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Psychophysiologic Effects of Hatha Yoga on
Musculoskeletal and Cardiopulmonary 

Function: A Literature Review

JAMES A. RAUB, M.S.

ABSTRACT

Yoga has become increasingly popular in Western cultures as a means of exercise and fitness
training; however, it is still depicted as trendy as evidenced by an April 2001 Time magazine
cover story on “The Power of Yoga.” There is a need to have yoga better recognized by the health
care community as a complement to conventional medical care. Over the last 10 years, a grow-
ing number of research studies have shown that the practice of Hatha Yoga can improve strength
and flexibility, and may help control such physiological variables as blood pressure, respiration
and heart rate, and metabolic rate to improve overall exercise capacity. This review presents a
summary of medically substantiated information about the health benefits of yoga for healthy
people and for people compromised by musculoskeletal and cardiopulmonary disease.
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INTRODUCTION

The word “yoga” comes from the Sanskrit
root yug, which means “union.” In the spir-

itual sense, yoga means union of the mind with
the divine intelligence of the universe. Yoga aims
through its practices to liberate a human being
from the conflicts of duality (body–mind), which
exists in every living thing, and from the influ-
ence of the gunas, the qualities of universal en-
ergy that are present in every physical thing.
(Universal energy has three qualities, known as
gunas, that exist together in equilibrium: Sattva
[purity]; Rajas [activity, passion, the process of
change]; and Tamas [darkness, inertia]). Put sim-
ply, the follower of yoga learns to work with the
forces and processes of life as a partner—cou-
pled, rather than in conflict and unease with their
own nature.

One of the yoga practices, Hatha Yoga, is
based on the knowledge, development, and
balance of psychophysical energies in the body
and can, therefore, be referred to as the “psy-
chophysical yoga.” The three main elements
used in Hatha Yoga to attain its purposes are
the body, the physical part of man; the mind,
the subtle part; and the element that relates the
body with the mind in a special way, the
breath. Hatha Yoga offers special techniques
for each one of these elements. For the physi-
cal part, or body, it offers the asanas (“pos-
tures”), techniques for physical conditioning,
called kriyas (“actions”), mudras (“seals”), band-
has (“locks”), as well as techniques for total 
and conscious physical relaxation. Although a
small part of the practice of yoga, the capacity
of kriyas, mudras, and bandhas to deepen aware-
ness and consciousness should not be over-
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looked. A kriya is an action or effort to direct
movement of energy up and down the spine,
transforming the meditator’s state of being un-
til spiritual realization occurs; a mudra is a ges-
ture or a seal, a body movement to hold en-
ergy, or concentrate awareness; and a bandha is
an energy lock, using muscular constriction to
focus awareness. Each of these techniques are
considered separately because of their discrete
benefits. For the mental or subtle part, Hatha
Yoga offers concentration in specific parts of
the body, or in subtle forms or abstract ideas.
Finally, for that link between the body and the
mind, which is breathing, Hatha Yoga has de-
veloped a lot of specific techniques, called
pranayamas. (Pranayama in a physiological sense
involves breath control [inhalation, exhalation,
and suspension] that strengthens the respira-
tory muscles and improves ventilation.) These
are the techniques for activation of prana (“en-
ergy”) that is contained in the breathing. In the
practice of yoga, the whole life-energy of the
universe is called prana. In Hatha Yoga, there-
fore, prana is absorbed by the breath, through
the breathing. The manner in which we breathe
sets off energy vibrations that influence our en-
tire being. Understanding and controlling
breathing will, in the practical sense of Hatha
Yoga, control the energy flow. The mind,
through its power of reflection, its discernment,
and its will power, will supervise and control
the whole process of purification. It is in this
process that the performance of the pranaya-
mas and asanas (Table 1) has an important
physiologic role. They cause a beneficial influ-
ence on the four major systems of the human
body: for locomotion, through the muscu-
loskeletal system; for oxygen delivery, through
the cardiopulmonary system; and for the ner-
vous and the endocrine control systems. Thus,
the combination of body, mind, and breath con-
trol forms a natural basis for the psychophysi-
ologic effects of Hatha Yoga, as examined in
this review of the published medical literature.

METHODS FOR SELECTION 
OF STUDIES

The published literature for this review was
identified using a commercially indexed sci-

entific database, MEDLINE®, which was ac-
cessed using two main search engines, PubMed
and Medscape. Both of these browsers were
searched frequently using the key words yoga
or yogic, limiting the search to publication
dates from 1985 to the present. Many of the
retrieved articles had abstracts, making it eas-
ier to determine relevant literature. Selection
was restricted to English language publica-
tions that reported objective physiological ef-
fects of yoga training, either through physical
postures (asanas) or controlled breathing
(pranayamas). Studies were eliminated if they
evaluated effects of yogic cleansing exercises
or more subjective measures of meditation
(dhyana), such as neurobehavioral effects (e.g.,
dexterity skills, perceptual visual skills, mem-
ory skills, visual and auditory reaction time,
flicker fusion, and maze learning), psy-
chopharmacologic effects, or studies on psy-
chotherapy. Some of these studies were dis-
cussed in previously published review articles
(Arpita, 1990; Jevning et al., 1992; Murphy and
Donovan, 1997). Except where noted, case
studies or anecdotal reports also were elimi-
nated from consideration.

Using the above criteria, approximately 120
published records were considered for the ini-
tial evaluation. A large number (approximately
half) of the identified studies were published
in the Indian literature, as would be expected
on the basis of yoga alone. However, the con-
tribution of Indian scientists in other areas of
biomedical research and health care has been
significant and conforms to international stan-
dards. Currently, 45 Indian medical journals
are indexed in MEDLINE®. Unfortunately,
MEDLINE® does not offer the full text of jour-
nals. These are only available from the Web
sites of the individual journals, if and when the
full texts of articles are placed on their sites. In-
dian medical journals have recognized the im-
portance of an online presence and quite a few
new Web sites have emerged in the last year.
Online subscriptions are still hard to find, 
but many of them do offer free full text. In 
addition, the Indian MEDLARS Centre (www.
indmed.nic.in) has designed and developed a
bibliographic database (IndMED) of 75 promi-
nent Indian journals from the Indian biomed-
ical literature. The search application allows
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TABLE 1. ASANAS (POSTURES) BASIC TO THE PRACTICE OF HATHA YOGA*

Pose Name Description/Comments

Ankle-knee Badrasana Sitting, soles of feet together
Boat Ardha Navasana Angle pose, on back hands to knees
Bow Dhanurasana Dhanur, “bow” pose on abdomen
Bridge Setu Bandhasana Backbend, head on floor
Camel Ustrasana Backbend, hands to heels
Cat Vidalasana Alternate arching of back on all-fours
Chair Utkatasana Sitting on imaginary chair
Chest stretch Parsvottanasana Palms joined behind back
Cobra Bhujangasana Also called serpent or snake pose
Corpse Savasana Resting, restorative pose
Cow head Gomukhasana Sitting, legs crossed, hands clasped
Crocodile Nakrasana Strength pose on palms and toes
Crow Kakasana Balance pose on hands, legs in
Down-dog Adhomukha Svanasana Dog “stretch” pose, face down
Down cross-leg Adhomukha Swastikasana Downward facing, sitting pose
Eagle Garudasana Standing balance pose on one foot
Ear-knee Karna Peedasana Knees clasping ears, from plough
Fish Matsyasana Matsya, “fish” pose
Forward bend Uttanasana Standing in an intense forward bend
Four limbs Chaturanga Dandasana Push-up or dip pose
Frog Mandukasana Sitting between feet, knees apart
Half moon Ardha Chandrasana Ardha, “half” leg and arm balance
Hands-to-feet Padahastasana Standing on hands in forward bend
Head-to-knee Paschimottanasana Sitting in a forward bend
Headstand Sirsasana Sirsa, “head” inversion
Headstand, lotus Urdhva Padmasana Headstand inversion in lotus pose
Kneeling Vajrasana Vajra, “thunderbolt” pose
Leg-split Anjaneyasana Stretch pose on leg, knee up
Lion Simhasana Stretch of neck and facial muscles
Locust Salabhasana Salab, “locust” pose
Lotus Padmasana Padma, “lotus” sitting pose
Mountain Tadasana Standing, building block pose
Peacock Mayurasana Mayura, “peacock” balance pose
Perfect Siddhasana “Devine” or “adept” pose
Pigeon Eka Pada Rajakapotasana Stretch with bent leg under chest
Plough Halasana Hala, “plough” pose
Prayer Namaste Sitting pose, palms joined in front
Restrained angle Baddhakonasana Also called bound angle posture
Scorpion Vrischikasana Balance pose on forearms, legs up
Shoulderstand Sarvangasana Sarva-anga, “every part” or complete inversion
Side angle stretch Utthita Parsvakonasana Utthita, “stretch” in flank pose
Sitting Sukhasana Comfortable sitting pose; “easy” or “pleasant”
Sitting Samasana Sama, “wheel” pose
Spinal twist Ardha Matsyendrasana Ardha, “half” lateral twist
Spinal twist Marichyasana Intense twist in sitting pose
Staff Dandasana Sitting posture for forward bend
Sun salute Surya Namaskar Series of power stretch poses
Swinging Lolasana Combination of Mayurasana and Padmasana
Torso stretch Bharadvajasana Spinal rotation in cross-leg pose
Tree Vrksasana Standing, balance pose
Triangle Trikonasana Trikona, “triangle” pose
Up-bow Urdhva Dhanurasana Upward facing bow pose
Up-dog Urdhvamukha Svanasana Reverse dog stretch, face up
War-Lord Virabhadrasana Warrior, standing variations I, II, III
Warrior Virasana Also called Hero pose, sitting
Warrier, lying Supta Virasana Back lowered to floor
Wheel Chakrasana Chakra, “wheel” pose

Yoga asanas cover the basic positions of standing, sitting, forward bends, twists, inversions, backbends, and lying
down. There are more than 840,000 poses, of which approximately 84 are important.
For more information and details on yoga asanas, see additional teaching tests (e.g., Iyengar BKS. Light on Yoga.

