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SUMI"{ARY

Four studies were designed to examine possibl-e endocrine bases

for the effect,s of relaxation procedures on stress:-

(1) Long-term plasma cortisol, urinary free cortisol (uFc), total urinary

catechoramines (uCA), serum thyroxine (T4) and serum triiodothyronine (T3)

changes were investigated on subjects who underwent seven nionthsr tra'ining

in Trairscendental Meditation (Tla) 
' 

progressi-ve rel-axation, autohypnosis-

relaxation and yoga-meditation. Untrained controls and expenienced

meditators (> 1 yearrs TM training) were studied concurrently'

(Ð Short-term plasma cortisol' serum Tr* and serum T, changes in

relaxation procedures i^iere studied, using both rel-axation trainees

(novices) from the long-term study, as well- as untrained controls and

experienced meditaLors .

(3) In the thlrd and fourth studies, Tï4 was used as a model relaxation

procedure.

A second short-term study was conducted to investigate both serunl

cortisol and UFC, UCA, serum human growLh hormone (hcËl), prolactin, total

T4' free To index, total T, and reverse T, changes during TM. Quiet rest

in re-studied experienced meditators, as well- as ordinary relaxation of

untrained subjects' were used as controls'

(4) The fourth study was performed during a week-end TM residence course'

on subjects practising intensive meditation'

No long-term endocrine changes related to relaxation training

vrere apparent for any group.

Significant TM-induced reductions of both circulating and

urinary cortisol levels were observed in trained subjects, in contrast

to a lack of significant cortisol change in relaxation of both relaxation

trainees and untrained controls. Similarly, a significant reduction in

UFC excretion of experienced medltators '"¡as found dufing the TM residence

course, wheneas no slgnificanl- change occurred in novice subjects'
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hGH and prolactin al-so fe}Ì significantly duri-ng T''l of

experienced meditators, in contrast to a lack of significant change

during both ordlnary relaxation of untrained control-s and quiet rest

of experienced meditators. The hGH reduction commenced beflore the onset

of Tl,l and appeared to be a response in anticipation of meditatio¡ (phase 1 ) 
'

which was sustained during the meditation period (phase 2) ' hGH levels

subsequently returned to pre-meditation values (phase 3).

The triphasic hGFI response pattern in TM is the inverse of that

found in anticipated acute stress, and the TM-induced hGH and prolactin

changes are distinct from those occurring during the sleep-wake cycle'

A significant reduction of serum T, was observed in TM, however,

it was not clear whether the change was mediated by alterations in thyroidal

secretion or by peripheral- mono-deiodinat'ion of T,t' No significant changes

in either packed celI volume or total serum protein were found.

Lower pre-meditation serum cortisol and daily UFC levels were

observed in experienced medit,ators than in matched non-meditator control-s'

and appeared to be the result of:- 1) TM-induced and ordinary rest-induced

cortisol reductions and 2) decreased cortÍsol sLress responsiveness'

Both 1 ) and 2) are apparently cumulative with increased meditation experience'

The Lack of significant UCA changes during both meditation and

the TM resldence course, along with the higher da11y catecholamine

excretion of meditators than matched non-meditator controls, challenges

the notion of a generalisecl decrease of sympatho-adrenomedully function

in rel-axation procedures. The TM-lnduced reducl-ion of cortisol, hGH

and prolactin, Lhree hormones which increase with stress, might be

mediated by alterations in hypoLhalamo-anterion pituitary function'
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Untrained control or non-meditator (control) :-

DEFINITIONSOFREI,AXATIO}ìÐGERTENCEORTRATNING

vl_l_l-.

no speclfic relaxation or
meditation training

Novice or in-training subject or meditator;
relaxation or meditati-on trainee:-

Experienced or trained subject or meditator:- > 1 yearts regular (10-14
Tï4/wk) practice

1 yearrs practice

Long-term meditator:-

Advanced meditator:-

1-5 yearsf regular TM Practice

> 5 yearsr regular TM

practice; often wlth
advanced technique(s) (See

p 168)



CIIAE{IER f : INTRODUCTION

A. Psychophysiological Definition of Stress

Psychophysì-otogical stress is best defined in terms of both

stimulus and response (Patkai, 1974). According to Sel-ye (1975; p 2T)

nsLress is the non-specific response of the organism to any demand made

upon itlr. Al-though adrenocortical activation (Se1ye, 1946) was central

to Selyets definition, the rtnon-specific responsetr of stress invol-ves an

integrated hypothal-amic response (Sme1ik, 1970), and may also be measured

by activalion of cerebrocortical and autonomic functions, emotional and

behavioural arousal, as well- as metabol-ic and endocrine hyperactivify

(Patkai, 1974). However, affective arousal, as characterised by

adrenocortical and sympatho-adrenomedul-lary activation (Greene et al-'

1970; Brown and Heninger, 1975; Pinter et al, 1975), appears to be the

most non-specific aspect of the stress response.

An important aspect of stress is its generality; that is,

it is concerned with changes which arise in respon"b to a variety of

stimul-i (Selye, 1956; Oken, 1967). Stressors are multidimensional

stimuli consisting of both physical and psychological components

(Mason, 1971). The physical component is greater in the more severe

stressors such as physical trauma, surgical operation, acute infection,

and exLreme physical exerci-se. St,i-muli which communicate potential

threat to psychophysiological- homeostasi-s constitute purely psychogenic

stressors because they induce a stress response in anticipation of damage

(lrlolff , 1953; pp 10, 14 and 15; Patkai, 1974). Psychogenic stressors

include military combat (Bourne, 1)69), schol-asitc examinations (Bliss et

â1, 1956; Bogdonoff et al, 1960; Baseer and Rab, 1975; Kujalova et al-, 1976),

interviews (Hetzel et al, 1955; Kurokawa et al, 1977), public speaking

(SomervilJ-e et aI, 1971), motor racing (Frost et al, 1951 ), aeroplane

flights (HaIe et a1, 1971; Carruthers et al, 1976), violent or amusing
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films (lüadeson et aI, 1963; Levi, 1965), game playing (Patkai 
' 1971),

and everyday domestic or work situations (Rahe et al, 1974; Levi, 1964).

Venepuncture or cannulation, as with other invasive or surgicaÌ

procedures, involves a combinatlon of both psychi-c and physlcal

components. fn such stressors, it is difficult to isolat,e the effects

of indivi-dual- consti-tuents. Stressors are characterised by the

production of inLense emotional- arousal which may be either pleasant,

or unpleasant in quality (Levi, 1965; Patkai, 1970). Conditioning

fact,ors (Selye , 1975) act as intermediaries between stressor and response,

and are responslble for indi.vidual variat,ion in both degree (Oken, 1967)

and patterning (Lacey, 1967 ) of response.

B. Endocri¡re and uetabolic Adaptation to Stress

Although differential endocrine changes often occur in stress

(Curtis et al, 1960; Mason et al, 1961; Okada et al, 1972; Natelson

et al, 1974), the overall adaptive response involves increased secretion

of catabolic hormonesl with subsequent mobilisation of metabolic energy

reserves (Johnston, 1975; Freeman, 1975) . The stress response funcLi-ons

as a survival- mechanism in life-threalening situations. The adaptive

response to sLress has been termed the emergency reaction (Cannonr 1914)

(popularly called the fight or flight response) and the al-arm reaction

(Selye , 1936 ) , and i-nvol-ves el-evated catechol-amine and cortisol ì-evels,

respectively (Mason, 1968a; 1968b). fncreased human growth hormone (hGH)

and/or prolactin secretion is also often associated with stress (Greenwood

and Landon, 1966; Schalch and Reichlin, 1968; Noel et aI, 1971, 1972;

Kurokawa et aI, 1977). Thyroid changes 1n stress are more controversial

(Mason, 1968c) and often diffÍcult to interpret because of perlpheral

effects (Chan et al, 19TB). Neverthel-ess, increased thyroid funct,ion

during psychogenic stress has been observed in several- studies (Hetzel

Anabolic hormones, such as testosterone, decrease in sLress (Rose,
1969i Kreuz et aÌ, 1972; Nakashima. eL al, 1975).

1
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et al, 1952; Tingley eL aI, 1958; Levi, 1972; p 130; Mason, 1968c). A

diagrammatic representation of these and other hormonal--metabolic changes

in stress are given in figure 1.

In the absence of threat to homeostatis, hormone levels ane

maintained within set l-imits which are known as the normal basal- restlng

range. Such hormone vafues are referred to as trnon-st¡essrr levels in

the foll-owing text. Elevationofa hormoners concentration abo.¿e the

upper limit of its basal resting range constitutes stress, with respect

to that particular hormone (Ruff and Korchin, 1967).

C. Ttre Aetiology of Stress-related Diseases

It is popularly the_orized that, the present-day inappropriateness

of phylogeneticall-y ancient paleocortical-hypothalamic responses is the

fundamental cause of stress-related diseases (Hamburg, 1962; Fol-kow and

Neit, 1971; p 344; Benson et al, 1978a). Often social- situations nequire

supression of the somatomotor component of the stress response in order

to maintain harmoneous social rel-ationships. Meanwhile the underlying

neuroendocrine preparation for action still continues. According to this

theory, the consequent dj-ssociation of somatomotor and neuroendocrine

components is responsibl-e for the development of stress-related diseases

(Hamburg, 1962; Folkow and Neil-, 1971; p 348). Furthermore, it has been

suggested that repeated psychogenic activation of limbic functlon, in

response to the many challenges of our rapidly changing technoJ-ogical

society, might permanently increase levels of arousal. The hypothesised

consequence is the dj-sturbance of protective homeostatic mechanisms,

thereby predisposing the organism to the harmful effects of stress
)(distress') (Levi, 1972; pp 12 and 13; Charvat et aI, 1964; Folkow

and Neil-, 1971; p 348; Hinkle, 1974; Benson et aI , 1975; Pat,eJ-, 1976).

However, evidence in support of these theories is either anecdotal

Sel.ye (1975) has adopted the term dist,ress to describe the harmful
effects of stress which, presumably, arise when the demands on the
organism exceed its capacity for homeost,asis.

¿



FIGUR,E 1. DIAGRAMMATIC REPRESENTATTON OF HORMONAL-METABOLIC RESPONSES IN STRESS
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(Gutmann and Benson, 1971; Backus and Dudley, 1974), or extrapolated

from studies involving repeated arousal of rals by direct electrical-

stimul-ation of the hypothalamus (Folkow and Rubinsteln, 1966). Therefore,

although psychogenic stress can synergisticall-y interact with other

conditioning factors, the extent of its rol-e in the aetiology of

stress-related diseases is conjectural- (Backus and Dudl-ey, 1974; Friedman

and Iwai, 1977; Esler, 1977). In direct contrast, psychogenic t,herapeutic

intervention in stress-related disorders has been wel-l- documenled.

D. Application of Relaxation Procedures

I,'lith the ever increasing incidence of stress-rel-ated diseases

in our society, the need for methods of counteracting the harmful

effects of stress has become more apparent. In recent years pas"ive3

self-regul-ation straLegies, such as psychogenic relaxatlon training

(Lazarus, 1974), have gained popularlty because of their success in

the treatment of stress-rel-ated disorders and in the management of

stress reactivity. Relaxation procedures have been shown to be

beneficial 1n the treatment of essentlal hypentension (Luthe and

Schultz, 1969, Vol 2, pp 69-76; Jacob et a1 , 1977; Frumpkin et- a1,

1978; Benson et al, 1978a; Frankel et al-, 1978; Black, 1979), headache

(Luthe and Schultz, 1969, Vol 2, pp 83-89; Beaty and Haynes, 1979;

Hutchings and Reinking, 1976; Benson et al-, 1974b) and insomnia

(Woolfolk et al-, 1976; Freedman and Papsdorf, 1976), and are of special

importance where conventional methods have proved ineffectual , or where

del-eterious side-effects arise from pharmacological management.

Furthermore, relaxation procedures may also be useful for prevention

Methods for self-regulation of stress are either active or passive,
involving externall-y or internally orienbated behaviour, respectiveJ-y
(Lazarus, 1974).

Relaxat,ion procedures may al-so be used as a lherapeut,ic adjunct Lo con-
venLional- treatment of stress-related diseases, 1n particular essential
hypertension (Patel, 1975; B1ackwell et a1, 1976; Black, 1979).

3
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of stress-rel-ated disorders, especially in predisposed persons

(Stoyva, 1976; Davidson and Schwartz, 1976; Patel and Carruthers,

19TT; Benson, 1977 ), and in generatly etlminating distress.

(a) Glossary of relæ<ation procedures

Amongst the most commonly used relaxation protedures are

Transcendental Meditation (Tla); hypnosis-relaxation; autogenic training;

progresslve relaxation5; and various yoga-rneditation techniques,

including Buddhist meditation exercises such as Zen, and hatha yoga5

(commonly call-ed yoga) .

Transcendental Meditation (Maharishi Maheshi Yogi , 1966; 1969): A

meditation technique involving systematic and passi-ve

replacement of thoughts by a mantram (or mantra) until- mental

activity ceases (is transcended). Mantra are easil-y repeatablet

sonorous and flowing Sanskrit words.

Hypnosis-relaxation: Hypnosis is a psychogenically induced artiiicial

staLe characterised by increased suggestibility (Gorton, 1949;

p 317). Hypnosis-relaxalion requires specific induction

procedure(s) in which the dominant suggest,Íons are aimed at

producing deep general-ised relaxaLion.

Autogenic tralning (Luthe and Schultz, 1969): A system of medical-

therapy based on six standard exercises:- Exercises 1 and 2

involve cultivation of sensaLions of heavÍness and warmtht

nespectively. The feelings are initiated in the l-imbs and

subsequently spread throughout, the body. Exercise 3 deals

with cardiac regulation and exercise 4 involves passive

concentration on the natunal breath. In exercise 5 a sensation

of warmth is cultivated specificatly in the upper abdomen.

. Exercise 6 engenders a feeling of coolness'in the forehead.

These procedures involve a somatic component as l^re1l as a cognitive
component (Davidson and Schwartz, 1976),

5
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Progressive relaxation: A method of systematically producing wide-

spread muscle relaxation. Progressive (step by step)

relaxation of each major muscle group is achieved by passively

concentrating on rnuscle tension. Muscle contractj-on fol-lowed

by relaxation is often used to cultivate an awareness of

muscle tension (Jacobson, '1938)

Hatha-yoga: One of India's traditional systems of yoga (spiritual

union) which encorporates the use of yogãsanas:- body

postures especially designed for gentle and controll-ed

stretching and massage of the skel-etomuscufature. Meditation

techniques involving passive concentration on body sensations

and/or on the natural breath are often an int,egral part of

hatha-yoga (Iyengar, 1975; Goswami, 1971) '

(b) Influences of relaxation procedtlres on responses to stress

Reduced cortisol stress reactivity has been associated with

the practice of both autogenic trai-ning (Afnaes, 1966) and 'IIt4 (Michaels

et al, lgTg). Decreased responsiveness of heart rate and skin

conductance to cold-stress has been induced by hypnosis (Barber, 1971;

p 23Ð, and subjects in an autogenic state of rel-axation showed fewer

galvanic skln responses to electrical shock (Luthe, 1970i p 91 ).

Diminished neuroticism and increased confidence have also been reponted

j-n cadet parachutists who were given autogenic training (Reshetnikov,

1g7B), and relaxation techniques u/ere recently reported to be effective

in reducing patient discomfort during dental treatment (Corah et a1,

lgTga; 19Tgb). Furthermore, TM practitioners were found to rnaintain

more frontalis muscle relaxation than matched non-meditator controfst

during performance of a mental task (Sul-tan , 1975), More rapid recovery

from stress has been found in subjects with specific relaxation training

(Orme-Johnson, 1973; Gol-eman and SchwarLz, 1976; McDona.gh and Egenes'

1977; Miskiman , 1977a) .
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E. Physiological Characterisation and Defj¡rition of Relaxation Procedures

The term rrrelaxation responserr was proposed by Benson et aI

(1974a) to describe the common physiological response underlylng varj-ous

relaxation procedures. Decreased metabolic rate, as assessed by reduced

oxygen consumption, was used as a fundamental criterion of the relaxation

response (Benson et al, 1974a; Beary et al, 1974; Benson et al-r 1978b).

According to Jacobson ( 1938; p 29) , the removal- of residual muscufar

tension distinguished the effects of progresslve relaxation from changes

seen in ordinary relaxation, and decreased oxygen consumption in relaxation

is probably secondary to diminished muscle tone (De Vries et al, 1976;

Fenwick et at, 1977), However, these changes are not peculiar to specific

relaxation procedures because simll-ar changes were observed during

ordinary rel-axation of untrained subjects (Fenwick et al, 1977), Further-

more, complete muscular relaxat,ion may occur in anxiety states (Davidson

and Schwartz, 1976), and reduced anxiety is typically associated with

relaxation procedures (Pau1, 1969; Shapiro and Gj.ber, 1978; Zuroff and

Schwarz, 19TB; Benson et al, 1978c).

Heart rate and galvanic skin resistance are al-so commonly

used physiological measures of relaxation induction, however, decreases

in both heart rate (Travis et al, 1976; Michaels et aI, 1979) and skin

conductance (schwartz, 1973; Morse et al, 19TT ) have arso been found

during ordinary rel-axation of untrained controls, as well as in specific

relaxation procedures. Electroenceohalographic (EEG) changes have

failed to be very useful as specific measures of relaxation procedures

because of the close simil-arities with EEG characteri-stics of slow wave

sleep phases 1 and 2 (Luthe, 1970i p 92; Younger et al, 1975; Pagano

et al , 1976; E1son et aI , 19TT; Fenwi-ck et al , 1977') ,

Therefore, it is difficult to isolate a singl-e physiological

measure which characterises the relaxation response, and a mul-ti-

dimensional approach, aimed at identifying response patterning, is
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probably more appropriate6 (Schwart.z et al-, lgTB; Davidson and Schwartz,

19T6). However, further clarification is stitl required tq distingulsh

the relaxation response from both sreep and ordinary (non-specific)

relaxation (Fenwick et aI, 1977). Hence, relaxation procedures are

probably best defined in terms of their designated function; that

being, systematic induction of generalised psychophysiological relaxationt

involving cerebrocortical deactivation (EEG synchronisation7), reduced

autonomic-metabolic activity (decreased heart,-rate, skin conductancet

respiratory rate, oxygen consumption, carbon dioxide elimination, and

muscl-e tone), and diminished affectlve arousaf (Benson et al, 1974a;

Davidson and Schwartz, 1976; lrlest, 1979a), while simultaneously sustaining

(l¡trallace et aI , 1971; IrJilliams and West , 1975; Luthe , 1970; p 91) ' or

even increasing, alertness (Hernándex P6on, 1977 i Banquet, et al , 1)l4a;

Levine et aI, 1977).

During the l-ast decade, TM has been widely used as a model

relaxatlon procedure in laboratory investigations, because volunteer

subjects with standardised training are readily available. More

particularly, sufficiently large samples of adept practitioners with

long-term training are availabl-e for study. Several recent studies,

which directty compare physiological changes in various relaxation

procedures, highlight the exisLence of a common underl-ying physiological

basis (Tebëcis , 1975; Morse et aI , 1977; Zaidhlowsþ and Kamen, 19TB).

Indeed, biofeedback pne-träiningfor reduced heart rate and frontal-is
muscle tension had no i-nfluence over performance durlng theta EEG

training (Lutzenberger et a1, 1976), and the appearance of theta
activity has been associaLed with advanced stages of hypnosis-
relaxation (Tebõcis et aI, 1975), autogenic training (Luthe, 1970i
p gZ) and meditation (Kasamatsu and Hirai t 1966; Banquet, 1972;
Hebert ând Lehmann, 1977).

Patterns of EEG synchr"onisation in relaxation procedures involve
predominance ofa-Iphaactivity, with theta bursts during deep
relaxation of advanced practitioners (see foot-noLe 6 above).
Genera}l.y the alpha-theta activity does not descend into deep
sleep (Yôunger eL al , 1975; Fenwick eL al , 19TT; Luthe, 1970;
p 92; E1son et al, 1977).

6
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Although Davidson and Schwartz (1976) have hypothesised relaxation

procedure-speclflc changes, there is very Ii-mited supportive evidence

from studies of resting8 relaxation techniques (Paul , 1969). Nevertheless,

certain procedures may be more effectlve for induclng relaxation in

specific physiological systems, as appears to be the case for muscl-e

relaxat,ion (Morse et al-,19TT) and state anxiety reduction (Davies,1977i

Zuroff and Schwartz, 1978).

F. Working Hypothesis:- Ttre Endocrine Antithesis of Stress i¡r

Relaxation Procedures

The aim of the following studies was to investigate possible

endocnine bases for the effects of relaxatlon procedures on st ress. The

nul-I hypothesis was that there ane no endocrine bases for the effects of

relaxation procedures on stress. A working hypothesis, that the

endocrine changes in rel-axation procedures are opposite to those which

occur in stress, was pursued.

G. kevious Endocrine and Other Biochemical Studi-es of Relaxation

kocedures

(a) Tlanscendental Meditation

The original studies of TM revealed slight but statisticaliy

significant reductions in anterial pH and base excess during Tl"l of

experi-enced meditators (lriallace , 1970a; l^lallace et al- , 1971) . More

recently, a significant, fal-l- in sal-ivary pH was found immedi-ately after

TM of a novice subject re-studied during 10 meditation sessions (McCuaig,

1974). A signlficant reduction in bLood lactate during Tï4 of experienced

meditators was originally found by !'lallace et aI (1971). Lactate

Ievels nemained low after meditati-on. These observations hrere ]ater

Davidson and SchwarLz (1976) incJ-ude physical exercises, such as
jogging, in their definition of relaxation procedures. However,
by the deflnition given earÌier (p B ), such methods are noL refaxation
procedures because they increase autonomic-metabolic activity.

B
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substantiated by other workers9 (Rama Rao et al, lgTTi Nandagopal

et al , 1976; Jevning and liÙi1son, 1976; Jevning et al, 1978c)' However,

Michaels et a1 (1976; 1979) reported no significant change in blood

lactate during TM of experienced meditators, nor did Jevnlng and !üilson

(1976) find significant arterial pH changes in TM' Both Idallace et al

(1971) and Mccuaig (1974) conctuded that, TM produces a mild state of

metabolic acidosis. A significant decrease in rate of blood l-actate

generation during Tï4, along with no significant arterial pH, pcoz, Po2,

glucose or packed cell volume changes, led Jevning and irrlilson ( 1976 ) to

infer that TM reduces red cell- metabol-ism. A tack of significant changes

in arterial Ro, and lco, was also found in previous studies of TM (!'lal-lace'

1970a; Idallace et al , 1971). McCuaig (1974) also reported significant

differential increases in saliva.ry electrolytes (sodium, magnesium'

calcium, phosphorous and potassium) and elevation of both acid soluble

and inso-ì-ubl-e salivary protein immediately fol-Iowing TM.

Jevning et, aI (1977a; 1978a) reported a significant reduction

in ptasma cortisol during TM of experienced meditators in contrast to

a lack of significant change during ordinary relaxation of non-meditator

controls. Fol-lowing TM, pJ-asma cortisol levels remained Iow and appeared

to be gradually returning to pre-meditation values' A similar trend was

observed in novice meditators, but, the change was not stat-istically

significant (Jevning et al, 1978a). Originally, Jevning et aI (1977a)

reported signiflcantl-y lower basal plasma cortisol l-evels in experienced

meditators tharr in non-meditator control-s, however, their later study

revealed no significant difference (Jevning et aI, 1978a) ' Conflicting

findings were reported by lvlichaels et al (1979) who found significant

plasma cortisol reductions in both TM and ordinary rel'axation of non-

meditator controls. The decreased cortlsol levels foll-owed lhe expected

Reduced blood lactate in meditation is probably due to decreasecl

anaerobic respiration, and correlates with decreased oxygen consumption,

while there is no chaáge in respirat,ory quotient, during TI4 (l¡lallace'

1970a; I¡lal}ace et aI ' 1971).

9
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morning circadian decline (Krieger et al, 1971). A significant

increase in plasma cortisol was also observed 20 minutes after cannulation

of non-meditator conLrols in contrast to no significant change in

experienced meditators (Michaels et al, 1979). Avorn and Benson (1974)

found no significant difference between the plasma cortisol- values of

meditators and matched non-meditator controls, although, day-to-day

plasma cortÍsol variation was significantly lower in the meditators.

Sign.ificant elevations in plasma prolactin have also been

observed following Tl4 of both experienced meditators and controls

re-studied after3 to 4 months'TI4 training (Jevning et al-, 19TTa; 1978b).

However, no significant changes in either plasma testosterone (Jevning

et al, 1978a) or plasma growth hormone (Jevning et al-, 1978b) were found

in Tï,1 of either experienced or novice meditators.

Michaels et a] (1976) found no significant changes in either

plasma adrenaline or noradrenaline during TM, and Bujatti and Rlederer

(1976) observed no changes in vanillyl-mandel-ic acid (VMA) following

meditalion. Tn contrast, Lang et aI (1979) recentl-y reported a

significant lncrease in total- plasma catecholamines (predominantly

noradrenaline) following TM of highly trained (advanced) meditators,

whereas no significant TM-induced plasma caLecholamine changes hrere

observed in less experienced (long-term) meditators. Following both

sitting-reading and TM treatments, physical exercise produced plasma

catecholamine increases or decreases for long-term and advanced

medibators, respectively. Furthermore, after exercise long-term

meditators had significantly higher adrenal-ine excretion than advanced

meditators. In both long-tenm and advanced meditators plasma

catecholamj-nes rose following supine-rest.

Lang et aÌ (1979) also found significantly higher

catecholamine and VlulA excretion in advanced meditators than loirg-term

meditators, whereas Bujatti and Riederer (1976) found significantly
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lower basal- VluiA excretion in meditators than in non-meditator cont,rols.

A significant TM-induced increase in 5-hydroxyindoleacetic acid

excretion in contrast to no significant change for non-meditator

controls, along with a l.ack of slgnificant homovanillic acid change

Ín TI,1, were also observed by Bujatti- and Rlederer (1976.).

Recently, Michaels et al (1979) reported a slight but

significant increase in plasma renin activity during TM, in contrast

to a lack of significant change during ordlnary relaxation of non-

meditator controls. However, Pol-lack et aI (1977 ) found no significant

change in plasma renin activity during s1x months' training of hyper-

tensive patients. No significant plasma al-dosterone changes l^Iere observed

duning either TM or ordinary relaxation (Michaels et al, 1979).

Olher biochemical- studies of TM have revealed:- a significant

Íncrease in plasma phenylalamine during TT4 of experienced meditators.t

in contrast, *"o no significant change i.n both novice meditators and

untrained controls; no significant changes of any other amino acids

dur1ng Tr"i (Jevning et al, 19TTb); and no significant changes in blood

Sugar, blood urea or serum chol-esterol fol-lowing TM (Rama Rao et al,

1977).

In summary, the subject of endocrine changes in TM is

controversial- and there are conflicting reports about T}4-induced

changes i-n cortisol, catecholamines and plasma renin activity. One

group of workers has observed a significent post-meditation prolactin

rise and no significant hGH or testosterone changes in TM. Although

not undisputed, blood -l.actate reduction appears to be the most consistently

reported biochemical change in TM.

(b) Hy¡gnosis

Hypnosis typically involves a wide variety of different

induction procedures, ancl the nature of the dominant suggest,ion(s)

appears to determine the response (Barber,1971; Kroger,1977i p 27),
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Endocrine and other biochemical studies of hypnosis clearly exemplify

the phenomenon of suggestion-specifl-c responses in hypnosis:-

Heterohypnotic induction of anxiety and other states of affective

arousaf have been found to produce increased catecholamine (Pinter

et al, 1967 ) and hGH (Kurokawa et aI, 19TT ) secrelion, el-evaled blood

free fatty acid (Fishman et al-, 1962b; Pinter et al, 1967 ) and plasma

hydrocortisone l-evels (Persky et al-, 1959; Levitt and Persþ, 1960),

while no significant bl-ood glucose cha¡rges were observed in either

diabetic or normaf healthy subjects (llüeller et al, 1961). Conf'licting

findings were reported by Levitt et al ( 1960) who observed no signifi-cant

increases in plasma hydrocortisone during heterohypnotic anxiety induction.

However, Barber (1971) suggested that the discrepant findings were due

to relatively high pne-treatment levels in the study by Levitt et al

( 1960) ; the degree of pl-asma hydrocortisone elevation with affective

arousal being negatively related to the pre-treatment leve1s. Significant

increases of plasma renin activity and angiotensin II concent,ration have

recently been observed in hypnotic suggestion of running, howeverr no

significant aldosterone changes were found (Kosunen et aI, 1977).

fn contrast to heterohypnotic arxiety, heterohypnotic induction

of relaxation produced significant reductions in both plasma hydrocortisone

(Sachar et al, 1965; 1966) and bl-ood glucose of dlabetics (Gigon et aI,

1926; Stein, 1949). Neutral heterohypnosis was also found to be

associated with diminlshed plasnra cortisol l-evels (Al-naes , 1966; Alnaes

and Skaug, 1966). During neutral- heterohypnosis, experienced subjects

showed more marked cortisol el-evations in response to auditory and

cutaneous disturbances than did novice subjects, while novice trai-nees

responded more than untraÍned controls (Alnaes, 1966). A positive

correlation between ease of hypnotlc induction and decreased cortisol

levels was also apparent (Alnaes and Skaug , 1966). A signi.ficant

reduction in arterial RO, has been observed durlng heterohypnotic

induction of dror^rsiness, lethargy and sleep (Lovett Doust, 1953).
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(c) , Autogenic trailing

The practice of standard autogenic t,raining exercises, in

particular passive cencenlration on heaviness and warmth, produced a

significant plasnà contisol fal-l for long-term trainees in conlrast to

a l-ack of change in untrained controls (Al-naes, 1966; Alnaes and Skaug,

1966; Okamura and Goto, 196710). The reduction in plasma cortisol was

more marked in experienced trainees than novice subjects, and appeared

to be proportional- to autogenic training experience (Afnaes and Skaug,

1966; Alnaes, 1966), Furthermore, experienced autogenic trained subjects

were less cortisol--stress responsi-ve to auditory and cutaneous

disturbances while in the autogenic state (Alnaes, 1966), and had

generally higher pre-treatment plasma cortisol level_s (Luthe, 1970i

p 77) than both heterohypnosis and untrained subject,s. A progressive

return of plasma cortisol levels to pre-treatment l-eve1s occurred

following autogenic exercises (Alnaes, 1966) and a positive correlation

between depth of relaxation and degree of cortisol reduction was apparent

(Alnaes and Skaug, , 1966). A fall- 1n plasma cortisol levels in women

who practj.sed autogenic exercises during labour and deli-very has also

been reported (Okamuna and Golo, 1967).

Decreased serum chol-esterol- l-evels have al-so been observed

following autogenic exercises (heaviness and warmth) in novice subjects

(Aya, 1967), and variable bl-ood sugar changes were found depending on

the standard exercise used (Marchand, 1961). Luthe and SchulLz (1969,

VoI 2) reviewed the long-term normalising lnfluence of autogenic

training on hypoglycemia and glycosuria in palients with diabetes

men_itus (pp 107_113), hyper- and hypofhyroÍdism (pp r13_1.12) and

hypercholesterol-emia (pp 118-121).

10. For a review, in English, of these studies, see Luthe, 1970i
pp 76 Lo 78, inclusive.
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(d) ProgressÍve relaxation

Using a modification of Jacobsonfs (1938) progressive

relaxation procedure, Davidson et al (1979) found a significant,

reduction in plasma noradrenal-ine during deep muscle relaxation of

patients with organic heart disease. No significant changes in either

plasma adrenal-ine or dopamine were reported during retaxation in these

novice trainees.

(e) Yoga-meditation

ïncreased 1 7-hydroxycorticosteroid r 1 7-ketosteroid , Lestosterone

and VMA excretion, along with el-evated serum protein level-s, have been

observed following 6 monthsr systematic hatha-yoga training (Udupa

and Singh, 1972; Gode et al., 1974). Signiflcant decreases in both

plasma acetylcholine and serum cholinesterase (Udupa et al-, 1973) ,

along with reduced bl-ood sugar and serum cholesterol- l-evel-s (Udupa

and Singh, 1972) were al-so found.

