 20-25 years of age practicing Dhammakaya 
Buddhist meditation, and in 30 males of the same age group not practicing meditation. It 
was found that after meditation, serum cortisol levels were significantly reduced, serum 
total protein level significantly increased, and systolic pressure, diastolic pressure and 
pulse rate significantly reduced. Vital capacity, tidal volume and maximal voluntary 
ventilation were significantly lower after meditation than before. There were also 
significant decreases in reaction time after meditation practice. The percentage decrease 
in reaction time during meditation was 22%, while in subjects untrained in meditation, 
the percentage decrease was only 7%. Results from these studies indicate that practising 
Dhammakaya Buddhist meditation produces biochemical and physiological changes and 
reduces the reaction time. 
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Abstract: Optimal inputs fed into the system, in an organised planned schedule, over a 
period of time, produce progresive permanent improvements in the functional capactities 
of the body—the process of adaptation. 
 
In the case of hypodynamic and static work-outs as in Yoga, a new concept of passive 
adaptation is evolved. Certain specialized sensory regulatory receptors have been 
identified, which exclusively operate during isometric, low-dynamic muscular 
contactions, as in Yoga. 
 
The passive adaptation through Yoga of the cardiovascular system and the metabolic re-
arrangements are explained. 
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The Renshaw cybernetic channels and their special signficance in the stretch-oriented 
Yoga are analysed. Yoga and hormonal balance, as controlled catecholamine release, is 
outlined.  
 
The need for the evlution of a yogic battery of tests to assess functional fitness through 
parameters of passive adaptation is sought. 
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Findings: Improved blood sugar homeostasis as measured by oral glucose tolerance test.  
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Abstract: To determine whether the yogic Ujjayi pranayamic type of breathing that 
involves sensory awareness and consciously controlled, extremely slow-rate breathing 
including at least a period of end-inspiration breath holding in each respiratory cycle 
would alter oxygen consumption or not, ten males with long standing experience in 
pranayama, and volunteering to participate in the laboratory study were assessed. These 
subjects aged 28-59 yr, had normal health appropriate to their age. Since kumbhak (timed 
breath holding) is considered as an important phase of the respiratory cycle in the 
pranayama, they were categorised into two groups of five each, one group practising the 
short kumbhak varieties of pranayama, and the other the long kumbhak varieties of 
pranayama. The duration of kumbhak phase was on an average 22.2 percent of the 
respiratory cycle in the short kumbhak group, and 50.4 per cent in the long kumbhak 
group. The oxygen consumption was measured in test sessions using the closed circuit 
method of breathing oxygen through the Benedict-Roth spirometer. Each subject was 
tested in several repeat sessions. Values of oxygen consumption of the period of 
pranayamic breathing, and of post-pranayamic breathing period, were compared to 
control value of oxygen consumption of the prepranayamic breathing period of each test 
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session. The results revealed that the short kumbhak pranayamic breathing caused a 
statistically significant increase (52%) in the oxygen consumption (and metabolic rate) 
compared to the pre-pranayamic base-line period of breathing. In contrast to the above, 
the long kumbhak pranayamic breathing caused a statistically significant lowering (19% 
of the oxygen consumption (and metabolic rate). 
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Research, 1993, 98[B]:237-239. PMID: 8119759. 
 
Abstract: Middle latency auditory evoked potentials were examined in 7 proficient 
subjects during the practice of meditation on the syllable 'OM', to determine whether 
these potentials would differ significantly from those recorded during the baseline state 
without practicing mediation. Similar records were also obtained in 7 'naive' subjects, 
matched for age, before and during a control period which involved sitting with eyes 
closed, and with no special instructions for focusing their thoughts. There was 
considerable inter-subject variability in the different components. However, during 
meditation there was a small but significant reduction in the peak latency of the Nb wave 
(the maximum negativity occurring between 35 and 65 msec). This reduction was 
observed consistently during the 3 repeat sessions of each subject, while the 'naive' 
subjects did not show this change. These results suggest that the inter-subject variability 
of middle latency auditory evoked potentials precludes using them as the method of 
choice for assessing the effects of meditation. The small but consistent decrease in the Nb 
wave peak latency, indicates that the middle latency auditory evoked potentials do 
change with meditation. However, the variability of the potentials may mask subtle 
changes. 
 
___________, B. Hanumanthaiah, R. Nagarathna, and H. R. Nagendra. Improvement 
in static motor performance following yogic training of school children. Perceptual & 
Motor Skills, Jun 1993, 76(3 Pt 2):1264-1266. PMID: 8337075. 
 
Abstract: Two groups of 45 children each, whose ages ranged from 9 to 13 years, were 
assessed on a steadiness test, at the beginning and again at the end of a 10-day period 
during which one group received training in yoga, while the other group did not. The 
steadiness test required insertion of and holding for 15 sec. a metal stylus without 
touching the sides of holes of decreasing sizes in a metal plate. The contacts were 
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counted as “errors.” During the 10-day period, one group (the “Yoga” group) received 
training in special physical postures (asanas), voluntary regulation of breathing 
(Pranayama), maintenance of silence, as well as visual focussing exercises (tratakas) and 
games to improve the attention span and memory. The other group (control) carried out 
their usual routine. After 10 days, the “Yoga” group showed a significant (Wilcoxon's 
paired signed-ranks test) decrease in errors, whereas the “control” group showed no 
change. 
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Abstract: The static motor performance was tested in two groups with 20 subjects in each 
(age range 17 to 22 years, and 5 females in each group). Tests were carried out at the 
beginning and end of a 10 day period. The test required being able to insert and hold a 
metal stylus within holes of varying sizes for 15 sec. Accidental contacts between the 
stylus and the sides of the holes, were registered on a counter as errors. During the 10 
days one group (the yoga group) practised asanas (physical postures), pranayama 
(voluntary regulation of breathing), meditation, devotional sessions, and tratakas (visual 
focussing exercises). The control group followed their usual routine. At the end of 10 
days the yoga group showed a significant reduction in number of errors (Wilcoxon paired 
signed ranks test), while the control group did not change. Our earlier study showed a 
similar improvement in children (9-13 years). It was interesting to note the same degree 
of plasticity in motor control systems in young adults. The implications for rehabilitation 
programmes have been discussed. 
 
___________, C. Joseph, S. Venkatesh, and T. Desiraju. Alteration of auditory middle 
latency evoked potentials during yogic consciously regulated breathing and attentive state 
of mind. International Journal of Psychophysiology, 1992, 14:189-198. PMID: 8340237. 
 