New York, NY: Schocken Books, 1977 and Iyengar BKS. Yoga—The Path to Holistic Health. London, England:
Dorling Kindersley Ltd., 2001) or Web sites (e.g., www.lifepositive.com/Body/yoga/yoga-asanas.asp).
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you to search through the IndMed database
like PubMed. More journals will be added to
the list as their quality improves in coming
years. IndMED will eventually cover the jour-
nals from 1985 to the present.

Similar search strategies were performed in
IndMED to check for consistency with MED-
LINE®, and in SCISEARCH to look exclusively
for editorials or letters on yoga, as well as ad-
ditional citations in the published literature by
specific authors. On the basis of available in-
formation, a few studies were eliminated be-
cause abstracts were not presented or there was
insufficient detail to determine any relevant
variables. Full-text copies of the remaining pa-
pers were retrieved from journal Web sites, lo-
cal academic libraries, or from the National Li-
brary of Medicine.

This review concentrated on studies pub-
lished since 1990; however, earlier studies were
not totally excluded if they were of historic or
scientific value. For example, because of
changes in journal editorial policies, studies
with negative results were more likely to be
published in the older literature. Negative
studies often are difficult to find in the newer
literature, but they are crucial, nonetheless, to
any discussion on the topic. Studies were not
eliminated because of the nature of their find-
ings. Final studies selected for discussion, how-
ever, did have to exhibit at least most of the
general attributes defined in Table 2.

RESULTS

Many of the studies considered for this dis-
cussion were published in international med-
ical journals (e.g., British Medical Journal, Euro-
pean Journal of Clinical Investigation, Journal of the
American Medical Association, Journal of Hyper-
tension, The Lancet, Preventive Cardiology); the
rest were published in the Indian medical lit-
erature which conforms to international stan-
dards (e.g., Indian Journal of Physiology and Phar-
macology, Indian Journal of Medical Research,
Indian Heart Journal, Journal of the Association of
Physicians of India). The targeted readers were
health professionals who generally practice
conventional medicine, but also may be inter-
ested in complementary and alternative medi-
cine. Unfortunately, only a few studies were
published in the journals that target the latter
(e.g., Journal of Alternative and Complementary
Medicine, Alternative Therapies in Health and Med-
icine). The term conventional medicine refers to
medicine as practiced by holders of M.D. (med-
ical doctor) or D.O. (doctor of osteopathy) de-
grees, some of whom also may practice com-
plementary and alternative medicine. Other
terms for conventional medicine are allopathy,
Western, regular, and mainstream medicine,
and biomedicine (National Center for Comple-
mentary and Alternative Medicine, 2001). 

Emphasis was placed on studies that evalu-
ated musculoskeletal status, exercise perfor-
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TABLE 2. GENERAL ATTRIBUTES OF STUDIES SELECTED FOR DISCUSSION

1. Focus The work not only addresses the area of inquiry under
consideration but also contributes to its understanding.

2. Verity The work is either consistent with accepted knowledge and
practice in the field or is well documented within the
publication; the work fits within the context of the literature
and is intellectually honest and authentic.

3. Integrity The work is structurally sound and hangs together; the design or
research rationale is logical and appropriate.

4. Rigor The work is important, meaningful, and nontrivial relative to
the field and exhibits sufficient depth of intellect rather than
superficial or simplistic reasoning.

5. Utility The work is useful and professionally relevant; it makes a
contribution to the field in terms of the practitioner’s
understanding or decision-making on the topic.

6. Clarity The writing is clear and the writing style is appropriate for the
nature of the study.



mance, or cardiopulmonary function in re-
sponse to the practice of yoga asanas and
pranayama. The literature search identified 10
published studies on musculoskeletal status in
subjects with back pain, carpal tunnel syn-
drome, or arthritis (rheumatoid or osteoarthri-
tis), and an additional 20 studies on car-
diopulmonary status (e.g., exercise capacity, 
cardiovascular endurance, aerobic/anaerobic
power) in healthy subjects. The remaining stud-
ies selected for further evaluation reported the
effects of yoga on cardiopulmonary function in
subjects with asthma (11), chronic bronchitis (1),
coronary artery disease (6), congestive heart fail-
ure (1) and hypertension (4), and the effects of
yoga on chemoreflex responses to hypoxia (2).
Studies (5) on glucose metabolism (e.g., dia-
betes, brain metabolism) and brain function
(e.g., epilepsy, brain waves) were evaluated, but
were eliminated from consideration in this re-
view. Specific studies (14) on sympathetic neural
activity and relationship to controlled-breathing
techniques were evaluated and discussed in a
separate manuscript (Raub, manuscript in
preparation). Except where noted, results pre-
sented below were from studies that met most
of the quality attributes presented in Table 2. No
attempt was made, however, to combine results
through a quantitative meta-analysis.

MUSCULOSKELETAL STATUS: 
EFFECTS OF HATHA YOGA 

ON OSTEOARTHRITIS OF THE 
HANDS AND SYMPTOMS OF 
CARPAL TUNNEL SYNDROME

Arthritis and other musculoskeletal disor-
ders (e.g., spondylarthropathies, systemic lu-
pus erythematosus, scleroderma, polymyalgia,
fibromyalgia, and low-back pain) are the lead-
ing cause of disability among persons 65 years
of age and older and a common cause of 
disability related to employment (Lawrence et
al., 1998). Although most conditions are self-
limited and respond to simple remedies, some
patients have serious and complex problems
for which timely intervention may be crucial
for a successful outcome. In most cases, the na-
ture of joint-associated pain, including the in-
tensity, distribution, and point of origin of the

pain, determines the course of subsequent
treatment and follow-up. The following con-
trolled studies investigated the use of Hatha
Yoga as a treatment for musculoskeletal disor-
ders of the hand and wrist.

Garfinkel et al. (1994) followed patients with
osteoarthritis (OA) of the hands who were ran-
domly assigned to receive either yoga tech-
niques, supervised by the same instructor once
per week for 8 weeks, or no therapy (control
group). Variables assessed during the course of
the study were pain and tenderness, strength,
motion, joint circumference, and hand func-
tion. The yoga treated group improved signif-
icantly more than the control group in pain
during activity, tenderness, and finger range of
motion. Other improvement trends also fa-
vored the yoga techniques, thus providing re-
lief in hand OA.

A similar yoga-based treatment regimen was
assessed by Garfinkel et al. (1998) for relieving
symptoms of carpal-tunnel syndrome. Forty-
two (42) subjects, 24 to 77 years of age, were
randomly assigned to receive treatment with
yoga or treatment with a wrist splint to sup-
plement their current treatment. The yoga 
intervention consisted of 11 yoga postures de-
signed for strengthening, stretching, and bal-
ancing each joint in the upper body, along with
relaxation, given twice weekly for 8 weeks.
Changes in grip strength, pain intensity, sleep
disturbance, Phalen maneuver and Tinel’s sign,
and in median nerve motor and sensory con-
duction time were followed from baseline.
(Tinel’s sign is the induction of an “electric-
like” sensation in the hand and fingers by tap-
ping over the site of the median nerve at the
wrist. In Phalen’s maneuver, these symptoms
are reproduced by maximum flexion of the
wrist for 60 seconds). The subjects receiving the
yoga intervention had significant improvement
in grip strength, Phalen sign, and pain reduc-
tion when compared to controls.

The yoga postures used by Garfinkel et al.
(1994, 1998) for relieving symptoms of OA of
the hands and carpal-tunnel syndrome con-
sisted of the prayer position (Namaste, front and
back), Dandasana, Urdhva Hastasana, Parsvot-
tanasana, Garudasana, Bharadvajasana, Tadasana,
half Uttanasana, Virabhadrasana (arms only), 
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Urdhvamukha Svanasana, and Savasana (see
Table 1 for details). They have been adapted for
use by physical therapists to help improve the
symptoms associated with recurrent, repeti-
tive-motion. In a series of letters to the editor
(Daniell et al., 1999; Sequeira, 1999)  following
publication of the latter article, the commenta-
tors noted some of the deficiencies of studies
on carpal-tunnel syndrome. For example, they
listed the small number of subjects per group,
the questionable use of a splint as an adequate
control intervention, the questionable clinical
significance of “categorical data” (i.e., plus or
minus for symptom presence), and the obser-
vation that simple improvement in standing
and sitting posture may, by itself, relieve po-
tential effects of repetitive motion. Despite
these concerns, the commentators generally
noted the interesting and promising nature of
results from these studies and recommended
the need for larger, multicenter studies utiliz-
ing more objective nerve conduction testing.