Signifi-cant reduction of both plasma dopamine-beta-hydroxylase

and renin activity of hypertensive patients occurred after s1x monthsr

training in a Buddhist meditation procedure (Stone and De Leo, 1976).

Ghista et al (1976) found decreased glucose, lactate and pyruvate

level-s following Ananda Marga meditation in a single subject.

(f ) Sunrnary

The most characteristic endocrine change in relaxation

procedunes appears to be a significant short-term cortisol reduction

in TM, heterohypnotic relaxation, and autogenic training. Hov'rever,

decreased cortisol l-evels have al-so been associated with vi-ewlng bland

natural- scenery films (Handlon et aI , 1962; I,,ladeson et al , 1963) and

abnormall-y 1ow 17-hydroxycorticosteroid excretion has been reported
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during euphoric regression transference in psychoanalysisll (Menzer-

Benaron, 1963).. Therefore, a cortisol faII may not be peculiar to

specific relaxation procedure-induced states.

In contrast to cortisol, changes in catecholamines, and other

hormones related to sympathetic nervous activity, are less consistent.

Reports of changes in other endocrine functions are scanty and there

do not appear lo be any previous studies of thyroid hormone changes in

relaxation procedures.

11. In this context, it is i-nteresting to note that regression has
been proposed as a mechanism invol-ved in both hypnosis and
meditation (Meares | 1962; Maupin, 1965; Shafii, 1973;
Meares, 19TT).'
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CiIAPTER fI : ¡'ETHODS

Preface to lrfethods:-. Selection and Preparation of Subjects

The following four studies were conducted on healt-hy, day-

active, young-adult, Caucasian volunteers:- A long-term study (part 1)¡

two short-term studies (parts 2 and 3), and a TM residence course

study (part 4).

TM subjects had received standardised instruction in

mcditation (Maharish Mahesh Yogi, 1966; 1969) and were routinely

practising TM twice daiIy, morning and evening, for between 20 and

30 minutes per session. Experienced meditators Ì^/ere defined arbitrarily

as having more Lhan a year's regular TM practice (10to14 Tla/wk). The

lack of sufficient avail-ability of' subjects who were both experienced'

and of standardised training in other rel-axation procedures, restricted

the study of other relaxation groups to novicel2 sub¡ects only. In the

second short-term study and the TM residence course study TM was used

as a model rel-axatì-on procedure.

As preparation for each of the following four studies, subjects

attended a preliminary meeLing at which, in accordance with the

Declaration of Flelsinki, prepared by the hrorld Medical Association (1976),

the nature and purpose of the research was explained. Informed consenL

for vol-unLary parLicipation in the experimentatlon was obtained from

all subjects. The correct procedure for collection of a twenty-four hour

urine sample was' outlined. Standardised instructions regarding

experimental requirements were given to all subjects (Bieman, 1976).

12, rrNovicerr in contrast to ltexperiencedtr subjects were defined
arbitrarily as having less than one yearrs regular practice with
a specific relaxation procedure.
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PARI i :- I€DiG-T'ERM STUDY

A. Subjects

54 relaxation trainees, 12 controls, and 10 experienced

Transcendental- Meditators were studied. Bolh males and. females ü/ere

included in all groups. Prior to the study neither the relaxation

trainees nor the controls had received any specific rel-axation

training. The controls remained untrained throughout the study. The

relaxation trainees and untrained controls were predominantly students.

The experienced TM group consisted mainly of school teachers and

tertiary students.

B. Experinental Design

(a) Outline

The study was conducted from April to November of Lhe 1975

academic year. As shown in figure 2, a Lime-series experimental design

(Gl-ass et a1, 1975) with a pre-training control period was used.

Twenty-four hour urine col-lections and venous blood samples were

collected durlng the week before commencement of relaxation training

and at about two monthJ-y i-nterval-s over the seven month training period.

The control group and the experienced TM group were studied concurrently

with the training groups.

(b) Tteatnents

(i) Relaxation procedures

P-rospective rel-axation trainees chose instruct,ion in one of

four rel-axation procedures:- Transcendental- Meditation (TlA), progressive

rel-axation (PR), autohypnosis-relaxation (AHR) or yoga-medit,ation (Yl"l) .

Jacobsonts (1938) progressi-ve relaxation procedure, modified by
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exclusion of preliminary muscl-e tensingl3, and Ericksonfs (1961)

indirect hand-levitation and progressive rel.axation hypnotic induction

methods were used. The yoga-meditation procedure combined hatha yoga

with passive concentration on body sensations and the natural breath.

The TM, PR and AHR procedures involved preliminary active cognitive

induction, whereas the Ylvl procedure employed active somati-c induction

(Davidson and Schwartz, 1976). In all procedures, passive concentration

was used to deepen relaxation (Benson et al r 1974a; Davidson and Schwartz,

1976).

(ii) Specific relaxation training

Details of the principles and performance instructions of the

relaxation procedures used are given in Appendix fI pp 154-161, OnJ-y detaiJ-s

of the relaxation training prognammes are gi-ven here.

Transcendental Meditation : - 10 T}4 subjectsl4 """" trainedl5.

Instructlon i-n TM fol-lowed a standardised well established fonnat

involving introductory and preparatory lectures followed by four

training sessions, each of between one half and one hourrs duration.

During the first, session personal instruction in Tlt{ was given by a

trained teacher. The three other sessions wene conducted in a group

setting. The aim of the three follow-up sessions was to check for

corcect use of the TT"1 procedure and to assist students with any

difficulties in their practice.

13. Exclusion of prelì-minary muscle contraction in progressive
relaxation results in it being a purely cognitive relaxation
procedure, as Ís the case with both TI,1 and AHR (Davidson and
Schwartz, 19761,

14. An attrition rate of about, thirty percent was anticipaled to
occur during relaxation training (Kanell-akos and Lucas, 1974; V 45),

15, The TM subject,s were trained at the North Adelaide TM Centre (176
Archer Street) through the StudenLsi International Meditation
Society. The TM teachers were Mr. Ned Roberts and Mn. Al-exander
!úealleans,
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ProEressive rel-axation and autohv pnosis-reLaxation :- 14 progressive

relaxatior,14 und 15 autohypnosis relaxationl4 sub¡ecLs r^¡ere trained.

For both the progressi-ve relaxation and autohypnosis-relaxation êroups,

training consisted of four half-hour sessions. The instruction

programme was designed to be directly comparable with that for W16,

having one initial private instruct.ion session fol-l-owed by three group

sessions. Emphasis was placed on cultivating the ability for self-

induced relaxation without the aid of a teacher or therapistlT. Funther

follow-up supervision in the above procedures ü¡as given if and when

required, by appointment with the teachen concerned.

14Yoga-meditation:- i5 yoga-meditation subjects were trained.

The yoga-meditat,io., g"oupl8 ret once or twice a week during the study.

A more extensive training period was required for the yoga-meditation

group because more learning was involved (see Appendix Irr pp 159-16j).

(c) Urine samples

Urine volumes r^rere recorded and the pH of two 20 ml aliquots

was immediately adjusted to 3-6 and 1 -2.5, and stored at 4oC or -ZOOC

until assayed for cortisol- and catecholamj-nes, respectively.

16. Despite arrangement of a special concession fee for T'Iul instruction,
only 10 TM students were avail-able for study and consequently
fewer subjects were included in the TM group than the other
relaxation groups.

17, The progressive-relaxation and autohypnosis-relaxation groups
were independently trained at the University of Adelaide Student
Counselling Service by counsellor Mr. Norman Greet,.

18. The yoga-medilation trainees met at the University of Adelaide.
The group was trained by an advanced practitioner, MÍ. Robert
Hill, who had received intensive tralning in India under Swami
Karunananda.
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(d) Btood sanples

Venous bl-ood specimens were coll.ected from an antecubital

vej-n at times which were standarclised for each subject in order to

avoid influence of circadian variation in plasma cortisol- level-s

{Perkoff et al, 1959; De Lacerda et, al, 1973). Blood samples for

cortisol assay v¡ere coll-ected into di-sodium ethylenediaminetetra-

acetic acid (EDTA) tubes, centrifuged at 2000 g for i0 minutes, and

the plasma was stored at -zOoC until- assayed. Approximately one

hour aft,er coll-ection, blood samples for serum thyroid hormone assays

were centrifuged for 10 minutes at 2000 g and the serum was stored at

-zOoC until assayed

C. Independent Variables

(a) Standardisation of relaxation trainlng

(i) Possible infl-uence of positive condjtioning:- motivation

and expectation characteristics

Positive condi-t ionj-ng is an integral part of the TM Lraining

programme (Morse et aI, 1977), Therefore, in order to standardise the

expectation and motivation characteristics (Shapiro and Giber, 1978)

of all groups, subjects in the progressive rel-axation, autohypnosis-

relaxation, and yoga-meditation groups were also enthusiastically

conditioned about the beneficial effect,s of the regular practice of

their respectlve rel-axation procedure.

(ii) Possible infl-uence of training intensity

Regular practitioners of relaxation procedures, as is the

case for more experienced subjects (Kanellakos and Lucas, 1974; p 47

and p 89; Luthe, 1970; pp 91 and )2), show more marked psycho-

physiologÍcal changes than erratic practitioners (Luthe, 1970; pp 91

and 92; Iaiest, 1976b) . The r"rsual length of individual. relaxati-on
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sessions might al-so influence the extent. of any changes (Corby,

1979). Therefore, training subjects t,üere encouraged to routinely

practise their respecti-ve relaxation procedures twice daily, morning

and evening, for between 20 and 30 minutes each session. Furthermore,

during the study all subjects were encouraged to continue their

practice regularly. The experienced TI4 subjects continued their

routine twice-daily practice.

(b) Drug usage

,Because of the knoum and suspected influences of various

non-prescribed drugs on the endocrine system (Go1d and Ganong, 1972;

Frankenhaeuser, 197 1; Levi, 1972; p 3i ), the use of non-prescribed

drugs was restricted imnediately prior to and during sample col-l-ection.

During Lhe 48 hours prior to blood sample col-lection, a1l subjects

were asked to abstain from alcohol-, marijrnna and other non-prescribed

drugs, excepting tea, coffee and tobacco. Abstinence from the above

mentioned non-prescribed drugs appJ-ied al-so to Llne 24 hour period of

urine sample collection and to the day before commencement of collect,ion.

No restrict,ions were pÌaced on the use of tobacco and caffeinated

beverages because it was considered to be a necessary compromise

between experimental control- and continued subject participation

and cooperation. It can also be viewed as a compromÍse between

experimental control of everyday l1fe stimu1i (independent variables)

and the study of a reafistic Life situation (Levi, 1972; p 39). No

subjects v,rere on medication during the week prior to blood or urine

sample coll-ection.

(c) Subject characterj.sation

Data on age and, where relevant, medltation experience,

wenecollected frorn all subjects. A record of any changes in relaxation



23

practice, such as discontinuation of traÍning, Idas kept on aII

subjects.

D. Dependent Variables

(a) Hornone u==ty=19

Plasma and urinary free cortisol u¡ere measured using a

modification of Murphyrs (1967 ) competitive protein-binding assay.

Total urinary catecholamines (UCA) I^rere measured using a semi-automated

trlhydroxyindole method (Head et aI, 1977), Radioimmunoassays with

charcoal- separation were used to measure total serum triiodothyronine

(T3) (Queen El-izabeth Hospital method) and total serum thyroxine (T4)

(Chopra,'1972). Details of the assays used are given in Appendix I.

E. Statistical Analysis

Parametric statistical- testing was carried out using a

lüang 600 desk-top computer (!'lang Program Library, Volune 133:-

Analysis of Variance and Regression Analysis). lrlithin-subject

analysis r^ras generalì-y used because it has the advantage of eliminating

normally large j-nter-individual variation in basal hormone concentrations

(Fox et al, 1961; Johansson and Post, 1974; Hammond et a1, 1976), as

well as the need to consider group differences in subject characteristics.

It is more valid to make inter-groupcomparisons on UFC than plasma

cortisol values because of the rapid episodic fl-uctuat,ions j-n circulating

cortisol- concentrat,ions (Hellman et aI, 1970). Inter-groupurinary

hormone comparisons \^Iere made on males only because of the inherent

sex differences i-n endocrine function (Markiewicz et al-, 1973; Johansson

and Post, 1974; Frankenhaeuser et aI, 1976).and because the majority of

subjects were mafes. Subjects who stopped their relaxation training

19. The plasma cortisoi- assays were performed in the Department of
Obstet,rics and Gynaecology at the Queen El-izabet,h Hospital. All
other assays were performed in the Department of Clinica1 Chemistry
at the Queen Elizabeth Hospital.
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r¿¡ere excluded from anal-ysis.
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PARI 2 :- SHORI-TERI\'1 STUDY (1)

A. Subjects

Novice subjects from the long-term study, vrhg had six monthsl

continuous relaxation training with regular practice, were studied.

Four II4, four YM, two PR and 2 AHR subiects were investigated. Seven

experienced TM subjects and six untrained controls from the long-term

study vüere examined under comparable experimental conditions.

B. Ðçerinrental Design

(a) Outline

Figure 3 outl-ines the experì-mental design. Subjects arrived

at the laboratory at 1400 hours and subsequently blood samples and

cardiovascular measurements were taken before and after a half-hour

Sunday afternoon relaxatÍon "e""ion20. 
The experimental procedures

and experimenters were famlliar to al1 subjects.

(b) Treatnents

During the 30 minute treatment period the controls sat with

eyes shut and relaxed. The other subjects practised their respective

relaxation procedure. Standardised instnuctions to start and stop

relaxing were given to all subjects. Sil-ence was kept during the

relaxation session and a group of 4 to 6 subjects was studied on each

occasion.

(c) Urj¡re samples

To investigate possible basal inter-groltp endocrine

di-fferences, 24 hour urine samples were collected over the same

The study was conducted at the Departmenl of Anatomy and l{istologyt
the University of Adel-aide.

20
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r^reek-endas the laboratory experiment and on the folì-owing Monday.

Urine volumes h,ere recorded and, as described for the long-term study

(p 20 ), all urine specimens were treated with preservative and stored

until- assayed.

(d) Blood sampling

Four serial- venous blood samples were collected by vene-

puncture from an antecubital vein at approximately one hourly

intervals. Blood specimens were centrifuged and stored using the

same procêdures as in the long-term study (p 21 ). Afternoon was

chosen for the experimental observations because of the rel-ative

stability of plasma cortisol- l-evel-s at thi-s stage in the circadian

rhythm (Krieger et al, 1971),

(e) Cardiovascular recordings

Blood pressure and heart rate wcre measured following each

21
blood sampJ-ing-' to avoid the possible infl-uence of cuff-induced

venous constriction on protein-bound hormone concentrations (Judd et al,

1975i Cashmore et a1, 1976). Before and after the relaxation session,

all subjects sat in comfortable arnchairs in a pleasant room, tal.king

amongst themselves and readlng relaxlng material of their own choice22.

All subjects remained seated during the three hour experimental period

in order to exclude the influence of postural changes on protein-bound

hormone concenlrations (Papacoslas et aI, 1960; Judd et al, 1975) and

on sympathetic nervous function (Sundin, 1958; Sever et al, 1977).

21. A tourniquet was not used for blood sampling.

No pornographic reading material. v;as all-owed because of possJble
sympatho-a.drenomedullary or adrenocortical activation in response
to visual stimulation (Levi, 19721 Zuckerman, 1971; Broum and
Heninger, 1975; Irriedeking et al, 1977).

22
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C. Independent Variables

(a) Drug usage

The following drug restrictions were made to minimlse

possible drug-induced hormone changes (Gold and Ganong, 1972;

Frankenhaeuser, 1971; Levi, 1972; p 31). No subjects,were on

medication during the week prior to the experiment. Standardised

restrictions were placed on tea, coffee, tobacco and al-cohol

consumption during the week before the study in order to minimise

their usage. 0n the day of the blood sampling experiment, all

subjects abstained from tea, coffee and alcohol- (Poisner, 1973;

Jenkins and Connolly, 1968) and where applicable reduced tobacco

smoking to the degree that it was not uncomfortable (Myrsten et a1,

19TT). No smoking was allowed during the afternoon l-aboratory

experiment.

(b) Food

0n the Sunday of the blood sampling experiment l-unch-time was

standardised at 1200-'1300 hours in order to standardise the influence

of meal-related cortisol changes (Montagu, 1968). Moreover, no food

or beverages vüere allowed between l-unch and the end of the laboratory

study in order to excl-ude food-rel-ated cortisol changes (Montagu, 1968;

Krieger et al-, 1971). hlater was available on request.

(c) Physical and rnental activity

On the morning before the l-aboraLory study, all subjects

were requested to avoid both strenuous physical and mental activity,

as well- as emotional disturbances, because of possible influences

on endocrine functÍon (Frankenhaeuser, 1971; Hartley et al, 1972i

Rayrnond et al, 1972; Rahe et aI, 1974). However, in all other respects

the morning activity before t,he laboratory study vüas as usual for each

subject.
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(d) Efficacy of treatnents

Following the relaxation session, all subjects gave written

reports of their relaxatj-on expeniences. Using a modÍfication of the

rating scheme devised by Maupin (1965), three independent judges blindly

rated the reports for depth of relaxation. (See Appendix III, pp 162and163,

for details of relaxation rating schemes). Heart rate.was measured

because decreased values are generally associated with psychogenic

relaxation (Benson et aI, 1974a; Davidson and Schwartz, 1976).

(e) Subject characterisation

Data on age, occupation, and, where relevant, meditation

experience, wene collected from all- subjects.

D. Dependent Variabl.es

(a) Horrnone assays

All blood samples from one subject were run in the same

assay to eliminate inter-assay vaniation. Plasma cortisol, serum T4,

serum T3, UFC and UCA r^rere measured by the methods described in the

long-term study (p 23 ).

(b) Cardiovascular measurements

Bl-ood pressure vJas measured by the indirect auscult,atony

method using a sphygmomanomeLer (Berne and Levy, 1972; pp 98 and 99).

Heart rate was measured by palpation of the radial pulse. All

cardiovascular measurements were made by the same experimenter to

avoid experimenter variation. Mean arterial blood pressure was estimated

using the standard formula:- Mean arterlal blood pressure = diastolic

bl-ood pressure + {systolic bl-ood pressure - diastolic blood pressure}

(Berne and Levy, 1972; p 89).
3
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E. Statistical Analysis

The materials and methods used for statistical analysis

in the previous study were also employed here (p 23 ).
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PARI 3 :- SHORI-TERM STUDY (2')

A. Subjects

(a) Selection

21 experienced male meditators and 15 male non-medilator

controls were studied. Both vegetarians and non-vegetarians b¡ere

included in each group.

(i) Meditators

Experienced meditators only were studied because the most

outstanding physiological changes during Tï4 generally occur in regular

Iong-term practition"""23 (Kanellakos and Lukas , 1974; lrlest , 1979a),

(ii) Non-meditators

Control subject.s were interested in meditation, however,

they had no prior experience with meditation or specific rel.axati-on

procedures. Three of the controls subsequently started Tï4. By using

control subjects who were interested in meditation, any psycho-

physiological pnedisposition towards evoking particular endocrine or

other physiological changes, which might peculiarly bias the meditat,ion

group, r^ras excluded (Smith, 1975). Since meditators as a group are

characterised by Iow usage of both prescribed and non-prescribed drugs

(Benson and !'lal1-ace, 1977; Shafii et al , 1974; 1975; Lazar et al , 19771

and dietary changes, such as reduced meat consumption (personal

observation, A. Bevan), care was taken to ensure that control subjects

had simil-ar characteristics. Hence, the control subjects hrere recruit,ed

from adverlisements in a vegetarian restaurant and whole-foods store,

To optimise the quality of the experimental- meditation sessions,
all subjects had their meditatj.on checked by a qualified Tl4
teacher durì-ng the week prior to the laboratory study, and were
instructed to cornplete their Saturday morning meditation by 0900
hours.

23
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and approximatel-y mat.ched the meditators for the above independent

variables24 (t"" pp 36-38 for further methodologlcal considerations).

(b) Preparation

At the preliminary meeting (see p 17 ), trial intravenous

cannulations and blood sampling were performed on al-I subjects

in order to familiarise them with the experÍmental- proceedings

(Sabshin et al, 1957). The aim of the trial intravenous catheterisation

was to accustom subjects to the experience. Thereby any rrfi-rst

experiencerr effects of cannulation were eliminated (Fishman et aI,

1962a), and the amount of apprehension and anxj.ety experienced on the

day of the actual experlmentation was minimised (Davis et al-, 1)62;

Mason, 1968a).

B. Bçerimental Desigrn

(a) Outh¡e

As shov¡n in the outl-ine of the experimental design given in

figure 4a, the study was conducted over two consecutive week-ends25.

(b) TÏeatnents

(i) Non-meditators as controls:- meditation or ordinary

relaxation

16 experienced meditators (group 1 ) and 15 non'meditator

controls (group 2) were studied before, during, and after a half-hour

24 These considerations were particularly important when inter-group
comparisons were made between meditators and non-meditators (see
p 40 ).

25, The Saturday afternoon Ìaboratory study was conducted at the
Sueen Elizabeth Hospital.
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TM or ordinary rel.axatior26 ""r"io.," .standardised instructions to

start and to stop meditating or relaxing u/ere given to all subjects.

During the 30 minute treatment period the controls sat with eyes shut

and relaxed. The meditators practised their usual TM. Sil-ence was

kept during the period of meditation or relaxation.

(ii) Meditators as controls:- meditation or quiet rest

Meditators have been reported to show distinctive physiological

responses to stressful stimuli (Orme-Johnson, 1973; Goleman and Schwartz,

1976) and to be less anxious than non-meditators (Nidich et al-, 1977;

Hjelle, 1974). Furthermore, the demand and expectation characteristics

of trained subjects are likeIy to be very different to those of unlráined

control-s (Shapiro and Giber, 1978), because meditators undergo positive

conditioning during their training, and generally have a posit,ive

attitude towards their meditation practice (Smj-th, 1975). Therefore, to

give due consideration to the above mentioned independent variables,

as well as the large inter-individual variation in basa] hormone l-evels

(Fox et aI, 1961; Johansson and Post, 1974; Hammond et al-, 1976),

meditators, rather than non-meditators, u/ere also used as controls.

Theoretically the best control condit,ion is an eyes-closed

resL period, free from a TM-induced state. Hov,rever, this is not, feasible

because electro-physiological changes which are characteristic of TI4

have been reported in experienced meditators during eyes-closed, non-

meditation rest periods (hlilliams and Iirlest, 1975; Kanellakos and Lucas,

1974). Hence five subjects from the meditation group (group 1A) were

re=studiedunder the same experimental- conditions, excepting that lnstead

frOndinaryrt relaxation is used here to mean non-specific relaxat,ion;
that is no specific rel-axation or meditation procedure blas used.

26
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of meditaling, they read and talked quj-etly (group lg27 ). An rractiven

treatment '!vas chosen in preference to a silent, eyes-Open ttpassiverr

treatment, to avoid endocrine changes due to understimul-ation

(Frankenhaeuser et a1, 1971 ), and because it was considered more

relaxing, particularly under experimental- blood sampling conditions

involving a group setting (Greene et al, 1970; Kolì-ar et aI, 1966).

Restudying meditators created a rrsecond experience effectrt

which might significantly influence endocrine changes (Mason, 1Ç6Ba).

Therefore, a comparable group of five, previously unstudied, experienced

meditators were examined under the same non-meditation, quiet rest

conditions as for group 1B (group 3).

Table 'l summarises the experimental conditions of each group.

On any one occasion, two groups of 2 or 3 subjects were studied in

separat,e rooms.

TABLE 1. Sunrnary of Experj:rental Conditions used in Short-term Study (2).

GROUP SUBJECTS 1st oT 2nd OCCASION STUDIED TREAT}4ENT NUI'{BER

1 Meditators 1st Transcendental- Medifation 16

2 Non-meditators 1st Ordinary Relaxation 15

1A Meditators 1st Tnanscendental- Meditation 5

18 Meditators 2nd Reading and Talking 5

3 Meditators lst Reading and Ta]king 5

(c) Urine samPlì:rg

(i) Two and a hal-f hour urine collections

Consecutive 2b hour urine samples were collected before and

duri-ng the Saturday afternoon laboratory j-nvestigat,ions (See

27. Group 18 subjects were sel-ected from group '1 subjects (ie group
1A) who did not require cannufa re-insertion durlng the afLernoon.
Cannulatj-on on the second occasion was performed at exactly the same
tÍme as on the first occasion.
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figure 4a) . A1l sub.iects voided at 1130 houns, prior Lo aruiving

at the laboratory. The exacb time of col-lection was recorded. Subjects

voided again at 1400 hours, before the blood sampling commenced, and

on completion of bl-ood sampling at 1630 hours. The exact t,ime of the

1400 hour and 1630 hour urine collections were noted.

(ii) Twenty-four hour urine collections

To investigate possible basal endocrine changes, 24 hour

urine samples were col-l,ected on the Saturday of the laboratory
. ,28experiment'-" and on t,he following Sunday. 0n the weekend after the

blood sampling experiment, 16 of the meditators and 12 of the non-

meditators colÌected two rrcontrolft 24 hour urine specimens. There were

two reasons for the further standardised urine collection over an

ordlnary week-end:- 1 ) to assess the influence of experimental stress,

in particular venepuncture stress, on urinary cortisol- and catechol-amj.ne

excretion in meditators compared with non-meditators; and 2) t,o provide

further information about the long-term endocrine changes assoclated

with Tï4.

BoL]n 2\ hour and 24 hour urine vofumes biere recorded and,

as previously described (p ZO ), all urine specimens were treated

with preservative and stored until assayed.

(d) Blood sampling

As shown in figures 4a and 4b, a time-series experimental

design (multiple unit, single treatment), with a pre- and post-

treatment period (Glass et al-, 1975), was used to study short-term

The 24 hour col-lection on the Saturday of the laboratory study
consisted of the Lwo 2L, hour urine saves p]u.s a save from the
remaining '19 hours. Urine samples from each of the three parts
were assayed, and the results summated to give the total 24
hour excretion.

28
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endocrine changes. An intravenous catheter placement unit was

inserted into an antecubital vein aboub an hour before the fírst blood
,o

sampling-', in order to minimise possible venepuncture stress-induced

hormone elevations (Coppen and Mezey, 1960; Helge et al-, 1969i

Copinshi et al, 1967; Adler et al, 1975). Twelve serial blood

samples were drawn at 10 to 15 minute intervals, before, during

and after a 30 minute mid-afternoon meditation, ordinany relaxation,

or quiet rest period. Frequent blood samples were taken to avoid

observation ofmisl-eading changes due to episodic hormone secretion,

which produces rapid fluctuations in serum hormone concentrations

(Hellman et al-, 1970; Parker et al, 1973; Alford et al-, 1973;

OrConnor et al, 1974). Mid-afternoon ( 1415-1630 hours) was chosen

for the experimental- observations because of the relative stabilily
of cortisol levels at this stage in the circadian rhythm (Krieger

et al, 1971).

As shov¡n in figure 5, al1 subjects were seated in comfortable

armchairs in a pleasant room with a constant room temperature of 22oC.

Before and after the meditation, rel.axation or quiet rest period, al1

subjects talked and read relaxing material- of their own choice3o. All

subjects remained seated during the 150 minute experimental period in

order to exclude the influence of postural changes on protein-bound

hormone concentrations (Papacostas et al, 1960; Judd et aI, 197531)

and on sympatheto-adrenomedullary function (Sundin, 1958; Sever et

al, 1977).

29. The exact times of cannul-ation and bl-ood samplÍng were recorded
for each subject.

30. See foot-noLe 22, p 26.

31. Sphvgmomanometei'swere loosJ-eyattached to the upper arms of all
subjects during the study. However, venous compression was
applied very infrequently and only when difficulty in sampling
arose.
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The first and lasL sampl.es were used for mult,iple blood

biochemistry analysis on1y. Initially blood samples for packed cell-

volume (PCV) and l-actate assay32 *""" taken using a 5 mI graduated

syringe. For lactate assay, '1 ml- whole blood samples were collected

into 2 ml of 0.6 M perchloric acid and mixecl thoroughly. Specimens

were stored at 4oC until subsequent centriflugation at 2OOO g for 15

minutes aL 4oC. The supernatants were stored at 4oC unt1l analysis

within 7 days. Samples for PCV assay were coll-ect,ed into EDTA tubes,

and rnixed gently until assayed during.the afternoon.

Approximately one hour after col-Iection, blood samples for

the remaining assays were centrifuged at 2000 g for 10 minutes. The

serum fon multiple blood analysis and glucose assay was stored at

4oC until- assayed withln 48 hours. Serum aliquots for each hormone

assay and for protein analysis were stored at -zOoC until assayed.

C. Independent Variables

(a) Drug Usage

The drug restrictions used in the first short-tenm study

þ 2T ) also applied to the experimental week-end of short-term study

e) . Fbr the control- week-end subjects were requested to keep their

drug usage as well as diet and sleep-activity patterns, consistent

with the week.-endof the laboratory study.

(b) Dj-et

On the Salurday of the btood sampling experiment lunch-time

was standandised aL 1200 to 1230 hours in order to standardise the

influence of meal--related endocrine changes (Sukkar et al , 1967;

Montagu, 1968; CaLL, 19TO). No food or beverages were all-owed

32. Blood lactate was assayed on six of the meditators and twelve of
the non-meditaLor controls.
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between lunch and the end of the l"aboratory study in order to exclude

endocrine changes related to carbohydrate, protein (Glick et al, 1965),

glucose (Montagu, 1968) or caffeine (Poisner, 1973) ingestion. lrJater

was readily available on request. In consideration of possible dietary

proteÍn influences over cortisol leveLs (Gal-vão-Te1es et al, 1976;

Smith et al, 1975), dietary protein intake and vegetarian status were

assessed on each sub¡ect33 using diet reco"d"34 and a diet questionnaire

(Appendix III, pp 166 and .167), respectivel-y.

(c) Physical ar¡d mental activitY

The restrictions on physical and mental activity used in the

first short-term study (p 27 ) also applied to short-term study (2).

(d) Efficacy of treatments

Blood lactate vüas measured because reduced levels have been

associated r^rith a TM-induced state (ltlallace et al- , 1971 ; Nandagopal-

et aI t 1976; Jevning and !'lilson, 1976; Jevning et al-, 1978c) ' although

Michaels et al (1976; 1979) have recently reported contrary findings

which challenge the notion of a specific TM-induced lactate reduction.

euestionnaires were administered to al-l subjects following meditation

or nelaxation to assess the efficacy of meditation or relaxation and

the amount of subjectively experienced experimental stress. The

Meditation-Relaxation Questionnaire was developed from the method of

Maupin (1965), and rating schemes were devised to determine mediLation-

relaxation depth and degree of experjmental discomfort-involvement.

(See Appendix III, pp 163-165 for details)'

This is important because, as previously mentioned (p 30 ) t
there is a tendency towards vegetaria-nism amongst meditators.

From the diet records dietary protein intake was esti-mated using
food composition tables (Thomas and Corden, 1977i hiaLt, 1975).

33

34



3B

(e) Subject characterisation

Data on age, height, wei.ght, diet, and non-prescribed drug

usagewerecollected from alL subjects, and used especially to characterise

the groups of matched meditators and non-medÍtator controls (see p 40 ).

Body surface area was calculated using the equation:

A = (r,ü o'425)x(H o'725)*Tl.g4,

where A = âFeâ in m2; lrl = wei8ht in kg; and H = height' in cm

(Cannon, 1974), In fu.rther consideration of possibl-e influences of i

independent variables on endocrine functions, information about

occupation (Miller et al-, 1970; Takahashi, 1972), physlcal training I

(Hartley et aI, 1972; Mankiewicz eL aI, 1973; Tandon et aI, 1974), sleeping

f¿abits35 (Köbbërling and Von Zur tUüfrlen, 1gT4; Sassin, 1977) , and

meditation experience (Kasamatsu and Hirai, 1966; Corby et alr 1978) was

collected from all subjects by çneral questionnaire (Appendix III, pp 168-i70).