Abstract: Middle latency auditory-evoked potentials (AEP-MLRs) of 10 healthy male 
subjects in the age range of 21-33 years, were assessed to determine whether yogic 
pranayamic practice would cause changes in them. The pranayama type assessed here is 
an exercise of consciously-controlled rhythmic breathing involving timed breath-holding 
in each cycle of breathing, while the subject holds utmost attention and experiences the 
touch of inhaled air in the nasal passage. The results revealed that the Na-wave amplitude 
increased and latency decreased during the period of pranayamic practice, whereas the 
Pa-wave was not significantly altered. The change is interpreted as an indication of a 
generalized alteration cause in information processing at the primary thalamo-cortical 
level during the concentrated mental exercise of inducing modifications in neural 
mechanisms regulating a different functional system (respiratory). Further researches are 
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required to understand the operational significances of such changes. 
 
___________, R. Nagarathna, and H. R. Nagendra. Breathing through a particular 
nostril can alter metabolism and autonomic activities. Indian Journal of Physiology and 
Pharmacology, 1994, 38(2):133-137. PMID: 8063359 
 
Abstract: There is increasing interest in the fact that breathing exclusively through one 
nostril may alter the autonomic functions. The present study aimed at checking whether 
such changes actually do occur, and whether breathing is consciously regulated. 48 male 
subjects, with ages ranging from 25 to 48 years were randomly assigned to different 
groups. Each group was asked to practice one out of three pranayamas (viz. right nostril 
breathing, left nostril breathing or alternate nostril breathing). These practices were 
carried out as 27 respiratory cycles, repeated 4 times a day for one month. Parameters 
were assessed at the beginning and end of the month, but not during the practice. The 
'right nostril pranayama' group showed a significant increase, of 37% in baseline oxygen 
consumption. The 'alternate nostril' pranayama group showed an 18% increase, and the 
left nostril pranayama group also showed an increase, of 24%. This increase in 
metabolism could be due to increased sympathetic discharge to the adrenal medulla. The 
'left nostril Pranayama' group showed an increase in volar galvanic skin resistance, 
interpreted as a reduction in sympathetic nervous system activity supplying the sweat 
glands. These results suggest that breathing selectively through either nostril could have a 
marked activating effect or a relaxing effect on the sympathetic nervous system. The 
therapeutic implications of being able to alter metabolism by changing the breathing 
pattern have been mentioned. 
 
___________, R. Nagarathna, and H. R. Nagendra. Improvement in visual perception 
following yoga training. Journal of Indian Psychology, 1995, 13(1):30-32. 
 
___________, R. Nagarathna, and H. R. Nagendra. Physiological measures of right 
nostril breathing. Journal of Alternative & Complementary Medicine, 1996, 2(4):479-
484. PMID: 9395677. 
 
Abstract: This study was conducted to assess the physiological effects of a yoga 
breathing practice that involves breathing exclusively through the right nostril. This 
practice is called surya anuloma viloma pranayama (SAV). Twelve volunteers (average 
age 27.2 years +/- 3.3 years, four males) were assessed before and after test sessions 
conducted on two consecutive days. On one day the test session involved practicing SAV 
pranayama for 45 minutes (SAV session). During the test period of the other day, 
subjects were asked to breathe normally for 45 minutes (NB session). For half the 
patients (randomly chosen) the SAV session was on the first day and the NB session on 
the next day. For the remaining six patients, the order of the two sessions was reversed. 
After the SAV session (but not after the NB) there was a significant (P < .05, paired t 
test) increase in oxygen consumption (17%) and in systolic blood pressure (mean 
increase 9.4 mm Hg) and a significant decrease in digit pulse volume (45.7%). The latter 
two changes are interpreted to be the result of increased cutaneous vasoconstriction. After 
both SAV and NB sessions, there was a significant decrease in skin resistance (two factor 
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ANOVA, Tukey test). These findings show that SAV has a sympathetic stimulating 
effect. This technique and other variations of unilateral forced nostril breathing deserve 
further study regarding therapeutic merits in a wide range of disorders. 
 
___________, R. Nagarathna, and H. R. Nagendra. Autonomic changes during “OM” 
meditation. Indian Journal of Physiology and Pharmacology, 1998, 39(4):418-420. 
 
___________, R. Nagarathna, and H. R. Nagendra. Autonomic changes while 
mentally repeating two syllables, one meaningful and the other neutral. Indian Journal of 
Physiology and Pharmacology, 1998, 42(1):57-63. 
 
___________, R. Nagarathna, H. R. Nagendra, and T. Desiraju. Physiological 
changes in sports teachers following 3 months of training in yoga. Indian Journal of 
Medical Sciences, Oct 1993, 47(10):235-238. PMID: 8112782. 
 
Abstract: 1. This report shows that in a group of 40 physical education teachers who 
already had an average of 8.9 years physical training, 3 months of yogic training 
produced significant improvement in general health (in terms of body weight and BP 
reduction and improved lung functions). 2. There was also evidence of decreased 
autonomic arousal and more of psychophysiological relaxation (heart rate and respiratory 
rate reduction), and improved somatic steadiness (decreased errors in the steadiness test). 
3. The changes at the end of 3 months in volar GSR in different directions 
(increase/decrease/no change), depending on the initial values, suggests that practising 
yoga may help to bring about a balance in different autonomic functions, so that 
functioning is optimised. 
 
___________, R. Nagarathna, H. R. Nagendra, and T. Desiraju. Alterations in 
auditory middle latency evoked potentials during meditation on a meaningful syllabus 
“OM.” International Journal of Neurosciences, 1994, 76:87-93. PMID: 7960473. 
 
Abstract: Middle latency auditory evoked potentials were recorded in 18 male volunteers 
with ages between 25 and 45 years, 9 of whom had more than 10 years of experience in 
"Om" meditation (senior subjects), whereas the other 9 had no meditation experience 
(naive subjects). Both groups were studied in two types of sessions. (1) Before, during, 
and after 20 minutes of mentally repeating "one" (control session), and (2) a similar 
session, though with 20 minutes of mentally chanting "Om" (meditation session). The 
senior subjects showed a statistically significant (paired t-test) increase in the peak 
amplitude of Na wave (the maximum negative peak between 14 and 18 ms) during 
meditation, while the same subjects showed a statistically significant reduction in the Na 
wave peak amplitude during control sessions. In contrast, the naive subjects had a 
significant decrease in the Na wave peak amplitude during meditation sessions and a 
nonsignificant trend of reduction during control sessions, as well. This difference 
between senior and naive subjects was significant (two-way ANOVA). There were no 
significant changes in short latency wave V or Pa wave (the positive peak between the Na 
wave and 35 ms). The changes in the Na wave suggest that both mediation on a 
meaningful symbol, and mental repetition of a neutral word cause neural changes at the 
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same level (possibly diencephalic). However, the change could be in opposite directions, 
and this difference could be correlated with differences in the duration of experience in 
meditation between senior and naive subjects. 
 