CARDIOPULMONARY STATUS: EFFECTS
OF HATHA YOGA ON LUNG FUNCTION

AND OVERALL CARDIOVASCULAR
ENDURANCE IN HEALTHY ADULTS

Published studies have shown that the prac-
tice of Hatha Yoga improves baseline cardiopul-
monary status in healthy, normal subjects. In the
following series of studies, the investigators
measured lung function by standardized spiro-
metric techniques (American Thoracic Society,
1995) and compared yoga posture training in
volunteers over time.

Early studies (Joshi et al., 1992; Makwana et
al., 1988) reported improvement in some, but
not all, measures of ventilation after breath con-
trol exercises alone. For example, Joshi et al.
(1992) followed lung function in 75 males and
females with an average age of 18.5 years dur-
ing yoga breath-control exercises. After 6
weeks of practice, they reported significant in-
creases in forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV1), peak ex-
piratory flow rate (PEFR), maximum voluntary
ventilation (MVV), as well as a significant de-
crease in breathing frequency (fB), and prolon-
gation of breath-holding time. Other studies re-

ported similar improvement in lung function
after practicing yoga postures alone or com-
bined with other yoga techniques. Rai and Ram
(1993) compared an active Hatha Yoga posture
(Virasana or Warrior pose) to chair-sitting and
to a resting, supine posture (Savasana) in 10
healthy men, 25 to 37 years of age. The active
posture induced a hypermetabolic state, as in-
dicated by increased minute ventilation, heart
rate (HR), and oxygen consumption (V

.
O2), com-

pared to either the chair-sitting or resting pos-
ture. In a similar study, the same authors (Rai
et al., 1994) compared an active sitting posture
(Siddhasana) to chair-sitting and supine relax-
ation and found the same results, indicating
that the yoga “activity” and not the body “pos-
ture” was important for cardiovascular “con-
ditioning.”

Telles et al. (2000) reported that a combina-
tion of yoga postures interspersed with relax-
ation improved measures of cardiopulmonary
status in 40 male volunteers to a greater degree
than relaxation alone. Cyclic meditation (stim-
ulation plus calming), consisting of yoga pos-
tures and periods of supine relaxation, was bet-
ter at decreasing V

.
O2 and fB, and increasing

tidal volume than sessions of Savasana (calm-
ing) alone. Konar et al. (2000) reported that the
practice of Sarvangasana (shoulder stand) twice
daily for 2 weeks significantly reduced resting
HR and left ventricular end-diastolic volume in
8 healthy male subjects. Birkel and Edgren
(2000) reported that yoga postures, breath con-
trol, and relaxation techniques taught to 287
college students (89 men and 198 women) in
two 50-minute class meetings for 15 weeks sig-
nificantly improved FVC of the lungs mea-
sured by spirometry. In a similar study, 1 hour
of yoga practice each day for 12 weeks signifi-
cantly improved FVC, FEV1, and PEFR in 60
healthy young women, 17 to 28 years of age
(Yadav and Das, 2001).

Finally, a number of published studies (Bera
and Rajapurkar, 1993; Pansare et al., 1989; Raju
et al., 1986, 1994, 1997; Ray et al., 2001; Tran et
al., 2001) have reported significant improve-
ment in overall cardiovascular endurance of
young subjects who were given varying peri-
ods of yoga training (months to years) and
compared to a similar group who performed
other types of exercise. In most cases, the phys-
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iological variables measured were oxygen con-
sumption and other measures of endurance
(e.g., work output, anaerobic threshold, blood
lactate) during submaximal and maximal exer-
cise tests. Maximum aerobic power, or maxi-
mum oxygen consumption (V

.
O2max), is

achieved when an individual’s ability to de-
liver oxygen to exercising muscles reaches a
plateau during step-wise progression to maxi-
mal exercise. Lactate starts to accumulate in ac-
tive muscle when the oxygen supply is inade-
quate to support aerobic metabolism and
passes into the bloodstream. Both are impor-
tant determinants of endurance performance
(Shephard and AÊ strand, 2000).

The series of studies by Raju et al. (1986, 1994,
1997) evaluated work rates, V

.
O2, and blood lac-

tate levels in young adults (18 to 30 years of
age) performing submaximal and maximal ex-
ercise tests on a motorized treadmill, using an
acceptable exercise testing protocol (modified
Balke). In the first study (Raju et al., 1986), an
improvement in work rate and reduction in V

.
O2

per unit work (i.e., a physical conditioning ef-
fect) was found for both the experimental group
practicing yoga controlled-breathing techniques
and in a comparable control group. However,
after 2 years, the subjects who continued to prac-
tice controlled breathing achieved significantly
higher work rates with reduced V

.
O2 per unit

work, and without increased blood lactate lev-
els. The subjects in the first study were athletes;
therefore, the second study (Raju et al., 1994)
evaluated normal, healthy volunteers and
found a similar physical conditioning effect af-
ter a shorter period of time (only 20 days). The
second study was complicated, however, by
adding yoga asanas to the yoga practices and
conducting the study for only 3 months. Also,
nonathletes have difficulty performing maxi-
mal exercise tests; therefore, performance eval-
uations were made at 80% of maximal. Similar
enhancement in exercise performance was
found only in males at the end of the study. A
subsequent, case report (Raju et al., 1997) on six
healthy female subjects found improved exer-
cise performance after 4 weeks of intensive
yoga training consisting of two 90-minute ses-
sions per day (morning and evening).

Other studies have reported the benefits of
yoga practice in untrained adolescent subjects

(12 to 18 years of age). Bera and Rajapurkar
(1993) reported that cardiovascular endurance
was improved in male high school students
who participated in a controlled yoga study for
1 year. Pansare et al. (1989) found that yoga
training significantly increased serum lactate
dehydrogenase (LDH) levels after only 6 weeks
in 14 female and 6 male students. This gly-
colytic enzyme (LDH) provides energy to ex-
ercising muscle and normally increases about
twofold after long-duration submaximal exer-
cise, indicating that yoga can have an effect
similar to endurance training.

Tran et al. (2001) reported that regular Hatha
Yoga practice can improve overall physical fit-
ness in untrained, young adult volunteers. Ten
(10) healthy subjects, 18 to 27 years of age, were
required to practice supervised sessions of
pranayamas (10 minutes), warm-up exercises
(15 minutes), and yoga postures (50 minutes)
four times a week for 8 weeks. The yoga pos-
tures included spinal twists (e.g., Vakrasana),
forward bends (e.g., Pascimottanasana), and
standing and stretching poses (e.g., Vrksasana,
Virabhadrasana, Trikonasana, Eka Pada Ra-
jakapotasana). The health-related aspects of
physical fitness, defined as isokinetic muscle
strength and endurance, general flexibility, car-
diopulmonary endurance, and body composi-
tion, as well as pulmonary function were eval-
uated before and after the 8 weeks of practice.
Significant increases were found in all of the
physical fitness variables except for body com-
position. There were no changes in pulmonary
function. This study was well done and utilized
direct measures of cardiopulmonary fitness;
however, the sample size was small and pre-
dominantly female, the yoga training time was
short, and the study lacked a control group.

Ray et al. (2001) studied 54 male and female
trainees, 20 to 25 years of age, who were ran-
domly divided into yoga (n 5 28) and control
(n 5 26) groups during a longer, 10-month
training period. For the first 5 months, the yoga
group received intensive instruction in a com-
bined yoga practice while the control group re-
ceived no training at all. During the last 5
months, both groups performed the yoga prac-
tices. Various physiological and psychomotor
measurements were made before training, af-
ter 5 months, and after 10 months. The authors
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noted significant improvements in submaximal
exercise and in anaerobic threshold in the yoga
group.

These studies are consistent in reporting sig-
nificant improvement in most measures of car-
diopulmonary status (e.g., exercise performance)
in young, healthy subjects. Improvements in
lung function, however, were not consistent
and were subject to the length of yoga training,
the type of yoga practice used (e.g., breathing
exercises and yoga postures), and the type of
subject followed over time (e.g., untrained ver-
sus elite athlete). The longer the period of yoga
practice, the stronger the benefit in overall car-
diopulmonary endurance.

OBSTRUCTIVE AIRWAY DISEASE:
EFFECTS OF HATHA YOGA ON THE
CLINICAL OUTCOME OF PATIENTS
WITH DISEASES SUCH AS CHRONIC

BRONCHITIS AND ASTHMA

The following series of studies on chronic
bronchitis and asthma examined the effects of
improved lung function and breathing training
by Hatha Yoga on the clinical status of patients
with these obstructive airway diseases.