D. Dependent Variables

(a) Hornrone Assays and Calculations36

All blood samples from one subject were run in the same

assay to eliminate inter-assayvarj-ation. Serum cort,isol was measured

using a modificat,ion of Murphy's (1967 ) competitive pnotein-binding

assay with charcoal separation. Serum growth hormone, prolactin,

total T4r totaL T, and total- reverse triiodothyronJ-ne (rTa) were

measured by double antibody radioirununoassays. hGH vüas assayed using

the CEA' rRE' SORIN kit (HGIIK/876/R) and all ot'her serum hormones were

assayed by routine Queen Elizabeth Hospital37 methods. T3 sephadex

35. To avoid possible sleep-deprivation induced endocrine changes
(Sassin et aI, 1969; Sassin, 1977 ), all subjects were instructed
to have adequate sleep during the week prior to the study.

36. All serum hormone assays were performed in the Department of
Clinical Chemistry at the Queen Elizabeth Hospital.

37, Department of ClinÍca1 Chemistry.
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uptake (T3SU) was deLermined (Liewendahl and Helenius, 1975) and free

thyroxine index (FTI) was cafculated from the product of T,* and T'SU.

UFC and UCA3B r¡Iere measured by the same assays used in the long-term

study (p 23). Details of the hormone assays used are given in

Appendix I.

(b) Other Biochemical or Haematological Methods

The foll-owing routine assays r^rere performed: - blood l-actate

enzymatic method (Calbiochem. Rapid Lactate Stat-Pak Kit), glucose

oxygen rate method (Becknan anaÌyser), total. serum protein39 (refract-

ometry), packed ce1l volume (PCV)40 (Coulter Counten model S), urinary

urea diacetylmonoxene method and urj-nary creatine Jaffe method (Technicon

serf.es II autoanal-yser). Osmolality u,as derived from the formul-a:

Z.[iVa+] + 2.[f+] + [Urea] + lGlucose] (ZLIva and Pannall, 1979; p 36).

Creatine clearance was calculated by standard formula (Creatinine

Cl-earance = lUrinarv Creatinine] x Urine FIow ; Cannon, 1974).

ISerum Creatinine]

E. Statistical AnaJ-ysis

Statistical analysis was carried out using a Vrlang 600

desk-top computer (llang 600 Series Program Library vol-ume 133:

Analysis of Variance and Regression Analysis, 1972) and a Control

Data Corporation 1700 series computer. Parametric testíng was used

except for comparing self-report measures (Levi, 1972; pp 45-47).

3B The urinary free cortisol- assays were performed in the Department
of Clinical Chemistry at the Queen Elizabeth Hospital. The urinary
catecholamine assays l^iere carried out in the Department of
Pharmacology at the University of Adelaide.

Total serum protein hras assayed on samples 2, 5, B and 11r only"

PCV was assayed in the Department of Haematology, the Queen
Elizabeth Hospit,al.

39

40
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The blood samples consti.tuting the pre-, during and post-

treatment experimental periods used in statistical analysis are shou¡n

in figure 6.

FIGURE 6. Schematic diagram showing e>çerinental periods and associated
btood samples (Sr to S12) used i¡ statistical analysis of short-
term study (2). I

S sz

Pre-
Treatment

r-ls:s4s

During
Treatment

Post-
Treatment

S
10¡sotzSatg S S

11 12

Sample 2 was excluded because of possibl-e residual cathelerisation stress-

induced changes (Copinschi et aI, 1967 ) and in order to equalise the

number of samples per experimental period. In accordance with the working

hypothesis that reductions in stress-related hormones occur during

psychogenic rel-axation, the following paired t-test,s 't/üere used:-

pre- versus durì-ng treatment : 1 tailed (falt or no change¡41

during versus post- treatment : 2 tailed (fa11, no change or rise)

pre- versus post- t,reatment : 1 tailed (fall or no change)

ttrithin-subject compari-sons r^¡ere generally used because they

have the advantage of eliminating both the relatively large inter-

individual variation in basat hormone concentrations (Fox et al, 1961;

Johansson and Post, 1974; Hammond et a1, 1976), as wel1 as the need to

consider group differences in subject characteristics. For the purpose

of making inter-group comparisons, twelve meditators vrere matched with

twelve non-meditator controls, according to their age, and according to

the time lapsed between cannulation and first blood sampling for hormone

assay ça tC-Sl). Samples S, to S' inclusive (see figure 6), which were

taken during the hour resting period before treatment, were used in the

statistical analysis (unpaired t-tests and 1 way analysis of variance).

41 , I¡lith respect to urinary levels, this t,esting also appJ-ies to pre-
versus durlng laboratory study.
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PARI 4 :- IM RESIDH'ICE CìOURSE STUDY

A. Subjects

Four experienced male meditators, five experienced female

meditators, five novice male meditators and three novice female

meditators r^rere sludied.

B. Experinental Design

(a) Olrtline

As shown in figure /, the study was conducted over a week-end

TM residence cours u42 
^nd 

on the following Monday, which was an

ordinary work-day.

(b) Tleatnrent:- intensive neditation in retreat

During the week-end retreat, subjects fol-l-owed a programme

of intensive meditation (4 or 51 20 minute sessions p"" d"y43) under

supervision of trained TM teachers.

(c) Sampling:- T\enty-four hour uri¡re collection

24 hour urine samples l^rere collected by all subjects during

the residence course week-end and on the foJ-lowlng Monday. Urine

volumes r^rere recorded, and as described in the long-term study (p 20 ),

all urine specimens were treated with preservative and stored until

assayed.

The residence course was conducted at Retreat House, Bel-air, S.4.,
under the supervis j-on of TM '"eachers, Mrs. Athena Sikand and
Mr. Alexander ll'leal-leans.

As mentioned earlier, TI4 is usually practised for 20 minutes,
twice a day.

42

43



Ft(3T RE 7. Exper¡m€ntrol Des¡g" of TM Resitjence Cor¡rse Study
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C. Independent Variables

(a) Druq usage

In order to minimise posslble drug-induced endocrine

changes (Gold and Ganong, 1972; Frankenhaeuser, 197 1; Levi, 1972;

p 31 ), subjects were asked to abstain from the use of all non-prescribed

drugs, except tea, coffee and tobacco, for the duration of the study.

Subjects vùere requested to moderate their usage of tea, coffee and

tobacco. No subjects r^/ere on medication during the study.

(b) Subject characterisation

Data on age and meditat,ion experience were col-lected from

all subjects.

D. Dependent Variables

UFC and UCA were assayed using Lhe same methods as in the

long'term stuciy (p 23 ) .

E. Sta.tistical Analysis

The novice meditation group was used as an active control-.

Irrlithin-group statislical analysis was performed using a ûrlang 600

desk-top computer.
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plasma cortisol
serum T¿, T?
uFc, ucA

plasma cortisol
serum Tá, T"
uFc, ucÄ

serum cortisol, blood lactate
hGH, prolactin,
Tal FIIr 13' rr3,
UFC, UCA

PCV, serum protein
UFC, UCA serum osmolality

urine flow,creatinine
clearance
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Heart Rate
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uFC, UCA

EXPERIMENTAL TREAT},IENT

+

reading and talking quietly
ordi-nary, everyday lì-fe situation
non-specific or ordinary relaxati-on
specific rel-axation
intensive meditation in retreat
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CHAPTER ÏIT : RESULTS

Preface to Results

Data on each individual from lhe long-term study, short-

term study ( 1 ), short-term study Q) and TM residence course study

are contained in Appendix IV, sections A, B, C and Dr respect,ively.

I,Jhere analysis of variance (ANOVA) v¡as used, results are

given in the standard notation F(v1, uZ). Results of t-tests are

presented using the standard form t(df), while results from l-inear

regression analysls are given as r(df) (Lehmann, 1959; p 273, p 172,

pp 192 and 206, and p 181 for one-way ANOVA, Studentrs t-test, paired

t-test, and linear regression analysis, respectively). A negative t

value denotes that the mean of the first sample is lower than the mean

of the second sample being compared.

Level-s of statistical significar)ce were adjusted for multiple

comparisons, using the formula: P., = 1-(1 - Po)n, where n = ninnber of

multiple comparisons; Po = original probability; and Pn = adjusLed

probability (Cox and Hinkley, 1974i pp T7-78). The criterion for

statisticat significance was set at p < 0.05 r and NS, lÊ , åll( , and l(*tÊ

are used to indicate that p > 0.05¡ p < 0.05¡ p < 0',01, and p < 0.005t

respectively.

Hatched lines parallel to the ordinate are used in figures to

represent. the upper limit of the normal- basal resting range for the

variable concerned.

Whenever means are referred to in the text, standard errors

of the means (SEM's) have al-so been calculated. The term overall is

used where an inter-group statistical comparison(s) has been made using

several estimations from each subject. Not available, and not applicable'

are abbreviated NAv and NAp, respectively.
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Results of the long-term study, short-term study ( 1 ) and

the Tl4 residence oourse study were originally calculated in Imperial

units. Any slight discrepancies between statistics given here and

statistlcs derived from the raw data in Appendix ïV are attributable

to conversion of results to Systè¡ne Inxernatíonal d'unitís followlng

statistical analysis.
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PARI 1 :- I¡NG-TERM STUDY

A. Group Characteristics

Table 3 gives the number of subjects in each.group who

cont,inued giving samples and, where applicable, continued relaxation

training for the duration of the long-term study. Due to a high

attrition from rel-axation training and infrequency of sample col-]ection44

in some subjects, sample sizes were reduced considerably. The pR and

AHR groups l¡¡ere combined for purposes of statlstical analysis because

results on only two AHR subjects were avail-able. Simj-lar1y, a combined

UFC and UCA analysis was made on all- in-training subjects because of

smal-l sample sizes for individual groups.

The least attt'ition from relaxation training occurred for the

YM group in which seventy percent of subjects who commenced training were

still practising45 Yl,{ after seven months. Relaxation training attrition
rates of fourty percent, sixty percent, and sixty-five percent occurred

during the seven monthsr training for the Tl4, PR and AHR groups,

-46respecrrvery

The mean ages of subjects in each group were very simil-ar

(Table 3). The average TM experience of the trained meditation group

44 subjects were incruded in within-group statistical analysis if they
had given three or more samples during the study. The l_imit was
reduced to two samples per subject for inter-group urinary hormone
comparisons.

45. Practising l^/as defined arbitrarily as using the relaxation procedure
more than four tÍmes a week for at least fifteen minutes per
session. It should be noted that this is much l-ess than the
usual fourteen sessions per week of trained meditatì-on subjects.

46. Any discrepancies between the number of subjects used in the resul-ts
section and the attrition rates gÍven here, are due to exclusion
from stalistical analysis of some subjects whose sample collection
was infrequent; even though they were stll-l_ practising their
respective refaxation procedure after seven monthst training.



r^ras 3.4 (1 0.6) years with a range of 1.0 to 7.2 years.

TAB'LE 3. Group Characteristics for the long-term Study

TRAINING RELAXATION PROCEDURE NU}4BER

Traj-ned Transcendental Meditation (Tla) 8

Untrained None 14

In-tralning Transcendental Meditation T

In-training Progressive Relaxation (PR) 
I

In-training Autohypnosis Relaxation (AHR) 2 )

In-training Yoga Meditation (Y|4) 6

48.

RGE (yr. )

23.7 ! 1 .1

20.0 I 0.5

22.8 ! 1.7

22.5 ! 2,4

20.1 ! 0.7

B. Temporal Hornone Changes

Results from one-way ANOVA on each group, and on each dependent

variable, are presenled in table 4:-

TABLE 4. Statistics from One-way ANOVA on Results of the Long-term Study

TRAIN]NG RELAXATION PLASMA SERUM SERUM UFC UCA

PROCEDURE(S) CORTTSOL T+ T3

Trained Tï4 11.32(3,17)*rfx 2.03(3,16) 3.37(3,181x2.08(4,24) 0.21(4,24)

Untrained NAp 5.35(5,52)*rçx 3.6S(4,39)rç 2.14(4,41) 0.99(3,25) 2.73(3,22',

rn-rrarnang Iï4 5 .22(4 ,z}¡xx 1 .37 (4 ,23) 0. 14 (4 .23 ) NAv NAv

In-rraining PR & AHR 0.BB(5,30) 4.46(2,14)rç 0.56(3' 19) NAv NAv

In-training YM 2.74(3,16) NAv NAv NAv NAv

In-training combj-ned NAp NAp NAp 0. 46 ( 4 ,36) 0 . 04 ( 2,23}

Mean hormone levels of groups showing significant F values are

given in tables 5, 6 and 7. In order to provide the best interpret'ation

of any alterations in thyroid function, when either T, or TO showed

significant changes, means were also calculated for the thyroid hormone

in which no significant change was found.



T,, J-evels of both untrained control-s and PR trainees showed

a general decline during the study (Table 5), wlth a significant rise

during the end-of-year exams in November (L = -2.69; df = 1O 
47; p < 0.05;

2-tailed paired t-test). In contrast, T, values of both untrained control-s

and PR traj-nees fel1 during the exa:ns (Table 6).

TABI,E 5. Mean t SEM Serum T, Levels (n ro1/1) During the long-term Study

TRAÏNING

q9.

MAY JULY SEPT NOV

Untrainecl

In-traini.ng

Trained

REI,AXATION
PROCEDURE

NAp

PR

TT\4

MAR APR

NAv

NAv

NAv

97! 5

118 r 13

101 !4

2.9!0.2

2.5!O.1

2.6!0 .1

99! 4

104 I 13

108 t 10

85t2
101 t6
85t5

83t6
T7t4
88t4

104 I 4

111 t 17

NAv

TABLE 6.

TRAINING

Trained

Untrained

In-training

RELAXATION
PROCEDURE

Tï,1

NAp

PR

MAR APR

Mean + SEM Serum T, Levels (n noI/I) During the Long-term Study

MAY JULY SEPT NOV

NAv

NAv

NAv

2.7t0.2

2,3!0.1

NAv

2.2!0.2

2.4t0.1

2.5!0.3

2.1!0 .2

2.6t0.2

2.5!0.2

NAv

2.1!0.2

2.1!0.3

A progressive faIl 1n plasma cortisol was observed during the

study for both traj.ned TM subjects and Tl4 trainees (Table 7). A similar

trend was found for the untrained control- group whlch al-so showed a

significant rise in May (t = -10.74; df = 6; p < 0.005; 2-tailed paired

t-test), with a subsequent fall, in JuIy (L = 4.87; df = B; p < 0.005;

2-tailed paired t-test). T3 level-s of the trained meditators fol-l-owed

the same trend as plasma cortisol-, leveIs tending to progressively faI1

during the study (Tabl-es 6 and 7).

47. A combined analysis on untrained controls and PR subjects was
made because only three PR subjects were availabl-e for comparison.
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TABLE 7. Mean t SEIti Plasma Cortisol Levels (n rol/1) Duri¡g the long-

Term Study

TRAIN]NG RELAXATION
PROCEDURE

Tl,l

NAp

Tl4

MAR APR' MAY JULY SEPT NOV

Trained

Untrainecì

In-training

NAv

232!26

NAv

375!34

169!32

30413i

NAv

319t27

283!47

258!19

211!23

1 9014 1

182!31 159!28

221!27 1361i3

i90118 128!20

No significant, temporal charrges in UFC or UCA wer,e observed

for arry group. However, the UFC and UCA levels of one TIul trainee

(subject 90), whose initial pre-Lrainirrg levels v\iere well above the

upper limit of the normal- ref-erence 
"ung"=48 

(2BO n moL/d, and 550 n mol/d,

for UFC and UCA respectively), fel-l- markedly from the oriset of relaxation

training to values urithin the nor'mal ranges. As shou¡n in figure I, UCA

levels of subjecf 90 continued to fal1 durirrg TM trairring. The changes

in UFC during training foflowecl a sinril-ar paltern as UCA, however, they

occurreci J-ess rapidl-y, lagging behind the UCA changes by several- nlorrths .

After seven monthsr TM training, both the UFC and UCA levels appeared

to have stabilised well- within Lhe normal reference rarrges (Figur'e B).

The UFC arrd UCA level-s of the other TM trainees vvere wel-] within the

normal r'eference r'anges before training conunenced. The levels of these

subjects showed minor fluctuations during tLie study (For individual-

daLa, see Appendix fV, Section A, pp 175 and 176).

C. Overall Inter-group Urlnary Horn'¡one Corrparisons

Overall UFC and UCA levels (Mean 1 SEM) of mal-es during the

training period (May, July and September) are given in tabl-e 8:-

48. Subject 90 had rio overL signs of Cushingrs disease or, hypertenslon,
nor did he have a history of psychiatric ill-ness.



FF'tnE 8. l¡iry lbrs: lrrËb t Säect 90 BGfiorc o'td DtiE TM fÚiE

\
tFc

\

tcA

120

2æ

rao

\

725

550

325

\

\

\
q_

T
I
ts

\
E
C

E\

34
Tâ ftiiE trurltttl

\o

76o
2o()

Io 2 5



51.

Overall UFC and UCA Levels (Mearr t SEivÐ of the L,cng-termTABLE 8.

Study

TRA]NING

Trained

In-trainirrg

Untr'ained

Ut'C (n mol/d)

151 !9

181 1 16

191 r 13

UCA (n mol/d)

272 ! 1T

338 t 30

361 ! 25

Results of studentrs t-tests'between the urinary hor.mone

leve1s of the three groups are presented in table 9. Overall_ UFC l-eve1s

were significantly l-ower in the trained meditat,ors than in the untrained

controls. UFC level-s of the traineci meditators !,rere also lower than

tÌ¡e levels of relaxation trainees, however, the difference was not

statisticalì-y significant. There was no significant, difference between

UFC levels of nelaxation trairrees and tint,rained cor.,trol-s. No significant

inter-group differences in ucA levels were found. The UFC and ucA

results are sutnmarised in figure Ç.

TABT,E 9. statistics from overall rnter-group UFC ar:d ucA ccrçarisons

for the Lcng-term Stuay

UFC (l-tailed t-tests) UCA (2-tailed t-test"49)
TRAINÏNG Trained In-training Untrained Trained In-traini-rrg Untrained

Trained -1.23(38) -2.47 (32)r( -2.00(36) -1.2Tß6)

In-trairiing -0.51(35) -0.58(32)

Untrained

(p value vlas corrected for 3 multiple comparisons )

Two-tailed test,s were used for UCA analysis in order to be consistenl
with l-ater UCA findings (Short-t,erm Study (2)), where significantly
higher' ucA level-s v¡ere found in meditators than in matchèd non-
meditator contr,ols.

49.
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PARI 2 :- SHORT-TERM STLTDY (1)

A. Group Characteristics

The mean ages of subjects in all groups were similar (Tabl-e

10). The average TM experience of the trained meditator group was 3.6

(t 0.7) years, with a range of 1.0 to 7.2 years.

TABIE 10. Group Characteristics for Short-term Study (1)

TRAÏNING RELAXATION PROCEDURE NUMBER AGE (yT. )

Trained Tï4 B 22.8 ! 0.7

Untrained NAp 6 20,1 t 1.1

In-training Tl4 4 25,5 ! 2.0

In-trainì-ng PR and AHR 4 19.2 ! 0.4

In-training YI{ 4 20.8 J 1.3

fn-training TIul, PR and AHR B 22,8 ! 1,5

For the purpose of statistical analysis, the PR and AHR groups

were combined because of very smaIl sampJ-e sizes for these groups. For

similar reasons a combined analysis was also performed on novice Tï,1, PR

and AHR sub¡ects5o, thus making the sample size suitably comparabl-e with

both the trained and untrained groups. A larger sample sj-ze also reduces

the possibility of a type 2 statistical eror (Croxton and Cowden, 1965;

p 639). The in-training group referred to in figures 10 and 11 represents

a combined novice T1,1, PR and AHR group.

B. Cardiovascular Changes

Table 1 1 gives þre- and post- relaxation heart rate, and mean

arterÍal blood pressure (BP) level-s (mean t SEM) for each group:-

50. Relaxation t,raining vras very similar for these groups (see pp 19 and 20
of Methods and Appendix II,pp 154-159).
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TABLE 11. Heart Rate and Mean Arterial Blood Pressure Levels (Mean I
SEM) Before and After Relaxation

TRAIN]NG RELAXAT]ON PROCEDURE

Trained

Untrained

In-training

In-training

In-training

In-training

TRAINING

Trained

Untrained

In-training

In-training

In-training

In-training

TI4

NAp

T'l'l

PR and AHR

YM

TM, PR and AHR

RELAXATION PROCEDURE

Tl,1

NAp

T},I

PR and AHR

YM

Tï4, PR and AHR

HEART RATE (bpm)
Pre- Post-

74!3 67t3

79!4 75t5

70!2 66!3

77!5 8518

73t5 75t7

73r3 75!5

MEAN ARTERIAL
BP (mm He)

Pre- Post-

97!1 gT!1

'99!4 101 r3

95t: 10013

94tt+ 95¡+

98!4 94!2

94!2 97!2

Results of within-group paired t-test comparisons on heart

rate and blood pressure l-evel-s are presented in Table 12. Heart rate

changes in relaxation are summarlsed in figure 10. A slgnificant p

percent reduction in heart rate occurred foll-owing meditation for the

experienced Tl.{ group. A sJ-ight, but statistically significant, 5 percent

fall in heart rate was also observed in the control group of untrained

subjects. No significant changes in heart rate were found in indj-vidual

or combined groups of relaxation t.rainees. No signifÍcant within-group

changes in mean arterial blood pressure were observed, except for a

faII following yoga-meditation (Tab1e 12).

TABLE 12. Statistics frsn Within-group Conparisons on Heart Rate and

Blood Pressure Levels.

HEART RATE

4 .70(7 )xxr(

2.63(5)x

0.88( 3 )

-1.76ß)

-0.80 ( 3 )

-o.57 (7 )

MEAN ARTERIAL BP

0,47 (7 )

-1.43(5)

-0.98(3)

-1.86(3)

2.72(3)x

-1.45(T)
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Results of inter-g"o.rp5i Studentts t-test comparisons on

pre-relaxation heart rate and blood pressure are given in table 13.

No significant i-nter-group dÍfferences in either heart raLe or blood

pressure were found.

TABLE 13. Statistics from Between-grroup Ccnparisons on Heart Rate

and Blood Pressure Levels

TRAINING HEART RATE MEAN ARTERIAL BP

Tra1ned fn-training Untraiiled Trai.ned In-training Unt,rai.ned

Tralned 0.51(11) 1.26(11) 1.08(11) 0.52(11)

In-training 1.46( 10) 1.10( 10)

Untrained

C. Relæ<atÍon Depth Results

The medians and ranges of relaxation depth ratings for all

groups are shown in table 14. Surprisingly, the median relaxatlon depth

scores wene lower in both the experienced and novice T'lul groups than in

all othen groups including the untrained conlrol-s. The yoga-meditation

group had the highest median self-reporled depth of relaxation.

TABLE 14. Relaxation Depth Ratings from Short-term Study (1)

TRAINING RELAXATION PROCEDURE NI.]MBER RELAXAT]ON DEPTH

Median Range

Trained Tf,l I 3 1to5

Untrained NAp 6 4 1T'o6

In-training TI4 4 3 1to5

In-training PR and AHR 4 4 1 Lo 5

In=training YM 4 4.5 3 to 6

In-training Tl4, PR and AHR B 3.5 1 Lo 5

51, Tnter-group comparisons were made on males only because of the
intrinsic sex differences in cardi-ovascular function (Hamil-ton et
â1, 1954), and because the majority of subjects were males.
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D. Blood Hornone Changes

Pre- and post- relaxation hormone levels (mean t SEM) for

each group are presented in tabl-e 15:-

TABLE 15. Mean t SEM Hormone Levels (n nofl) Before and After

Relaxation

TBAINING RELAXATION PLASMA CORTISOL SERUM T4 SERL]M T
PROCEDURE Pre- Post- Pre- Post-. Pre-

Trained

Untrained

In-training

In-training

In-training

In-training

1t4 148!22

NAp 113t17

TI4 183t56

PR and AHR 198t13

YI,I 179!50

TM,PR and AHR 190!27

98r1 B

106r15

176!55

172t26

121!28

174!28

92t6

96tt

B0r2

89!6

1 0Br4

B5r3

91t 4

97! 2

90! 4

Bg! g

1 10r1 1

90! 4

2.310.1

2.4!0 .1

2.5!0.3

2.0t0. 1

2.3r0.3

2.2!0,2

3
Post,-

2.5!0.2

2.5t0.2

2.7!0.2

2.4!0.2

2.3!0.1

2.5r0.1

Results of wi.thin-group paired t-t,est comparisons on serum

hormone l-evels are given in table 16. Irrespective of type of relaxation

training, thyroid hormones generaÌly rose during the study. However,

statistically significant TO increases b¡ere observed only for the TM

trainees, while statisti-cally significant T, rises occurred only for

PR and AHR trainees (Table 16).

TABL,E 16. Statistics from Within-Group Comparisons on Serum Hornrone

Levels of Short-term Study (1)

TRAINTNG RELAXAT]ON PROCEDURE PLASMA CORT]SOL SERUM T4 SERUM T3

Trained Tl4 7 .56(7 )å(t(* 0.36 (7 ) -1 .756)

Untrained NAp 0.36(5) -0.48(5) -0.54(5)

In-rraining Tr4 0.32(3) -3.26(3)tç -0,79(2)

In-training PR and AHR 1.18(3) 0.00(3) -3.06(3)*

In-rraining yM 2.o5Q) -0.28(2) -0.38(2)

In-training Tlul, PR and AHIì 1.12(7) -1 .60(7) -2.596)x
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Plasma cortisol findings are summarised Ín figure 11. A

significant 34 percent reduction i-n plasma cortisol was observed following

TM for the trained meditators, in contrast to no significant change for

relaxation trainees or untrainecd control-s (Tab1e 16). The pre-treatment

plasma cortisol levels of untrained controls were l-ower than pre-treatment

values of both trained and in-training groups (Table 15), however, the

differences were not statistically significant (t = 0.97 i df = 'l'l ;

p > 0.05 and t = 2.02; df = 10; p > 0..05¡ respectively; 2-tailed Student,'s

t-tests).

E. Sunrnary of Short-term Endocrile and Cardiovassul-ar Changes

Table 17 summarises the endocrine and cardiovascular changes

observed in relaxation procedures. The most outstandlng findings were:-

1 ) a significant rlOuction in plasma cortisol following TIvl of experlenced

meditators, in cont,rast to a l-ack of significant change for both

rel-axation trainees and untrained controls; and 2) a marked heart

rate fall in Tl'1 of experienced subjects, in contrast to a slight

decrease following ordinary relaxation of untrained control-s and no

change for relaxation trainees.

TABLE 17. Sun'rnary of Endocri¡re and Cardi-ovascular Changes Following

Relaxation

MEASUREMENT TRAÏNED UNTRAINED
TI4

*++

NS

NS

NS

+++

significant, rise or fall-, respectively; p < 0.05
significant fall; p < 0.005

plasma cortisol-

serum TO

serum T,

mean arterial BP

heart rate

IN-TRATNTNG
PR + AHR

NS

NS

f
NS

NS

TY

NS

NS

NS

+

NS

TTVI

NS

+

NS

NS

NS

NS

NS

NS

NS

+

t;+
+++
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F. Urinary Horncne Results

Group mean overall UFC and UCA levels of males from the

week-end of the faboratory study and the following Monday are shou¡n

in table 18:-

TABLE 18. Overall UFC and UCA Levels (Mean t SEl"l) of Short-term Study (1)

TRAINTNG RELAXATION PROCEDURE NUMBER UFC (n molld) UCA (n mol/d)

Trained TI'1 7 53 13 312!24

In-training TT4 4 75tB 286!20

In-training PR, AHR and YM 5 T4 ! 9 262 ! 21

Untrained NAp 6 T4!6 338!22

Results from Student?s t-test int,er-group comparisons are

given in tables 19 and 20 for UFC and UCA, respectively:-

TABLE 19. Statistics frorn Between-group Corparisons on UFC Results

of Short-term Study (1)

GROUP

Experienced Meditators 2.92(30)x

Novlce Meditators

Other Trainees

Untrained Controls

(p val-ues v.rere corrected f'or 6 multiple comparisons)

TABLE 20. Statistics frqn Between-group Ccrnparisons on UCÀ Results of

Short-term Study (1)

GROUP Experienced
Meditators

Experienced Meditators 0.75 ( 30 )

Novice Meditators

Other Trainees

Untrained Controls

Experienced
Medltators

Novice
Meditators

Novice
Meditators

0ther
Trainees

2.56(33)

-0.09(25)

0ther
Trainees

1.48(33)

-0.79(25)

Untrained
Control-s

3.30 (36 )r(

-0.06(28)

-0.05(31)

Untrained
ControLs

-0.78 ( 36 )

-1.64(28)

-2.43(31 )

(p values r^rere corrected for 6 multiple comparisons )
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Overall UFC and UCA results of the short-term st'udy ( 1 )

are summanised in figure 12. As in the long-term study, UFC leve1s

were significantly lower in the experienced meditators than in the

untraineci control-s. UFC levels of the trained meditators were also

lower than lhe other relaxation trainees, however, the difference Ìdas

not statistically significant. No significant differences 1n UFC

levels of novj-ce meclitators, other trainees, or untrained controfs were

found (Tabte 19). ucA levels of relaxaLj-on trainees (both novice

meditat,ors and other trainees) were slightly lower than UCA levels of

both trained and untrained subjects, hov,rever, the difference was not

statisticalty slgnificant (Table 20).

Results of palred t-test comparisons on UFC levels over the

week-end of the laboratory study and on the fol-lowing Monday are given

in tabl-e 21. No significant changes in UFC levels over the week-end and

following Monday were observed in any group.

TABIE 21. Statistics fron Within-group Comparisons Between Satr:rday'

Sunday, and Monday UFC Levels of Short-term Study (1)

Sat cf Sun Sun cf Mon Sat cf Mon

Experienced Meditators 0.95(7) 1.94(6) 0.86(6)

Novice Meditators 1 .29ß) O .2T ß) t .69(3)

Other Trainees 1.62(6) 2.26(6) 0.17(6)

Untrained Control-s 0.78(5) 1.38(5) 0.30(5)

(p values vrere corrected for 3 multiple comparisons)
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PARI 3 :- SHORT-TERM STUDY (2\

A. Group CharacteristÍcs

The mean ages of subjects Ín each treatment group r^iere very

alike (Taþle 22). The average TM experience of subjects in groups 1

and 1A r^rere very similar, with ranges of 1.1 to 9 years and 1.1 Lo 6

years, respectively. However, the mean TM experience of group 3 was

outstandingly lower than both groups 1 and :lA. The TM experience range

of group 3 was 0.852 to 5.1 years.

TPB,ÏE 22. Group Characteristics for Short-term Study (2)

GROUP SUBJECTS TREATï'IENT NUMBER AGE(yr ) TI4 EXPERIENCE(yr )

1 Meditators TI'l 16

2 Non-meditators Ordinary relaxation 15

1A Meditators Tl4 5

1B Meditators Quiet rest, 5

3 Meditators Quiet rest 5

27 !2
26!1

4.0 r 0.6

None

24!2 4.3 10.7

5227!2 2.4!O.T

B. Statistical Analysis Usllg Non-meditators as Controls

(a) Blood lactate and serum glucose

Mean pre-, during and post,- meditation or ordinary relaxatj-on

blood lactate and serum glucose levels are given in table 23:-

52. One vol-unteer with nine months I Tl4 experience I^Ias included in group
3 because only four previously unstudied subjects with more than
one yearfs Tï4 experÍence (ie experienced meditators; see p 17)
were available for study.
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TABIE 23. Blood Lactate ar¡d Serum Glucose Levels (Mean t SEM)

Before, Durirg and After TM or Ordìnary Rel-axation

ÎEST EXPER]MENTAL PERIOD TREAT}'IENT
Tï4 Ordinary Relaxation

Blood Lactate
(m mot/I)

Serum Glucose
(n mol/1)

Pre-
During
Post-

Pre-
During
Post-

0
1.48 t 0.14o.g7
1.. 48 t 0. 15B3
1.52 t 0.16

4.8 r 0.14.2 ! 0.2
4.6 ! O.14.4 ! 0.1
4,4 ! 0.14.2 ! 0.1

! 0.12
r 0.14
t 0.090.77

Results of within-group paired t-test comparisons between blood

lactate levels and serum glucose 1evels from pre-, during and post-

treatment periods are presented in table 24. Bl-ood lactate felI

significantly during TM in contrast to no significant change during

ordinary relaxation of non-meditator contro1s. Lactate level-s

continued to fal1 during the post-meditatj-on period (Figure '13). No

statistically significant changes in serum glucose were observed in TM

or ordinary relaxation, however, a sllght rise occurred during TI4 and

levels of the non-medj-tator controls progressively fel-I throughouf the

study (Table 24).