___________, R. Nagarathna, V. Ramana, and H. R. Nagendra. A combination of 
focusing and defocusing through yoga reduces optical illusion more than alone. Indian 
Journal of Physiology and Pharmacology, 1997, 41(2):129-133. 
 
___________, H. R. Nagendra, and R. Nagarathna. Effect of uninostril yoga breathing 
on tweezer dexterity. Submitted by Swami Vivekananda Yoga Research Foundation to 
Indian Journal of Physiology and Allied Sciences, Feb 1998. 
 
___________, S. Narendran, P. Raghuraj, R. Nagarathna, and H. R. Nagendra. 
Comparison of changes in autonomic and respiratory parameters of girls after yoga and 
games at a community home. Perceptual Motor Skills, Feb 1997, 84(1):251-257. 
 
___________, V. Ramaprabhu, and S. K. Reddy. Effect of yoga training on maze 
learning. Indian Journal of Physiology and Pharmacology, Apr 2000, 44(2):197-201. 
 
___________,  S. K. Reddy, and H. R. Nagendra. Oxygen consumption and respiration 
following two yoga relaxation techniques. Applied Psychophysiology And Biofeedback, 
Dec 2000, 25(4):221-227. MEDLINE® PMID: 11218923.  
   
Abstract: The present study was conducted to evaluate a statement in ancient yoga texts 
that suggests that a combination of both “calming” and “stimulating” measures may be 
especially helpful in reaching a state of mental equilibrium. Two yoga practices, one 
combining “calming and stimulating” measures (cyclic meditation) and the other, a 
“calming” technique (shavasan), were compared. The oxygen consumption, breath rate, 
and breath volume of 40 male volunteers (group mean +/- SD, 27.0 +/- 5.7 years) were 
assessed before and after sessions of cyclic meditation (CM) and before and after 
sessions of shavasan (SH). The 2 sessions (CM, SH) were 1 day apart. Cyclic meditation 
includes the practice of yoga postures interspersed with periods of supine relaxation. 
During SH the subject lies in a supine position throughout the practice. There was a 
significant decrease in the amount of oxygen consumed and in breath rate and an increase 
in breath volume after both types of sessions (2-factor ANOVA, paired t test). However, 
the magnitude of change on all 3 measures was greater after CM: (1) Oxygen 
consumption decreased 32.1% after CM compared with 10.1% after SH; (2) breath rate 
decreased 18.0% after CM and 15.2% after SH; and (3) breath volume increased 28.8% 
after CM and 15.9% after SH. These results support the idea that a combination of yoga 
postures interspersed with relaxation reduces arousal more than relaxation alone does.   
 
___________, P. R. Vani, R. Nagarathna, and H. R. Nagendra. A combination of 
focusing and defocusing through yoga reduces optical illusion more than focusing alone. 
Indian Journal of Physiology and Pharmacology, 1997, 41(2):71-74. 
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___________, R. P. Vempati, and S. K. Reddy. Effect of yoga training on maze 
learning. Unpublished date, Swami Vivekananda Yoga Research Foundation. 
 
Thomas, Andrew. Yoga and fascia. The Journal of The International Association of 
Yoga Therapists, 1992, no. 3, pp. 39-42. 
 
___________. Yoga and cardiovascular function. The Journal of The International 
Association of Yoga Therapists, 1993, no. 4, pp. 39-41. 
 
Thomas, Tommijean, Christopher D. Tori, and Benjamin A. Thomas. Assessing the 
[psychological] benefits of practicing Iyengar Yoga. Yoga Rahasya, 1998, 5(2):30-33. 
Contact: Dr. Tommijean Thomas, tommijt@yahoo.com. 
 
Abstract: 
 
Objectives:  
a. To determine the physical, physiological and psychological effects of practicing 
Iyengar Yoga  
b. To determine the reason and motivation for practitioners to continue yoga practice.  
c. To evaluate perception of ‘stress” and coping mechanisms amongst Iyengar Yoga 
practitioners  
d. To compare the personality characteristics of Iyengar Yoga Practitioners with the 
“normal” adults who did not practice Iyengar Yoga. 
 
Participants and Methodology:  
367 Iyengar Yoga practitioners, from North and South America, Asia, South Africa, New 
Zealand and Australia, who attended the “Iyengar Yoga Festival”, Pune in 1998 
participated in this study. All these participants answered three questionnaires pertaining 
to their yoga practice, the perception and coping of stress and their personality traits. It 
took each participant at least one hour to answer all the questions listed. Their replies 
were then assessed using specific statistical tests.  
 
Results:  
Yoga Practice: 97% of the participants practiced asanas for an average of 8 hours per 
week while 71% practiced pranayama for an average of 2.3 hours a week.  
 
Life Style: Yoga practice was a strong motivating factor amongst all the practitioners to 
improve health habits. 94% balanced work with recreation while 85% followed a 
vegetarian diet. It is pertinent to note that “Iyengar Yoga” does not compel the 
practitioner to any specific dietary or life style regiment.  
 
Improvement in the Physical and Physiological Disorders following Yoga Practice: 65% 
of the participants had a medical problem when they started their yoga practice. Most 
people indicated that, on the average, they improved, with some proclaiming cures and 
others remission. There was a significant improvement in the physical health of all the 
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participants. Significant benefits were seen with reference to the respiratory, 
genitourinary, circulatory and digestive systems.  
 
There was a very significant improvement with relation to emotional disorders especially 
those pertaining to mood disorders and substance abuse.  
 
Reasons and Motivation to Continue Yoga Practice: Although, majority of practitioners 
started their yoga practice to seek physical benefit – it is the psychological benefits 
especially mental control and stress/ tension control which now motivates them to 
continue their practices.  
 
Perception of Stress and Coping Mechanisms: The awareness of stress among yoga 
practitioners was similar to that of a normal population. Coping methods, however, were 
more active and varied than for the typical person. The management of stress by those 
practicing yoga was characterized by heightened self-control, using difficulties as a 
means to enhance personal growth and the ability to detach oneself from tension and 
anxiety. The results of the study also revealed that those who adopted a planful and 
optimistic approach to problem solving significantly reduced perceived stress. 
Interestingly, those primarily involved in the teaching of yoga had the lowest perceived 
stress.  
 