Chronic bronchitis

Patients (n 5 15) receiving yoga therapy,
consisting of breath control and 8 types of
asanas for a period of 4 weeks, were reported
by Behera (1998) to show improvement in
shortness of breath and improvement in some
lung function parameters. The patients, rang-
ing in age from 48 to 75 years (58.9 6 11.1
years), had baseline assessment of their history
of chronic bronchitis, including spirometry,
medication strategy, and exercise tolerance.
They were instructed in yoga techniques (e.g.,
Vajrasana, Simhasana, Sarvangasana, Chakrasana,
Matsyasana), and in breathing techniques, for
1 week and were encouraged to practice daily
with follow-up yoga sessions each subsequent
week. All patients continued to take medica-
tion during the course of the study. Clinical
status and pulmonary function were reevalu-
ated after the second and fourth week of yoga
exercises. By the second week, there were sig-
nificant improvements in FEV1 and PEFR. By

the fourth week, there were significant im-
provements in VC and PEFR, and a patient-re-
ported, perceptual decrease in shortness of
breath. No changes were noted in the amount
of medication taken. This was only a prelimi-
nary study, however, and few subjects were
evaluated over a relatively short period of
time. Unfortunately, no other studies examin-
ing the possible benefits of yoga have been
published on chronic obstructive lung disease
and it is difficult to draw any conclusions on
the basis of only one published study in this
patient population.

Asthma

The use of an integrated approach of yoga
therapy has been shown previously in con-
trolled clinical studies to be beneficial in the
clinical management of asthma. A 65-minute
daily practice of yoga for 2 weeks improved
PEFR, medication use, and asthma attack fre-
quency in 53 patients when compared to an
age-, gender-, and clinically matched control
group (Nagarathna and Nagendra, 1985). The
daily routine consisted of asanas (yoga exercises
and postures for 25 minutes), breath control
(slow, deep breathing for 10 minutes), medita-
tion (slow mental chanting for 15 minutes), and
a devotional session. In a long-term, follow-up
(3 to 54 months) prospective study (Nagendra
and Nagarathna, 1986), 570 patients with
asthma showed overall significant improve-
ment in PEFR after a similar training program
consisting of asanas, breath control, and medi-
tation. The greatest improvement was found
in patients with the highest frequency and in-
tensity of yoga practice: approximately 70% of
them were able to reduce asthma medication.

The effects of two pranayama yoga breathing
exercises on lung function, airway reactivity,
respiratory symptoms, and medication use
were assessed in 18 patients with mild asthma
in a randomized, double-blind, placebo-con-
trolled, crossover trial (Singh et al., 1990). This
study is unique to the health effects literature
on possible benefits of yoga techniques because
it is often difficult to perform a double-blind
study. In this study, the subjects were taught
pranayama breathing by using a breathing de-
vice called the Pink City lung (PCL; Pulmotech,
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Jaipur, India) exerciser that could be used with
a matched placebo breathing device. The PCL
device imposes slow breathing and a 1:2 inspi-
ration-to-expiration ratio through the use of se-
lected breathing apertures and a one-way
valve; the placebo device had the same ap-
pearance, but with a concealed, unvalved aper-
ture that did not impose restrictions on breath-
ing. After a baseline assessment period, the
subjects practiced slow deep breathing for 15
minutes, two times a day for two consecutive
2-week periods, randomly alternating the
breathing devices for each practice period.
Measured lung function variables (FEV1, FVC,
PEFR), symptom scores, and medication use
improved with the PCL device, but the changes
were small and not statistically significant.
There was a statistically significant increase in
the dose of histamine required to produce a
20% decrease in FEV1, a provocative airway
test commonly used to assess lung responsive-
ness to nonspecific bronchoconstrictors. The
findings indicate that pranyama-like breathing
may lead to an overall clinical improvement in
mild asthma. In a subsequent letter to the edi-
tor, Stanescu (1990) commented on possible au-
tonomic mechanisms suggested by Singh et al.
(1990) that might lead to reduced airway re-
sponsiveness. Studies previously conducted by
Stanescu et al. (1981) on healthy subjects
showed that controlled yoga breathing tech-
niques (i.e., slow, near VC maneuvers accom-
panied by apnea at end inspiration and end 
expiration) were effective in significantly low-
ering their ventilatory responsiveness to in-
creased carbon dioxide. The potential effect of
yoga breathing on autonomic cardiopul-
monary control mechanisms is discussed fur-
ther in Raub (manuscript in preparation).

The abililty to perform normal day-to-day
exercise is an important issue for patients with
asthma, but the outcome is more subjective in
nature and difficult to evaluate quantitatively.
Two early studies (Behera and Jindal, 1990; Jain
and Talukdar, 1993) reported on these quality
of life benefits provided by the effects of vari-
ous yoga exercises. Behera and Jindal (1990) 
assessed the benefits of daily yoga exercises,
consisting primarily of breath control and pos-
tures, over a 6- to 8-week period in 41 patients
with documented asthma. Although the au-

thors reported an overall subjective improve-
ment in asthma symptoms, objective lung func-
tion measurements showed improvement in
some, but not all of the patients, and some pa-
tients even showed a decline in function. Jain
and Talukdar (1993) reported a similar overall
effect of yoga therapy on exercise capacity in
46 patients with asthma. The patients improved
in a 12-minute walking test, a modified Har-
vard step test, and a more subjective index of
exercise tolerance. However, it was not clear if
the improvements were due, in part, to a placebo
response. For a discussion of the placebo effect
in complex intervention comparison trials, see
Walach (2001).

In the more recent literature (after 1995),
breath-control and relaxation techniques in
both children and adults with asthma have
been reported to improve some, but not all,
measures of lung function (e.g., PEFR, MVV,
FEV1, and FVC), decrease usage of medication,
and increase exercise tolerance (Blanc-Gras et
al., 1996; Khanam et al., 1996; Manocha et al.,
2002; Sathyaprabha et al., 2001; Vedanthan et
al., 1998). Large variability in the subject pop-
ulation, questionable compliance in the yoga
treatment groups, and potentially adverse out-
comes in some subjects further complicates in-
terpretation of the effects specific to a particu-
lar relaxation technique (Ritz, 2001). More work
is needed, therefore, to better understand the
mechanisms of response to yoga intervention
and to determine if it would be clinically valu-
able for patients with asthma.

CARDIOVASCULAR DISEASE: EFFECTS
OF HATHA YOGA AS PART OF A

PROGRAM OF LIFESTYLE CHANGES ON
THE CLINICAL OUTCOME OF PATIENTS

WITH HEART DISEASE

Cardiovascular disease (CVD) is the leading
cause of death in the United States (American
Heart Association, 2000; U.S. Centers for Dis-
ease Control and Prevention, 1997) and in
many of the developed countries. Yoga has a
potential benefit to patients with CVD, but the
published literature is somewhat limited. Ex-
isting studies conducted outside the United
States (Mahajan et al., 1999; Manchanda et al.,
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2000; Schmidt et al., 1997) suggest that chang-
ing to a yoga lifestyle can significantly reduce
many of the risk factors for CVD, including in-
creased body weight, altered blood lipid pro-
file, and elevated blood pressure (BP). Signifi-
cant lipid risk factors for CVD are increased
levels of serum cholesterol and triglycerides, in-
creased low-density lipoprotein (LDL) choles-
terol, decreased high-density lipoprotein (HDL)
cholesterol, and increased concentration of
apoB-carrying lipoproteins.

Schmidt et al. (1997) reported that a 3-month
residential training program of yoga, medita-
tion, and vegetarian nutrition decreased body
mass, total serum and LDL cholesterol, fib-
rinogen, and BP. Mahajan et al. (1999) reported
a similar reduction in risk factors for patients
with coronary artery disease (CAD). In this
study, patients with documented angina (chest
pain) and subjects with risk factors for CAD
were randomly assigned to a yoga intervention
group (n 5 52) or a control group (n 5 41). Both
groups received lifestyle advice and the inter-
vention group received additional yoga train-
ing. Serial evaluations at 4, 10, and 14 weeks
showed a regular decrease in all lipid parame-
ters, except for HDL, only in the patients with
angina receiving yoga intervention.

The most impressive of these studies was a
1-year prospective, randomized, controlled
trial of 42 men with angiographically docu-
mented CAD (Manchanda et al., 2000). A sub-
group (n 5 21) treated with an active program
of risk factor and diet control along with yoga
and moderate aerobic exercise showed signifi-
cant reduction in angina, improved exercise ca-
pacity, and greater reductions in body weight,
total cholesterol, LDL cholesterol, and triglyc-
eride than the control group (n 5 21) treated
conventionally with risk factor control and the
American Heart Association (AHA) Step I diet.
Revascularization procedures also were less
frequent in the yoga group and coronary an-
giography repeated at 1 year showed a signif-
icant regression of atherosclerotic lesions.