TABLE 24. Statistj-cs from Within-group Ccnrparisons on Blood Lactate

and Serum Glucose Levels

TEST PRE-T}4 cf TM TIvl cf POST-TI'I PRE-ll4 cf POST-Tï4

Blood l-actate 4 .07 (5 ) x 1 ,12(Ð 6 .44if )**

Serum glucose -1.94(15) 2.24(15) 0.10(15)

?RE-RELAX cf RELAX RELAX cf POST-RELAX PRE-RELAX cf POST-RELAX

BÌood lacrare 0.06(11) 0.28(11) 0.28(11)

Serum glucose 1.61(13) 2.63(13) 3.16(13)

(pvaluesl^Iere corrected for 3 multiple comparisons)
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(b) Subjective Changes

The median (range) meditation or ordinany relaxation depth

ratings were i5 (10 to 18) and 9.5 17 to ià), respectively. The depth

of rel-axation during meditation was significantly greater than the depth

of relaxation during ordinary relaxation in non-meditator controls

(U = 20; n., = 16t nZ= 14; p < 0.005; Mann-V'lhitney U test; Siega1 , 1956;

pp 116-126). Medltation depth was higher during the laboratory

meditation than during the control Saturday afternoon home meditation,

when the median depth was 13.5. The difference bordered on sLaListical

sígnificance at p < 0.05 (T = 14.5; N = 12; Wilcoxon matchecl-pains

signed-ranks test; Siegal, 1956; pp 75-83), However, home meditation

depth ratings were stil-l higher than laboratory relaxation depth scores

of non-meditator controls 1g = 42,5; n1 = 14, n2 = 14; p < 0.05; Mann-

tlhitney U test ) . There r^ras no significant difference between the

self-reponted experimental stress of the meditators and non-meditator

controls (U = 106.5; t1 = 16, oZ = 14; p > 0.05; Mann-lnlhitney U t,est).

(c) Blood Tests

(i) Hormones

Mean plre-, durj-ng and post-meditation or ordinary relaxation

levels of each blood hormone test are shou¡rr in table 25:-
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TAB E 25. Hormone Test Levels (Mean t SHU) Before, During and After

Tlt4 or ùdinary Relaxation

TEST EXPERIMENTAL PERIOD TREAT}4ENT
TM (n='16) Ordinary Relaxation (n=14 53

Serum Cortisol
(n mol/I)

Pre-
Duning
Post-

Pre-
During
Post-

Pre-
During
Post-

Pre-
During
Post-

Pre-
During
Post-

Pre-
During
Post-

Pre-
During
Post-

¿t
to
17

0l
O+
4t

26
23
24

2
2
¿

292 ! 3T
266 ! 46
227 ! 36

Serum Total T
(n mol/l)

FTI
( Units )

Serum Total rT
(n mol/l)

Serum Total T"
(n mol/I) -

115 r 5
111 t 5
114! 5

111 r 4
108 t 4
111 ! 4

111 t
101 t
98 I

4
05
05
06

06

1

1

1

1

1

0.
0.
0.

02
o2
o2

0.27!0.
0.28t0.
0,30t0.

r3
J3
r3

3
3
3

5.9 t 1.9
4.5 ! 1.3

5.6 ! 1.6
2.8 t 0.9
3.2 ! 0.6

1B
1T
13

1

105
04

t
t
+

1.4 r 0.1

.5 r 0.11.5 r 0.1
1.4 r 0.1 5 t 0.1

6 t 0.1

7,4 ! 2.0

3
2310.01
25!0.01
29!O.02

Serum hGH
(m U/1)

Serum Prol-actin
(n U/I)

1

1

1

147 !
140 t
126 !

Results of paired t-test comparsions between pre-, during and

post- TIvl or ordinary relaxation serum hormone level-s are given in

tabl-es 26 and 27, respectivel-y. Serum cortisol-, T4, T3, hGH, prol.actin,

and FTI fe11 significantJ-y during TM in contrast to no significant

change during ordinary relaxation of non-meditator control-s. Serum

cortisol, hGH and prolactin findings are summarised in figures 14,

15 and 16, respectively. No significanL rT, changes l^Iere observed.

53. . Blood clotting in the cannula of subject 18 led to re-cannul-ation
attempts which hlere, however, thwarted by venospasm. Consequently,
subject 18 was excluded from the bl-ood sampling part of the study.
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TABLE 26. Statistics frorn v'lithin-TM Group conparisons on serum Hormone

Test l,evels

TEST PRE-TTVI Cf TM TM Cf POST-T}'I

cortisol 2.96(15)x -0'44(15)

Tq 2.88(14)x -1 .58(14)

FTr 3.50(14)xrç -1.36(14)

T: 2.66(14)x -1 .38(14)

"T3 -0.71 ( 14) -1 '66( 14)

hcH 3.28(15)tç -0.36(15)

protactin 3.20( 15)* 0'73( 15)

(p values r^rere corrected for 3 multiple comparisons )

PRE-TM cf POST-TM

1.66(i5)

0.53(i4)

-0.10(14)

1.42(14)

-1 .58(14)

1.44(15)

2.78(15)x

TABLE 27. Statistics frCrn wj-thin-non-nreditator Group conparisons on

Serum Hormone Test Levels

TEST pRE-RELAX cf RELAX RELAX cf POST-RELAX PRE-REI,AX cf POST-RELAX

cortisol 1.03(13) 2'31(13) 2'74x(13)

r+ 0.55(13) -1 .28(13) -0'73(13)

Frr 0.69( 13) o.2B( 13) 0'70( 13)

r¡ o.7o(13) -2.04(13) -1'38(13)

rT3 -1 .98(13) -3'59(13)rc -4'2o(13)å(tç

hcH o.B4( 13) 0.75( 13) 1 '66( 13)

prolacrin 0.44( 13) 1.32( 13) 1 .15( 13)

(p values r^rere corrected for 3 multiple comparisons)

Percentage changes in TM or ordinary relaxation for each

serum hormone te-st are contained in table 2B:-
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TABLE 28. Percentage Changes of Serum Hormone Tests in TM or

Ordinary Rel-axation

TEST PRE-T'I'I Cf T}4 TM Cf POST-T'I"I PRE-RELAX Cf RELAX RELAX Cf POST-RELAX

cortisol -20% +3% -9% -15%

T,, -3% +3% 0% +1%

FTI -3% +3% -1% -1%

13 -7% o% 0% +7%

"T3 +4% +7% +9% +16%

hcH -5o% +14% -20% -24%

prolactin -9% -3% -5% -10%

Mean serum cortisol, hGH, and prolactin levels on all samples

(1415 Lo 1615 hours, inclusive) are given in tables 29, 30 and 31,

respectively. Levels of both meditators and non-meditators general-ly

declined during the pre-treatment experimental period. However, as

prevlously noted in tables 26 and 21, statistically signlficant hormone

reductions during t,reatment were observed only in the T'l"l group. Level-s

of all three hormones fell abruptly at the onset of meditation ( 1510 hours)

and decreased levels were sustained into the post-treatment period

.(Tables 
29 Lo 31, incl-usive). The most marked hormone change in Tï4

was observed for hGH which fell- by 50 percent during meditation. hGH

rose slight,ly following TI4, and levels appeared to gradually return to

pie-meclitation values. The 20 percent reduction in serurn cortisol

during TM was sustai-ned throughout the post-treatmenL period, and there

was only a slight return of cortisol towards pre-meclitation val-ues.

The continued reduction of serum cortisol throughout the experimenlal

period for non-meditator control-s produced a statistically significant

decrease on a pre- to post- relaxation comparison (Table 27). The

relativel-y small, Ç percent, fall in prolactin during TM cont,inued into

Lhe post-meditation period when l-evels dropped by a further 3 percent.



TABLE 29. Mean t SHt{ Serum Cortisol Leve1s (n rol/1) on All Sanples

GROUP SAMPLE TIi"lE
1415 1430 1445 1500 1510 1520 1530

I 249t30 233!29 200!25 189!25 156!14 167!24 145t12

2 346!42 317!39 267t41 276!43 250!47 267t46 263!53

TABLE 30. Mean t SS,l Serum hGH Levels (m U/l) on AII Sarçles

GROTJP

1545

169!26

253!43

1 600

180!25

232!38

1600

3 .0r0.6

4.7!1.4

1615]n

172!23

222!35

1615h

4.0r0.9

4.4!1 .6¿

1415

6.A{ .4

oo+?7

1 430

6.4!1 .7

8.612 .8

1445

5.3!1 ,7

7,4!2.3

15 00

4.5!'i .5

6.2!1 .8

1530 
t

2.4!0.8

5.9t1 .T

1545

2.5!0,7

4.8¡.1 .Z

SAMPLE TIME
1510 1520

3 .4!1 .2 2.7 !0 .g

6.0!2.2 6.0!2.2

TABLE 31. Mean t SÐ4 Serum kolactin l,evels (m U/I) on All Sanples

GROUP SAMPLE T]ME
141' 1430 1445 1500 1510 1520 1530

1 123!14 12011 1 103i13 107!13 91 t10 108ti 1 881i0

2 164!24 146!21 138116 149!21 134!20 149!17 146!21

1545

102!15

139!14

1600

96!12

128!14

16i5h

95t1 1

115!14

o\\,
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Although statistically si.gnificant reductions in serum TOr FTI and

serum T, also occurred during Tï,1 in contrast to no significant change

during ordinary relaxat,ion of non-meditator controls (Tables 26 and

27), percentage changes of thyroid hormones during meditation viere

small- (Table 2B). A 7 percent fa11 in T, during TM was sustained

foll-owi-ng meditation, while a sJ-ight reciprocal rlse in rT, occured

during Tï4 and was continued into the post-meditation perlod. In

contrast, a statistically significant increase in rTa, along with a

slight T, nise, was found following ordi-nary relaxation of non-

meditator controls (Tables 27 and 28),

(ii) Packed cell- volume and total serum protein

PCV and tota] serum protein results from within-group

comparj-sons between pre-, during and post- meditation or ordinary

relaxation periods are presented in table 32. No significant changes

in PCV were observed during meditation or ordinary rel-axation. Flowever,

a slight but statistically significant 2 percent rise in total serum

protein was observed following ordinary relaxation whereas no

significant change was found in 1}4. Nevertheless, f.he 2 percent

Serum protein increase for non-meclitator controls represenLed an

absolute change of onlY one g/1.

TABLE 32. Statistics frcrn Within-group Ccnrparisons on PCV and TotaÌ

Serum Proteirt

TEST pRE-TïI cf rM TM cf Posr-TÌ4 PFE-Tï'I cf Posr-Tï4

PCV -a.57(j5) -1.15(15) -1.64(15)
protein 0.19( 14) -1,52(14) -0.91 ( 15)

. PRE-RELAX cf RELAX RELAX cf POST-RELAX PRE-RELAX cf POST-RELAX

PCV 1.10(i3) _2.00(13) _1.2713)

protein O.2O(13) -3.46(13)x -4.22(13)åçåfic

(p values vüere corrected for 3 multiple comparisons)
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(iii) Non-Stress serum cortisoL and serum hGH

Despite the preJ-iminary meeting and early cannulation, the

initiat pre-relaxation.serum cortisol l-evels of the non-meditator

controls were abor¡e the upper limit of the basal reference range (see

fi.gure '14). Pre-rnedit.ation or relaxallon serum cortisol Levels were

significantly higher in the controls than ín the meditators (t = 1.86;

p < o.o5; df = 28; Studentrs t-test). The pre-relaxation serum hGH

l-evefs of the controls also tended to extend above the upper l-irnit of

the basal reference range ( 13 rn U/I54 ) (see figure 15). However, the

pre-meditation serum hGH Ievels were not significantly dÍfferent than

the pre-rest leve1s of the non-meditator controls (t = 0.76, P > 0.05;

df = 28; Studentrs t-test). Serur¡l prolactin level-s of both meditators

and non-meditators,were mostly within the normal reference range (70

to 300 m U/1).

fn order to compare endocrine changes during meditation and

.ordlnary rel-axation v¡ithout int.erference from 'temporal return of serun

corLisol and hGH leve-l-s to non-stress values, statist,ical analysis was

repeated on al-l non-stress l-evel-s (Tables 33 and 34).

TABLE 33. Non-stress Serum Cortisol and Non-stress Serum hGH Levels

(Mean t SEM) Before, During and After TM or Ordinary Relaxation

TEST EXPERIMENTAL PERIOD TREAT'I'{ENT

cortisol
(n mol/]) Pre-

During
Post-

Pre-
During
Post-

TI4 (n= 13 )

167 ! 13
137 r 10
148 ! 14

hGII
(m U/t )

TI,1 (n= 13 )

Ordinary Rel-axation (n=6)
164 ! 19
133 I 11

130 t 13

ej-a.xation (n=B)
t '1 

"3! 1.2
t 1.2

Ordinary R
n

.4

2

á

t 0,7
r 0.3
t 0.6

2.9
1.6
3.2

54, A'13 mU/l upper limit to the adult, basal resting range of serunr
hGH is quoted by CEA-IRE-SORIN for the hGH assay used here. Llowever'
slightly fower upper timits of 10 m \J/I are given elsewhere (Catt,
1970; Martin, 1973)
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TABIÆ 34. Statistics from Within-group Conparisons (Pai-red t-tests)

on Non-stress Serum Cortisol and Non-stress Seru¡rr hGH Lev'els

TEST PRE-Tï4 cf TI4 TI4 cf POST-]}'I PRE-Tï4 cf POST-Tï4

cortisol 2,74(lZ)x 0,97 (12) O.9T (12)

hcH 3.19(12)x 2.34(12) 0.28(12)

PRE-RELAX cf RELAX RELAX cf POST-RELAX PRE-RELAX cf POST-RELAX

cortisol 2,26$) 0.15(5) 1,22(\)

hcH 0.65(7) 1.41(7), 0.42(7)

(p values were corrected for 3 multiple comparisons)

As shor^¡:l in figure 17, non-stress serum cortisol l-evels fell

during both Tï4 and ordinary relaxation of non-meditators, however, as

before (p 62 ) the change was significant only during TM (Tabte 34).

Serum cortisol l-evels rose slightly during the post-meditation period.

Non-stress serum hGH changes are presented histographically

'in figune 18. hGH felI significantly during Tl"1 (-45 percent) in

contrast to no significant change during ordinary relaxation (+ 11

percent) of non-meditators (Table 34). Although not statistically

significant, a distinctive return of hGH l-evel-s to pre-meditation

values was observed fol-lowing meditation.

(d) Urinary tests

(i) Temporal changes

Group mean UFC and UCA levels before and during the

l-aboratory study are shol'n in table 35 : -

TABLE 35. Mean J Sm4 UFC and UCA Levels (p mol/mi¡) Before and During

the Laboratory StudY

UFC UCA

GROUP Pre-Laboratory l.aboratory Pre-Laboratory LaboraLory

1:- Meditators 212 ! 26 174 ! 22 2BB ! 37 320 ! 42

2:- Non-meditators 219 ! 20 237 t 32 269 ! 32 305 t 58
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Resul-ts of within-group paired t-test comparisons between

the pre-laboratory and l-aboratory levels of UFC, UCA, urine flow,

creatinine cl-earance and derived serum osmolal-ity are given in table

36. A significant decrea.se in UFC excretion occurred during laboratory

lnvestigation of TM in contrast to no significanl change in UFC

excretion of non-meditators studied under ordinary relaxation conditions.

No significant changes in UCA, uri-ne f1ow, creatinine cfearance or

osmolality were found in either group 1 or group 2. No significant

inter-group differences in pre-laboratory UFC or UCA leveÌs r,¡ere

observed (t = 0.20 and | = 0.38¡ respectively; df = 28; Studentrs

t-tests). The UFC findings are summarised in figure 19.

TABLE 36. Statistics from Within-group Comparisons on UFC, UCA, Urine

FIow, Creatini¡re Clearance and Serum Osnolalíty

GROUP UFC UCA Urine Fl.ow Creatinine Serulrn
Clearance Osmolality

i:- Meditators 2.28(15)* -1 .08(15) -1.29(15) -1 .00(15) 0.85(15)

2:- Non-meditators -0.75(13) -0.60(13) -0.49(13) -1.30(12) 1.01(12)

Mean UFC and UCA levels on the laboratory Saturday and control-

Saturday for both the meditation and non-meditation groups are given in

table 37:-

TABLE 37. Mean t SEM UFC and UCA Levels (n moVd) on the Laboratcry

Saturday and Control Saturday

LABORATORY SATURDAY CONTROL SATURDAY

GROUP UFC UCA UFC UCA

'l :- Meditators 201 t 16 443 t 44 168 ! 14 413 ! 56

2:- Non-meditat,ors 259 t 27 324 ! 29 208 ! 28 386 t 38
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The UFC resul-ts are presented in figure 20. UFC Ievels of the meditators

were significantly higher on the Saturday of the l.aboratory study than

orr the Saturday of the control week-end (t = 2.38; df = ll' p < 0.05;

paired t-test). In contrast, no si.gnifi-cant difference liÊs found beLween

the laboratory Saturday and control Saturday UFC level.s of the non-

mecÌitator conlrols (t = 1.27; df = 12; p > 0.05; paired t-test)'

although non,meditator UFC leve1s on the laboratory Saturday extended

above the upper limit of the basal resting range. SurprisingJ'y, the

UCA levels of the non-rneditators were significantly higher on the control

Saturday than on the laboraLory Saturday (L = -2.35i df = 'l'l ; p < O,O5;

paired t-test). No significant difference was observed between the

laboratory Saturday and the control Saturday UCA excretlon of the

meditators (t = 0.36; df = 12; p > 0,05; paired t-test).

(ii) Ovenall- inter-group comparisons

For the purpose of comparing 24 hour UFC and UCA excretion

of meditators and non-meditator controls, an overall analysis was

performed on al.l first experience meditators (i.e. groups 1 and 3) and

all non-meditator controls. Mean overal-} UFC and UCA l-evel-s from the

week-endof the l.aboratory study are shov¡n in babl-e 3B:-

TABLE 38.

Study (2)

SIIBJECTS

Meditators

Or¡eral-l Mean t SB4 UFC and UCA Levels (n mot/d) of Short-term

NUI.4BER

21

15

UFC

1B3t 9

225 ! 15

UCA

438 t 30

334 ! 22Non-meditators

The results are repnesented histographically in figure 21.

UFC levels of the meditators i^,ere significantly lower than the non-

meditator conLrols (L = 2.59; df = 70; p < 0.01 r Studentrs t-tesl,),
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whereas the UCA levels of the meditation group were significantly higher

than the UCA level.s of the non-meditators (t = -2.58; p < 0.05; df = J0;

Sutdentts t-test).

(e) Sunrnary of cortisoJ- findings

The most outstandlng differences between the äortisol levels

of meditators and non-meditator cont,rols were:- 1 ) the lack of

-significant difference between the pre-laboratory UFC levels; 2) the

higher pre-treatment serum cortisol levels of the non-meditaLor controls;

3) the significant. reduction of both serum cort,isol and UFC during TM'

in contrast to no slgni-ficant change during ordinary relaxation, for

both stress and non-stress cortisol leve]s; 4) the significantly lower

24 hour UFC excretion of meditators than of non-meditator controls; and

5) the significantly higher UFC excretion on the laboratory Saturday

than on the control Saturday in the meditation group only.

C. Statistical Analysis Using lt(editators as Controls

(a) Bl-ood tests

(i) Horntones

Mean pre-, during and post- meditatio¡ (group 1A) or

quiet rest (groups 18 and 3) levels of each hormone test are shown in

table 39:-



na
lL,

TABIE 39. Serum Hornicne Test Levels (Mean t SHU) Before, During and

After TM or Ouiet Rest

TEST EXPERIMENTAL GROUP 1A GROUP 1B GROUP 3
PERIOD (Tï4; (Quiet rest,; (Quiet rest;'ist experience) 2nd experience) 1st experience)

serum cortisol-
(n mol/l)

152 ! 24
132 ! 14
130 ! 21

154 t
141 t
134 !

122! 7
125! 6
122! 5

212 ! 38
1TB ! 34
142 t 22

serum T,
(n mor2t)

FT]
( Units )

serum rT
(n mol/

pre-
during
post-

NYîê-
ì..v

during
post-

pre-
during
post-

pre-
during
post-

pre-
during
post-

pre-
during
post,-

16
15
28

+'7
-lt6
+Ã

0.31 r 0.
0.33 r 0.

3.9 t 1.3
2.3 ! 0.9

0.9 I 0.1
2.4 ! 0.6

9
6

117
114
117

11

11

11

11

11

11

1'1

11

11

5!
?+
tr+

!7
+7
!6

Bt
7!
6t

1.2 ! 0"2
1.2 ! 0.2

1.5 ! O.2
1.5 ! 0.2

1.5 ! O.2
1.4 10.1

!0.
t0.
j 0,

31
33
35

3B
25
1B

30

¿
4
3

3
4
3

serum T"
(n mol/])

1.2 ! 0.11.4 t 0.2'1 .5 r 0.1

0.35 r 0

23
26
24

1

1

1

11 6
11 6
3t 4

03
04
02

t0
t0
t0

25
28
29

1)
0
0
0

02
a2
03

0
0
U

03
04
03

ÃE
serum hGH--

(m U/])
6.8 ! 3.24.6 ! 1.81.6 ! 0.2
4.0 ! 2.1
3.6 I 1.0

serum prolactin pre-
(m U/1) Ouring

post,-

99
B4
82

!15
t '13

+1)

89
76
70

t
t
f

136 t
117 !
i 15 r

Resulls from within-group paired t-test comparisons between

ptr€-r durlng and post-meditation or quiet rest periods are given irr

tables 40, 41 and 42 for groups 14, 18 and 3 respectivel-y. Significant

hormone changes occurred only for hGH and prolactin which feII during

meditation (Table 40). Fon serum hGH there l^ras a significanL 44%

reduction during TM (group 1A). Levels subsequentl.y rebounded to 50%

above pre-meditati-on values. No sj.gnificant changes in hGH were

observed under quiet rest conditions for eÍther group 18 or group 3

(Tables 41 and 421. The resul-ts are summarised in fjgures 22 and 23.

55, Subject 17(4O) was excluded from sei'um hGH anal.ysis because c¡f a
markeci hGH stress response due t o re-cannul.ation during experiment
18.
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TABLE 40. Statistics from Within-group 1A Comparisons on Serum

Hormone Test Levels

TEST PRE.1}4 Cf TM TM Cf POST-T}4 PRE-TM Cf POST-T}4

cortisot 1.OO(4) O.1B(4) 0'65(4)

14 o.B5(4) -1.16(4) o' 10(4)

Frr 0.10(4) -0.27$) -0'31(4)

r¡ 0.55 (4 ) o .47 (4) o ' 9B(4 )

"r3 
.24(4) -o'26G) -1 '85(4)

hcH 6.48(3)r( 2.24(3) 1.19(3)

Protactin 9 .OO (4 )xx 1 .25(4) 4 ' 03 (4 )'x

(p val.ues vfere correctecl for 3 multiple comparisons )

TABLE 41. Statistics frcrn Within-group 18 Comparisons on Serum

Hornone Test Levels

TEST pRE-REST cf REST REST cf POST-REST PRE-REST cf POST-REST

. cortisol- 1 .00 (4 ) 0,47 (4) 1 '20(4)

T4 -0.91 (4) 1.27(4) -0'02(4)

Frr -0.90(4) 1.15(4) -0'05(4)

13 -1.16(4) 0.91 (4) -1 '39(4)

"r3 -1.42(4) -1'30(4) -1'57(4)

hcri 0.34(3) 2.4Tß) 1'06(3)

prolactin 1.19(4) O' 15(4) 0'76(4)

(Þ values hrer.e corrected for 3 multipte comparisons)
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FIGURE 23.
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TABLE 42, Statistícs frCrn withìn-group 3 comparisons on serum Hornone

Test Levels

TEST PRE-REST cf REST REST cf POST-REST PRE-REST cf POST-REST

cortisol 1 ,51(4) 2.54(4) 2'36(4)

1,r - 0.77 (4) -0.59 (4 ) o. 1 1 (4 )

Frr 0.37(4) 0.14(4) 0.46(4)

13 o .51(4) o -35(4) 0.43(4)

"r3 -1.81(4) -0.43'(4) -1'45(4)

hcH 1 .17 þ) 0.27 (4) 0. 94 (4 )

prolactin 0.86(4) 0.25(4) 0'98(4)

(p values ü/ere correctecl for 3 mr:lltipIe comparisons )

Mean serum hGFI and prolacLin concentrations for each of the

10 sample times of groups 14, iB and 3 are shou¡n in tabl-es 43 and 44,

respectively.

Figure 24 presents a detail-ed hlstographic representation

of serum hGH changes in meditation. Group 1A level-s are represented

by blank bars while group 18 fevels are represented by hatched bars.

In group 14, hGH fell- before the onset of meditation and appeared to

be a response in anticipation of meditation, which was sustained through-

out, the meditation period. Level-s gradually rose again following

meditation. In contrast, no signi-ficant changes in serum hGH occurred

in the sanie subjects when re-studied during quiet re-st (group 18) '

serum prolactin fevels al-so fel-l- significantly durinS w,

however, no distinctive prolactin recluction l^¡as observed before the

onset of meditation (Table 44). As previously observed for group '1 
t

prolactín l-evel-s cóntinued to faII following meditation. In contrast'

the reductions i-n serum prolactin under quiet rest conditions, for both

group 18 and group 3 were not st,atistical-ly significariL (Tabl-es 41 and 42).



TABLE 43. Mean t SÐ4 Sen¡n hGfi Levels (m U/I) on All Salçles

GROUP SAI.'IPLE TÏME
1415 1430 1445 1500 1510 1520 1530

1A 3.1r0.8 2.0t0.3 1.6t0,2 1.3t0.2 1.0t0.i 1.0i0.1 0.910.1

18 4.5t1.5 5.1t1.7 4.811.9 4.0t1.7 3.911 .3 4.0!1.4 4.011 .7

3 11.816.8 7.8!4.7 6.6!3.2 6.0t3.4 4.7t2.6 4.1!2.3 3.311.4

TABLE 44. Mean t SEM Sen¡n Prolacti¡ Leve]s (m U/1) on AII Sanples

GROUP SAMPLE TT}4E

1415 1430 1445 1500 1510 1520 1530

1A 1o1ti8 110t11 82!14 77!20 76t23 E8t 8 62!12

1B 1OOr32 103t33 107134 86!>3 95!19 78!20 78118

t 177t67 154!45 127!38 126!33 112!32 117!26 124!18

1545

1.2!0.3

3,1!1 .4

3. 110.8

1600

2.0!0.5

2.2t0.8

3.611.3

1615h

4.1!1 ,7

1 .8r0.4

3.811.3

1545

68!15

80!1 g

115t17

1600

66!16

84!16

125!23

16.15h

74t 9

82r13

1 O4È1 5

__l\,
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As shor¡n in figure 25, serum cortisol fel-l during both TM

(group 1A) and quiet rest in meditators (groups 1B and 3) r however,

the changes were not statistical-ly significant. No significant changes

in serum T4, FTI, serum T, or serum rT, were observed during meditatiorl

or quiet re.st (Tables 40, 41 and 42) .

Pre-treatment serum hGH, prolactin and cortisol l-evels

of group 3 were higher t,han the pre-treatment, val-ues of both group 1A

and group 18, however, the differences were not statistically \

significant (t = 0.54¡ df = f ; L = Q,76, df = Bi L = 1.110, df = B;

respectively; Student's t-tests between pre-quiet rest levefs of groups

18 and 3).

Resul-ts of inter-group paired t-test coniparisons between each

of the three experimenfal periods of groups 1A and 1B are given in tabl-e

45. Pre-meclitation serum hGH l-evels l^Iere significantly lower than pre-

rest l-evels of the same subjects. Similarly, serum hGH levels during

.rneditation v¡er,e significantly lower than level-s during quiet resL. No

si-gnificant differences in serum cortisol and serum prolactin levels

of groups 18 and 3 were observed. Direct comparísons between fevels

during TM and quiet rest (group 1B) are shown in figure 26.

TABI,E 45. Statistics from Between-grroup Conparisons on Serum Cortisol

Serum hGl and Serum Prolactln Levels

TEST PRE-T}4 ( 1A) T}4 (14) POST-T}4 (14)
cf cf cf

PR: -REST (18) OUIET REST (,18) POST-REST (18)

cortisol 0.16(14) o.T9(14) 0.31(14)

hcH 3.33(11))Ê 3.65(11)rcx' -0.70(11)

prolactin 0.60(14) 0.72(14) 1,47(14)

(p values t{ere corrected for 3 multipJ-e comparisor-rs)
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(ii ) Packed cel.l voÌume and total serum protein

PCV and total serum protein results from within-group paireci

t-test comparisons between pre-, during and post,- meditalion or quiet

rest periods.are given in tabt.es 46, 47 and 48 for groups 1A, 18 and 3,

respectively. No significant changes j-n PCV or total- serum protein

were observed during TM or qui.et rest of either group 1B or group 3.

TÄBLE 46. Statistics from Within-group 1A Conparisons on PCV and

Total Serum Protei¡r Levels

TEST PRE-Tï4 cf TM Tï4 cf POST-TI'I

PCV 1.34(4) 0.18(4)

Serum protein 0.78(4) -3.16(4)

(p values hrere corrected for 3 multiple comparisons)

PRE-T}4 cf POST-Tï4

1.22(4)

-1 . 1B(4 )

TABLE 47. Statistics from Within-group '18 Corparisons on PCV and

Total Serum Protei¡r Levels

TEST PRE-REST cf REST REST cf FOST-REST PRE-REST cf POST-REST

Pcv 0.49(4) o.4o(4) 0.07(4)

Serum protein 0.00(4) 0.59(4) 0.78(4)

TABIE 48. Statistics from Within-group 3 Ccrparisons on PO/ and

Total Serum Protei¡ Level-s

TEST PRE-REST cf REST FEST cf POST-REST PRE-REST cf FOST-REST

Pcv 1 .00(4) 1.80(4) 1.97 (4)

Serum protein -2.14(4) 1.83(4) 0.30(4)

(p values r^rere corrected for 3 multiple comparisons)

(b) Urine tests

Group mean UFC and UCA l-evel-s before and during the laboratory

study are shoum in table 49:-



TABLE 49. Mean t Sm4 UFC and UCA Levels (p mol/nLin) Before and

Durjng the Laboratory StudY

GROUP

1A:- TM;
1sb experience

1B:- Qujet Rest;
2nd experience

UFC

Pre-laboratory

239 ! T2

122 ! 33

.7Q
lu

UCA
Pre-laboratory Laboratory

305 ! 72 284 ! 69

LaboraLory

194 ! TA

138 ! 22 227 ! 1T 317 t 44

3:- Quiet, Rest;
1st experj-ence

157 ! 21 177 ! 50 343 t 76 305 ! Tg

Results of within-group paired t-test comparisons between

the pre-laboratory ancl l-aboratory Levels of all tests are given in

table 50. No significant changes in UFC or UCA were observed during

the l-aboratory study of Tï4 or quiet rest. However, as shown in figure

21, pre-Iaboratory UFC levels of group 'lA wer'e signiflcantly higher

than pre-laboratory UFC Jeve1s of group 18 (t = 2,91; df = 4; p < 0.05;

. paired t-tesL). Pre-laboratory UCA l-evels vüere similarly higher for

group 1A than group 1B, however, the difference was not statistically

significant (t -- 0.96:' df = 4; p > 0.05; paired t-test). Pre-

laboratory urine flow was also signlficantly higher on the first

occasion (group 1A) than on the second occasj-on (group 1B) (L = 2.69;

df = 4; p < 0.05; paired t-test). Pre-laboratory creatinine cleanance

1eve1s were also higher for group 1A than group 18, however;, the

difference l,úas not statistically signifi-cant (L = 2.13; df = 4; p > 0.05;

pairecl t-test). No significant di.fference üIas found between pre-

l-abor'atory UFC or UCA levels of groups 18 and 3 ft = O.92; df = B;

t = 1.49i df = $, respecLively; Studentts t-tests).