Personality Characteristics: A comparative study of the personality differences between 
yoga practitioners and normal “non-practicing” individuals shows that the yoga 
practitioners had a higher than average values when assessed for their sensitivity, 
flexibility and self reliance. However, they were less conforming and “submissive” as 
compared with “normal” non practitioners.  
 
Conclusion:  
The results of this study clearly documents that practice of Iyengar Yoga improves the 
physical, physiological and psychological well being of the practitioner; a heightened self 
control; an enhancement of personal growth, a low perception of stress. The personality 
of the practitioners indicated that they were more sensitive, flexible and self-reliant but at 
the same time exhibited a “mind of their own” by being non-conforming and submissive.  
 
___________, Christopher D. Tori, Benjamin A. Thomas, and Rajvi H. Mehta. 
Medical, psychological, and spiritual benefits of longterm Iyengar Yoga practice.  Yoga 
Rahasya, 2000, 7(1):77-86. 
 
___________, Christopher D. Tori, and Benjamin A. Thomas. Psychological and 
physical gains from Iyengar Yoga practice. 2002. Manuscript in progress. 
 
“Data collection and entry (pre/post repeated measures and two follow ups) of the 
psychological  and physical health benefits of meditation and  yoga is completed.  
Individual coping resources, psychological adjustments, life style habits, mood states, and 
personality characteristics were measured in 190 college beginning yoga students.  
Preliminary results are revealing significant findings.” 
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Madnmohan., D. P. Thombre, and B. Balakumar. Effect of yoga training on reaction 
time, respiratory endurance and muscle strength. Indian Journal of Physiology and 
Pharmacology, Oct 1992, 36(4):229ff. 
 
Throll, D. A. Transcendental Meditation and progressive relaxation: Their physiological 
effects. Journal of Clinical Psychology, 1982, 38(3):522-530. 
 
Tloczynski, T.,  A. Santucci, and  E. Astor. Perception of visual illusions by novice and 
longer-term meditators. Perceptual and Motor Skills, Dec 2000, 91(3 Pt 1):1021-1026.  
PMID: 11153836.  
  
Undergraduate volunteers were divided into Control (n= 18) and Novice Meditators (n = 
8). Residents of an American Zen monastery who volunteered as subjects, having 1 year 
or more experience in meditation, formed a Longer-term Meditation group. All subjects 
were tested over five trials on the Poggendorff and M?ller-Lyer illusions and completed 
the Taylor Manifest Anxiety Scale and the Beck Depression Inventory. Significant mean 
differences were found only for algebraic errors on the Poggendorff illusion, and 
significant decrement in illusion was noted for all subjects. A significant interaction was 
also found as the Longer-term Meditators showed less initial illusion and less dramatic 
decrement over five trials than the other groups. Finally, Longer-term Meditators 
exhibited significantly less anxiety and depression than the other two groups.   
 
Tooley, G. A., S. M. Armstrong, T. R. Norman, and A. Sali. Acute increases in night-
time plasma melatonin levels following a period of meditation. Biological Psychology, 
May 2000, 53(1):69-78. Author email: greggo@deakin.edu.au. PMID: 0010876066. 
 
Abstract: To determine whether a period of meditation could influence melatonin levels, 
two groups of meditators were tested in a repeated measures design for changes in plasma 
melatonin levels at midnight. Experienced meditators practicing either TM-Sidhi or 
another internationally well known form of yoga showed significantly higher plasma 
melatonin levels in the period immediately following meditation compared with the same 
period at the same time on a control night. It is concluded that meditation, at least in the 
two forms studied here, can affect plasma melatonin levels. It remains to be determined 
whether this is achieved through decreased hepatic metabolism of the hormone or via a 
direct effect on pineal physiology. Either way, facilitation of higher physiological 
melatonin levels at appropriate times of day might be one avenue through which the 
claimed health promoting effects of meditation occur.   
 
Tran, M. D., R. G. Holly, J. Lashbrook, and E. A. Amsterdam. Effects of Hatha Yoga 
practice on the health-related aspects of physical fitness. Preventive Cardiology, Autumn 
2001, 4(4):165-170. PMID: 11832673.  
 
Abstract: Ten healthy, untrained volunteers (nine females and one male), ranging in age 
from 18-27 years, were studied to determine the effects of hatha yoga practice on the 
health-related aspects of physical fitness, including muscular strength and endurance, 
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flexibility, cardiorespiratory fitness, body composition, and pulmonary function. Subjects 
were required to attend a minimum of two yoga classes per week for a total of 8 weeks. 
Each yoga session consisted of 10 minutes of pranayamas (breath-control exercises), 15 
minutes of dynamic warm-up exercises, 50 minutes of asanas (yoga postures), and 10 
minutes of supine relaxation in savasana (corpse pose). The subjects were evaluated 
before and after the 8-week training program. Isokinetic muscular strength for elbow 
extension, elbow flexion, and knee extension increased by 31%, 19%, and 28% (p<0.05), 
respectively, whereas isometric muscular endurance for knee flexion increased 57% 
(p<0.01). Ankle flexibility, shoulder elevation, trunk extension, and trunk flexion 
increased by 13% (p<0.01), 155% (p<0.001), 188% (p<0.001), and 14% (p<0.05), 
respectively. Absolute and relative maximal oxygen uptake increased by 7% and 6%, 
respectively (p<0.01). These findings indicate that regular hatha yoga practice can elicit 
improvements in the health-related aspects of physical fitness. Copyright © 2001 CHF, 
Inc. 
 
Travis, Frederick. Autonomic and EEG patterns distinguish transcending from other 
experiences during Transcendental Meditation practice. International Journal of 
Psychophysiology, Aug 2001, 42(1):1-9. PMID: 11451476. 
  
Abstract: This study compared EEG and autonomic patterns during transcending to  
“other” experiences during Transcendental Meditation (TM) practice. To correlate 
specific meditation experiences with physiological measures, the experimenter rang a bell 
three times during the TM session. Subjects categorized their experiences around each 
bell ring. Transcending, in comparison to “other” experiences during TM practice, was 
marked by: (1) significantly lower breath rates; (2) higher respiratory sinus arrhythmia 
amplitudes; (3) higher EEG alpha amplitude; and (4) higher alpha coherence. In addition, 
skin conductance responses to the experimenter-initiated bell rings were larger during 
transcending. These findings suggest that monitoring patterns of physiological variables 
may index dynamically changing inner experiences during meditation practice. This 
could allow a more precise investigation into the nature of meditation experiences and a 
more accurate comparison of meditation states with other eyes-closed conditions. 
 
___________, T. Olson, T. Egenes, and H. K. Gupta. Physiological patterns during 
practice of the Transcendental Meditation technique compared with patterns while 
reading Sanskrit and a modern language. International Journal of Neuroscience, Jul. 
2001, 109(1-2):71-80. PMID: 11699342. 
 