The lack of sufficient numbers of random-
ized, controlled, mind–body treatment studies
of CVD, especially in comparison to the con-
ventional practice of Western medicine, has
made it difficult to assess the direct benefits of
an integrated yoga practice on patients with

CAD. A review of the literature on comple-
mentary and alternative treatments was con-
ducted at Stanford University by Luskin et al.
(1998). They reported that existing studies from
the United States on mind–body therapies in
elderly patients with cardiovascular disorders,
including CAD, showed clinical efficacy, pri-
marily as complementary treatment. More re-
cent research in the United States has focused
on total lifestyle changes. The Lifestyle Heart
Trial (Ornish et al., 1998) demonstrated that in-
tensive lifestyle changes could lead to regression
of CAD after only 1 year of a 5-year program.
Forty-eight (48) patients with moderate-to-se-
vere CAD were randomized to an intensive
lifestyle change group or to a usual-care group.
The lifestyle changes consisted of a 10% fat-
whole–food vegetarian diet, aerobic exercise,
stress management training (yoga and medita-
tion), smoking cessation, and group psychologic
support. Clinical status was followed by quan-
titative coronary angiography and frequency of
cardiac events. Of the 35 patients completing the
5-year follow-up, 20 in the experimental group
showed a 4.5% relative improvement in cardio-
vascular status after 1 year and a 7.9% relative
improvement after 5 years. The control group
had a relative worsening of cardiovascular sta-
tus after 1 and 5 years (5.4% and 27.7%, re-
spectively), and more than twice as many car-
diac events. Intensive lifestyle changes,
therefore, can cause a regression of CAD.

HYPERTENSION: EFFECTS OF HATHA
YOGA ON THE CONTROL OF HIGH

BLOOD PRESSURE

High BP is another major health problem in
the United States and throughout other devel-
oped countries because of its high prevalence
and its association with increased risk for car-
diovascular diseases. Similar to the trials in pa-
tients with CAD, interventions including
lifestyle modification and pharmacologic treat-
ment, have been shown in clinical trials to pro-
duce major reductions in BP. Long-term bene-
fits of BP control also have been demonstrated
in the general population. For example, in the
famous Framingham Heart Study (Kannel,
2000; Lloyd-Jones et al., 2000), increases in the
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rate of use of antihypertensive medications
were associated with reductions in the preva-
lence of hypertension (defined as BP . 160/100
mm Hg). These findings suggest that the in-
creasing use of antihypertensive medication
may in part explain the major decline in mor-
tality from CVD observed in the United States
since the late 1960s. The goal of antihyperten-
sive treatment is prevention of the major car-
diovascular complications of high BP (e.g.,
CAD, stroke, congestive heart failure). Like-
wise, lifestyle changes, including proper exer-
cise and relaxation, may help alone or in con-
junction with pharmaceutical drugs.

Early studies on yoga intervention for hyper-
tension investigated the value of total body re-
laxation postures, primarily Savasana (Chaud-
hary et al., 1988; Mogra and Singh, 1986). The
authors reported reductions in BP that were
similar to control by drug therapy or biofeed-
back; however, small numbers of subjects were
utilized in the studies and there were no inter-
vention control groups. The following, more
recent studies were better controlled and con-
ducted with sufficient numbers of subjects. 

Yoga exercises twice a day for 11 weeks
were found to be as effective as standard
medical treatment in controlling measured
variables of hypertension (Murugesan et al.,
2000). In a randomized study, 33 patients with
documented hypertension, 35 to 65 years of
age, were assigned into three groups receiv-
ing yoga therapy, physician-provided med-
ication, and no treatment (control group).
Systolic and diastolic blood pressure, pulse
rate, and body weight were recorded over the
course of the study. Preanalysis/postanalysis
revealed that both the treatment groups (i.e.,
yoga and drug) were effective in controlling
hypertension.

Twenty (20) male patients with essential hy-
pertension (EH) were treated for 3 weeks with
postural tilt stimulus (tilt table) or with pos-
tural yoga asanas to restore normal baroreflex
sensitivity (Selvamurthy et al., 1998). Progres-
sive autonomic changes were assessed by car-
diovascular responses to head-up tilt and cold
pressor stimulus, electroencephalographic in-
dices, blood catecholamines, and plasma renin
activity. There was a significant reduction in
blood pressure after 3 weeks in both treatment

groups, indicating a gradual improvement in
baroreflex sensitivity.

A similar improvement in baroreflex sensi-
tivity, and significant reductions in systolic and
diastolic blood pressure, were seen in 81 patients
(58 6 1 years of age) with stable chronic heart
failure (CHF) who practiced slow and deep
breathing (Bernardi et al., 2002). The same au-
thors (Bernardi et al., 1998) previously reported
that a slow rate of breathing in patients with
CHF increases resting oxygen saturation, im-
proves ventilation/perfusion mismatching, and
improves exercise tolerance. These changes
were obtained by simply modifying the breath-
ing pattern, from a resting, spontaneous venti-
lation of approximately 15 breaths per minute
to 6 breaths per minute, which seems to cause a
relative increase in vagal activity and a decrease
in sympathetic activity. The effects on baroreflex
sensitivity were similar to those obtained with
captopril treatment in patients with CHF (Os-
terziel et al., 1988). Captopril belongs to a group
of drugs called angiotensin-converting enzyme
(ACE) inhibitors that help to lower blood pres-
sure and make the heart beat stronger. This
medication is used to treat hypertension (high
blood pressure) and heart failure.

CHEMOREFLEX RESPONSE TO
HYPOXIA: EFFECTS OF HATHA YOGA

CONTROLLED BREATHING ON
TOLERANCE TO REDUCED

OXYGENATION OF THE BLOOD

The slow breathing techniques associated
with yoga postures have been shown to sub-
stantially reduce chemoreflex sensitivity to hy-
poxia (reduced oxygen delivery to tissues), es-
pecially after long-term practice (Röggla et al.,
2001; Spicuzza et al., 2000; Stanescu et al., 1981).
Increased sensitivity to hypoxia is thought to
be responsible for the breathing difficulty (e.g.,
shortness of breath) experienced by patients
with CHF or by healthy, high-altitude climbers.
Breath control, as noted above, may be a use-
ful technique for some people with chronic
breathing problems to help improve exercise
performance.

Chemoreflex sensitivity was evaluated in 10
healthy yoga trainees and compared to 12

PSYCHOPHYSIOLOGIC EFFECTS OF YOGA 807



healthy controls who had never practiced yoga
(Spicuzza et al., 2000). A similar study was per-
formed previously by Stanescu et al. (1981) us-
ing 8 subjects who were well advanced in the
practice of Hatha Yoga (4 to 12 years) and com-
pared to height-, age-, and gender-matched
controls. The only difference between groups
was that yoga subjects routinely practiced com-
plete yoga breathing. Complete yoga breathing
involves slow inhalation and exhalation ac-
companied by apnea (breath-hold) at end in-
spiration and end expiration. The goals are to
decrease the breathing rate from a normal rest-
ing level of 12 breaths per minute to approxi-
mately 6 breaths per minute, achieve an ap-
proximate 1:2 ratio for the duration of
inspiration and expiration, and achieve an end-
inspiratory breath-hold of approximately two
times the length of expiration. These breath ma-
neuvers mobilize in sequence the abdominal
muscles, diaphragm, the lower and upper in-
tercostal muscles of the chest wall, and the ster-
nocleidomastoid muscles from the sternum
and collarbones to the neck. The back muscles
also are activated (Gudmestad, 2002). All sub-
jects randomly performed hypoxic-normo-
capnic and hypercapnic-normoxic rebreathing
tests while spontaneously breathing or breath-
ing at fixed frequencies of 6 and 12 breaths per
minute. Rebreathing tests quantify the effect of
normal (normoxic, normocapnic) inspired lev-
els of oxygen (O2) and carbon dioxide (CO2),
respectively, combined with either decreased
O2 (hypoxic) or increased CO2 (hypercapnic)
levels on peripheral and central chemorecep-
tors as a measure of the chemoreflex drive to
breath (i.e., respiratory chemosensitivity to O2
and CO2). Ventilation variables were mea-
sured, along with end-tidal CO2, BP, oxygen
saturation, and heart rate. During spontaneous
breathing, ventilatory responses to hypoxia
and hypercapnia were substantially lower in
yoga subjects compared to controls. The yoga
subjects had lower respiration rates, lower
minute ventilation, and higher end-tidal CO2
before rebreathing, and minimal changes were
measured when the subjects engaged in the re-
breathing tests. A possible explanation pro-
vided by the authors was adaptation of
chemoreceptors to chronic CO2 retention re-
sulting from the breath-control training of

yoga. A subsequent letter to the editor (Röggla
et al., 2001) challenged the explanation on the
basis of high altitude (2600 m) studies with sim-
ilar subjects, but significant differences in data
interpretation were pointed out in a response
by the authors of the study (Bernardi et al.,
2001). The authors also noted that endurance
training in athletes may produce a similar re-
duction in hypoxic ventilatory response.

DISCUSSION

Yoga is an ancient discipline of body, mind,
and spirit that has been Westernized and prac-
ticed for its health benefits, similar to alternative
medicinal (herbal) treatments, as a complement
to more conventional medical therapy. Hatha
Yoga, through holding static physical postures
(asanas), uses stretching and improves muscular
strength and flexibility (Tran et al., 2001) so that
it would likely be beneficial for some muscu-
loskeletal problems (Garfinkel and Schumacher,
2000; Luskin et al., 2000). In fact, two limited
studies of yoga in osteoarthritis of the hand
(Garfinkel et al., 1994) and carpal tunnel syn-
drome (Garfinkel et al., 1998) show greater im-
provement in pain than in control groups. In
combination with breath control, which adds
additional neuromuscular effects, Hatha Yoga
has provided some limited benefit in other mus-
culoskeletal-related pain management, espe-
cially back pain (Hudson, 1998; Nespor, 1989,
1991) and in the management of multiple scle-
rosis (Winterholler et al., 1997). These recent
findings should not be surprising because yoga
postures have been utilized in most athletic pro-
grams throughout Western societies for many
years to both prevent and treat musculoskeletal
injuries. Interestingly, anecdotal reports from
non-Western societies (Tetley, 2000), where
yoga posturing has been used instinctively by
native populations for sitting and sleeping, find
relatively few musculoskeletal problems (e.g.,
lower back pain and joint stiffness).