Serum osmolality fe1.1 significant,ly during laboratory quì.et

rest conditions for both groups 1B and 3. A significant reduction in

urine flow was also observed in group 18. No significant changes in

any other tests were found for groups 14, 1B or 3 (Table 50).
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TABLE 50. Statistics from lrüithin-group Coçarisons on UFC' UCAI Urine

Flovu, Creatjnine Clearance and Serum OsnolaJ-ity

GROUP UFQ UCA Urine Flow Creatinine Serum
Cl-earance 0smo1a11ty

1A:- Tï4;
1st experience

1.66(4) 1.11(4) -1.22(4) -1.00(4) 1.06(4)

18:- Quiet Rest;-0.63(4) -1 .93(4) -2.27 (4)r: -2.04(4) 3.81 (4)r(tÊ

2nd experience

3:- Quiet Rest; -0.50(4)
1st experience

1 .49(4) -1 .33 (4 ) -0.60 (4 ) 3. 16 (4 )tß

0n the clay of the laboratory study UCA excretion was

significantly higher in group 1A than group 1B (L = 5,14; df = 4;

p < O.O5; paired t-test). Although UFC excretion was also higher in

group 1A than 18, the clifference was not statistlcally signlficant

(t = O.7O; df = 4; p > O.O5; pairect t'-test).

D. Sununary of Short-term Endocrirte, Other Biochenrical ancl líaematolog-ical

Changes iri TM

Statistically significant recluctions of bl-ood lactate, serum

cortisol, UFC, Serum hGFi and serum prolactin utere general|ry56t 57 (p 80)

observed during TI4, in contrast to a láck of significant change during

quiet rest of experienced meditators and ordinarSr relaxation of

untrained controls. No significant changes in UCA' PCV or total

serum protein were found during any of the three treatments (Table 51 ).
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TABLE 51. Sununary of Endccrrne, Other Biochemical ancl Haernatcloqical

Changes Drring TM or Quiet Rest of Experienced Meditatcrs, and Ordìnary

Relaxation of Untrai¡ed Controls

TEST MEDITATORS NON-MEDITATORS

Tl,l (n=16) Quiet Rest (n=5¡ Ordinary Rel-axat,ion (n=14)

blood lactate +56 NS

serum cor'tisol- +57 NS NS

UFC

UCA

serum

serum

seï'um

FTI

ser'um

.P7 NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

tis

hGH

prolactin

T4

T:

+

+

+57

57

serum rTa

PCV

serum protei.n

+

+

NS

NS

NS

* significarrt falt; p < 0.05

E. Statistical Analysis for Matched Meditators and Non-neditator

Controls

(a) Group characteristi-cs
'Meditators and non-meditator cont,rol.s were closely mafched

for time tjeLween cannulation and first blood saniple collection (A (C-S) ),

and for age (Table 52). Approximate matching r^ras achieved for al.l the

other parameters. The mean meditation experience of the TI4 gr'oup vüas

2..6 (t 0.5) year.s with a range of 0.8 to 5.1 years. The occupations of

subjects in each group were simi-lar (For specific details, see

Aooenclix IV. pp 1B5 and 186).

56. Not applicable to group 1A

57. NS for group 1A (n = 5¡
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TABLE 52. Group CharacterÍstÍcs (ltlean t SEIVI or lt(edian) of Matchecl

Meditatcrs and Non-rnecli.tator Corrtrols

CHARACTERISTIC MEDITATORS (n=12) N0N-Ì"IEDITAT0R-S (n=12¡

A(C-S) (min ) 45.9 ! 3,0 45.9 ! 3.3

Age (yr ) 25.8 ! 1.1 24.8 ! 1.1

Body Surface Area (m2) 1.86 t o.o2 1.86 I 0.03

Dietary Protej.n (e )58 6T.9 t 8.8 76.2 ! 8.2

Diet Rat,ing lunits)58 3 2

Urea Excretion (m mol/ci) 295 ! 24 344 ! 34

Urine Volume (m1) 1142 t 107 1365 ! 154

Previous Night,rs Sleep (h) 7.9 t 0.3 8.1 1 0.3

Usual Sleep (h) 7.6 i 0.3 7.9 t 0.3

Serum Protein (e/I) 68.5 t 0.4 69.4 ! 0.7

Caffeinated Beverages (cups/d) 0 0

Tobacco (cigarettes/d) 0 0

Physical Training (min/w'k) 214 ! 53 233 t 82

(b) Overall inter-group conparisons

Overall- group means of pre-treatment serum hormone levels,

FTf, bl-ood lactate, serum glucose val-ues (samples 2 Lo 5 inclusive),

and urinary hormone excretion on the same day are shown in table 53,

along with the results of inter-group Studentfs t-test comparisons:-

58. The eating pattern of all subjects was sLable during the month prior
to the study.
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TABLE 53. Means t SH\.{s and Statisti.cs from Between-group Comparisons

on Basal Seru¡rt Hornone Levels, flI, Lactate, Glucose and Daily Urinary

Hornone Values

TEST

cortisol (n mol/1)

hGH (m UiI)

prolacLin (m U/])

lactate (m mol/l)

glucose (n¡ mollf)

Tr* (n mol/l)

FTI (units)

T¡ (n mol/l)

rTa (n mol/f)

UFC (n mol-ld)

UCA (n mol/d)

MEDITATCRS

197 ! 11

5.8 t 1.1

125 ! 10

1.2 ! 0.1

4.1 r 0.1

121 !3

118 r 3

1.530 t 0.046

c.2B r 0.01

1gg ! 16

462 ! 41

NON-MEDÏTATORS

310 ! 21

8.5 t 1.5

148 t 11

1.5 I 0.'.1

4.8 I 0.1

105t2

106!2

1.457 1 0.048

0.23 t 0.01

262 ! 30

328 ! 19

r(df)

4 .82(93 )-xxx-

1.45(93)

1.54(92)

2.To(45 )x'å(i(

4.99(93 ),(tç'x

-4 .41 ( g0 ) xxx

-3.49(90)xxx

-1.09(93)

-2.92( 87 ¡ xxx

1.86Q2)*

-2 Oq ( ))\Yt*L. /J \Èç'

Serum cortisol, UFC, serum gluco-se and blood lactate level-s

were significantly lower, while total serum T4, FTI, total- serunr rT,

and UCA levels were significantly higher for the meditators than for the

matched non-nredítator controls (Figures 28, 29 and 30). There were

no slgnificant differences between the serum hGH, prolactin or total

T, levels of the two groups (Table 53).

(c) Inter-group ccnparisons on tenporal afternoon variation of blood

test levels

Inter-group conparisons on temporal afLernoon variation (one-

way ANOVA on samples 2 Lo 5, inclusive) in blood test level-s revealed

significarrtly lower variation of s€runr cortisol, hGH ancì bl-c¡od lactate,

along wilh significantly higher variation of both FTI and serum rTrr for

meditators than for matched non-meditator control-s (Tab1e 54). No
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significant difference was found between meditators and conlrol-s in

temporal afternoon variation of all other hormone tests.

TABI,E 54. F Values frøn Inter-gïoup Comparisons on Temporal Afternoon

Variation of Serum HornÐne' FIII, Glucose and Lactate Levels (v1 = 11¡

v, = 111

cortisol- hGH prolactin tactate glucose T4 FTI T: 
"T3

3. 13x 4 .7gxx 1 .16 3. B5fÊ 2.04 1 .24 4.84xå( 1 .23 2-84x

(d) sunu.nary of basal endocrj-ne changes associated with TM

The most outstanding differences between the basal hormone

levels of experienced meditators and matched non-meditator control-s

vüere:- 1) slgnificantly lower serum cortisol and daily UFC

concenLration in medltators than in non-meditators: 2) significantly

Iower afternoon variation i-n serum cortisol and hGH l-evels of medil-at,ors

than of non-meditators; 3) significantly higher thyroid hormone test

values (T4, FTI and rTr) and afternoon variation (FTI arid rTr) in

meditators than in non-meditators; and 4) significantJ-y higher daily

UCA excretion in meditators than in non-meditators (Table 55).
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TABLE 55. Sununary of Basal Endocrine Differences Between Experienced

Meclitators and Matched Non-meditator Controls

HORMONE TEST CONCENTFAT]ON TEMPORAL VAR]ATION
Meditatcrs cf Non-meditators Meditators cf Non-medltators

serum

serum

serum

serwn

serum

serum

daily

daily

cor'tisoI

hGFJ

prolactin

T4

FTI

Tí

"T3
UFC

UCA

NS

NS

NS

NS

NS

NS

NAp

NAp

05
01
005

p<0
p<0
p<0

F. TM Diperience, TM. Depth, Experirental Stress and Inter-hormone

Relationships

(a) TM experience

Linear regr.essi.on analysis on TM experience and experimental

Saturday and Sunday UFC levels of all experienced meditator"59 (gr'oups

1 anci 3) r'evealed a significant, negative comelation on Sunday but not

on Saturday (Table 56). The results are presented diagnamaLically in

figure 31. Similar results were obtainecl on the corrtrol week-end. No

significant correlations were found between TI4 experience and UCA

A significant negative correlation was found between TM experience
arrd ãge (r. = O.6O; df = i9; p < 0.01). Therefore, because of the
possiË1e influence of age-relat,ed endocrj-ne changes (Finkelstein
ät rf , 1gT2; Juselius and Kenny, 1974; Ziegler et a1, 1976; Sever'

et, al-', igTTi, subjects 14 and 15, the two oldest and most experienced
meditators i^Jere excl.uded from thre analysis. The correl-ation was

tlrereby r'emoved (r = -0.03; df = 1Ti p > 0.05). The possible age-
rel-ateâ effect di-d nof apply to within-subject comparisons.

59.
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levels of either the experimental or contr'oI week-ends (Tabl.e 56).

TABLE 56. Statistics frqn Linear Regrression Analysì-s on TM Ex¡.rerience

and Daily UrinarY HornÐne Levels

HORMONE EXPERIMENTAL WEEK-END CONTROL VTEEK-END

SATIJRDAY SUNDAY SATURDAY SUNDAY

uFc -0.07( 16) -0.48( 16)x -0.06( 12) -0.40( 12)

ucA 0.04(16) 0.09(16) -0.49(12) -0.23(12)

Table 57 gives the mean UFC level-s, along with results of paired

t-test,s over the experimental week-end, for the three TM experience

categories:- 1 Lo 2 years, 2 Lo 5 yea.rs, and 5 to i0 years regufar'

meditation pr.act,ice. As shown 1n figune 32, a significant (22%) fal-l in

UFC from Saturcì.ay to Sunday occurred only in the acivanced meditator-s (l

to 10 yearsr TM experience).

TABLE 57. U'FC LeveJ-s (Mean t Sm4) and Statistics from V'Iithin-group

Conparisons on Increasing TM Dçerience Categories

Tï'l EXPERIENCE (Yr ) UFC (n rnol/d )

CATEGORY RANGE MEAN t SEI"I SATURDAY SUNDAY t,(df)

1 to 2 1.5 !,O.2 2OA ! 22 206 ! 2T 0.20(5)

2 Lo 5 3.1 i 0.3 198 ! 21 193 ! 23 0.22(6)

5 to 10 6.4 ! 0.7 191 ! 25 149 t 15 2.29rc)x

A large negative l-inear correlation vJas also observed beLween

TM experi€rice ârrd bolh pre- anci durj.ng- nreditation serum cortj-sol arici

prolactin tevels, flowever, a significant correlat.ion during nieditation

occurrecl only for serum cortisol" (Table 58). The trend towards

significant serum cortisol-Tll experience correlation as subjects

ent,ereci meditation is shol.¡n in figure 33.
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TABI.E 58. Statistics from Li¡rear Regressj.on Analysis orr TM Experi-ence

ancl both Pre-TM and TM-Induced Serum Hormone Levels60

HOR¡4CNE PRE-TÏ\'I TM

sêrulrr cortisol -0.48 (9) -0.64 (9)*

serum hGH 0.08(9) -0.06(9)

serunì pro]-actin -0.49 (9) -0.44 (9)

Mean norr-stress serum cortisol level-s61 bufo"" and during Tt'1

for the three Tl4 experience categories previousl-y given, along with

results of within-group paired t-test coniparisons, are presented in

table 59. The findings are represenLed histographicalì-y in figure 34.

The percentage r'eduction in serurr cortisol- durlng TM progressively

increased from '10% Ln low-experience meditat,ors (1 to 2 yr), through

to 18% in moderately experienced subjects (2 to 5 yr), and finally

reaclred significarrce (22% decrease) in tl:re advanced group (5 to 10 yr).

TABI,E 59. Iviean t SEli[ Serum Cortisol Levels (n mo]-/f ) and Statistics fron

Within-group Ccrnparj-sons on Increasing TM Ex¡.erience óategories

Tï,1 EXPERIENCE (yr) PFE-TI'I Tï'l t (df )

1 - 2 yr' 191 ! 16 172 ! 15 0.87(3)

2-5yr 165!29 i35t 9 1,12(3)

5-10yr 12Bt 6 100 1 B 2.67(3)x

I

(b) TM depth and experimental stress

Linear regres-sion arral-ysis on ratings of Tï4 depth and serunt

60. SubjecLs 14 and 15 were excl.uded because of a sigrnificant age-TM
correl-ation (see fcot-note 59, p Bzr ). Subjects 1, 6 ard i3 were
also êxcludecl here h,ecause of possible endccrine changes i¡r response
to re-'carrnuiation during the experj¡rent.

61. Subject 1 was also excluded here because of possible cortj-so-l changes
in response to re-canriulation.
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cortisol, hGH and prolactin levels during meditation revealed a

significant negative correl-ation for serum hGH only (Table 60). No

significant TM experience - meditation depth correlation hlas observecì

(r = 0.32; df = 14; p > 0¡05).

Linear regr.ession analy.ses on self-reported experimental

stress ratings (discomfort-involvement ratings) and Tï'l-indu.ed serum

hormone levels revealed large positive correlations for both cortisol-

and prolactin. In contrast, the correlation between self-reported

experimental stress and TM-induced serum hGH levels was smal-l- (Table 60).

TABLE 60. Statistics frqn Linear Regression Analysis Retwee.n TIvI Depth

or Experìrrental Stress and Sen:ni Hormone Levels Durjxg Meditation

cot"tisol hGH Prolactin

TM depLh 0.19(14) -0.71(t41xx -0.09(14)

Experimenlal stress C.4S( 14) 0.11(14) 0.71(14)xx

The a.bove correlations are qualitatively simllar to those

observed beLween TI"i experience and Serum hor'mone levels. However,

Spearmari rank cor.rel-ation tests (Siegel , 1956; pp. 202-213) fail-ed

to reveal- a signiflcarrt, relationship between TIui experieflce âÍ.rd self-

reported experi-mental- stress (T = -1.75; df = 14; p > 0.05), nor'

between TM experience and depth of labor'atory meditation (T = 1.42; df = 14;

p > 0.05). A significarrt correlation was found, however, between depth

of meditation ar,d disconifort-involvement ratings (T = -2.72i cìf = 14;

p < 0.0562; Spear'man rârrk correlation test).

(c) Sen:nt hormone j¡ter-relationships

High positive post-meditation inter-hormone correlations v,Iere

found for serum prolactÍn, hGH and cortisol. However, a significarrt

62. p value hlas corrected for 3 multiple comparisons.
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cor,relation v,ras found only between prolactin and cortisol l-eve1s during

TM, while the pre-meditation prolaclin-cortisol coefficien! of correl.ation

was also high (Table 61 ).

TABLE 61. Statistics frcrn Linear Regressi-on Analysis Betv¡een Serum

Cortisol, hGH and Prolactin Levels Before, During and After IM

PRE-TT4 TÌ4 POST-TT\4
prolactin cortlsol prolactin cortisol prolactin cortisol

hcH 0.1 1 ( 14) 0.03( 14) 0.02( 14) -0.12( 14) 0.46( 14) 0.44(14)

prolactin 0 .42(14) 0.66 ( 14 )r( 0.55 ( 14 )

(p values vüer'e corrected for 3 multiple comparisons)
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FART 4 :. TM RESIDNCE COURSE STUDY

A. Group Characteristics

The mean ages of subjects in both novice and experienced TM

groups were sin¡ilar (Tabl-e 62), however, there was a m4rked inter-group

difference in meditation experience. The ranges of TM experience wer'e

0.i to 0.6 years and 1.1 Lo 4.3 years for the novice and experienced

Íreditators, respectively.

TABLE 62. Group Characteristics (Mean t SE¡4) for the TM Residence

Course Study

GROUP NUMBER AGE (yr) TÌ'l EXPERIENCE (yr)

Novice Meditators I 23.4 ! 1.5 0.4 t 0.1

Experienced Meditators g 2g.1 I 3.0 2.5 ! 0.4

B. Tem¡rcral Hornone Changes

The mean UFC and UCA levels for the novice and experienced

TM groups on the Saturday and Sunday of the Tl4 residence course anci

on the followi.ng Monday are presented in table 63:-

TABLE 63. UFC and UCA Lev-els (Mean t SÐ\f) During the TM Residence

Course Study

GROUP

Experienced Meclitators

Nov'ice Meditators

UFC (n mol-ld)
SAT SUN MON

178113 128!15 131111

196!17 19013'1 176!15

UCA (n mol-/d)
SAT SUN MON

226!47 198|17 t\Jt3B

3T2tg2 301166 3311109

Resul-Ls of withín-group paired t-test comparisons for UFC

and UCA are given iri tabl.es 64 and 65, respecLiveJ-y. A slgnificant

28 percent fa1l irr UFC levels of the experienced meclitators occurred
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from Saturday to Sunday of the TPi resider,." .or"""63. UFC level-s

remaineci l-ow on the following Monday. In contrast, no significant,

changes in UFC levels of the novice group were obser'veci (Table 64).

The UFC findings are represent.ed histographically in figure 35. No

significant changes in UFC l-evel-s wer'e obser'vecl for either the experienced

TM groupornovice TM group (Table 65).

TABLE 64. Statistics from l{ithin-group Ccrrparisons }¡etween UFC Levels

of the TM Resj-dence Corirse Study.

GROUP SAT cf SUN SUN cf MON SAT cf MON

Experienced Meditators 6.40(B)roçx -0.32(4) 2.66(4)

Novice Meditators 0 .27 n ) O.1B(5) 0,49(5)

(p values Ì,iere corrected for 3 multiple conrparisons )

TABLE 65. Statj-stics from Within-group Corparisons beiweer¡ UCA Levels

of the TM Residence Cor:rse Study.

GROUP SAT cf SUN SUN Cf MON SAT Cf I"ìON

Experienced Meditators 0.83(8) -1.72(4) -0.68(4)

Novice Meditators 0 .94(7 ) -0.77 (5) 0.91(5)

(p values were corrected for 3 nrult,iple comparisons)

C. Suntnary of Endocrine Changes During TM Residence Cou¡rse ancl

Oidinary hþek-end

In sunrrnar'y of the urinary hormone changes observed for

meditators during a week-end TM resicìence course and ordinary week-end

(Part III, Section F; p 85 ), significant UFC reductions l^/er'e found

in both long-termmecìitators (1 year < TM experience < 5 years) studiecl

during a lesidence course and in advarrced meclitators (> 5 yearsr TM

63. No significarrt change ir¡ urine vol-ume was found (t = 0.11; df = g;
p > 0.05; paireci t-test).
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experience) investigated during an ordinary week-end. These decreases

contrasl with the lack of significant UFC changes obser'vecì in 1 ) novice

meditators during the TI4 residence course, and 2) both novice and long-

term meditators studied over an ordinary week-end. No significarrL UCA

changes were found either during the TI4 residence course or ordinary

week-end for any of the meditation experience categories (Table 66).

TABLE 66. Sunmary of Endocrlne Changes ¡¡f,rich Occurred from Saturday

to Sunday cf TM Residence Course or Ordinary Week-end

RESIDENCE COURSE ORD]NARY hEEK-END

HORMONE Novice Long-term Novice Long-lerm Advanced
Meditators Meclitators Meditators Meditators Meditators

UFC NS +VV NS NS +

UCA NS NS NS NS NS

* signlficant fal-1 ; p < 0.05
+++ significant fall- ; p < 0.005
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CITAPTER IV : DISCUSSION

A. Inherent Methodological Problems of the Long-term Study

There are relatively few long-term studies of relaxation

procedures probably because of the inherent methodological- problems

as.soci-ated with them. The most successful long-term invesligations

have been performed on patients \^¡hose participation in the study was

an integral part of their treatment for a particular stress-relat,ed

disorder (See, for exampl-e, Borkovec and Krogh Si-des, 1979).

The main methodological- problems of this long-term study

arose from reliance upon voluntary partlcipation of subjecfs. High

drop-out rates from relaxation training along with infrequency of

sample collection in some subjects wene inevitable, hotlever, they were

greater than anLicipated when designing the study (see fool-note ]4,

p 19 ). Similar problems with high attrition during relaxation t,raining

r^¡ere reported by Otis (1974).

The l-esser cìrop-out in the yoga'medital-ion group might be

associated with the continued fol-lovi-up training, which \^/as an integral

part of the yoga-medltation training programme, rather than some special

feature of the yoga^meditation procedure. Although follow-up training

was encouraged in the other procedures, it was not a structural part

of the training programme. Fol-low-up training, with its associated

positive reinforcement (Morse et aI, 1977), thereforer appears to be

important for continued relaxation practice.

B. Endocrine Changes Durlng Rel-axation Tbaining of the Long-term Study

(a) Plasma cortisol

The significant long-term reduction in plasma corLisol l-evels

observed in both untrained controls and trained meditators, as wel-l as

Tlvl trainees, demonstrates that the change ViaS not specific to TI4

training. The l-ack of significant UFC changes in all groups indicates
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that the observed reduction in plasma cortisol was not due to

seasonal- variation (lfatanabe and Yoshlda, 1956; Halberg et al, 1965b).

The progressive reduct ion in plasma cortisol during the study probably

represents an habltuatlon Lo venepuncture stress, other stresses

rel-ated to blood satnpl-ing, and novelty of testing (Davis et al-, 196?;

Markiewicz eL al-, 1973; Mason et al, 1973; Mikulaj et al, 1976). It

is diffi-cult to place any specific interpretation on the significant

plasma cortisol- rise observed during May in the untrained controls.

(b) Thlroid hornones

The progressive fal-l-s in T. for the untrained control-s and

progressive relaxation trainees and the decline i.n T, levels of the

trained meditators might also be associated with adaptation to the

sLress of blood sampling (Fafconer and Jacks, 1972; Falconer, 1976;

Mikulaj et aI, 1976). The l-ack of consistent significant reductions

in al.l groups probably ref-l-ects individuaÌ varj-atlon in boLh pr:evious

exposure Lo venepuncture and response to venepuncture stress (Davis

et aI, 1962; Copinschi et al, 1967i Mason 1968c).

The significant TO rise observed during academic examinaLions

concurs with the reports by Tingley et a1 (1958) and Mason (1968c)

of significant, protein bound iodine (PBI) elevations in exam stress.

However, VoIpé et al (1960) found no significant change in serum PBI

during examinations of either medical- students or graduates, although

the highest PBI level-s were found during annual exams of medical students.

The simultaneous falI in T, cluring exams might be associated with a

reciprocal increase of rTa (Chopra et al, 1975; Burr et al-, 1975) .

The absence of plasma cortisol-r UFC and UCA rises during

academic exams conflicts with other reports of significant adrenocortical

(Bliss et aI , 1956; Melick, 1960; IJodges et al-, 1962; Bloch and

Brackenbridge, 1972; Baseer and Rab, 1975) and adrenomedullary
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(Bogdonoff et aI, 1960; Bolshakova, 1976) activation. However, the

above studies involved a short-term experimental- design and l-ooked aL

changes immediately follor,ving the examination. In mosl cases, the

volunteer subjects sLudied here refused to give blood samples on the

day of exams, and consequently, the long-term experimental- design might

not have been suitabl-e for detecting changes in adrenåI hormones which.

have much shorter biological half-lives (and are, therefore, more shorL-

lived) than thyroid hormones. In fact, a relatively l-onger duration of

elevated thyroid function than both adrenocortical- and adrenomeduÌlary

activity was observed by Mason et al ( 1961 ), in associat,ion with

psychogenic st,ress.

These preliminary findings suggest that al-terat,lons in

thyroid function might provide a useful measure for monitoring long-

term physiological changes associated with exam stress, and further

det,ail-ed investigations, which take into consideratlon possible changes

in peripheral- monodeiodination of TO (Chopra et al-, 1975; Burr et a-1,

1975) and/or cornpartmental- shift (Chan et al-, 1978), are warranted.

(c) Urirary horrnones

Normalisation effects on physiological functlons during

relaxation training, sj-mil-ar to those observed here for the UFC and

UCA level-s of subject 90, have been previously reported by other workers.

Luthe and Schul|, (1969 Vol 2) extensively reviewed the subject of

normalising ì-nfluences on endocrj-ne and metabol-ic disorders during

autogenic training (see p 14). Normalising influences on blood

pressure of patient,s with essential- hypertension have been associated

with various forms of rel-axation t,raining (Luthe and Schultz, 1969,

VoI 2, pp 69-76; Jacob et al, 1977; Frumpkin et al, 19TB; Benson

et a1 , 1978a; Þ-rankel et al , 1978; Bl-ack, 1979 ) and normalisation of

body weight has been reported i-n the TM program (lrleldon and Aron, 1977).
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C. Assessment of Subjective Changes in Relaxation Procedures

(a) Short-term studY (1)

The lack of difference between relaxation-depth ratings of

trained, untrained, and in-training subjects, except the yoga-meditation

group, might reflect the semantic problems associated with rating the

subject,ive reports. The failure of this method in different,ialing

between ordinary rel-axation and all of the speclfic relaxation states,

except yoga-meditationr mâV be because it, was initially designed- for

rating BuddhisL medj.tat,ion (Maupin, 1965) , Consequently its suitability

for raLing relaxation procedures might be restricted to procedures such

as yoga-meditation, which have a Buddhlst origin64. The inadequacy of

this melhod for subjectively defining and characterising non-BuCdhist

meditat,ion, or other specific relaxation procedures, is highlight,ed by

the marked inter-group differences in pJ-asma cortisol- changes (see p 98 ).

(b) Short-term study (2)

The success of the meditat ion-relaxation questionnaire in

discriminating between TM and ordinary rel-axation indicates the useful-

ness of this method of assessing subjective changes in TM. The

surprisingì-y higher laboratory meditation ratings than home (Saturday

evening)meditation scores, might be due to a group*dynamics effect of

the laboratory sessi-on. Indeed, medi.tators commonly report better group

medit,ations than private meditations (personal- observatlon, A. Bevan).

Therefore, although successfut l-aboratory meditation is definitely

implicated by the high meditation depth ratings, the endocrine changes

observed duri-ng lhe laboratory invest,igation of TM might only be

representative of meditation in a group setting with concomitant

novelty. In fact, group dynamics, as well as novelly, have been found

Ilowever, the yoga-meclitation procedure useci here was not enti-rely
based upon Buddhist methods.

64
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to significantly influence endocrine function (Fishman et al,

1962a).

Further development of medltation-relaxaLion questionnaires,

involving a sliding scal-e of possible responses and computerised

analysls, would be useful- for more specific characterisation of

subjective changes in meditation and other specific relaxation states.

Signalling of subjectlve changes by button-pressing has been successfuJ-ly

used in electrophysiological identification of specific TM-induced

states (Banquet, 1973; Farrow, 1977), and might al-so be applied to

more detail-ed endocrine characterisation of TI4, particul-ar1y where

reductions in hormones with short half-lives are .on."rn"d65.

D. Cardiovascular Changes j¡r Rel-axation Procedures

The lack of significant changes in mean arterial bl-ood

pressure following rel-axation for both relaxation trainees and trained

subjects agrees wlth previous reports on normotensives (Walface, 1970a;

I¡Jal-Iace et al-, 1971; Michaels et al, 1979). The significant. reduction

in blood pressure foJ-lowing yoga-meditation is difficult to lnterpret

because of the effects of postural changes (lirlard et, al-, 1966) involved

in performance of the yoga-meditation p"o."du""66 (see Appendix Ifr pp 160 and

161 ). Cardiovascular studies of various yc)ga-meditation procedures

have revealed increases (!'legner and Bagchi, 1961), decreases (Gopal

et al, 1973), and no change (Karambelkar et al, 1968) in bl-ood pressure,

and dj-ffering blood pressure changes probabJ-y occur Ín response to the

65. The button-pressing method is j.nherent,ly l.ess useful i-n endocrine
studies than electrophysiological investigations. fn endocrine
studies, it is rnost arnenab.Ie to trophic hormone measurement becanse
of the rel-at,1vel-y large time-lag between neural response and the
effect on target hormones.

Many of the yoga postures vrere performed in a supine or semi-supine
posjtion (See Appendix IT, PP 160 and 161).

66
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various procedures used (l¡rroolfolk, 1975). Furthermore, candiovascul-ar

changes specific to individual yoga postures have been found (Gopal

et aI , 197 ti) .

Disregarding the possibility of methodological interferences,

it is worth noting that the yoga-meditation group was also characterised

by markedly highen relaxation depth scores than any other group.

Therefore, the significant reduction in blood pressure might be

associated with induct,ion of a deeper state of relaxation by the ¡'eg¿-

meditation procedure than by the other procedures studied.

The significant nine percent fal-l in heart rate observed

floJ-lowing TM j-n experienced subjects is consistent with other reporls

of reduced heart rate during TM (\¡lal-Iace, 1970b; Irüallace et al-, 1971i

Jevning et al, 1978c), and demonstrates successful laboratory rneditation.

Fïowever, these other worl<ers did not find significantl-y lower post-

meditation levels. The slight, but stat,istically significant,, five

percent reduction in heart, rate foll-owing ordinary relaxation of

untrainecl controls, 1n contrast to no significant cnangà in relaxation

trainees, might be due to selection bias. AlI control.s but one were

medical students, whereas the relaxation trainees were predominantly

arts students who were fess familiar wibh the medical school- laboratory

setting and experimental proceedings. ConsequentJ-y the rel.axatior.r

trainees were probably less incl-ineci to rel-ax during the laboratory

investigations (Moss, 1974). The slightly lower pre-treatment plasma

cortisol level-s of the untrained control-s than both trained and in-

training subjects might also refl-ecL intrinsic gnoup differences i-n

both predisposition to the stressor effects and novel-ty of the laboratory

study. For a similar reason the report of signifj-cant heart rate fal-l-

during ordinary relaxation for non-rneditaLor controls, in contrast to

no change during Ti'1 (Michaels et a1, 1979), \^ras probably due to use of

controls who were vofunteers from the research unit which conducted the
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study (Michael-s et al, 1976). The common practice of using laboratory

personnel as controls has been criticised for simil-ar reasons (Levi,

1972; p 36), howeve.r, resLriction to the use of vol-unteer subjects in

this study presented an inherent, but unforeseen, methodological problem.

Only one of the trained meditators \^Ias a medical student, all

others being as unfamiliar with the laboratory environment and

experimental proceedings as the rel-axation trainees. Therefore, the

observed reduction in heart rate for the trained group is i-ndependent

of such sample bias and the best comparison is with the relaxation

trainees.

E. Blood Lactate Ctranges jrl TM

The significant reduction in venous bl-ood lactate during and

after TM, in conLrast to a lack of change during ordinary relaxation

of non-meditator controls, is in agreement with other reports of a

significant, TM-induced arterial- blood l-actate reduction (Wallace et al,

1971; Jevning and WiJ-son, 1976; Nandagopal et al-, 1976; Rama Rao et al,

1977; Jevning et al, '1978c). The congruency of changes in both blood

l-actale duning TM, and the higher rel-axation depth scores in TI4 than

ordinary relaxation, provides compl-ementary evidence for the usefulness

of reduced l-actate leve1s as a biochemical- reference for effective

meditation (Jevning et aI, 1978c).