Abstract: This study tested the prediction that reading Vedic Sanskrit texts, without 
knowledge of their meaning, produces a distinct physiological state. We measured EEG, 
breath rate, heart rate, and skin conductance during: (1) 15-min Transcendental 
Meditation (TM) practice; (2) 15-min reading verses of the Bhagavad Gita in Sanskrit; 
and (3) 15-min reading the same verses translated in German, Spanish, or French. The 
two reading conditions were randomly counterbalanced, and subjects filled out 
experience forms between each block to reduce carryover effects. Skin conductance 
levels significantly decreased during both reading Sanskrit and TM practice, and 
increased slightly during reading a modern language. Alpha power and coherence were 
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significantly higher when reading Sanskrit and during TM practice, compared to reading 
modern languages. Similar physiological patterns when reading Sanskrit and during 
practice of the TM technique suggests that the state gained during TM practice may be 
integrated with active mental processes by reading Sanskrit.  
 
___________, and C. Pearson. Pure consciousness: Distinct phenomenological and 
physiological correlates of “consciousness itself.” International Journal of Neuroscience, 
Jan 1999, 100(1-4):77-89. PMID: 10938552. 
 
Abstract: This paper explores subjective reports and physiological correlates of the 
experience of “consciousness itself”—self awareness isolated from the processes and 
objects of experience during Transcendental Meditation practice. Subjectively, this state 
is characterized by the absence of the very framework (time, space, and body sense) and 
content (qualities of inner and outer perception) that define waking experiences. 
Physiologically, this state is distinguished by the presence of apneustic breathing, 
autonomic orienting at the onset of breath changes, and increases in the frequency of 
peak EEG power. A model, called the junction point model, is presented that integrates 
pure consciousness with waking, dreaming, or sleeping. It could provide a structure to 
generate a coherent program of research to test the full range of consciousness and so 
enable us to understand what it means to be fully human. 
 
___________, J. Tecce, A. Arenander, and R. K. Wallace. Patterns of EEG coherence, 
power, and contingent negative variation characterize the integration of transcendental 
and waking states. Biological Psychology, Nov 2002, 61(3):293-319. PMID: 12406612. 
Author email: ftravis@mum.edu. 
 
Abstract: Long-term meditating subjects report that transcendental experiences (TE), 
which first occurred during their Transcendental Meditation (TM) practice, now 
subjectively co-exist with waking and sleeping states. To investigate neurophysiological 
correlates of this integrated state, we recorded EEG in these subjects and in two 
comparison groups during simple and choice contingent negative variation (CNV) tasks. 
In individuals reporting the integration of the transcendent with waking and sleeping, 
CNV was higher in simple but lower in choice trials, and 6-12 Hz EEG amplitude and 
broadband frontal EEG coherence were higher during choice trials. Increased EEG 
amplitude and coherence, characteristic of TM practice, appeared to become a stable 
EEG trait during CNV tasks in these subjects. These significant EEG differences may 
underlie the inverse patterns in CNV amplitude seen between groups. An 'Integration 
Scale,' constructed from these cortical measures, may characterize the transformation in 
brain dynamics corresponding to increasing integration of the transcendent with waking 
and sleeping. 
 
___________, J. J. Tecci, and J. Guttman. Cortical plasticity, contingent negative 
variation, and transcendent experiences during practice of the Transcendental Meditation 
technique. Biological Psychology, Nov 2000, 55(1):41-55. Author email: 
ftravis@mum.edu. PMID: 11099807. 
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Abstract: This study investigated effects of transcendent experiences on contingent 
negative variation (CNV) amplitude, CNV rebound, and distraction effects. Three groups 
of age-matched subjects with few (<1 per year), more frequent (10-20 per year), or daily 
self-reported transcendent experiences received 31 simple RT trials (flash (S(1))/tone 
(S(2))/button press) followed by 31 divided-attention trials - randomly intermixed trials 
with or without a three-letter memory task in the S(1)-S(2) interval). Late CNV 
amplitudes in the simple trials were smallest in the group with fewest, and largest in the 
group with most frequent transcendent experiences. Conversely, CNV distraction effects 
were largest in the group with fewest and smallest in the group with most frequent 
transcendent experiences (the second group’s values were in the middle in each case). 
These data suggest cumulative effects of transcendent experiences on cortical preparatory 
response (heightened late CNV amplitude in simple trials) and executive functioning 
(diminished distraction effects in letter trials). 
 
___________, and R. Keith Wallace. Autonomic patterns during respiratory 
suspensions: Possible markers of Transcendental Consciousness. Pyschophysiology, 
1997, 34:39-46. 
 
Abstract: In two experiments, we investiaged physiological correlates of Transcendental 
Consciousness during Transcendental Meditation sessions. In the first, experimenter-
initiated bells, based on observed physiological patterns, marked three phases during a 
Transcendental meditation session in 16 individuals. Interrater reliability between 
participant and experimenter classification of experiences at each bell was quite good. 
During phases including Transcendental Consciousness experiences, skin conductance 
responses and heart rate deceleration occurred at the onset of respiratory suspensions or 
reductions in breath volume. In the second experiment, this autonomic pattern was 
compared with that during forced breath holding. Phasic autonomic activity was 
significantly higher at respiratory suspension onset than at breath holding onset. These 
easily measured markers could help focus research on the existence and characteristics of 
Transcendental Consciousness. 
 
___________, and R. Keith Wallace. Autonomic and EEG patterns during eyes-closed 
rest and transcendental meditation (TM) practice: The basis for a neural model of TM 
practice. Consciousness and Cognition, Sep 1999, 8(3):302-318. PMID: 0010487785. 
 
Abstract: In this single-blind within-subject study, autonomic and EEG variables were 
compared during 10-min, order-balanced eyes-closed rest and Transcendental Meditation 
(TM) sessions. TM sessions were distinguished by (1) lower breath rates, (2) lower skin 
conductance levels, (3) higher respiratory sinus arrhythmia levels, and (4) higher alpha 
anterior-posterior and frontal EEG coherence. Alpha power was not significantly 
different between conditions. These results were seen in the first minute and were 
maintained throughout the 10-min sessions. TM practice appears to (1) lead to a state 
fundamentally different than eyes-closed rest; (2) result in a cascade of events in the 
central and autonomic nervous systems, leading to a rapid change in state (within a 
minute) that was maintained throughout the TM session; and (3) be best distinguished 
from other conditions through autonomic and EEG alpha coherence patterns rather than 
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alpha power. Two neural networks that may mediate these effects are suggested. The 
rapid shift in physiological functioning within the first minute might be mediated by a 
“neural switch” in prefrontal areas inhibiting activity in specific and nonspecific 
thalamocortical circuits. The resulting “restfully alert” state might be sustained by a basal 
ganglia-corticothalamic threshold regulation mechanism automatically maintaining lower 
levels of cortical excitability. Copyright 1999 Academic Press.   
 