Through body- and breath-control, including
relaxation techniques, Hatha Yoga clearly has
additional benefits for cardiopulmonary en-
durance in healthy people (Birkel and Edgren,
2000; Konar et al., 2000; Ray et al., 2001; Telles
et al., 2000; Tran et al., 2001; Yadav and Das,
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2001), and possible benefits in some patients
with cardiopulmonary disease (Behera, 1998;
Blanc-Gras et al., 1996; Khanam et al., 1996;
Manocha et al., 2002; Sathyaprabha et al., 2001;
Vedanthan et al., 1998), and in patients with
cardiovascular disease (Luskin et al., 1998; Ma-
hajan et al., 1999; Manchanda et al., 2000; Mu-
rugesan et al., 2000; Ornish et al., 1998; Pandya
et al., 1999; Schmidt et al., 1997). These benefits
manifest clinically as improved lung capacity,
increased oxygen delivery, decreased V

.
O2 and

respiration rate, and decreased resting heart
rate, resulting in overall improved exercise ca-
pacity. Several physiological factors are in-
volved.

The intense stretching and muscle condi-
tioning associated with attaining and holding
yoga postures increases skeletal muscle oxida-
tive capacity and decreases glycogen utiliza-
tion, possibly caused by increased vasculariza-
tion, increased intramuscular oxygen and
glycogen stores, increased oxidative enzymes,
or by increased numbers of mitochondria
(Shephard and AÊ strand, 2000). In addition, pas-
sive muscle stretch in animal models for as lit-
tle as 30 minutes per day has been associated
with increased muscle growth and contractile
strength (Frankeny et al., 1983; Holly et al.,
1980).

The slow increase in lung capacity (e.g.,
FEV1, FVC) associated with well-practiced
yoga breathing recruits normally unventilated
lung and helps to match ventilation to perfu-
sion better, thereby increasing oxygen delivery
to highly metabolic tissues (e.g., muscle). In-
termittent deep lung inflations or sighs previ-
ously have been suggested as a possible
method for lung volume recruitment, espe-
cially in patients with acute respiratory distress
syndrome (Pelosi et al., 1999). Similar im-
provement in oxygenation also has been shown
with variable tidal volume ventilation in ani-
mal models of acute lung injury (Arold et al.,
2002).

The slow breathing rates associated with
yoga breathing have been shown to substan-
tially reduce chemoreflex response to hypoxia
(Röggla et al., 2001; Spicuzza et al, 2000;
Stanescu et al., 1981), probably through the im-
proved oxygen delivery to tissues and possibly
the result of acquired “tolerance” to hypoxia

(e.g., increased CO2) that is produced by a
change in the chemoreflex threshold (Ma-
hamed and Duffin, 2001). Yoga breathing while
performing postures, especially relaxation pos-
tures (e.g., Savasana), also has been shown (Bera
et al., 1998; Murugesan et al., 2000) to signifi-
cantly reverse the physiologic effects of stress
(i.e., increased HR, fB, and BP). Some of these
physiological benefits are possibly self-con-
trolled (i.e., psychologic); however, there are
data in healthy subjects (Bernardi et al., 2001,
2002; Bowman et al., 1997; Khanam et al., 1996:
Raghuraj et al., 1998; Selvamurthy et al., 1998)
showing that yoga breathing techniques have
effects on the autonomic nervous system as
well (Raub et al., in preparation).

It is likely that the yoga practices of control-
ling body, mind, and spirit combine to provide
useful psychophysiological effects for healthy
people and for people compromised by mus-
culoskeletal and cardiopulmonary disease. No
effects of yoga practices, on the other hand,
have been shown convincingly for diseases
such as chronic tinnitus (Kroner-Herwig et al.,
1995) or epilepsy (Ramaratnam, 2001; Rama-
ratnam and Sridharan, 2000; Yardi, 2001) that
do not have neuromuscular or neurovascular
involvement. Further studies, therefore, are
needed to confirm the cellular and psy-
chophysiological effects of Hatha Yoga. 

ACKNOWLEDGMENT

I would like to thank my first yoga instruc-
tor, Lucia, who not only inspired me to seek
personal physical and psychologic benefits
from the practice of yoga, but also inspired me
to seek scientific evidence for the psychophys-
iologic effects of yoga that could possibly ben-
efit others.

REFERENCES

American Heart Association. 2001 Heart and Stroke Sta-
tistical Update. Dallas, TX: American Heart Associa-
tion, 2000. online document at: www.americanheart.
org/statistics

American Thoracic Society. Standardization of spirome-
try: 1994 update. ATS Statement. Am J Respir Crit Care
Med 1995;152:1107–1136.

Arold SP, Mora R, Lutchen KR, Ingenito EP, Suki B. Vari-

PSYCHOPHYSIOLOGIC EFFECTS OF YOGA 809

http://www.americanheart.org/statistics
http://www.americanheart.org/statistics
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1073-449X^281995^29152L.1107[aid=1436916]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1073-449X^281995^29152L.1107[aid=1436916]


able tidal volume ventilation improves lung mechanics
and gas exchange in a rodent model of acute lung in-
jury. Am J Respir Crit Care Med. 2002;165:366–371.

Arpita J. Physiological and psychological effects of Hatha
yoga: A review of the literature. J Int Assoc Yoga Ther
1990;1:1–28.

Behera D. Yoga therapy in chronic bronchitis. J Assoc
Physicians India 1998;46:207–208.

Behera D, Jindal SK. Effect of yogic exercises on bronchial
asthma. Lung India 1990;8:187–190.

Bera TK, Gore MM, Oak JP. Recovery from stress in two
different postures and in Savasana—A yogic relax-
ation posture. Indian J Physiol Pharmacol 1998;42:
473–478.

Bera TK, Rajapurkar MV. Body composition, cardiovas-
cular endurance and anaerobic power of yogic practi-
tioners. Indian J Physiol Pharmacol 1993;37:225–228.

Bernardi L, Passino C, Wilmerding V, Dallam GM, Parker
DL, Robergs RA, Appenzeller O. Breathing patterns
and cardiovascular autonomic modulation during hy-
poxia induced by simulated altitude. J Hypertens 2001;
19:947–958.

Bernardi L, Porta C, Spicuzza L, Bellwon J, Spadacini G,
Frey AW, Yeung LY-C, Sanderson JE, Pedretti R, Tra-
marin R. Slow breathing increases arterial baroreflex
sensitivity in patients with chronic heart failure. Circu-
lation 2002;105:143–145.

Bernardi L, Spadacini G, Bellwon J, Hajric R, Roskamm
H, Frey AW. Effect of breathing rate on oxygen satu-
ration and exercise performance in chronic heart fail-
ure. Lancet 1998;351:1308–1311.

Bernardi L, Spicuzza L, Porta C, Gabutti A, Montano N.
Yoga and chemoreflex sensitivity [author’s reply].
Lancet 2001;357:807.

Birkel DA, Edgren L. Hatha yoga: Improved vital capac-
ity of college students. Altern Ther Health Med 2000;6:
55–63.

Blanc-Gras N, Benchetrit G, Gallego J. Voluntary control
of breathing pattern in asthmatic children. Percept Mot
Skills 1996;83:1384–1386.

Bowman AJ, Clayton RH, Murray A, Reed JW, Subhan
MM, Ford GA. Effects of aerobic exercise training and
yoga on the baroreflex in healthy elderly persons. Eur
J Clin Invest 1997;27:443–449.

Chaudhary AK, Bhatnagar HN, Bhatnagar LK, Chaud-
hary K. Comparative study of the effect of drugs and
relaxation exercise (yoga shavasana) in hypertension. J
Assoc Physicians India 1988;36:721–723.

Corliss R. The power of yoga. Time 2001;157:54–63.
Daniell H, Mackinnon SE, Novak CB, Deitchman S, Gerr
F, Harrast M, Kraft G. Yoga for carpal tunnel syndrome
[letters to the editor]. JMA 1999;281:2087–2089.

Frankeny JR, Holly RG, Ashmore CR. Effects of graded
duration of stretch on normal and dystrophic skeletal
muscle. Muscle Nerve 1983;6:269–277.

Garfinkel MS, Schumacher HR. Yoga. Rheum Dis Clin
North Am 2000;26:125–132.

Garfinkel MS, Schumacher HR Jr, Husain A, Levy M,
Reshetar RA. Evaluation of a yoga based regimen for

treatment of osteoarthritis of the hands. J Rheumatol
1994;21:2341–2343.