F. Endocrine Changes i¡ Relaxation Procedr-rres: Short-term Study (1)

(a) Plasnra cortisol

The significant fall- in plasrna cortisol following meditation

for the trained group, in contrast to a l-ack of slgniflcant change f'or

the relaxation t,rainees and untrained controls, agrees with findings

from studies of autogenlc training (Afnaes, 1966; Alnaes and Skaug'

1966) and a recent report on TM (Jevning et al, 1978a). The lack of
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significant changes in both heart rate and plastna cortisol 1n the

rel-axation traj-nees confirrns that the most marked physiological- changes

occur in experienced subjects (Kanellakos and Lucas,1974, p 4f and

p 89; Luthe, 1970, p 91 and p 92). The observed similarity between

relaxation ratlngs and heart rate changes of the untrained cont,rols

and tnained medltators, along with observat,ion of significant 'II\4-induced

plasma cortisol reduction, i-n contrast to no significant change in

ordinary relaxation of untrained controls, demonsLrates the itnportance

of using response patterning t,o idenlify and characterise rel-axation

67states

(b) Thlroid hormones

The significant, increase of To concentration fol-lowing TM

in meditation trainees, and the significant increase of T, leve1s

following the relaxation session of progressi-ve relaxation and auto-

hypnosis-rel-axation trainees, are difficult to interpret. The lack of

consistent intra-group increases in concentration of all- protein-bound

hormones studied, demonstrates that the changes were not due to a

haemoconcentration effect. The increase j-n thyroid hormone levels

might be the result of simil-ar stress-j-nduced changes to those occurring

in other endocrine systems in response to repeated venepuncture

(Copinschi et al, 1967; Frankenhaeuser et al, 1976), However, the

lack of consistency in direction of T3, TO and cort,isol' changes makes

this possibility unlikelY.

The importance of using response patterning in the characLerisation
of physiological stress reactions was emphas¡-sed by Lacey (1967)
and more recently has been extrapolated to changes incluced by
instrumental biofeedback (Schwartz, 1975).

67.
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G. Basal Urinary IYee Cortisol Levels of Relaxation Ttainees and

TÏai:red Meditators

The short-term pl-asma cortisol- reduction in Tï4 is probably

at least partiall-y responsible for the l-ower UFC excretion of trained

subjects which was observed in both the long-term study and the short-

term studies. The lower UFC levels in these subjects might refl_ect

the more marked Tlt4-induced changes of trained meditators, rather than

endocrlne changes outside of a meditation-induced state. However, the

possibility remains that the significantly l-ower overall- UFC l-evels in

trained meditators than in untrained eorrLrolls,:migltt be associated with

reduced basal- adrenocortical- secretion and/or decreased cortisol stress

responsiveness (see p '103 for further discussion). The lack of

significant difference between UFC levels of trained medifators and

trainees, as well as between trainees and untrained controls, suggests

that the changes in ad.renocorlícal actlvlty might be cumul-ative wj.th

increased relaxation training.

Reduced basal- adrenocortical secretion would i.nvolve one or

a comblnation of the following changes:- fewer secretory episodes,

shorter secretory episodes, reduced amount of cort,isol per episode,

and more rapid cfearance possibly caused by a reduced hal-f'-life.

Decreased cortisol stress responsiveness woul-d involve a diminished

inj.tial response wjth consequent reduct,ion to overall response; and/or

more rapid adaptation with a less sustained response; or a combination

of increased initial response and more rapid adaptation with a l-ess

sustained response (For further discussion see pp 'i03 ancl 104).

H. Endocri¡re Changes j¡r TM: Short-term Study (2)

(a) Serum cortisol and urinary fr:ee cortisol

Reduced cortisol l-evel-s have previously been reported in

both heterohypnot,ic rel-axation (Sachar et al , 1965; 19b6) and autogenic

trai-ning (Alnaes and Skaug, 1966; Alnaes, 1966). However, studies of
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et al- (197Ta;1978a) found a significant plasma cortisol reduct,ion in

TM, whereas Michaels et al (1979) reported no significant difference

between the'effecLs of meditation and ordinary relaxation on plasma

cort,isol- Level-s. There are several- outsLanding methodofogical short-

comings of the study by Michaelsr group, which might explain the

discrepant findings:- The study by Michaels et al- (1979) was conducted

in the morni-ng when init,ially high cortisol- Ievels follow a morning

circadian decline, whereas Jevningrs group made thej.r observat,ions

during the aft,ernoon, a period of relative cortisol stability (Krieger

et, aI , 1971). Michael-sr team studied onJ-y p meditators compared with

Jevning et alts 15, theref'ore, a type 2 statisticaL eror (Croxton and

Cowden, 1965; p 639) and/or TM experience effect (see p 124) a.re J-ikely

explanations. Furthermore, Michaels et a1 made no allowance for

habituation to cannulation stress, blood sampling commencing immediately

afüer cannul-a insertion. Consequently, possible dlfferences in

cannulation slress responsiveness between meditators ancl non-meditators

were not accounteci for (Davis et al-, 1962; Greene et al, 1970). However,

the possibility remains that the discrepancy betlveen results of afternoon

and morning studies might be associat,ed wj.th circadian differences in

the effects of TM on cortisol- secretion. Furthermore, long-term regular

meditation practice, with its accompanying short-term cortisol reducti-ons,

might have an effect upon cortisol-rs circadÍan rhythm. Meditators often

report marked differences in the qual.ity of their morning and evening

meditalion sessions (personal- observation, A. Bevan), and possible

differences in physiological response await speclfic investigation.

Although, by the law of initial val-ues, reductions are l-ess likely to

be observed when values are already low, rel-atively low init,ial-,

pre-meditation cortisol levels, such as those occuring during the

afternoon, might be a prerequislle for significant reduclj-on in
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meditation. In fact, advanced meditators (more than 5 yearsl

experience) , who had the l-owest pre-meclitation cortisol- levelsr vüere

the only group to show significarrt cortisol- reductions in TM. A

similar observation r^ras made by Morse et aI (1977) who found greater

Skj-n resistance increases during meditation or hypnosis when the pre-

treatment state was relaxation rather than alertness. The possì-bi.lity 
.

of an effect of pre-treatment state on endocrine changes requires furLher

investigation.

The marÌ<ed 34 percent fall- in plasma cortisol in the

prelimlnary short-term study, compared with the lesser 17 percent'

reduclion after TM in the follow-up study' is probably due to the

longer perj-od of' observation used in the first instance' The fact

that post-meditation observation for the preliminary study extended

into late afternoon, a usual circadian phase of cortisol- reducLion

(l¡leitzman et al-, 1971), probably al-so contribu.ted to the difference in

degree of cortisol change. Cortisol's half-life of about 70 minut'-'es

(lrlei,tzrnan et aI , 1gT1; Gallagher et a1, 1973) means that, with a treatment

period of a half-hour, the most marked effects would probably be observed

following the meditation Period.

The lack of difference between the pre-laboratory ultc

excretion of meditators and non-meditator controls suggests thaL the

adrenocortical activation of the non-meditatons occurred during the

l.aborator]¡ experimentatj-on rathen than in apprehension of it68.

Furthermore, the slmil-arity of pre-laboratory UFC excretion, and the

marked int,er-group differences in cortisol responsiveness to both

It is important to note that because of the high protein bindlng
of circuiating cortisol-, urinary }evels provide a less sensitive
determination of changes in adrenocortical function. UFC

estimatjon is, hov¡ever, a very useful method for determining
integrated l-evels, and has the advantage of involving a non-
streãsful collection proceclure (assuming exclusion of novelLy
of collection effects; Fishman eL al-, 1972a),

68.
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experimental- stress and relaxation, suggests that the l-or^¡er 24 inour

UFC excrefion of meditators is due to changes in cortisol- stress

responsiveness, and short-term Tï4-induced changes, rather than

differences in basal, secretion.

The extension of both the non-meditatorsr pre-treatment serum

cortisol l-evels and l-aboratory Saturday UFC excretion above the upper

limits of fhe normal reference ranges indicates a marked cortisol-

stress response to the experimental proceedings. The si-mllarity of

self-reponted experimental- stress for meditators and non-meditator

controls, along with lower serum cortisol- l-evels of meclitators, .suggests

a more rapi-d adaptatlon to the experimental siress, rather than general

dampenlng of the cortisol- stress response, as proposed by Michaels et

al- (1979), Furthermore, the significantly higher UFC excretion of the

meditators on Lhe l-aborat,ory Saturday than control Saturday, 1n contrast

to a l-ack of significant difference for the non-meditator controls,

suggests a greater, rather than lesser, initial adrenocort,ical stress

response. The study by Michae]s et al (1979) was not des1gned

specifically to look at adrenocort,lcal- sLress responsiveness, and the

20 minutes between blood samples mlght ha.ve been too long to accurately

depict the response pattern (Gallagher et al, 1973). Other rnethodolog-

ical short-comings of this study were discussed earl-ier (pp 101 and 102).

The si.gnificantly higher UFC excretion of the meditators on the

laboratory.*rturday than on the control Saturday, and the significantl-y

higher first experience Lhan second experience pre-laboratory UFC

levels of meditators, implies that the low basal cortisoL vafues are

not due to a deflcjt in adrenocortical re,serve (Friedman et al, 1972).

Other studies of stress reactivity in meditators have used

non-endocrine measures. Orme-Johnson ( 1973) reported simi]ar initial.

galvanic skin responses t,o noise stress, with more rapid adaptat,ion t,o

stress, in experienced meditators than non-medjtator conlrol-s. Short-
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term effects of T'Iul on physiologi-cal stress respotlsiveness to a

stressful film were studied by Golemau and Schwartz (1976). Initial heart

rate and galvanic skln responses of experienced medlt,ators uiere greater,

and recovery foJ.lowí-ng the stressful stimuli faster, in the experienced

meditators than i-n non*meditator controls. Since concurrent cortisol- and

heart rate increases appear to occur in response to stress (Raab, 1968),

1t seems 1ikely that Tï4 would also increase, rather than decrease, the

initial adrenocortical stress response. A pattern of stress response

involving a marked int'-tial- response with rapid recovery appears to be

indicative of a healthy adaptive response (Stern et aI, 19651 Lazarus

and Averill, 1972). In this context it is interesting to note that

foJ-lowing work stress more rapid recovery of adrenaline to pre-stress

l-evels occurs in persons with higher basal adrenal-ine excretion

(Johansson and Frankenhaeuser, 1973). Therefore, the observation of

higher basal catecholamine levels provides corroborative evidence for

such adaptive endocrine responses in meditators. Furthermorer the

slnilar lemporal adaptation to repeated venepuncture stress, observed

for both meditators and non-meditator controls in the long-term study,

provides further evidence against a reduced initial cortisol- stress

response for meditators. Neverthel-ess, further studies designed

specifically to investigate the cortlsol- stress responsi-veness of

meclitators are still required in order to clarify the picture.

(b) Growth hormone

The significant reduction of hGH during Tï4 in contrast t.o

no significant change during ordinary relaxation in non-meditators or

quiet rest in meditat,ors, along wíth the si.gnificant negative correlation

beLween T'1"1 depth and hGH fevel-s during meditation, indicate that decreased

hGH levels are specific to a TM-induced state. These findings conflict

with those of Jevning et al ( 1978b) v¡ho reportecl no significant hGH
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changes in TM. There are several outsLanding methodological differences

between the two studies. Jevning et aI (1978b) used arterial rather

than venous catheterisati.on and samp1ing69, le-ss frequent blood sampling

(20 minute in contrast 1,o 10 minut,e sampling intervals), and fasting

rather than feci subjects" Fu.rthermore, Jevnirrgts team appeared to conduct

their experiments on single subjects rather than on groups of subjects.

(see p 95 for considera.tion of possibl-e effects of group dynamics).

Arterial- catheterisation is inherently more stressful than

venous catheterisation in terms of hGH stress responsiveness (Coplnschi

et al, 1967 ), however, Lhe lengthy two and a half hours between initial-

catheterisation and firsl blood sampJ-ing should have been adequate for

any stress-related eler¡alions to return to basal levels (Coptlnschi

et aL, 1967), Indeed, the pre-treatment vafues reported by Jevning

et a] (1978b) were very similar to the pre-trearnent levels found here.

Frequency of bl-ood sampling is an important meLhodological

clifference because of the marked and rapid episodic fl-uctuations in hGH

concentrat,ions (Quabbe et al, 1966; Gtick et. al, 1965) , Consequently,

results from l-ess frequent sampling are more likely to be biased by'

such intrinsj-c variations. Moreover, the frequency of major hGH

release episodes appears to be diminished cluring fed wakefuliress, and

a circhoralTo pattern in wakeful hGH can be induced by fasting (Gol-dsmith

and Gl1ck, 1970; Parker et al-, 1972; Parker and Rossman, 1973). Therefore,

a combination of both fasting and relatj-ve1y infrequent sarnpling mlght,

explain the discrepant hGH findings.

The use of fasting subjects has the advantage of ensuring

observation of basal hGH l-evels because of meal--rel-ated hGFI elevations

69. Arterial. catheterisation v,/as presumably used to enabÌe simuf Laneous
invasive cardiovascul-ar measurement,s (Jevning et al, 1978c).

70. This term, which is derived from circa (about) and hora (hour),
refers to oscillations with periods of approximately one hour
(Diershke et al, 1970).
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(Sukkar et al, 1967; CaLL, 1970). However, fasting might interfere

wj.th the efficacy of meditat,ion and standardlsa.ti-on of meal times

shoul-d make any effects of feeding consistent between groups. Fenwick

et al (1977 ) reported signiflcant, reductions of metabolic rate for non-

fasted subjects in contrast to no significant change for fasted

subjects. The difference between the two groups was explained in terms"

of the law of initial values, pre-Lreatment oxygen consumption of the

unfasted subjects being higher than the pre-treatment l-evel-s of oxygen

consumption observed in the fasted state. The initial- hGH l-evels

reported by Jevning et aI t igZAUl were, however, slightly hi.gher, rather

than, lower, than those of group 1A in which a marked 44 percent reduction

in hGH was observed during meditation. The rebound of hGIl l-evels

following meditat,ion in both group 1A and non-stressecl meditators

provides further evidence for a specific Tï4-induced reduction.

Assumi-ng a 25 mrnute hal-f-l-ife for circulating nCu71 (Glick et al-, 196tr;

Hunter and Greenwood, 1964), a 44 percent hGH reduction in 30 minut'es

represents complete inhibition of hGH secretion during the meditaLj-on

period. If complete quiescence of hGH secretion occurred for' 30 minutes,
'rnôÃ -?972

serum hGU levels would fal-l- to Co '" "'' ^ 25 = Co x 0.5i that is a

40 percent decrease for group 1473.

The following observati-ons support the interpret,at,ion of hGH

reduction in anticipat,ion of meditat,ion:- 1) The reduct,ion in hGH

before the onset of meditation which was sustained throughout the

71. 1OO percent clearance with a single pa.ssage through the liver and
fi-rst order kinetics are al-so assumed.

72. Equation derived from standard kl.netics equations:-
c = c " 

_Ker.t 
and r_. _ log",

o "å - Gï--
(Avery, 1976; pp 4 and 5, respecti-vely).

73, All four pre-meditation levels ( 1e samples 2, 3, 4 and 5) were
used in this calcu]ation because of the observed hGH reduction in
anticipatj-on of meditation.
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meditatiðn period (group 1A); 2) The significantly lov¡er pre-meditation

(group1A) thanpne-qr-r1.et rest (group 1B) serum hGH levels; 3) Rebound

of hGH following meditation (group 'lA); and 4) The lack of difference

between post-treatment hGH levels of groups 1A and'lB. Tlhere do not

appear to be any other reports of physiological changes in anticipatiotr

of meditation, although physiological changes characteristic of a TM-

induced state have been found during eyes-closed rest in mediLators

(Watlace et al-, 1971; Banquet, 1973; Kanellakos and Lucas, 1974; Williams

and lriest , 1975) . The fall of hGH in anticipation of med-Ltation provides

evidence for the notion of TM being a condltloned physiologicat stateT4,

Such physiological preparaLi.on for meditation is parall-ell,ed

by the changes which occur shortly before habitual sleep onset (Snyder'

197i; p 526). Conditioned endocnine changes have been found for anti-

diuretic hormone (ADH) (Hofer et aI, 1963) and conditioned changes in

exocrine gland excretion have al-so been reported (Mil1er, 1969). Further-

more, expectation i^ias found to have a signi-ficant influence over

responsiveness to adrenatine administration (Penick and Fisher, 1965).

All subjects in group 1A expected to meditate on the first occasion

studied, whereas when re-studied (group 1B), they know beforehand that

they would simply be resting instead of meditating. Subjects in group

3 were uncerLain as to whether they would be meditating or not, until

the pre-treaement period. Therefore, the iniLial.ly high cortisol' hGIl

and prolactin level-s for group 3 might be associated wifh an uncei'tainty

effect. Indeed, Ir,ladeson et at (1963) found el-evated plasma 17-hydroxy-

corticosteroid levels during an ambiguous pre-trealment period whiÌe

subjects waited to vÍevr an unknou¡n film.

The apparentl.y triphasic hGH response pattern ín meditation,

74, Conditioning of a relaxat.ion response with regular long-term pracLice
is 'Lhe common experience of meditators, particularly if' t,hey are
accustomed to meditatlng at the same time each clay (personal
observation, A. Bevan) .
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involving an initial reduction in anticipation of meditation (phase

1), sustained reduction during meditation (phase 2), and a return to

basal- l-evets afterwards (phase 3), is the inverse of that seen in

anticipated acute stress (Goleman and Schwartz, 1976). fn order to

examine purely TM-induced hGH changes, that is phase 2 changes, single

blind investigations, using subjects withno foreknowledge of treatment

type (Tl4 or quiet rest,), are indicated. Double-blind studies would be

advantageous for al-so excluding possible influences of experimenter-

subject interaction (Greene et al, 19TO; Kurokawa et aI, 1977).

However, a blind experimental design is likely to introduce an

uncertaj-nty effect with concomitant hormone elevations. The subsequent

temporal return of hormone level-s to basal val-ues would make accuraLe

observation of treatmenL-specific changes irnpossi-b1e. Consequently,

the only way to gain a true picture of TM-induced changes is to replicale

studies, usj-ng both subject,s with and subjects without foreknowledge of

the type of treatment to be used. In order to exclude possibl.e

infl-uences of novelty and orderlng effects, subjects should be randomly

assigned for study on say four different occasions, using treatment

order alternation.

(c) kolactin

The slight but statistically significant recÌuct,ion in serum

prol-actin during Tï4, in contrast to no significant change during quiet

rest in meclitators or ordinary relaxation in non-meclitators, suggests

that the decrease observed in prolactin levels is also specific to the

TM-induced state. These findings conflict with the report by Jevning

et at (1978b) in which no significant change during meditation, and

a significant rise following meditation, wereobserved in both novice

and experienced meditators. The methodological dj-fferences and po-ssibì-e

rea.sons for these discrepant findings are probably similar to those
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discussed earlier for hGH (p 105). A further methodol-ogical difference,

which seems unimporLant from first impressions, is the 40 minute

mecìitation treatment used by Jevning et al (1978b)' in conLrast to the

30 minuLe treatment used here. It is feasible that the longer 40

minute treatment period would induce more sleep than a shorter 30

minnte treatment,. Prol-actin rises occur a minimum of 60 minutes after
ntr

sleep onsetr' (Sassin et al, 1972) and with more than hal-f an hour of

continuous sleep (Parker et aI, 1973). Atthough similar amounts of

EEG recorded sleep occul"red in both medi-tators and non-meclitator

controls (Jevning et at, '1978b) , regular meditat,ion al-so recluces time

to sl-eep onset (Miskj.man, 19TTb; 197Tc). Therefore, the post-mediLation

prolactin rjse observed by Jevning et aI (1978b) might have been

triggered by early sleep onset during meditation" Indeed, the prolactin

response paLtern reported by Jevning et a1 (1978b) is remarkably

similar to that observed by Parker et, aI (1973) in day-time napping.

(d) Thyroid hormones

The extremely long half-life of circulating T,t means that

short-term TO reductions are very untikely. Assu¡ning a TO half-life

of 6.5 Oays76 (Ingbar and lrrloeber, 1974; p 110), complet-e cessation of TO

secretion for the whol.e, 120 minut.e, experimental period would result

in only a one percent d""""u""77. Therefore, it is clifficult to malce

conclusions about possibl-e short-term reduction in thyroiclal secretion

during TM or other transient states of relaxation. . Reciprocal changes

in rT, as compared with T, during TM, along with reductions in TO

75, There is no apparent synchronisation of sleep-indLiced prolactin
and hGH rises (Parker et aI, 1973).

76. First order kinetics and 100 percent clearance v,¡ith a siugle
passage through the liver are al-so assumed.

TT. Calculatíon based on pre-treatment levels of meditaton and non-
meditator groups. The standard kinetics equaLions given in
fooL-noLe 72 (P 106) were used'
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and FTI, suggest that the observed thyroid changes were mediated

by changes 1n perlpheral mono-deiodination of TO (Chopra et al-, 1975;

Burr et aì-, 1975). Hourever, the lack of reciprocity of Ta and rT,

changes, both following meditation and during ordinary relaxation, are

difficult to explain" The absence of TO changes followÍng ordinary

relaxation for the non-meditator cont,rols implies that, the significant

rT, increase and slight T, rlse were not due to a haemoconcentration

effect. The differing thyroidal responses to l-aboratory investigation

of trained medilators and non-meditator controls, suggests distinct,ive

thyroid activity for mecli-tators; further evideuce for which is

suggested by basal differences in thyroid hormone tests (see p 119).

(e) Total urinary catecholamj-nes

The lack of signifícant changes in totaÌ urinary catechol-amines

during TM is in agreemenf with the report by Michaels et al (1976) on

plasma catechol-amines, although adrenal-ine results from this study l^Iere

inconclusive because of limited assay sensit,i-vity. More recentJ-y, Lang

et al (1979) found a significant jncrease in urinary catechol-amines

following TI4 of advanced meditators in contrast to no significant, change

for less expenienced long-term TM practitioners.

The findings of nej-ther significant UCA changes cluring the Tï'1

residence course nor bl-ood pressure changes following TM provide

corroborative evidence for a l-ack of TM-induced effects on sympatho-

adrenomedullary activity. Moreover, the observations of both a

significant TM-induced hearL raLe reduction and a lack of significatrt

catecholamine change suggest that there may be a reduction of

sympathetj.c nervous function in T'1.4 which is independent of changes in

adrenomedullary activity. Dissociation of heart rate and catecholamine

changes has previously been reported in psychogenic stress (Carrulhers
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eL al, 1973), Reduced sympathetic nervous activity in meditation was

originally proposed by Gellhorn and Kiely (1972) as part of their
frtrophotropic - ergotropic" hypothesj.s. Benson et aI (1974a) extra-

polated the hypothesis to relaxation procedures in general-. However, as

described earlier (pp 11-16), the subject, of sympatho-adrenonredullary

changes in TM and other relaxation procedures is controversial, and

there is rel-atively little supportive evidence of reduced sympatho-

adrenomedullary activity from stu.dies of healthy, normotensive

subjects.

Although noradrenaline changes provide a sensitive index

of sympathetic nervous functlon (Lake et al., 1976), uri.nary cateclrolamine

determination might not be sensltive enough for detecting rapid changes

in catechofamine levels, and the possibility of different catecholamine
7a

changes remains'". Replication studj-es on healthy subjects, using

suitably sensitive plasma catechol-amine assays, are required in order

to dlspel any controversy about changes of sympatho-adrenomeduJ-lary

activity in relaxation procedures.

(f) General- discussion

(i) Influence of independent variables

Experimental stress-induced cortisol and hGH elevati-ons posed

a major methodological problem, especialJ-y because of the marked

difference in cortisol-stress responsiveness between meditators and

non-meditator control-s. The significant reduction of serum cortisol-

l-evel-s of the unselected non'meditator control group during the

afternoon study probably represents temporal decline from the initially

TB, fndeed, there is evidence which also demonst.rates the need for
considering both catechol-amine precursors and metabol-ites in
order to elucida.te the characterist,ic sympatho-adrenomedullary
function of various psychogenically-induced states (Bolshakova,
1976).
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high pre-treatment stressed l-evel.s. The l-ack of significant change

in non-stress cortisol l-evels of control- subjects provicles confirrnatory

evidence lhat the slgnificant recluction observed in the unsel-ec.ted

subjects was artefactual- to the experimental conditions, rather than

an effect of ordinary relaxation.

The l-ack of significant changes in both PCV and total serum

proteins during meditation and also quiet rest irl rneditators

demonstrates that the observed horrnone reductions in TM were not due

to haemodil-ution effects. Al-though a statistically significant

increase in total serum protein was obsenved following ordinary

relaxation in non-meditators, it amounted to only a 3 percent change,

and was not considered of physiol-ogical significance.

Jevning et al (1978c) have reported reduced liver and kidney

bl-ood fl-ow in TM which might decrease hormone clearance rates during

meditation. Such an effect would give greater confidence to the

observation of significanL hormone reductlons in medjtation. The

possibility of changes in hormone half-h-ves du.ring TM renains to be

investigated.

The absence of significant serum hornlone changes of

meditators under quiet rest condibj-ons on both the first and second

occasions studied, demonstrates that the observed hormone reductions

in TÏ4 were noL due to a first experience effect. However, the

possibi-lity of an effect of treatment order or-i endocrine changes

remains to be investigated,

It is important to note that because of the time..lag

between hormone secretion and appearance in the urine (Migeon et al,

1956\, the pre-laboratory urinary l-eve1s would not refl-ect camulation-

induced hormone changes. Pre-Ìaboratory 1eve1s r¡oul-d, hovrever, show

any apprehension or anticipation effects on corti-qol and catecholamj-nes

(Dav1s et a.l-, 1962; Frankenhaeuser arrd Rissl.er, 1970). Therefore, the
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significantly higher pre-laboratory UFtl levels, along with sJ-ight,ly

higher UCA excnetion, on the first occasion (group 1A) than on second

occa.sion (group 18) studied, were probably due to a first experience

pre-experimental stress apprehension effect, (Fishman et al-, 1962a;

Davis et al, 1962; Frankenhaeuser and Rissler, 1970). The marked

first experience UFC effect !,ras unexpected and makes differences

between UFC changes in 1T4 (group 1A) and quiet rest (group 1B) difficult

to interpret. The significantly higher 24 hour UCA and slightly higher

daily UFC excretion on the first occasi-on (group 1A) than on the second

occasj-on (group 1B) provide corroborative evidence for a marked

novelty-apprehension effect. Hence, a complete mock study, rather

than just a preliminary meeting with trial cannulation, is apparently

required in order to avoid such effects.

Increased urine fl.ow and creatinine clearance have previously

been report,ed in various forms of psychogenic stress, including

apprehension (Levi, 1972; p 67 and p 82; Frankenhaeuser and Rissler,

1970). Tire significant reduction in serum osmolality observed during

laboratory quiet rest for both first and second experience groups,

in contrast to no sl.gnifi-cant change for fj.rst experience subjects

during l-aboratory W, suggests that Tl,1 mlght, influence ADH secret,ion.

However, meditation does not appear to be counteractive to experimental

stress-induced ADH changes because stress increases ADH levels

(Johnston, 1975), and increased rather than decreased osmol-ality would

therefore be expected under non-medit-ation control- conditions.

fnterpretation of the,se findings is confounded by experimentaì stress-

incluced change.s and al-so possible interactions between catecholanines

and renal function (Levi, 1972; p 33).

The lack of physical- activity during the laboratory study,

along with ot,her possible differences in amount and severity of physical

exercise on the experimental and control- week-ends, probably expÌains
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the higher catecholamine excretion of non-meditators on the control Saturday

than on the experimental Saturday (Kotchen et aL, 197 1; Frankenhaeuser

et al, 19T6; Nilsonn et a1, 1975). The contrasting lack of difference

in control and experimental Saturday UCA levels of the meditators 1s

probably retated t,o group dlfferences in physical exercise on each of

the two week-ends. Catecholamines are rel-atlvely more sensitive lo

changes 1n physlcal aciivity (Hartley et aI, 1972; Rayrnond et al-, 1972;

Nilsson et aI, 1975), therefore, the l-ack of difference between

experimental and control. Saturday UFC l-evels of non-meditators is not

necessarily incongruous with significanL UCA differences. However, the

combination of laboratory stress-induced cortisol- and catecholamine

increases on the experimental- Saturday and exercise-induced hormone

increases on the control Saturday rnakes these resulls difficult to

i-nterpret.

(if) Are the observed hormorie changes unique to Tï4?

There do not appear to be any other reports of hGH or prolactin

reductions in psychogenic relaxation. Although hGH and prolactin

reductions appear to be specific to the T'f-induced state, it is not

clear whether they are peculiar to TM or the result of regular

induction of a state of deep relaxation. Further studies of hGH

and prolactin in ol.her forms of psychogenic relaxation are required

in order to determine the uniqueness of the changes observed in Tï4.

The decrea.sed hGH and proJ-actin l-evels during the TM-wake

cycle contrast di-sLinctty with those seen in the sleep-wake cycle.

A marked episode of hGH release occurs with the onset of sl-ow wave

sleep phases 3 and l¡ (Takahashi et aI, 1968; Parker et al-, 1969) while

prolactln peaks appear lo occur with each successive period of sl'ow wave

sleep (Parker et al , 1974). Similar hGH and prolact,in changes have

been observed <luring shortened sJ-eep period,s and napping (Takahashi et
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â1, 1968; Alford et aI, 1973; Parker et aI, 1973). However' hGH

and prolactin rises occur after a minimum of 30 and 60 minutes,

respectively (Weitzman eL aI, 1974; Sassin et al, 1972), which are

equal to or greater than the experimental meditation period used here.

Therefore, further studies of medibators, comparing endocrine changes

during napping with changes in meditation, are required in order to

distinguish between hGH changes in TM and brief periods of sleep.

Although there are no nyctohemeral or phase relationships between

cortlso] and sleep (li'ieitzman et al , 19TO; !,leitzman, 1972), slight

reductions in cortisol and a period of relative quiescence in cortisol

secretory activity occur around sleep onset and are sustained until- lhe

early morning circadian peak (Krieger et aI , 1971; lrleitzman et al-, 1971;

De Lacerda et al-, 1973).

Controversy over the uniqueness of TM as a discrete major

state of consciousness, distinct from the waking, sleeping and dreaming

states (!'lallace , 1970æ l¡iallace et aI , 19'11) , arose with findings of a

high proportlon of slow wave sfeep during meditation79 (Younger et aI,

1975; Pagano et a1, 1976; Fenwich et al, 1977). The hypnagogic state

hypothesis l,¡as proposed to expl-ain both the observed physiological

changes and the benefits associated with regular meditatlon practice

(Fenwick et aI, 1977). Decreased hGH and prolactin levels in mecìitalion

might be a useful physiological index for dintinguishing the TM-induced

state from sl-eep, although similar reductions might also occur in a

prolonged hypnagogic state which does not descend into sleep phases 3

and 480 (EJ-son et al- , lgTT), This possibitity could be investigated by

79 Advances in coherence spectral arral' EEG analysis (Levine, 1976)
have been recently appl:Lecì to detail-ed studies of both intra- and

inter-hemispheric phase coherence during TM and T}4-sidhis (l,evine
et a1 , 1976; Orme-Johnson et al , 1977a) (See p 168), The TM program is
characterised by increased phase coherence in contrast to decreasecl
phase coherence in sleep (Kenellakos, 1978i Qrme-Johnson et aÌ, 1979).

Long periods of drowsiness in sl-eep phases 1 and 2 are not. sufficient,
for hGH release (Sassin, 1972).

BO
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using the techniques of hypnagogic induction described by Bertini

et a1 (19'12) .

The significant reductions of cortisol, hGH and prolactin,

along with fack of change in catecholamines, observed in TM' would be

expected to result in decreasecl serum glucose l-evels (Zilva and

Pannall-, 1979; p ]B2; Harper, 1975i p 495), However, no significant

glucose changes occurred. Increasecl glucagon and,/or adrenal-ine levels

might explain this apparent anomaty (see Figure 1 ). Other studies of

glucose changes in relaxation procedures in healthy subjects have

produced conflicting findings (see pp 9-15).