Travis, T., C. Kondo, and J. Knott. Heart rate, muscle tension, and alpha production of 
Transcendental Meditation and relaxation controls. Biofeedback and Self-Regulation, 
1976, I(4):387-394. 
 
Trynham, R. The effects of experimental meditation, feedback and relaxation training on 
electromyograph and self-report measures of relaxation and altered states of 
consciousness. Biofeedback & Self Regulation, 1978, 3(2):187ff. 
 
Tulpule, T. H. Cardio-respiratory, metabolic and hormonal changes in middle aged men 
following yogic exercise. Maharashtra Med J, 1978, 25(8):303-308. 
 
Udupa, Kaviraja, Madanmohan, Ananda Balayogi Bhavanani, P. Vijyalakshmi, and 
N. Krishnamurthy. Effect of pranayam training on cardiac function in normal young 
volunteers. Indian Journal of Physiology and Pharmacology, Jan 2003, 47 (1):27-33. 
Article available online: http://www.ijpp.com/vol47_no1_orgn_artcl_1.htm. 
 
Abstract: Systolic tire intervals (STI) are non-invasive and sensitive tests for measuring 
the ventricular performance.  It has been reported that practice of pranayam modulates 
cardiac autonomic status and improves cardio-respiratory functions.  Keeping this in 
view, the present study was designed to determine whether pranayam training has any 
effect on ventricular performance as measured by STI and cardiac autonomic function 
tests (AFT).  Twenty-four school children were randomly divided into two groups of 
twelve each.  Group I (pranayam group) subjects were given training in nadishuddhi, 
mukh-bhastrika, pranav and savitri pranayams and practised the same for 20 minutes 
daily for a duration of 3 months.  Group II (control group) subjects were not given any 
pranayam training.  STI (QS2, LVET and PEP) and AFT (RRIV and QT/QS2) were 
measured in both the groups at the beginning and again at the end of three months study 
period.  Pranayam training produced an increase in RRIV and a decrease in QT/QS2 
suggesting an enhanced parasympathetic and blunted sympathetic activity respectively.  
QS2, PEP and PEP/LVET increased significantly, whereas LVET was reduced 
significantly in pranayam group.  In contrast, the changes in STI and AFT were much 
less marked in the control group.  Our study shows that three months of pranayam 
training modulates ventricular performance by increasing parasympathetic activity and 
decreasing sympathetic activity.  Further studies on a larger sample size may illustrate the 
underlying mechanism(s) involved in this alteration. 
 
Udupa, K. N. Studies on physiological aspects of yoga. In K. N. Udupa, Stress and Its 
Management by Yoga. 2d ed. Delhi: Motilal Banarsidass, 1985. 
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Surg. Sc., 1977, 13:294ff. 
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“In Philadelphia, a researcher discovers areas of the brain that are activated during 
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epilepsy and certain hallucinogenic drugs can produce religious epiphanies. And in 
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“The work is part of a broad new effort by scientists around the world to better 
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powerful brain imaging technology, researchers are exploring what mystics call nirvana, 
and what Christians describe as a state of grace. Scientists are asking whether spirituality 
can be explained in terms of neural networks, neurotransmitters and brain chemistry. 
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decreased activity in the brain’s parietal lobe, which helps regulate the sense of self and 
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religion has changed their lives? Perhaps because spiritual practices activate the temporal 
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breath volume were recorded after guided relaxation (paired t test). There were 
comparable reductions in heart rate and skin conductance during both types of relaxation. 
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variability spectrum reduced, whereas the power of the high frequency component 
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LF/HF > 0.5 showed a significant decrease in the ratio after guided relaxation, while 
subjects with a ratio < or = 0.5 at baseline showed no such change. The results suggest 
that sympathetic activity decreased after guided relaxation based on yoga, depending on 
the baseline levels. 
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prefer to call them . . . practices or procedures [rather] than exercises.” 
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Abstract: The effects of three different procedures, relaxation, visualization and yogic 
breathing (pranayama) and stretch on perceptions of physical and mental energy and on 
postive and negative mood states have bee nassessed in a group of normal volunteers (N 
= 71, age range 21-76). Pranayama produced a significantly greater increase in 
perceptions of mental and physical energy and feelings of alertness and enthusiasm than 
the other two procedures (P < 0.5). Relaxation made subjects significantly more sleepy 
and sluggish immediately after the session than pranayama (P < 0.05). Visualization 
made them more sluggish but less content than pranayama (P < 0.05) and more upset than 
relaxation after the second session (P < 0.05). Thus, a 30 min programme of yogic stretch 
and breathing exercises which is simple to learn and which can be practised even by the 
elderly had a markedly “invigorating” effect on perceptions of both mental and physical 
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Abstract: The scientific research that has investigated the physiological changes 
associated with meditation as it is practiced by adherents of Indian Yoga, Transcendental 
Meditation, and Zen Buddhism has not yielded a thoroughly consistent, easily replicable 
pattern of responses. The majority of studies show meditation to be a wakeful state 
accompanied by a lowering of cortical and autonomic arousal. The investigations of Zen 
and Transcendental Meditation have thus far produced the most consistent findings. 
Additional research into the mechanisms underlying the phenomena of meditation will 
require a shifting from old to new methodological perspectives that allow for adequate 
experimental control and the testing of theoretically relevant hypotheses. 
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Abstract: Although meditation has been employed successfully as a treatment for various 
stress-related disorders, there is still little evidence clarifying just which aspects of 
meditation training are responsible for these therapeutic effects. This experiment sought 
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failed to support this hypothesis. 
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Abstract: During recent years, a lot of research work has been done to show the beneficial 
effects of yoga training. The present study was undertaken to assess the effects of yogic 
practice on some pulmonary functions. Sixty healthy young female subjects (age group 
17-28 yrs.) were selected. They had to do the yogic practices daily for about one hour. 
The observations were recorded by MEDSPIROR, in the form of FVC, FEV-1 and PEFR 
on day-1, after 6 weeks and 12 weeks of their yogic practice. There was significant 
increase in FVC, FEV-1 and PEFR at the end of 12 weeks. 
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Abstract: Meditation, a wakeful hypometabolic state of parasympathetic dominance, is 
compared with other hypometabolic conditions, such as sleep, hypnosis, and the torpor of 
hibernation. We conclude that there are many analogies between the physiology of long-
term meditators and hibernators across the phylogenetic scale. These analogies further 
reinforce the idea that plasticity of consciousness remains a key factor in successful 
biological adaptation. 
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Of Related Interest 
 
Ades, P. A., P. D. Savage, M. E. Cress, M. Brochu, N. M. Lee, and E. T. Poehlman. 
Resistance training on physical performance in disabled older female cardiac patients. 
Medicine & Science in Sports & Exercise, 23 Aug 2003, 35(8):1265-1270. 
  