Garfinkel MS, Singhal A, Katz WA, Allan DA, Reshetar
R, Schumacher HR Jr. Yoga-based intervention for
carpal tunnel syndrome: A randomized trial. JAMA
1998;280:1601–1603.

Gudmestad J. Anatomy of a yogi: Breathing room. Yoga
J 2002;(March/April):157–159.

Holly RG, Barnett JG, Ashmore CR, Taylor RG, Mole PA.
Stretch-induced growth in chicken wing muscles: A
new model of stretch hypertrophy. Am J Physiol 1980;
238:C62–C71.

Hudson S. Yoga aids back pain. Aust Nurs J. 1998;5:27.
Jain SC, Talukdar B. Evaluation of yoga therapy pro-

gramme for patients of bronchial asthma. J Asthma
1991;28:437–442.

Jevning R, Wallace RK, Beidebach M. The physiology of
meditation: A review. A wakeful hypometabolic inte-
grated response. Neurosci Biobehav Rev 1992;16:415–
424.

Joshi LN, Joshi VD, Gokhale LV. Effect of short term
Pranayam practice on breathing rate and ventilatory
functions of lung. Indian J Physiol Pharmacol 1992;36:
105–108.

Kannel WB. Review of recent Framingham study hyper-
tension research. Curr Hypertens Rep 2000;2:239–240.

Khanam AA, Sachdeva U, Guleria R, Deepak KK. Study
of pulmonary and autonomic functions of asthma pa-
tients after yoga training. Indian J Physiol Pharmacol
1996;40:318–324.

Konar D, Latha R, Bhuvaneswaran JS. Cardiovascular re-
sponses to head-down-body-up postural exercise (Sar-
vangasana). Indian J Physiol Pharmacol 2000;44:392–400.

Kroner-Herwig B, Hebing G, van Rijn-Kalkmann U, Fren-
zel A, Schilkowsky G, Esser G. The management of
chronic tinnitus—Comparison of a cognitive-behav-
ioral group training with yoga. J Psychosom Res 1995;
39:153–165.

Lawrence RC, Helmick CK, Arnett FC, Deyo RA, Felson
DT, Giannini EH, Heyse SP, Hirsch R, Hochberg MC,
Hunder GG, Liang MH, Pillemer SR, Steen VD, Wolfe
F. Estimates of the prevalence of arthritis and selected
musculoskeletal disorders in the United States. Arthri-
tis Rheum 1998;41:778–799.

Lloyd-Jones DM, Evans JC, Larson MG, O’Donnell CJ, Ro-
cella EJ, Levy D. Differential control of systolic and di-
astolic blood pressure: Factors associated with lack of
blood pressure control in the community. Hypertension
2000;36:594–599.

Luskin FM, Newell KA, Griffith M, Holmes M, Telles S,
Di Nucci E, Marvasti FF, Hill M, Pelletier KR, Haskell
WL. A review of mind/body therapies in the treatment
of musculoskeletal disorders with implications for the
elderly. Altern Ther Health Med 2000;6:46–56.

Luskin FM, Newell KA, Griffith M, Holmes M, Telles S,
Marvasti FF, Pelletier KR, Haskell WL. A review of
mind–body therapies in the treatment of cardiovascu-
lar disease: Part 1. Implications for the elderly. Altern
Ther Health Med 1998;4:46–61.

RAUB810

http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1073-449X^282002^29165L.366[aid=4127510]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-5772^281998^2946L.207[aid=4127511]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281998^2942L.473[aid=4127512]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281993^2937L.225[aid=4127513]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0263-6352^282001^2919L.947[aid=4127514]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0009-7322^282002^29105L.143[aid=4127515]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-6736^281998^29351L.1308[aid=4127516]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-6736^282001^29357L.807
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-6791^282000^296L.55[aid=4127518]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-5125^281996^2983L.1384[aid=4127519]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2972^281997^2927L.443[aid=4127520]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-5772^281988^2936L.721[aid=4127521]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0040-781X^282001^29157L.54
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0148-639X^281983^296L.269[aid=4127523]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0889-857X^282000^2926L.125[aid=4127524]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0315-162X^281994^2921L.2341[aid=4127525]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0098-7484^281998^29280L.1601[aid=1270001]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0045-0758^281998^295L.27
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-0903^281991^2928L.437[aid=4127527]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0149-7634^281992^2916L.415^20424
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281992^2936L.105[aid=4127529]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1522-6417^282000^292L.239[aid=4127530]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281996^2940L.318[aid=4127531]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^282000^2944L.392[aid=4127532]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3999^281995^2939L.153[aid=2561274]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-3591^281998^2941L.778[aid=2297924]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0143-117X^282000^2936L.594
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-6791^282000^296L.46[aid=4127533]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-6791^281998^294L.46[aid=4127534]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-5772^281998^2946L.207[aid=4127511]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281998^2942L.473[aid=4127512]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0263-6352^282001^2919L.947[aid=4127514]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0009-7322^282002^29105L.143[aid=4127515]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-6791^282000^296L.55[aid=4127518]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-5125^281996^2983L.1384[aid=4127519]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2972^281997^2927L.443[aid=4127520]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-5772^281988^2936L.721[aid=4127521]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0889-857X^282000^2926L.125[aid=4127524]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0315-162X^281994^2921L.2341[aid=4127525]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0098-7484^281998^29280L.1601[aid=1270001]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-0903^281991^2928L.437[aid=4127527]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0149-7634^281992^2916L.415^20424
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281992^2936L.105[aid=4127529]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281996^2940L.318[aid=4127531]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3999^281995^2939L.153[aid=2561274]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-3591^281998^2941L.778[aid=2297924]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0143-117X^282000^2936L.594
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-6791^281998^294L.46[aid=4127534]


Mahajan AS, Reddy KS, Sachdeva U. Lipid profile of coro-
nary risk subjects following yogic lifestyle intervention.
Indian Heart J 1999;51:37–40.

Mahamed S, Duffin J. Repeated hypoxic exposures
change respiratory chemoreflex control in humans. J
Physiol 2001;534:595–603.

Makwana K, Khirwadkar N, Gupta HC. Effect of short
term yoga practice on ventilatory function tests. Indian
J Physiol Pharmacol 1988;32:202–208.

Manchanda SC, Narang R, Reddy KS, Sachdeva U, Prab-
hakaran D, Dharmanand S, Rajani M, Bijlani R. Re-
tardation of coronary atherosclerosis with yoga
lifestyle intervention. J Assoc Physicians India 2000;48:
687–694.

Manocha R, Marks GB, Kenchington P, Peters D, Salome
CM. Sahaja yoga in the management of moderate to se-
vere asthma: A randomized controlled trial. Thorax
2002;57:110–115.

Mogra AL, Singh G. Effect of biofeedback and yogic re-
laxation exercise on the blood pressure levels of hy-
pertensives: A preliminary study. Aviation Med 1986;
30:68–75.

Murphy M, Donovan S. The Physiological and Psycho-
logical effects of Meditation: A Review of Contempo-
rary Research with a Comprehensive Bibliography,
1931–1996. 2nd ed. Sausalito, CA: The Institute of
Noetic Sciences, 1997.

Murugesan R, Govindarajulu N, Bera TK. Effect of se-
lected yogic practices on the management of hyperten-
sion. Indian J Physiol Pharmacol 2000;44:207–210.

Nagarathna R, Nagendra HR. Yoga for bronchial asthma:
A controlled study. BMJ 1985;291:1077–1079.

Nagendra HR, Nagarathna R. An integrated approach of
yoga therapy for bronchial asthma: A 3–54-month
prospective study. J Asthma 1986;23:123–137.

National Center for Complementary and Alternative
Medicine. Major domains of complementary and alter-
native medicine. Gaithersburg, MD: NCCAM Clear-
inghouse. Online document at: www.nccam.hih.gov/
(December 12, 2001). [Also see The White House Com-
mission on Complementary and Alternative Medicine
Policy. Available from: www.whccamp.hhs.gov/]

Nespor K. Psychosomatics of back pain and the use of
yoga. Int J Psychosom 1989;36:72–78.

Nespor K. Pain management and yoga. Int J Psychosom
1991;38:76–81.

Ornish D, Scherwitz LW, Billings JH, Brown SE, Gould
KL, Merritt TA, Sparler S, Armstrong WT, Ports TA,
Kiekeeide RL, Hogeboom C, Brand RJ. Intensive
lifestyle changes for reversal of coronary heart disease.
JMA 1998;280:2001–2007.

Osterziel KJ, Rohring N, Dietz R, Manthey J, Hecht J,
Kubler W. Influence of captopril on the arterial barore-
ceptor reflex in patients with heart failure. Eur Heart J
1988;9:1137–1145.

Pandya DP, Vyas VH, Vyas SH. Mind-body therapy in
the management and prevention of coronary disease.
Compr Ther 1999;25:283–293.

Pansare MS, Kulkarni AN, Pendse UB. Effect of yogic

training on serum LDH levels. J Sports Med Phys Fit-
ness 1989;29:177–178.

Pelosi P, Cadringher P, Bottino N, Panigada M, Carrieri
F, Riva E, Lissoni A, Gattinoni L. Sign in acute respi-
ratory distress syndrome. Am J Respir Crit Care Med
1999;159:872–880.