I. Endocri¡re Changes During TM Residence Course

The significant decrease in UFC excretion of experienced

meditators, in contrast to no significant change in novice meditators,

over the week-end of a TM resldence course, confirms that TM-induced

cortlsol reductions are peculiar to experienced meditators. The lack

of significant UFC changes in experÍ-enced meditators studied during the

first short-term study suggests that the week-end cortisol- reduction

was specific to the TM residence course. However, the fall- in UFC

might simpJ-y be the accumulated effect of repeat"dSl tt"l-induced short-

term recluctions, which, as described earl-ier (p 98) r are significant

only for experienced meditators. fndeed, the overall pattern of UFC

changes over the TM residence course is very similar to lhat observed

for serum cortisol in TM. S:'-gniflcant.cortisol changes over a week-end

do not appear to have been previously reported, although lower urinary

17-hydroxycorticosteroid 1eve1s on Saturdays and Sundays than on week-

days have been found in both humans and monkeys (Mason and Brady, 1965).

8i. Ii is important to note that subjects meditatecl 4 or 5 times per
day during the residence course, n'hereas 2 meditatlons per day
are usua1.
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Halberg et al (1965a) also reported Lower human 17-ketosteroid excretion

on week-ends than week-days, which was presumed to at least partially

reflect diminished cortisol excretion. No significant dlfferences

between Saturday and Sunday hormone excretion were observed, however,

and a sharp rise in hormone excretion occurred on Mondays in both

studies (Mason and Brady, 1965; Halberg et aI, 1965a). 
r

The lacú of significant changes in catecholamines, which are

re1atively more sensitive than contisol- to changes in physical activity

(Hartley et al-, 1972; Raymond et al-, 1972; Nilsson et aI, 1975), along

v¡ith the persistence of the cortisol- reduclion into the following work-

day Monday, demonstrates that the cortisol changes l^Iere not simply due

to reciuced physical activitY.

Although less marked, the slgnificant UFC reduction of

advanced meditatons (>5 yearsr experience), over the week-end of short-

term study Q), demonstrates that cortisol- reducti-ons can also occur on

a. non-residence course week-end. However, the mean Tï4 experience of

the experienced meditators in the residence course sludy was at the

Ìower end of Lhe 2 to 5 year range, â W experience category which showed

nej-ther significant UFC changes over the week-end of short,-term study

(2), nor significant serum cortisol- changes during TM. Thereforer the

observed cortisol reduction over the TM residence course l^/as not simply

due to effects of ordinary rest on experienced meditators, and the Tï4

resjdence course appears to have accentuated cortisol reductions in

moderately experienced subjects; in terms of cortisol changes' giving

them the status of highly trained (advanced) meditators. Although the

effect of the TM residence course in reducing cortisol excretion

persisted into the foJ-lowing Monday, further studies involving continued

measurements of changes during the following working week are necessary

in order to determine how long-lasting the residence course-induced

changes are.
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J. Basa182, waking Endocrine Res¡rcnse Patterning of Meditators

The close similarity between independent, variabl-es of

meditators and non-meditators excluded the possibility that any

extraneous infl-uences biased the basal- endocrine findings. The l-ack

of difference between the amount of sleep reported by meditators and

non-meditators implies that the observed inter-group hormone differences

were not due to a dissimilarity in quantity of 
"1""p83. However, the

possibility of differences in quality of sleep-rel-ated endocrine changes

remains to be i.nvestigated (see also p 120 and p 131).

The significant,ly fower basal blood lactate and glucose

levels of meditaJors than of non-meditator controls-are possibly secondary

to the significantly lower cortisol- ccncentrations (Ganong, 1975; p 214) 
'

and may be associated with a basal- reduction in anaerobi-c respiration.

In this context, it is interesting to note that, a greater increase in

haemoglobin concentration was found in athletes who l^Iere practising TM

than in non-meclitator controls (Reddy et al-, 1977). The lack of

difference in pre-treatment plasma cortisol- levels of trained meditators

and untrained cont.rols, in the first short-term studyr is probably

connected with the fol-lowing meLhodol-ogical differences:- 1) The use

of controi subjects j-n the first short-term study who, as discussed

earlier (p 9T ), were probably l-ess affected by the experimental

conditions; 2) Better matching of meditators and non-meditator

controls in short-term study (2), and 3) The use of larger sample

. 8/rsizes"' in the second of the short.-term studies.

82, ft is i.mportant to note that the term rrbasalrt may be a misnomer
with respect to bÌood levels of stress-rel-ated hornones because
of the stressful nature of the invasive sample col-lection (see
also p 133).

Alterations in amount of nocturnal sleep have been reported during
TM training (Banquet et al, 1977;Orme-Johnson et al, 1979).

Larger sample sj.zes woulci exclude a possible type 2 statistical
error (Croxton and Cowden, 1965; p 639).

B3
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Although Jevning et aI (1977 ) also found significantly

lower basal plasma cortisol level-s in experienced meditators than in

non-meditator controls, other studies have not shov¡n sÍgnificant

differences (Avorn and Benson, 1974; jevni-ng et al-, 1978a). Studies

by other workers of l-actate l-evels in meditators have .not revealed

significantly lower basal vafues (Michaels et a1, 1976; 1979; Jevning

et aI, 1978c). The l-evels found by Jevning et a1 (1978c) were, however,

lower in meditators than non-meditators. Lower basal lactate level-s

and lactate variation in meditators are possibJ-y secondary to the

similar dj-fferences observed for serum cortisol (Ganong, 1975; p ?-64).

There do not appear to be any previous reports of lower basal- glucose

l-evels in meditators than in non-meditator controls.

The significantly higher T4, FTI and rTrr with no significant

difference in Ta, of meditators compared with non-meditators, suggests

an increased thyroid secretion with setecti-ve j-ncrease in peripheral

deiodination of TO to rTr. The elevated thyroidal secretion might be

mecliated by the s1gnificantly higher catecholamine level-s (Melander

et al, 1975; 1976). .The basal thyroid hormone differences between the

two groups would produce little difference in metabolic raLe because

of the relatlvel-y small contribution of T4r and lack of rT, contribution,

to the calorigenic actions of thyroid hormones (Ganong, 1975; p 239).

Furthermore, a sefective increase in deiodinatlon of Tr* to rT, might

denote an adaptive mechanism whereby the relatively potent Ta remains

unchanged. Sel-ectively increased deiodination of TO to rTrr in

preference to T' has been proposed as an adaptive mechanism in

response to stress (Chopra et al, 1975). The significantly higher

variance of FTI and rTU in meditators than in non-meditator controls is

difficult to interpret, however, it is suggestive of greater lability

of thyroidal secreLion and peripheral- deiodination of TO in meditators.
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The higher total 24 hour urinary catecholamine l-evels

observed in meditators than non-meditators are somewhat surpri-sing,

particularly in view of the popular theony of reduced syrnpathetic

nervous function in relaxation pnoc",lu"""B5 (see p 111). Holvever,

majntenance of some activity in the ergotropic system, which is

concerned with sympathetic nervous function (Ge11horn and Kiely,

1972), J-s demonstrated by failure to habituate to alpha-blocking

during TM (!{allace, 1970b; IrJallace eL a1 , 1971). Indeed, the T}'l-

induced state was originally characterísed as awakeful hypometrabol-ic

state (lr'/altace , 1970a, In/allace et a1 , 1971) and Tï4 appears to be a

state of sustained attention (hlilliams and lrlest , 1975) . Furthermore

EEG changes associated with increased wakefulness, have beerì found in

Tï,1 (Banquet et aI, 1974; Levine et al-, 19TT ), while EEG evidence of

heightened alertness in meditators during eyes-closed non-TM rest

has been observed (l'lill-iams and lrlest , 1975) , There is also a report

of increased amounts of tight sJ-eep (phases 1 and 2), along with

decreased deep sleep (rapid eye movement and phase 4), in meditators

(Banquet et al, 1977). The alerting influence of circulating cat,echol-

amines, acting via the reticul-ar activating system (Rothballer, 1959),

might at least partially be responsibl-e for the maintenance and

increases of alertness associated with Tlvl. Schwartz (1975) proposed

that meditation states might be characterised by dampened limbic

function concomitant with increased cortical activity. The EEG

synchronisation (that is, absence of EEG arousal), which i-s generally

observed during TM, might be due to a simultaneous reduction of

hypothalamo-cortical discharges (Gellhorn and Ki.ely, 1972).

85. The possibility remains that the higher total- catecholamine
excretion of meditators is associated with some unident,ified
bÍogenic amine rather than noradrenal-ine and/or adrenaline.
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The l-ack of consistency between the preliminary finding of

no significant difference between catecholamine levels of meditators

and non-meditators and the significant difference observed in l-ater

studies, is probably due to the larger sample sizes (see foot-note 84,

p 118) anci better matching of meditators and control-"86.

Johansson and Frankenhaueser (1973) observed that subject,s

with comparatively high basal adrenal-j-ne excretion performecl bet,t,er on

a choice-reaction task and had lower neuroticism scores. More recently,

a significant positive correl-at,ion was found between adrenaline

excretion rate and performance efficiency (0fHanlon and Beatty, 1976).

Furthermore, signiflcant negative correlation between noradrenaline

excretion and covert arxiety (Markiewicz eL aI, 1973), as well as

significant positive correl-ation between adrenaline excretion and ego

strength (Roessler et a1, 1967 ) have been found.

Elevated basal cortisol- levels have been associated with

anxiety in both psychiatric patients and healthy subjects (Fi-orica and

Muehl, 1962; Persky et al, 1968). Furthermore, 1-ncreased cortisol- levels

are generally associated with states of non-specific affective arousal

(Brov¡n and Heninger, 1975; Pinter et al-, 1975) and the maintenance of

l-ow l-evels appears to be indicative of effective ego defense rnechanisms

(Friedman et al-, 1963; Vrlolff et al- ¡ 1964at 1964b; Mason et a1 , 1965;

KaLz eL aI, 1970; Knight et al, 1979).

EEG correlates of development in ego strength (Van Der Berg

and Mulder, 1977), i-mproved academic performance (Collier, 1977; Heaton

and Orme Johnson, 1977), increased intelligence (Tjoa, 1977a, 19TTb),

enhanced reaction time (Shaw and Kol-b, 19TT; Appelle and Òswald, 1977;

Although the lack of significant inter-group differences in pre-
relaxation blood pressure levels from the frrst short-term study
may be suspected for similar reasons, adrenomedullary acLivation
may occur independent of sympathetic nervous (and al.so adreno-
cortical) activation (Von Euler et al, 1959),

B6
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Orme-Johnson et a1, 19TTb), and decreased neuroticism and anxiei-y,

both of normal- healthy subjects (Hjel1e, 1974; Tjoa, 1977a, 19TTb;

Davies, 1977; Ross, 1977 ) and psychiatric patients (Gl-ueck and Stroebel,

1975) have been associated with the TM progran. Therefore, it seems

likely that lhe increased basal catecholamine excretion and decreased

basal cortisol leve]s of meditators are related to the above mentloned

posit,ive personality and behavloural changes of meditators. The unusual

combination of low physiological activation accompanied by heightened

subjective alertness in meditators is parallel-led by the sj-mul-taneous

occurrence of l-ow basal cortisol along with high basal- catecholamine

1evels87. Dissociation of catecholamine and cort,isol el-evations in

stress have been reported (Von Eul-er et al-, 1959; Friedman et al-' 1960) 
'

however, there do not appear to be any other reports of naturally

occurring healthy states in which opposite catecholamine and cortisol-

changes are found.

Orme-Johnson ( 1973) concluded that fewer spontaneous galvanic

skin responses in meditators than non-meditator control-s demonstrated

greater stability of autonomic nervous function. Decreased temporal

afternoon variation, and presunably greater stabjlity, of serum cortisol

and hGH might be simil-arly indicati-ve of more stable hypothal-amo-

anterior pituitary function in meditators. The observation of

comparatively low afternoon serum cortisol- variation concurs with the

ieport by Avorn and Benson (1974) of lower plasrna cortisol day-to-day

varÍation in meditators than non-meditator controls. Greater serum

cortisol and hGH stability woul-d involve changes in duration and/or

number of secretory episodes and further studies, using smaller sample

87. Feedback effects of circulating cortisol-, T, and catecholamines
on the central nervous system (Woodbury and'Vernadakis ' 1972)
might be responsible for some of the percepLual and behavioural"
changes associated with Tll (see also p 126).
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intervals (Gallagher et aI, 1973), are requlred to investigate these

possibilities. The contrasting lack of inter-gnoup differences 1n

serum prolactin varlation might refÌect intrinsically fewer or smaller

prolactin release episodes, or inherently less prolactitr stress

responsiveness than for hGH and cortisol. Comparatively less sLress

responsiveness for prolactj.n is also suggested by the relative lack

of elevation of pne-treatment prolactin Ievels above the upper limit

of the basal- resting range.

. Cortisol- elevation concomitant wlth a lack of change in

both hGH and prolactin have been found during affective arousal (Bror^¡n

et al, 1975; Pinter et al, 1975). Furthermore, there does not appear

to be a signifÍcant correl-ation of prolactin levels with anxiety

(Mathew et al, 1979) whereas el-evated cortisol levels have been

associated with arxiety (Fiorica and Muehl, 1962; Persky et al-, 1968).

Therefore, the medi-tatorsr pre-treatment serum cort,isolr hGH and

prolactin levels observed here are probably associaled with lower

overall experimental- stress-lnduced affective arousal-.

K. State and Tlait Endocri¡re Characteristics of TM

The slight reduction in serum cortlsol during both TM

(group 1A) and quiet rest (groups 18 and 3) in trained meditators

suggests that decreased cortisol Ìevels are not speci-fic to a TM-

induced state but occur also during quiet rest in meditators.

Significant reductions in plasma cortisol have also been observed

in subjects viewi.ng bland films (Handlon et aI ,1962; !'ladeson et al,

1963), and it appears that focus on some internal or external non-

affective stimulus mi-ght be the essential principle underlying

psychogenic induction of decreased cortisol l-eve1s.

The significant, reduction of UFC over an ordinary week-end88

BB. TI4 twice a day, as usual.
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in advanced meditato"s89 provides corroborat,lve evidence for the non-

specificj-ty of the cortisol reductíons. Reduced cortisol level.s have

been associated with easements in everyday f.ife situations (Handl-on,

1962), and it appears that advancecì meditators also have a greater

ability to relax outside the T4-induced state.

Significant negative correl-ation of both basal UFC and

serum cortisol wlth T!1 experience, ancl the relationship of Tï4

experience wj.th both serum cortj-so1 changes in meditation and week-end

changes in UFC, suggest that both redu-ced c.ortisol-stress responsiveness

and TM-indr-rced cortisol changes are cumulat,ive with increased TM

experience. The mean TM experience of Sroup 1A l-ies within the range

2 Lo 5 years, an experience category for which no significant cortisol

changes were observed during meditation or over an ordinary week-end.

Therefore, â W experience effect explains the l-ack of signiflicant serum

cortisol reduction i-n group 1A and might also explain the absence of

significant change duning quiet rest.

A graded effect of' meditation traini-ng on physiological

changes was described by Kasamatsu and Hirai (1966) for the EEG changes

observed in Zen monks. Recently, significant differences belween

catecholamine response patterns of advanced meditators and long-term

meditators have been reported (Lang et aI, 1979, see p 1 1 ), however,

a significant relatÍonship between TM experience and UCA excretion was

89. The similar pattern of correlation in daily UFC and meditation
experience from the Saturday to Sunday of both the experimental
and control week-ends i-mplies that the TM experience-relaled
UFC changes observed over the experimental- week-end were neither
due to chance correlations, nor to more experienced meditators
being relatively more cortisol stress reactive on the Saturday
of the laboratory stucly. {Attfrough contrary evidence has been
found (see fol-l-owing discussion), experimental Saturday UFC

excretion which was relatively high for advanced meditators
could result in a signiflcant Saturday to Sunday UFC reduction].
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not found here. Apart from the common discrimination between psycho-

physiological changes in trainees (novices) and experienced subjects

(Luthe, 1970; p 91 and 92; Kanellakos and Lucas, 1974; p 4/ and p 89) 
'

meditation experience effects have been given surprisingly little

attention by other workers. This may generally be accounted for by

the observed lack of correfation between TM experi-ence and meditation

depth.

The negative correlation of. TI'1 experience and both basal

serum cortisol level-s and UFC excretion, implicates cortisol reduction

as a trait characteristic of TM. The strengthening of the correlation

during meditation suggests a state reinforcemenL of a LraiL characteristic.

In this context, it is interesting to note that boLh trait and state

anxiety have been reported to decrease with TM (Hje1le, 1974, Blackwel-I

et a1,1976; Nidich et al, 1977; Davies 19TT), and elevated cortisol-

level-s have been associated with both state and trait anxiety (Fiorica

and Muehl, 1962; Persky et aI, 1968). The l-ack of significant correl-aLion

between meditat,ion depth and serum cortisol- level-s, in contrast to

significant correl-ation with hGH, might be due Lo relatively marked

cortisol- sensitivity to experimental- disturbances. Further support for

thÍs suggestion is provided by the comparatively l-arge positive

correlation between experimental disturbance-invofvement ratings and

serum cortisol concentrations9o during meditat,ion. In fact, adreno-

cortical activation, c.oncomitant with no change in hGH, has been

demonstrated in assocj.ation with affect,ive arousal (Brov¡nandHeninger,1975;

Pinter et al-, 1975). In view of the lack of association between stress-

induced cortisot elevalions and prolactin levels (see p 123), the

observation of a significant positj-ve corelation between Tï4-prolactin

lévels and both experimental stress ratings and Tl'{-cortisol values is

90. A significant positj-ve correl-ation between plasma 17-hydroxy-
corticosteroid l-evel-s and discomfort-involvement ratings has
previously been reported in cardiac and pulmonary surgery patients
(Price et al, 1957). \
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difficult to lnterpret,.

The significant negative correlatj-on of TT,l expenience wj-th

TM-cortisol l-eve1s suggests that reduction in Effective arousal during

meditation is proportional to the amount of Tï4 training. Moreover, the

significant negat,ive correlation of TI,1 depth and experimental disburbance-

invoJ-vement, along with the signifi-cant positiu" .o"r"tation of

experimental disturbance and T}4-cortisol levels, implies thal

successful meditation (as determined by depth ratings) is associated

with a temporary state of analgesia, a state of unresponsiveness to

extraneous dlsturbances in which affective arousal- is absent91.

TM experi-ence effects on basal- cortisol- 1evels might refl-ect

the alteration of perceptual and cognitive mechanisms which is

associated with T'l'1 (ldandhoefer and Plattig, 1973; Kobal et al , 1975;

Bennett and Trinder, 1977). Indeed,cortisol administration in man

decreases sel-ective attention to significant stimul-i (Kope]l et a1,

1970), and thereby interferes with optimal integration of sensory

information (Carpent,er and Bunney, .1971). Furthermore an individualfs

perception and cognitive appraisal of a potentially stressful situation

determines whether a stress response ensues (Hinkle, 1974i Lazarus, 1974).

The following observations provide evidence for serum hGH

reduction being a state-specific characteristic of TM:; 1 ) Significant

reduction of serum hGH in TM with subsequent rise, in contrast to no

significant changes associated with ordinary relaxation in non-meditators

or quiet rest in meditators; 2) No significant difference between

basal serum hGH 1evels of meditators and non-meditators; 3) A

signiflcant negalive correlation between serum hGH and depth of

meditation; and 4) A lack of significant correfation between serum

hGH and TM experience. Furthermore, lack of drop in cortisol and

91. Al-naes (1966) reported a slmilar analgesic effect, of autogenic
1-raining which was also associated v¡ith low cortisol l-evel-s.
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prolactin levels to pre-meditation values, distinguishes hGIl changes

from other hormone changes in Tï4.

Although pre-meditatlon correlation of both prolactin and

cortisol l-evels with Tï,1 êxperience vlas similar, significant prolactin

correlation did not devel-op during meditation. The sisnificant, positive

correlation between prolactin leve1s and experimental stress during

meditation, along with lack of significant prolactin correlation with

TM depth, demonstrates that prolactin is relatively more influenced by

extraeous conditions and fess susceptive to TM-induced reductions.

F.urthermore, prolactin leveIs fe1I only slightly during Tï4 and levels

also tended to fall during quiet rest in meditators. Therefore,

although prolactin reduction is distinctly enhanced by TI'1, it cannot

be clearly defined as either a state or trait characteristic.

Lack of changes 1n catecholamlnes during TM, along with higher

basal excretion in meditaLors, suggests that increased catechol-alnine

levels migþt be a trait-specific characteristic of Tï4. However,

catecholamine changes are less welL defj-ned as a trait characteristj-c

than cortisol, because of l-ack of correlalion with TM experience.

Although the finding of higher UCA levels in advanced meditators than

in long-term meditatòrs (Lang et al-, 1979) was not confirmed here, it

does provide corroborative evidence for an association between TM

training and elevated catecholamine excretion.

L. Possible Neuroendocri¡re Mechanisms Underlying TI4

The significant reduction of cortisol, growthhormone and

prolactin, along with the lack of change in catecholamines during

meditation, suggests that Tï{ j-s associated with decreased anteri-or-

hypothal.amo-pituitary function and no change in posterior-hypothalamo-

pituitary activity (!'Ihybrow and Sil-berfarb, 1974) . The lack of short-

term changes in catecholamines during Tï'l demonstrates that the
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mechanisms underlying TM are not, as proposed by Benson et al (1974a), the

simpJ-e opposite to the fight or fli-ght stness response

since serotcnin appears to have a stimulatory effect on GH,

prolactin and ACTH secretj.on (Symthe, 1977 ), reduced hypothalamic

serotoninergic activity might be responsible for the combined decrease

of atl- three hormones in TM. Furthermore, because of the relatively

large and TM-specific hGH reduction and the likely nnjor serotoninergic

control of hGH release (Smythe, 1977; Co11u , 1977; p 54), a principal

involvement of a serotoninergic mechanism is implicated in TM. This

is consistent with the proposed invol-vement of serotoninergic activity in

Hessts (1954; pp 26 and 60) trophotropicsystern (Kiely, 1974), reducedactivity

of which is popularly viewed as a neurophysiological mechanism

underlying meditation (Gel-lhorn and Klely, 1972; Benson et al, 1974a;

Davidson, 1976).

The relatively small prol_actin and cortisol, compared with

hGH reductions in TM, implicates the involvement of other neuroendocrine

mediators apart from serotonin. Moreover, the similar corLisol- and

prolactin nesponse patterns in TM, aJ-ong with the significant positive

correlation between cortisol- and prolactin l-evels during meditation'

suggests similar neuroendocrine mechanisms for these two hormones.

However, diflferent neuroendocrine control mechanisms have been established

for prolactin and cortisol secretion:- Noradrenaline appears to have

an inhibitory effect on ACTH secretion (Ganong, 1972; Col1u, 1977; p 55),

whereas it seems to have a stimulatory effect on prolactin secretion

(Smythe, 1977). Apparently, dopamine has an inhibitory infJ-uence over

prolactin secretion, in contrast to a lack of effect on ACTH (Smythe,

19TT). Moreover, the lov¡er basal cortisol- leve1s of meditators and

the TM experience-corLisol- relationships, in contrast to l-ack of both

basal- and medilation experience-rel-ated hGH and prolactln changes'

suggests involvement of a separate neuroendocrine mechanism underlying



129.

thecortisol changes. A combination of a slight short-term decrease

in dopaminergic activlty in TM, along with a long-term increase in

basal noradrenergic activity which was both cumulative with increasing

meditation experience and TM-relnforced, might provide a possible

neuroendocrine basi-s to the prolactin and cortisol changes'' respecti-vely.

Both noradrenaline and dopamine are intrinsic mediators of ergotropic

system function (Kiely, 1974) and the proposed decrease in dopaminergic

activity, along with a reciprocal increase in noradrenergic activityt

implies a lack of change in ergotropic function in TM. Such a neuro-

physiological mechanl.sm is consistent with the finding of no significant

change in catecholamines during meditation.

Although some insights into possible neuroendocrine mechanisms

underlying meditation have been gained, it appears that several

different mechanisms might be acting simultaneousì,y, and pharmacological

studies using specific antagonists to serotonin and other neurotransmitler

substances are required in order to further etucidate the neuroendocrine

activities underlying TM. However, it is important to note that

because tr... a given neurotransmitter coul-d produce totally divergent

responses depending, for example, upon where jt is releasedrt (Cryer and

Daughaday, 19TT; p 253) , it is inherently difficult to establ-ish exact

mechanisms in humans.

Studies of T},l-induced endocrine changes in natural,Iy occurring

states of high prolactin secretion and high circulating sex steroids,

during pregnancy and different phases of the menstrual cyc1e,

respectively, might atso provide further insights into unclerlying

neuroendocrine mechanisms. Apart from a preliminary and rather

inconcl-usive study of the effects of the endorphin blocker naloxone

on Tï4 of novice medÍtators, the subject of neuroendocrine mechani-sms

in meditation remains reratively unexplored' rn view of Lhe analgesic

properties of endorphins (Mi-Iler and cuatrecasas, lgTB\, it is
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interesti-ng to recall- the earlier suggestion of an analgesic effect of

meditatioy¡ (p 126). In fact, research into possible endorphin changes

in meditati-on or other specific states of deep relaxation might be a

useful approach to providing an understanding of the neuroendocrine

mechanisms underlying psychogenic relaxaLion.

M. Concluding Rennrks with Dlrectives for F\rture Research

The TM-induced reduction of cortisol, hGH and prolactin,

three hormones associated with stress, appears to denote the removal

of stress. Although the working nypothesls (p 9 ) may therefore

be accepted in the particul-ar case of TM, the use of highly trained

subjects Ín further endocrine studies of other specific rel-axation

and meditation procedures is required in order to determlne the

uniqueness of the hGH and prolactin changes during TT4. Furthermore,

the use of other control treatments apart from reading and talking

quietly should be considered. Listening to quiet musj-c or viewing a

bland film, for exampì-e, might produce more marked neuroendocrine

relaxat,ion, although no significant difference üras found between

galvanic skin response changes during reading quietly and listening

to cl-assical music (l¡lest, 1977).

These studies were performed mainly on young-adult male

subjects and the possibility of age and/or sex differences in endo-

crinological effects of relaxation procedures remains to be

o)investigated'-. Studies during habj-tual nocturnal- sleep are

advantageous for investigatj.on of basal- endocrine changes because

short-term influences of physical activity, eating and anxiety are

92, In this context, it is worth noting that there is, fon.example,
an apparent waning of sleep-related hGH release with aging
(Carl-son et al, 1972; Sassin, 1977), and sex difference in
endocrine stress.responses have been found (Frankenhaeuser et
â1, 1976; I{eitzman, 1972; p 225; Suabbe et al, 1966; Frantz and
Rabkin, 1965).
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minimised (Friedman et a1, 1975; KaIucY et al, 1976). Furthermore,

studies of habitual sleep might also show differences betu¡een medj-tators

and non-meditators in sleep-relatecl secretion of such hormones as hGH

and protacLÍn, as well as differences in diurnal rhythm of hormones

l-ike cortisol and catechol-amines.

. Atthough the control non-meditators used in the second

short-term study vlere generally interested in TM, the possibl-e effects

of psychophysiological pnedisposition towards evoking endocrine changes

requires further investigatlon. Furthermore, the experienced subjectst

and parli.cularly the advanced meditators'in whom the most marked

changes were observed, might, constitute a select group whose pre-

disposition towards continuing training (Otis, 1974) is responsible

for their ability for psychogenic incluction of endocrine changes such

as those observed in these studies. If an infl-uence of predispositlon

does exist, then doubt woufd be cast upon the universal-ity of the

ability to induce such changes and, therefore perhaps also, the general

useful-ness of relaxation procedunes for controlllng stress react,ivity

and treating stress-rel-ated diseases. Nevertheless, regardless of any

predisposition effects, the unusual ability for vol-untary psychogenic

control over neuroendocrine function remains outstanding. Indeedt

persons with such capabilities may even be at a sel-ective advantage,

particularly in a society where both the need fon adaptation and

adjustment to change is ever increasing, and phylogenetically ancient

sLress responses are often inappropriate (Hamburg, 196Ð93.

93. In order that voluntary control over stress-relatecl hormones might
be of selective advantage, there must be significant fertility-
reducíng influences of stress on persons of reproductive age. Although
unconfirmed by experimenLal evidence, fertiJ-ity-l"educing infl-uences
of emotional- and mental stressors on human ovarian and endometrial
functions have been suggested (Priedka1ns, 1975). Furthermore, the
reducing effect of psychogenic stress on androgen l-evel-s of males
(see foot-note '1, p 2 ) might be associated with decreased sperm
count and/or sperm motll-ity. Howeven, significantly reduced
testosterone Levefs are apparent,ly only associated with extreme
otigospermia aud sperm hypomotility (Bai-n, 1978), and there do not
appear to be any reports of significant effects of stress on non-
endocrine human male reproducLive function.
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Theoretically, a within-subject long-term experimental design

is the best for studles on the effects of relaxation procedures, because

not onl-y- does it exclude inter-individual variation, it also accounts for

'r,he possible influence of predisposition. Such an approach is suitabl-e

for measurement of both long-term basal changes and short-term changes

during relaxation procedures. Jevning et aI (19T8a; 1978b) have applied

it to short-term studies of endocrine changes during meditation, bV

re-studying untrained subjects after six months' regular TM practice'

However, the lnherent methodological pnoblem of drop-out 94 and the

possibility of predisposition towards continued trai-ning to a l-eve] of

advanced proficiency, remain unaccounted for. Furthermore, other

independent changes, which are difficult to control in human experimentation'

are often concomitant with regular long-term practice' Changes in diet'

drug-usage, sleep habits and quality of 
"l-""p95, 

for example, might have

a signlficant influence on endocrine function. consequently, the

confidence with which conclusions about the specific effects of relaxati-on

procedures can be made, is essentlally restricted.

conditioning during training and associated effects upon

motivatÍon and expectati-on characterlstics (Morse et al, 1977; Shapiro

and Giber, 1g7Ð are afso difficult to control. conditioning, along with

other aspects of training in relaxation procedures, result in relaxation

training by package (For example the TM Program; see p 168), rat'her than

simply by instrucLion in a relaxation procedure on its own. The

differentiation of active and essential components of relaxation

procedures, as recently advocat,ed in several review articles (lr^lool-folk'

1gT5i Davidson, 1976; Shapiro and Giber, 1978), might prove useful in

discerning procedures which are especiatty appropriate for the treatment

94. The drop-out problem might, aü least partially, be overcome by

paying subject,s.

95. As previously mentioned (pp 30, 109 and 120, and foot-note 83'
p tìe) all oî these independent variables have been reported to
change during TM training.
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of specific sLress-related disorders96 (Shapiro and Giber, lg1B), and

perhaps also, for specially selecting procedures which are inherently more

suitabre to particular individuals97 (schwartz ' 1975) ' Howeverr ânv

attempts at isolating and studying individual components auLomatically

change or even destroy the integrity, and perhaps functionality, of the

procedure concerned. Meditation techniques like Tï'1, which have an ancient

origin in Eastern religious traditions, and which have been moulded by

thousands of years of cultural evo1ution98, are especially good examples.

Aspects of such procedures, involving belief and contitioningr frâV indeed

be essential to thein efficacY.

Major advances to psychoendocrine research have resulted from

inrprovenrents in methods of measuring blood biochemistry, particularly

development of radio-l-igand assays. However, there has been relatively

Iittle progress in Lhe development of blood sampling procedures. Stress-

induction by venepuncture, both in apprehension of and immediately after

sampling, together with the possibility of continuing stressor effects

associated with the presence of an indwel-l-ing catheter, means that true

basal levels of any stress-related hormones are difficult to measure.

Consequently, the furthen devel-opment and refinernent of nori-jnvaslve

metlrods for biochemical assay, such as application of an external light

source to a lip or an ear lobe and examination of the absorption spectrumt

are likely to be of great advantage in psychoendocrine research'

Instantaneous monitoring of temporal endocrine changes would become

possible and studies j-nvolving simultaneous endocrine, electrophysiological

For example, combining muscle biofeedback with psychogenic
nelaxation iraining appears to be the most successful non-
pharmacological mode of treating tension headache (Hutchings
and Reinking, 1976)

Sittenfield et aI (1976) have found evidence for the need to adapt
EEG biofeedback training to the physiologÍcal characteristics of
the lndlvidual-.

TM is based upon Vedic teachings (Maharishi Mahesh Yogi, 1969).