Abstract: Purpose: We evaluated the value of resistance training on measures of physical 
performance in disabled older women with coronary heart disease (CHD). Methods: The 
study intervention consisted of a 6-month program of resistance training in a randomized 
controlled trial format. Training intensity was at 80% of the single-repetition maximal 
lift. Control patients performed light yoga and breathing exercises. Study participants 
included 42 women with CHD, all >or= 65 yr of age and community dwelling. Subjects 
were screened by questionnaire to have low self-reported physical function. The primary 
study measurements related to the performance of 16 household activities of the 
Continuous Scale Physical Functional Performance test (CSPFP). These ranged from 
dressing, to kitchen and cleaning activities, to carrying groceries and walking onto a bus 
with luggage, and a 6-min walk. Activities were measured in time to complete a task, 
weight carried during a task, or distance walked. Other measures included body 
composition, measures of aerobic fitness and strength, and questionnaire-based measures 
of physical function and depression score. Results: Study groups were similar at baseline 
by age, aerobic capacity, strength, body composition, and in performing the CSPFP. 
After conditioning, 13 of 16 measured activities were performed more rapidly, or with 
increased weight carried, compared with the control group (all P < 0.05). Maximal power 
for activities that involved weight-bearing over a distance, increased by 40% (P < 0.05). 
Conclusions: Disabled older women with CHD who participate in an intense resistance-
training program improve physical capacity over a wide range of household physical 
activities. Benefits extend beyond strength-related activities, as endurance, balance, 
coordination, and flexibility all improved. Strength training should be considered an 
important component in the rehabilitation of older women with CHD. 
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Sallis, and R. S. Paffenbarger, Jr. Compendium of physical activities: classification of 
energy costs of human physical activities. Medicine and Science in Sports and Exercise, 
Jan 1993, 25(1):71-80. PMID: 8292105. 
 
A coding scheme is presented for classifying physical activity by rate of energy 
expenditure, i.e., by intensity. Energy cost was established by a review of published and 
unpublished data. This coding scheme employs five digits that classify activity by 
purpose (i.e., sports, occupation, self-care), the specific type of activity, and its intensity 
as the ratio of work metabolic rate to resting metabolic rate (METs). Energy expenditure 
in kilocalories or kilocalories per kilogram body weight can be estimated for all activities, 
specific activities, or activity types. General use of this coding system would enhance the 
comparability of results across studies using self reports of physical activity. 
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Jacobs, Jr., and A. S. Leon. Compendium of physical activities: an update of activity 
codes and MET intensities. Medicine and Science in Sports and Exercise, Sep 2000, 32(9 
Suppl):S498-504. Author email: bainsworth@sph.sc.edu. PMID: 10993420. 
 
We provide an updated version of the Compendium of Physical Activities, a coding 
scheme that classifies specific physical activity (PA) by rate of energy expenditure. It was 
developed to enhance the comparability of results across studies using self-reports of PA. 
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facets and is manifested in many ways as described here, it was banned from Western 
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present data indicating the salutary effects of love on physical health; these data are from 
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form a foundation for understanding and enhancing love and its effects. Three processes 
are formulated to explain the health promoting effects of love--psychophysiologic, 
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health; however, a specific cause-and-effect phenomenon has not been found. More than 
five decades of research have revealed numerous plausible mechanisms underlying 
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studied the effects of QiGong on brain function with modern neuromonitoring tools in 
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demonstrate that Qigong practice can consistently affect a biologically relevant enzyme 
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mechanisms of the Qigong effects observed in this study are as yet unclear.  
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reversibility, stationary steady state and stability (Lyapounov, asymptotic, local and 
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variables display bounded oscillations around the mean time-independent steady state 
level, this conscious state being thus stable in the sense of Lyapounov, and (2) the 