Raghuraj P, Ramakrishan AG, Nagendra HR, Telles S. 
Effect of two selected yogic breathing techniques of
heart rate variability. Indian J Physiol Pharmacol
1998;42:467–472.

Rai L, Ram K. Energy expenditure and ventilatory re-
sponses during Virasana—A yogic standing posture. In-
dian J Physiol Pharmacol 1993;37:45–50.

Rai L, Ram K, Kant U, Madan SK, Sharma SK. Energy ex-
penditure and ventilatory responses during Sidd-
hasana—A yogic seated posture. Indian J Physiol Phar-
macol 1994;38:29–33.

Raju PS, Kumar KA, Reddy SS, Madhavi S, Gnanakumari
K, Bhaskaracharyulu C, Reddy MV, Annapurna N,
Reddy ME, Girijakumari D. Effect of yoga on exercise
tolerance in normal healthy volunteers. Indian J Phys-
iol Pharmacol 1986;30:121–132.

Raju PS, Madhavi S, Prasad KV, Reddy MV, Reddy ME,
Sahay BK, Murthy KJ. Comparison of effects of yoga
and physical exercise in athletes. Indian J Med Res
1994;100:81–86.

Raju PS, Prasad KV, Venkata RY, Murthy KJ, Reddy MV.
Influence of intensive yoga training on physiological
changes in 6 adult women: A case report. J Altern Com-
plement Med 1997;3:291–295.

Ramaratnam S. Yoga for epilepsy: Methodological issues.
Seizure 2001;10:3–6.

Ramaratnam S, Sridharan K. Yoga for epilepsy. Cochrane
Database Syst Rev 2000;(2):CD001524.

Ray US, Mukhopadhyaya S, Purkayastha SS, Asnani V,
Tomer OS, Prashad R, Thakur L, Selvamurthy W. Ef-
fect of yogic exercises on physical and mental health of
young fellowship course trainees. Indian J Physiol
Pharmacol 2001;45:37–53.

Ritz T. Relaxation therapy in adult asthma. Is there new
evidence for its effectiveness? Behav Modif 2001;25:
640–666.

Röggla G, Kapiotis S, Roggla H. Yoga and chemoreflex
sensitivity. [letter to the editor]. Lancet 2001;357:807.

Sathyaprabha TN, Murthy H, Murthy BT. Efficacy of
naturopathy and yoga in bronchial asthma—A self-con-
trolled matched scientific study. Indian J Physiol Phar-
macol 2001;45:80–86.

Schmidt T, Wijga A, Von Zur Muhlen A, Brabant G, Wag-
ner TO. Changes in cardiovascular risk factors and hor-
mones during a comprehensive residential three month
kriya yoga training and vegetarian nutrition. Acta
Physiol Scand Suppl 1997;640:158–162.

Selvamurthy W, Sridharan K, Ray US, Tiwary RS, Hegde
KS, Radhakrishan U, Sinha KC. A new physiological
approach to control essential hypertension. Indian J
Physiol Pharmacol 1998;42:205–213.

Sequeira W. Yoga in treatment of carpal-tunnel syndrome
[letter to the editor]. Lancet 1999;353:689–690.

PSYCHOPHYSIOLOGIC EFFECTS OF YOGA 811

http://www.nccam.hih.gov/
http://www.whccamp.hhs.gov/
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-4832^281999^2951L.37[aid=4127535]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3751^282001^29534L.595[aid=4127536]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281988^2932L.202[aid=4127537]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-5772^282000^2948L.687[aid=4127538]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0040-6376^282002^2957L.110[aid=4127539]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^282000^2944L.207[aid=4127540]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-8138^281985^29291L.1077
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-0903^281986^2923L.123[aid=4127542]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0884-8297^281989^2936L.72[aid=4127543]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0884-8297^281991^2938L.76[aid=4127544]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0195-668X^281988^299L.1137[aid=4127545]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0098-8243^281999^2925L.283[aid=4127546]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-4707^281989^2929L.177[aid=4127547]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1073-449X^281999^29159L.872[aid=3031604]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281998^2942L.467[aid=4127548]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281993^2937L.45[aid=4127549]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281994^2938L.29[aid=4127550]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281986^2930L.121[aid=4127551]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0971-5916^281994^29100L.81[aid=4127552]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1075-5535^281997^293L.291[aid=4127553]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1059-1311^282001^2910L.3[aid=4127554]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^282001^2945L.37[aid=4127555]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0145-4455^282001^2925L.640[aid=4127556]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-6736^282001^29357L.807
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^282001^2945L.80[aid=4127557]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0302-2994^281997^29640L.158[aid=4127558]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281998^2942L.205[aid=4127559]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-6736^281999^29353L.689[aid=4127560]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3751^282001^29534L.595[aid=4127536]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281988^2932L.202[aid=4127537]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-5772^282000^2948L.687[aid=4127538]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0040-6376^282002^2957L.110[aid=4127539]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0884-8297^281991^2938L.76[aid=4127544]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0195-668X^281988^299L.1137[aid=4127545]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-4707^281989^2929L.177[aid=4127547]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1073-449X^281999^29159L.872[aid=3031604]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281998^2942L.467[aid=4127548]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281993^2937L.45[aid=4127549]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281994^2938L.29[aid=4127550]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281986^2930L.121[aid=4127551]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0971-5916^281994^29100L.81[aid=4127552]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1075-5535^281997^293L.291[aid=4127553]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^282001^2945L.37[aid=4127555]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0145-4455^282001^2925L.640[aid=4127556]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^282001^2945L.80[aid=4127557]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0302-2994^281997^29640L.158[aid=4127558]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^281998^2942L.205[aid=4127559]


Shephard RT, AÊ strand P-O, eds. Endurance in Sport, 2nd
ed. London: England: Blackwell Science Ltd., 2000.

Singh V, Wisniewski A, Britton J, Tattersfield A. Clinical
practice: Effect of yoga breathing exercises (pranayama)
on airway reactivity in subjects with asthma. Lancet
1990;335:1381–1383.

Spicuzza L, Gabutti A, Porta C, Montano N, Bernardi L.
Yoga and chemoreflex response to hypoxia and hyper-
capnia. Lancet 2000;356:1495–1496.

Stanescu DC, Nemery B, Veriter C, Marechal C. Pattern of
breathing and ventilatory response to CO2 in subjects
practicing hatha-yoga. J Appl Physiol 1981;51:1625–1629.

Stanescu D. Yoga breathing exercises and bronchial
asthma [letter to the editor]. Lancet 1990;336:1192.

Telles S, Reddy SK, Nagendra HR. Oxygen consumption
and respiration following two yoga relaxation tech-
niques. Appl Psychophysiol Feedback 2000;25:221–227.

Tetley M. Instinctive sleeping and resting postures: An
anthropological and zoological approach to treatment
of low back and joint pain. BMJ 2000;321:1616–1618.

Tran MD, Holly RG, Lashbrook J, Amsterdam EA. Effects
of hatha yoga practice on the health-related aspects of
physical fitness. Prev Cardiol 2001;4:165–170.

U.S. Centers for Disease Control and Prevention. Trends
in ischemic heart disease deaths—United States,
1990–1994. Morb Mortal Wkly Rep 1997;46:146–150.

Vedanthan PK, Kesavalu LN, Murthy KC, Duvall K, Hall
MJ, Baker S, Nagaranthna S. Clinical study of yoga tech-
niques in university students with asthma: A controlled
study. Allergy Asthma Proc 1998;19:3–9.

Walach H. The efficacy paradox in randomized controlled
trials of CAM and elsewhere: Beware of the placebo
trap. J Altern Complement Med 2001;7:213–218.

Winterholler M, Erbguth F, Neundorfer B. The use of al-
ternative medicine by multiple sclerosis patients—Pa-
tient characteristics and patterns of use. Fortschr Neu-
rol Psychiatr 1997;65:555–561.

Yadav RK, Das S. Effect of yogic practice on pulmonary
functions in young females. Indian J Physiol Pharma-
col 2001;45:493–496.

Yardi N. Yoga for control of epilepsy. Seizure 2001;10:7–
12.

Address reprint requests to:
James A. Raub, M.S.

National Center for Environmental Assessment
(B-243-01)

Research Triangle Park, NC 27711

E-mail: raub.james@epa.gov

RAUB812

http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-6736^281990^29335L.1381[aid=2054665]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-6736^282000^29356L.1495[aid=4127561]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/8750-7587^281981^2951L.1625
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-6736^281990^29336L.1192
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1090-0586^282000^2925L.221[aid=4127564]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-8138^282000^29321L.1616[aid=4127565]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1520-037X^282001^294L.165[aid=4127566]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0091-0031^281997^2946L.146[aid=973595]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1088-5412^281998^2919L.3[aid=4127567]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1075-5535^282001^297L.213[aid=3372153]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0720-4299^281997^2965L.555[aid=4127568]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^282001^2945L.493[aid=4127569]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1059-1311^282001^2910L.7^2012
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-6736^281990^29335L.1381[aid=2054665]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0720-4299^281997^2965L.555[aid=4127568]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0019-5499^282001^2945L.493[aid=4127569]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1059-1311^282001^2910L.7^2012