unconscious stable state of non-rapid eye movement sleep, in which the time-dependent 
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Abstract: Until recently, claims for the psychological benefits of physical exercise have 
tended to precede supportive evidence. Acutely, emotional effects of exercise remain 
confusing, both positive and negative effects being reported. Results of cross-sectional 
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Clinically, exercise training continues to offer clinical psychologists a vehicle for 
nonspecific therapeutic social and psychological processes. It also offers a specific 
psychological treatment that may be particularly effective for patients for whom more 
conventional psychological interventions are less acceptable. 
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side remained patent despite compression of the hemithorax on that side. The findings 
suggest that compression of hemithorax leads to changes in the congestion of the nasal 
mucosa that may be mediated through autonomic nerves. 
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Abstract: The purpose of this article is to describe one understanding of structures 
involved in energetic healing, which is defined as healing occurring at the quantum and 
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Abstract: Scalp surface field potential changes (EEG) have long been associated with 
activities of neuronal processes in the brain. In spite of much knowledge, success in 
identifying EEG signatures which represent specific brain activation states has been 
limited. Using on line fast-fourier transforms of brainwave signals and computer displays 
with one-second updates of 5, 7, 10, 12, 14, 16, 20 and 28 Hz with 1 Hz bandwidth 
specific brainwave signatures were identified for attentional, cognitive, imaginal, and 
somatosensory states. The data bring into question the functional utility ascribed to the 
commonly used brainwave frequency bands designated as Delta, Theta, Alpha, and Beta. 
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Abstract: Objective:  To conduct a systematic review of reports on the physical and 
psychological effects of Tai Chi on various chronic medical conditions. Data Sources:  
Search of 11 computerized English and Chinese databases. Study Selection:  Randomized 
controlled trials, nonrandomized controlled studies, and observational studies published 
in English or Chinese. Data Extraction:  Data were extracted for the study objective, 
population characteristics, study setting, type of Tai Chi intervention, study design, 
outcome assessment, duration of follow-up, and key results. Data Synthesis:  There were 
9 randomized controlled trials, 23 nonrandomized controlled studies, and 15 
observational studies in this review. Benefits were reported in balance and strength, 
cardiovascular and respiratory function, flexibility, immune system, symptoms of 
arthritis, muscular strength, and psychological effects. Conclusions:  Tai Chi appears to 
have physiological and psychosocial benefits and also appears to be safe and effective in 
promoting balance control, flexibility, and cardiovascular fitness in older patients with 
chronic conditions. However, limitations or biases exist in most studies, and it is difficult 
to draw firm conclusions about the benefits reported. Most indications in which Tai Chi 
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Abstract: This paper addresses the psychophysiological and therapeutic bases of some 
universal aspects of shamanistic healing practices. Shamanistic healing is universal 
because of the interrelated physiological, experiential and therapeutic bases in the use of 
altered states of consciousness (ASC). Case studies of cross-cultural therapeutic use of 
ASC illustrate cultural effectiveness. The scientific bases of therapeutic effectiveness are 
addressed through an examination of the psychophysiology of ASC. Clinical and 
physiological evidence for the therapeutic effectiveness of ASC in general and 
hallucinogens in particular is reviewed. Possession and the temporal lobe syndrome are 
briefly examined in the context of the psychophysiology of ASC. 
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Abstract: Qigong as a part of the traditional Chinese medicine is similar to western 
“meditation,” Indian “Yoga” or Japanese “Zen,” which can all be included in the 
category of traditional psychotherapy. A series of physiological and psychological effects 
occur in the course of Qigong training, but inappropriate training can lead to physical and 
mental disturbances. Physiological effects include changes in EEG, EMG, respiratory 
movement, heart rate, skin potential, skin temperature and finger tip volume, sympathetic 
nerve function, function in stomach and intestine, metabolism, endocrine and immunity 
systems. Psychological effects are motor phenomena and perceptual changes: patients 
experienced warmness, chilliness, itching sensation in the skin, numbness, soreness, 
bloatedness, relaxation, tenseness, floating, dropping, enlargement or constriction of the 
body image, a sensation of rising to the sky, falling off, standing upside down, playing on 
the swing following respiration, circulation of the intrinsic Qi, electric shock, 
formication, during Qigong exercise. Some patients experienced dreamland illusions, 
unreality and pseudohallucination. These phenomena were transient and vanished as the 
exercise terminated. Qigong deviation syndrome has become a diagnostic term and is 
now used widely in China. 
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Abstract: Wallace first reported the changes in EEG during transcendental mediation [6]. 
Banquet [1] observed, on the basis of spectral analysis of the EEG, that the mediation 
state was a unique state of consciousness, and separate from wakefulness, drowsiness or 
sleep. The Qi Gong of China is not the same as either transcendental mediation or the 
Yoga Gong. The EEG during Qi Gong state is clearly different from those recorded 
during the resting state. The changes in the EEG during the Qi Gong have not been 
reported previously. The EEG alpha activity during the Qi Gong state occurs 
predominantly in the anterior regions. The peak frequency of EEG alpha rhythm is slower 
than the resting state. The change of EEG during Qi Gong between anterior and posterior 
half is negative correlation. These changes are statistically significant. 
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Ph.D. candidate in collaboration with the department of Complementary Medicine in the 
School of Health Sciences and the School of Electrical and Computer Engineering 
RMIT University 
Email: research@yogalinks.net  
Conducting the following research project: 
Electrophysiological Correlates of Yoga Breathing Techniques  
Various styles of breathing are promoted as beneficial. Inhalation and exhalation 
methods often differ widely, however, with various combinations of abdominal 
&/or thoracic dominance being favored. Different rhythms of breathing, from 
hyperventilation to very-slow-rate, are used, often with various esoteric and/or 
medical claims. Validation studies are few, particularly comparative studies of 
more than one technique. While certain, specific breathing practices have been 
studied so far that show differential effects on brain laterality and cardiac 
autonomic variations, no study to-date has described and cross-correlated the 
effects of the all the main, breathing techniques commonly promoted in yoga 
classes today.  

This project seeks to:  
1. catalogue and describe the various breathing techniques available today using standard, 
anatomical, physiological, psychological and medical-terminologies.  

2. explore the relationship between certain breathing techniques by measuring abdominal 
and thoracic inputs and their concomitant-effects on the brain, heart and autonomic-
nervous-system using electrophysiological recordings (EEG and ECG) on human 
subjects over time.  

3. uncover functional brain and cardiac autonomic-nervous-system interactions using 
conscious, controlled, yoga-based, breathing techniques that may have relevance in 
preventing and/or dealing with certain cardiac problems prevalent today.  
As certain types of breathing can profoundly impact on human physiology and 
psychology, this study will help better understand the neurophysiological implications 
underpinning various yoga, meditation and relaxation techniques. It may even have 
relevance in non-pharmacological management of stress, hypertension, depression, 
stroke, cardiac problems, sleep disordered breathing and asthma.  
 
Equipment required to complete this study will include:  
 
EEG to give measures of localised, hemispherical brain-activity, which can be correlated 
with other ancillary measures of autonomic nervous activity such as lateralised nasal-
airflow and lateral peripheral-temperature.  
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ECG to provide relative changes in heart rate variability. Cardiac parasympathetic and 
sympathetic activity can then be assessed using respiratory sinus arrhythmia (RSA) and 
pre-ejection period (PEP). The cardiac system allows both parasympathetic and 
sympathetic activity to be reliably and concurrently estimated, with strong consensus in 
the literature identifying RSA and PEP as the most validated, non-invasive measures of 
cardiac parasympathetic and sympathetic activity, respectively.  
 
Your participation would initially involve completing an online yoga and health-
questionnaire that takes around 15 minutes. Various volunteers in certain locations 
around Australia will be required for the experimental trials that involve simple breathing 
practices for about 1-hour while measurements are taken and recorded on a laptop.  
 
The experimental part of the project involves 15 minutes preparation time to attach 
medical recording equipment to your abdomen, chest and scalp and then approximately ½ 
-1 hour to complete the breathing tests. These will measure breathing muscle movements, 
heart-rate and brain-wave activity in conjunction with your breathing. Your total time 
commitment should only take 1½ - 2 hours.  
 
Data collection will involve standard, non-invasive medical-recording equipment to test 
normal breathing using specific respiratory muscles. All electrical equipment is full 
shielded from the electricity grid as it runs on batteries and all equipment is medically 
approved for clinical and human research use in Universities, Hospitals and Clinics 
around Australia and overseas. All information collected will be coded so you will not be 
personally identifiable and kept secure at RMIT University for academic research 
purposes only. Non-identifying results will be reported in a manner that protects your 
anonymity.  
 
If you have any queries regarding this project, want more information, or wish to be 
considered for the experimental trials, please contact me on 0419 806 066 or 
research@yogalinks.net  
 