96

o'7

9B
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and subjective measures would be made relatively easy. In fact, such

intensi-ve multivariate investigations are likely to provide the most

useful approach to characterisalion of relaxatÍon prOcedurest

particularly where paradoxical states of cerebrocortical-autonomic

di-ssociation are concerned (Davidson, 1976; Corby et aI' 1978).

i
I

I
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APPENDIX I : HORI4ONE ASSAYS

A. Serum Cortisol and Urinary FTee Cortisol- (LIFC) Corpetitive

kotejn - Binding AssaY

REAGENTS:

( 1 ) Phosphate buffer, 0.01 M, pH 7.4.

(2) Bora-te buffer, 0. 'l M, pH 7 .4 .

(3) Bovine serum albumin (BSA) , 0. 1% in distill-ed water.

(4) Dichloromethane Merck GR.

(5) Ethanol, Merck GF.

(6) Corticosteroid-bindins el-obulin (CBG) . Obtain plasrna from women

using oestrogen-containing contraceptives.

ft) Tracer, 1,2-3H-cortisol-, specific activitY 40,OOO uCi/m mol

(Radiochemical Centre, Amersham). Dilute in ethanol to 5 pCi/m1.

Store at -25oC.

(B) CBG - Lracer solution. 50 pI Lracer/lOO m] phosphate buffer'

followed by 6 ml CBG plasma (6).

(9) Sephadex columns , 10 x 50 mm re-usabl-e plastic columns of

sephadex G25 in 0.01 M phosphate buffer.

( 10) Charcoal- solution 'l g Nori-t A activated charcoal/1)} ml ion-free

water. Store at 4oC.

(11) Sclntitlation cocktail, 6 e 2,5-diphenyloxazole (PPO), 1 1 toluene

(AR), 500 ml tríton x 10 (AR).

(2) Standards, 1 ffi moI/I Sigma hydrocortisone (cortisol-) in ethanol.

Store at -25oC.

METHOD:

( 1 ) Serum - 1 ml sample plus 1 m1 distil-Ied water.

Urine -2mL sample.

(2) Extract with 10 ml dichl-oromethane by shaking 20 min. Remove

aqueous layer by aspiration. Transfer 1.0 ml dichloromethane extra.ct

in duplicate to 13 cc 100 mm test-tubes.
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(3) Standards - Prepare in duplicate 0, 10, 20, 40 and 60 n mol/l

standards in 13 x 100 rnrn test-tubes.

(4) Evaporate standards and samples to dryness at 45oC under a gentle

stream of air.

(5) Add 1.0 ml- CBG-tracer solut'ion. Incubate , 45o}r 5 min.

(6) Incubate , 4oC, t h.

fi I Tho free,/bound separation techniques hlere used; t'he latter

providing greater technical ease.

(a) Gel fil-tration - Pre-wash col-umns wiLh 25 ml- distil-led waLer.

Add:- 4.0 mI 0.1 M borate buffer, drain; 0.2 mt 0.1% BSA'

drain; 0.3 ml sample, drain; 0.5 ml 0.1 M borate buffer,

drain; 1.0 m1 0.1 M borate buffer. Collect eluate in a

scintillation counting via1.

(b) Charcoal- - Add 50 Ul charcoal, vortex, and allow to equilibrate

4oC, 20 min. Centrifuge 1OOO g, 15 min, 4oC. Transfer 0.5 ml-

supernatant to a scintill-ation counting vial-.

(B) Add 5.0 ml scintillation cocktail- to all vials and count over

10 min.

(9) Calculate resu]ts as in section L, p 153,

ASSAY CHARACTERISTTCS :

(1) Specif icity:

The cnoss-reactivity of CBG with other steroids is summari-sed below:-

Compoi:nd Cross-reactivity (%)

Cortisol
1 1-deoxycortisol
Deoxycorticosterone
Progesterone
Tetrahydrocortisol-
Cortiscosterone
Corti-sone
17-0H progesterone
Dehydroepiandrosterone
Spironlactone
Prednisone
Prednisol-one
Fluorocortisone
DexameLhasone
Digoxin

7
0
5

42
1.
1.
0.

00
64
55
37
11

60
26
T9
.6
86
B

5
5
6

9
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(2) kecision:

n
Ï (n mo1/1)
SD (n mol/I)
CV (%)

(1 ) Ion free waten (IFId)

tJithin-assay

13
333

23
7

Between-assay

13
333

30
9

(3) Normal Ranges:

UFc < 2B0nmol/d

Setum and pTasma cottisol- < 280 n moI/I in day-active

resting subjects during the afternoon.

B. Semi-autonated Method for Measuring Total Urinary Catecholamines

I. Sample Preparation

REAGENTS AND MATERIALS:

a

b

, 4oc.

(2) Acetate buffer , 0.2 M.

(3) Acetate-di-sodi-um ethv lenediaminetetra-acetic acid (EDTA) buffer,

(4)

(5)

10 g/I EDTA disodium AR/I 0"2 M acetate buffer , 4oC.

Acetic aci.d, 0.5 M.

Standards

a. stock - 1028.5 ug Noradrenaline (NA) Hydrochloride/ 100 ml

0.1 M HCI (Radiochemical- Centre, Sydney)

b. tlorking - Dilute stock in 0.5 M acetic acid to give:

125, 250, 500 and 1000 P mol/ml.

(6 ) Oxford Catecholami-ne Co]umns , Catalog No 331, each containing

2 g acLivated alumina.

METHOD:

( 1 ) Add IFïü to Oxford column until an air-bubble-free slurry has formed.

Q) Add 15 ml IFW' drain.

(3) Add 15 mI 0,2 M acetate-EDTA buffer, dra.in.

(4) Add 15 ml IFVri' drain.



(5)

(6)

(7)

(8)

(9)

ÏI
(1)

DMC

lriaste

Fluorime
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Prepare samples. Include a column blank.

(i) 15 mI unine; add 1.0 mI 0.2 M acetate-EDTA.

(rj ) pH to 8.4.
?(iif) Add 50 vI 2.5 uCi/m] -H-NA to all samples.

Add samples to col-umns.

Add 15 mI 0.2 M acetate-EDTA, drain.

Add 15 mI IFTrrr, drain.

Add 10 ml 0.5 M acetic acid and retain eluate. Assay immediately

or store eluates frozen. A 0.5 mI aliquot is add.ed to scintillation

cocktail and counted for radioactivity to determine recovery of

each sample.

Automated Assay of Column Efuates

Eluates and working standards were assayed uslng a Technicon Phase

II Autoanalyser with Technicon Fl-uorimet,er. A flow diagram showing

manifold, concentration and fl-ow rates of reagents is given below.

Excitation and emission wavelengths were 410/510 nm. SMC and DMC

refer to single and double mixing coils, respectively.

Wash V'lell-

l¡

SMC

SMC

0.3 M Acet,ic Acid; 1 .6 ml/min.
Air; 1,2 nl/nin.
Sample; 0.8 mllmin

0.5 M Acet,ate Buffer + 500 mg

KrFe (CN)6/1, pH = 6.5; 1.6 m1lmin

2.5 M NaOH; 0.8 mllmin

0.2% Ascorbic Acid; 0,32 mllmin

Recorder

I,'laste Vriastei 1.6 mllmin.
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(2) Column blank is deducted from sample fluorescence, corected for
oorecovery", and total caLechol-amines expressed as noradrenaline

standard.

ASSAY CHARACTERISTICS:

(1) heci-sion:

IiüithÍn-assay Between-assay

12
47e
T2
15%

(2) Recovery, 3H-lvA - TO%

NA Standard - 85%

(3) Normal Range: < 550 n mol/d

c Total Serum Thlroxine (T¿) Radioinmnrnoassay Using Charcoal Separation

REAGENTS:

(1) Barbital buffer, 0.1 M, pH 8.6.

(2) Barbital-BSA buffer 0.1% Sigma bovlne albumin in barbital buffer.

(3) B-anilino-1-naphthal-ene sul-phonic acid - sodium sal_t (ANS) solution

(K and K LabonatorÍes Inc, California). Prepare fresh 60 mg

dissol-ved 1n 10 ml- barbital-BSA buffer.

(4) Thvr:oid hormone free serum (THFS) , 20%. Mix 100 ml pooJ-ed, normal,

non-haemoly-sed serum with 1o g activatecl charcoal at, 4oc overnight.

Centrifuge 2500 g, \ h. Centrifuge the supernatant for !O min,

25,OOO g, 4oC. Dilute 1:4 with HSA-phosphate buffer. Store at

-7Ooc in 1 ml- aliquots.

(5) r antiserum . Antibodies were prepared in Australian rabbits

against human thyroglobulin and used at a final dilution of

1:1000 (Chopra, 1971) .

0n1y the samples from short-term study (2) were correct,ecl for
recoveryr because it was not the convention when the other studies
were conducted.

n
x
SD
CV

15
401

53
13%

99
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' 1)q(6) I"acg!, ''-I-T4t specific activity 200 ytCi/nl- (Amersham Co).

Dj.luted with barbital-BSA buffer Lo 2 ¡tCi/25 mI on day of use.

(7 ) Dextra.n coated charcoal- , 15O mg dextran T
TO 

(Pharnncia, Uppsala,

Sweden) in 200 nI 1% BDH activated charcoal/O.1 m barbital buffer,

pH 8.6 .

(8) Standards , Sigma free-acid TO.

a. stock - 10 ng/100 ml barbital-buffer. SLore frozen in 1 mI

aliquots.

b. ttorking - Dilute stock in barbital-BSA to give:

0, 5, 10, 2Or 40, 60, 100, 150, 2001 300, 400 n nor/r,

METHOD:

(1) Dilute test sera and TO free serum 1:4 in barbital--BSA buffer.

(2) Set up duplicate tubes as in table:

REAGE]\IT TCIIAL BI,ANK ZERO STA}iDARD UNKNCÛ{N

Barbital-BSA Buffer 0.9 0'.6 0.4 0.3 0.4
(mr)

ANS Solution (ml) - 0.1 0.1 0.1 0.1

T,. Free Serum (mf ) 0.2 O.2 0,2
4

Standard (m1) 0.1

Unknor^¡n (ml-) 0.2

Antiserum (ml) 0.2 0,2 0.2

Tracer (ml) 0.1 0.1 0.1 0.1 0.1

(3) Mix, incubate 4oC, 2 h.

(4) Add 5OO pl dextran coa'r,ed charcoal- aL 4oC to each tube. Mix.

The addition of charcoal and mixing should not take longer than

3 min.

(5) Incubate, room temperature, 5 min.

(6) Centrjfuge 1500 g, room tempera.ture, 10 mln.

(T) Decant supernatant into counting tubes. Count to 10 K.

(8) Calcul.ate results as in section L, p 153.



141.

ASSAY CHARACTERISTICS:

(1) Specificj-ty:

The cross-react,ivity of TO antiserum with TO metabolities is

summanised bel-ow:-

Ccnpound CYoss-reactivity (?)

Thyroxine
Triiodothyroni ne
Monoiodothyronine (MIT)
Diiodothyronine (DIT)
Triiodothyroacetic acì-d (TRIAC)
Tetraiodothyroacetic acid (TETRAC)

100
0
0
0

6.5
21.7

(2) kecision: Approximately the sa.me as for double antibody TO

radioimmunoassay (see p 145).

(3) Normal Rangez T1 - 150 n mo1,/1.

D. Total Serum Tri.j.odothlæonine (T¡) Radioin'rnunæSsay Using Charcoal

Separation

REAGENTS:

(1) Phosphate buffer, 0.1 M, pH 7.6.

(2) Human Serum albumin (HSA) - phosphate buffer 0.25% HSA in 0.1 M

phosphate buffer.

Barbital buffer, 0.1 M, pH 8.6.

BSA-barbital buffer , 0.1% BSA in barbital buffer.

NaCI-HSA, 0.9% NaCI with 0.25% HSA.

Tr i s -HC I -H-SA -me r th i o1 a t e pH 9.2, Make up fresh 25 mI of 0.2 M

(7)

(8)

Tris (Tris Hydroxymethyl) aminomethane, Triznø base, Sigma. Add

1.5 mI 0.2 M HCl. Mix, check pH 9.2. Add 1 m1 25% HSA. l"fix

gently. Add 0.'l g merthiolate (Thimerosal, Ethylmercunithiosallcylate).

Make up to a final vol-ume of i00 ml-.

THFS (see p 139).

T, antiserum. Antibodies vrere preparecl in Australian rabbits

against T, conjugated to BSA (see p 153) and used at a final

dilution of 1:5000 (O]-i-ver et a1, 1968)

(3)

(4)

(5)

(6)
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1Dtr(9) Tracer, '"I-T" (Amersham Co). Diluted on day of use with

U."Ora"r--n-sl Uuifer to give a working sol.utÍon of 5OO pglm1.

(10) Dextran coated charcoal, 150 mg Dextran T7g (Pharmacia, UppsoJ-a,

Sweden) in 200 ml of 1% BDH activated charcoal/O.1 M phosphate

buffer, pH 7.6.

(11) Standards - Sigma free-acid T
3

a Stock - Dissol-ve 10 mg T, in a mixture of 1 ml NaOH and 2 mI

propylene gIycol/mg Tr. Dilute to 100 ml- with barbital- buffer.

Store f.rpzen in 1 ml aliquots.

rtorkins - Dil_ute stock in NaCI-HSA to give :

0, 0.2r 0.5r 0.8, 1.3, 2.0r 3.0, 4.0,8.0, 15.0 and 25,0 n mol/l-.

METFIOD

(1)

b

Dilute test sera and Ta free serum 1:5 with Tris-HC1-HSA-Merthiolate

buffer.

Set up duplicate tubes (standards are set up in trlplicate) as 1n(2)

table: -
RF,AGH.ìT TIrIAL

FlSA-Phosphate 0.9
Buffer (mI)

T. Free Serum (mI)
J

Standard (mI)

Unknown (m1)

Antiserum (ml)

Tracer (m1) 0.1

(3) Mix, incubate 4oC, 24 h.

BI,ANK

0.7

0.2

0.1

ZERO

0.5

0,2

o.2

0.1

STANDARD

0.3

0.2

o.2

0.2

0.1

UNKNO¡JI'J

0.5

0.2

0.2

0.1

Steps (4) to (B) as for TO assay (Section C, p 140).
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ASSAY CHARACTERISTICS :

(1) Specificity:

The cross-reactivity of T, antiserum with T, metaboli-tes is

summarised below:-

Conpound Cross-reactivity (Z)

T¡

T4

TRIAC

100

0.32

26.6

0.37

Approximately the same as for double antibody T,

(3)

TETRAC

(2) Precision:

radioimmunoassay (see p 146).

Normal Range: 0.8 - 2.1 n mol-/I.

Used at final dilution of 'l : 1 10.

Non-immune sheep serum, normal sheep serum (NSS) used at a final

E. Double /ntibody Total- Ttrlroxine Radiojrmrn-rnoassay

REAGENTS:

(1) Barbital buffer , 0.025 NI, pH 8.6.

(2) BSA, CSL, 30%.

(3) Diluent buffen:- BSA-barbital buffer, 0.1% BSA in barbital

buffer. Prepared daiJ.y.

(4) ANS, Slgma.

(5) rHÞ (see p 139).

(6) Tr. antiserum. Antibodies vrere prepared in Sheep number 357, Queen

Elizabeth Hospital, and used at a final dilution of 1:7000 (see

Section K, p 153 for Immunization Protocol-).

(4 ) Tracer, t"t-r O specific activity approximately 4 uCilus

(Amersham Co). Dlluted on day of use to give working solution of

5 ng/ml.

(8) Second antibody, donkey anti-sheep-goat (DAS), !üellcome RD39.

(9)

dilution of 1:2000.
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(10)

METHOD

(1)

(2)

(3)

(4)

(5)

Standards - Sigma free-acJ.d TO.

a. stock - 31.075 mg TO is dissolvecl in a mixture of 3 ml

absolute ethanol and 3 drops 2 N NaOH. DiLute to 100 ml with

ethanol.

b. ttorkins - Dilute stock with THFS to give:

or 5, 1Or 20, 40r 60, 100, 150, 200,300, 400 n mo1/1.

Prepare Reagent I by mixing 40 mg ANS with '1.3 ml DAS, 5.3 ml

tracer solution and'l'11 ml- diluent buffer (sufficient for 100 tubes).

Prepare Reagent II by adding 20 Ul TO antibody and 70 Ul NSS to 14 mI

diluent buffer (sufficient for 100 tubes).

To duplicate tubes add 0.9 ml Reagent I, 0.025 ml serum or standard,

and 0.1 ml Reagent II.

Mix, incubate 37oC, 2 h.

Centrifuge 30 min, 4oC, 'IOOO g.

(6) Aspirate supernatant.

ft) Count precipitate to 10 K.

(8) Calculate results as in Section L, p

ASSAY CHARACTERISTICS:

(1) Specificity:

The cross-reactivitV of TO

summarised bel-ow: -
Conpound

T4

Tg

MIT

DIT

TRIAC

TETRAC

153.

antiserum with T4 metabolites is

Cross-reactivity (A)

100

2.8

0

0

1.3

8.3
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(2) Precision:

16
116.2

7.35
6.3

n
Í
SD
CV

(n mol/l)
(n mol/])
(%)

}rlithin-assay

14
1 16;8

4.1
3.5

Between-assay

(3) Normal Range: 71-144nmo\lI.

F, Double Antibody Total Triiodothyronine Radioi¡un:noassay

REAGENTS:

(1) Barbital buffer , 0. '1 M, pH 8.6.

(2) BSA, CSL,30%.

(3) Diluent buffer:- BSA-barbital buffer, 0.17 M BSA in barbltal

buffer. Prepared daily.

(4) ANS, Sigma.

(5) THFS_ (see p 139).

(6) r antiserum . Antibodi-es were prepai"ed in sheep number 204, Queen

Elizabeth Hospital, and used at a final dil-ution of 1:20,C00 (See

Section K, p 153 for Immunization Protocol).
1)qQ) Tracer, '-'I-Tr., specific activity approximately 5OO pCi/yg

,OObo* taUo"atiries). Diluted on day of use to give working

solution of 300 pg/n1-.

(8) second aniibody, DAS, weJ-lcome RD30. used at final dirution

of 1:150.

NSS. Used at a final dilution of 1:5000.(9)

(10) Standards , Sigma free-acid T,

a. stock - 1.628 me T¡ is dissolved with 3 drops 2 N NaOH in 100

mI absolute ethanol.

b. Working - Dilute stock with THFS to give:

0, 0.2, 0.5, 0.8, 1.3, 2.0, 3.0, 4.0, 8.0, 15.0, 25.O n mol/l.
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METHOD:

(1) Prepare Reagent I by mixing 9.0 mg ANS with 1 ml DAS, 15 ml

tracer solut,ion and 104 ml diluent buffer (sufficient for 1OO

tubes).'

(2) Prepare Reagent, II by adding 10 p1 Ta antibody and 140 pI NSS

to 70 ml diluent buffer. Store at 4oC until- used.

(3) To duplicate tubes add 0.8 mr Reagent r, 0.1 mr serum or standard,

and 0.1 mI Reagent If.
(4) Mix, incubate 4oC, 16 h.

(5) CentrÍfuge 30 min, 4oC, 1OO0 g.

(6) Aspirate supernatant.

(7 ) Count, precipitat,e to 10 K.

(8) Calculate resul-ts as in Section L, p 153.

ASSAY CHARACTERISTICS:

(1) Specificity:

The cross-reactivj-ty of Ta antiserum with T, metabol_ites is

summarised below:-

Ccrnpound

T¡

T+

MIT

DIT

TRTAC

TETRAC

(2) Precision:

Iiüithin-assay and between-assay

Cross-reactivity (å)

100

0.004

0.006

17 .4

0.04

n
i (n mol/])
SD (n mol/l)
cv (%)

approximately 14
approximately 1.60
approximately 0.10
approximately B

(3) Normal Range: 1.3 - 2.1 nmol/I.
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G. Total Reverse T"iiodothyronine (rT3) Radioj¡'rnunoassay

REAGENTS:

(1) Phosphate buffer, 0.05 M, pH 7.4.

(2) HSA - Phosphate buffer, 0.25% FISA in phosphate buffer.

(3) Disodium EDTA - HSA - Phosphate buffer , 0.05 M disodium EDTA

(4)

(5)

(6)

in HSA - Phosphate buffer.

ANS, Sigma.

THFI (see p 139).

rT antiserum. Antibodies were prepared in Australian rabbits

(7)

agai.nst BSA - dl - rT, and used at a fi-nal- dilution of 1 :2000

(See Section K, p 153 for fmmunizat,ion Protocof).

Tracer, 125t-rlr. 
"T3 

l-abel h/as prepared from diiodothyronine

(Henning, Berling) using the chloramine T/sodium metabj.sul-phite

method (Greenwood et aI , 1963), separating free from bound 125I

with sephadex LH-20 columns. The label, which is immunogenically

stable for at l-ea*st 6 weeks, is dl luied on the day of use to give

a working solution of 1. 25 x 106 cp*.

(8) Goat Anti-rabbit Gamma Globulin (GARcc) , Calbi.ochem Catalog

No 539844 (125 U per vial).
(9) Non-immune rabbit serum , normal rabbit serum.

( 10) rT standards, Henning, Berlin

a. stock I 150 g rT, in 1 I of 0.025 M NaOH.

Stock rr - Dil_ute Stock f with NaOH to give 1.5 g/I.

b. Workinq Dilute Stock II with 20% THFS to give

0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28 and 2.56 n moI/I.

(11) r standards" 100 n mollI TO stock diluted with 20% THFS to

give the fol-lowingz f .81, 15.63, 31.25, 62.5, 125, 250, and

500 n mol./I.

METHOD:

( 1 ) Prepare tracer solution by dissolving 31 .25 ng NAS with 250 pl normal

rabbit, serum and 8 pl rT, 1251 ina final vofume of 50 mI HSA-phosphat,e

buffer.



(2) Set up duplicate tubes as in tabl-e:-

REAGN\T TIrIAL BLANK ZERO STA¡ùDARD

148.

UNKNCI¡nl

0.4

0.4

0.1

0.1

FlSA-Phosphate Buffer
(mI)

Tnacer (m1)

0.1

0 4

5

0

0

4 0.4

0.5

0.4

0.5Stancìard
To 1 oo)

Unknou¡n

s (rT
(m1)

(m])

or
3

Ant,iserum (m1) 0.1 0.1

(3) Mix, incubate 4oC, 24 h.

(4) ReconstituLe a vial- of GARGG with 12.5 nL EDTA-HSA-phosphate

buffer and add 0.1 ml to each tube.

(5) Mix, incubate 4oC, t h.

(6) Centrifuge 30 min, 4oC, 3O0O g.

(7) Carefully aspirate supernatant.

(B) Count to 10 K.

(9) Ca1culate resulLs as in Section L, p 153.

ASSAY CHARACTERISTICS :

(1) Specificity:

A correction for cross-reaction of rT, antiserum with TO is rnade

using the equatlon:-

corrected rT, = (A - C) n mol/1, for a sample of

knoum TO concentration B, and uncorrected rT, of A n mol,/]. C is

derived from extrapolation of B from Tr* standard curve onto rT,

standard curve - see diagram below (semilog paper).

counts/rnin

P

n rnol/l rT
n moI/I To

CA

100. See rT, assay specificity on this page.

4

3
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(2',) kecision:

n
x (n mo1/1)
SD (n mol/I)
cv (%)

Within-assay

12
0.30
0. 02
6.3

Between-assay

20
0.30
0.03

11 .8

(3) Norma1 Range: 0.12 - 0.38 n mo1,/1.

H. T, Sephadex UPtaJ<e Test

REAGENTS

(1) Phosphate buffer, 67 m]-, pH 7.5.

Sephadex G25, medium or fine grain.

1251-T", specifi.c activity 40-50 mCi/mg (Abbott Laboratories).
-.-J

METHOD:

(1) Prepare sephadex suspension by mixing 15 g sephadex and 5 ItCi125l

-T, in 100 mI phosphate buffer for 3-5 min.

(2) Dispense 5.2 mI suspensi-on per counting tube.

(3) Add 50 p1 test serum.

(4) Vortex and rotate tubes for 30 min.

(5) Allow particles to settle for at l-east 2 min.

(6) Count 1 ml supernafant.

fi) Calcul-ate results as % of normal reference using the equation:-

. Test % sePhadex uPtake =

l.and Una.s (reference) Counts

ASSAY CHARACTERTSTICS:

(1) Precj.sion:

Within-assay and between-assay

(2)

(3)

n
i
SD
cv (%)

approximately 12
approximately 106
approximately 2
approximateJ-y 3

(2',) Normal Range: 89 - 111.
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f . Human Grcn¡th HornÐne (hGH) Radj-ojmmrnoassay

REAGENTS:

(1) Borate buffer 0.13 M, pH 8.4, 0.5% BSA (provided in kit).
(2) HSA (provided in kit).
(3) hGH antiserum, raj-sed in guinea pigs (provided in kit).
(4) Precipitating antiserum (provided in kit).
(5) Tracer, 125t-ncH (provided in kit).
(6) Standards, Australian reference hGH preparation.

a. Stock 200 ng/nl.

b. wotking - DÍlute stock with borate buffer to give

1 .25 , 2.5 , 5 . 0, 10.0, 20.0 mU/I.

METHOD

(1)

(2)

Bonate Buffer (mI)

Slandand (m1)

Unknor,¡r (m1)

Antiserum (mI)

HSA (m1)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

Reconstitute borate buffer, hGH antj-serum and HSA.

Set up duplicate tubes as in table:-

REAGEIVI TCrIAL BI,ANK ZERO STAI'{DARD

4.2

0.1

0.1

0.1

0.1

0.1

0.1

0.1

UNKNOI¡¡N

0.1

0.1

0.1

Mix, incubate 37oC, 6 h.

Reconstitute 125r-r,CH and add 0.1 ml- to each tube.

Mix, incubaLe 37oC, 18 h.

Reconstltute precipitating antiserum and add 0.1 mI to al-1 tubes

except totals.

Mix, incubate 3ToC, t h.

Cent.ri.fuge 30 min, 4oC, 4OOO g.

Decant carefully the supernatant.

Add 0.5 ml borate buffer to each tube.

Centrifuge 30 min, 4oC, 4OO0 g.

Decant carefully the supernatant.
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( 13) Count to 50 K.

(14) Calculate resul-ts as in Section L, p 153.

ASSAY CHARACTERISTICS :

(1) Specificity:

The cross-reactivity of hGFl antiserum with other human peptide

hormones is summarised below:-

Ccnnpound Cross-reactivity (e)

hGH
Prolactin
Human placental lactogen
Follicle stimulating hormone
Luteinizing hormone
Human chorionic gonadotrophin
Thyroicl stimulating hormone

(2) kecision:

Ltrithin-assay Between-assay

00
1.0
0.4
0.4
0.3
0.3
0.1

n
i (mull)
SD (mU/l)
cv $)

9
3.8
0.4

11

9
3.7
0.5

14

(3) Normal Range: < 13 mUll in day-active resting ma1es.

J. kolactin Radioj¡mrnrnoassay

REAGENTS:

( 1 ) Phosphate Buffered Saline (PBS) - Azide Buffer 0.01 M, pH T .4 .

(2) Diluent, Buffer BSA-PBS-Azide buffer, 1% BSA in PBS-Azide buffer.

(3) Prolactin antiserum. Antibodies were prepared in rabbits against

human prolactin (Calbiochem Catalog No 869041).

(4) Tracer, 1Z51-.protactin (CIS) is diluted to give a working sotution

of 10 yCi/m1.

(5) GARGG, Calbiochem Calalog No 539844 (125 U per vial).
(6) Standards, Calbiochem human prolactin.

a. Stock - 200 nglm1.

b. tlorkins Dilute stock i-n dist1lled wa.ter to give:

50, 100, 200, 400, 800, 1600' 3200 nU/I.
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METHOD:

( 1 ) Prepare t,racer sol-ution by adding 200 pI normal rabbit serum

and 100 Ul working tracer to 9.7 ml diluent buffer.

Q) Set up duplicate tubes as Ín tabl-e: -
REAGH'{T TCrIÀL BLANK ZERO STANDARD t]NKNCI^lN

Diluent Buffer (m1) 0.5 0.45 0.4 0.4

Tracer Solution (m1) 0.1 0.1 0.1 0.1 0.1

Standard (m1) 0.5

Unknown (m1) 0.5

Antiserum (m1) 0.1 0.1 0.1

(3) Mix, incubate at room temperature, 72 h.

(4) Reconst,itute a vial- of GARGG wlth 12.5 nI of dil-uent buffer and

add 0. '1 ml to all tubes except lotals.

(5) Mix, incubate at room temperature,24 h.

(6) Add 2 mI PBS-Azide buffer and spin at 3OOO g for 30 min, 4oC.

(7) Aspirate leaving 100-200pl in tube.

(8) Repeat (6) and (7) above.

(9) Count to 50 K.

(10) Calcuj-ate results as in Section L, p 153.

ASSAY CHARACTER]STICS:

(1 ) Specificity:

The cross-reactivity of prolactin antiserum with other human

peptide hormones is summarised below:-

Ccnnpound Cross-reactivity (%)

Prolactin
Thyroid st,imulating hormone
Luteinizing hormone
Follicl-e stimulating hormone
hGH

(2\ kecision:

lrlithin-assay Between-assay

00
< 0.3
< 0.1
< 1.0
< 0.3

ni (mulr)
SD (mU/])
cv (%)

9
150

14
9

I
142

16
11
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(3) Normal Range: 80 - 300 mU/I in day-active males.

fnrnmnization Protocol for Production of Thlaroi-d Ilornpne Antibodies

in Sheep

Prepare TO (T, or rTr) - BSA conjugate by dialysing a suspenslon

of BSA, carbodiimide (Sigrta), and a tracer amounl of TO (T, or rTr)

against distilled water, 4oC, 2-3 d {Idea1 TO (T, or rTr) - BSA

substitution i-s about 25:1j.

Emulsify 0.9% saline solution of 5 mS TO - BSA conjugate in 2 mI

Freudrs Complete Adjuvant,.

Inject intradermally at 6 - I sites on either side of sheeprs spine.

Follow 3 months l-ater with a 2 mI booster injection of 1 mg

conjugate in 0.7 mI saline emulsified with 1.3 ml Freudrs

Complete Adjuvant.

153.

Calculation of Results from Ccnrpetitive Protej.n - Birding Assays

and RadiojÍmunoassays .

Results were calculated on a Ïrlang 600 desk-top computer using the

programme of Burger et al- (1972). The programme fits the standard

counts, using a least squares method, to the model:-

(2)

(3)

(4)

L

Y-A-*c FC+X"

where Y = counts per 10 minutes;

standardi A, C and E are constants;

of the random error.

X = concentration of

and e i-s an estimate
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APPM.TDÏX II : REI,AXATION PROCEDURES

A. Basic CorrPonents

Ttrere are five essential components common to all relaxation

procedures:- ( 1 ) eyes closed, (2) a comfortable posture, (3) a quiet

environmenL, (4) a mental- device and (5) a passive attitude (Benson

et a} , 1974a). Other components are belief, learnj-ng and habit

formation.

(1) Eyes Closed

Cl-osed eyes eliminate exLernal visual dist,ractive infl-uences'

thereby facilitating concentrat,ion on the mental- device (componenL 4).

Furthermore closing the eyes initiates rel-axation of the occular muscfes

and is a prelimÍ.nary step towards generalised reduction of muscle tonus

(see component 2) '

(2) Comfortabl-e Posture

A comfortable poslure shoufd be adopted in order to minimise

muscular aclivity. Proprioceptive stimul-i are thereby reduced. Inductiou

of relaxation further decreases muscle tonus (see p 7 ). Certain

procedures, such as progressive rel-axation, place speciaì- emphasis on

muscle rel-axation (Jacobson, 1938). An upright posture is recommended

for most procedures because it reduces any tendancy towards falling

asleep" Certain yoga sitting postures (eg siddhãsana: accomplished

posture, and padmãsana: Iotus posture) are designed especially for this

purpose (Ornstein, 1972; P 108).

(3) Quiet Environment

A quiet, environment prevents distraction from outslde noises101.

The desired overall effect of closing the eyes (component 1 ), adopting a

comfortable posture (componenL 2), and a quiet environment (component 3)

A quiet environment seerns less important in more adept, experienced
práct,itioners. Transcenclental- Medj-tation sl.udents are taught that
nolse is no barriei. to meditation and meditators are knou¡n to practise
white travell.ing on trai.ns and in other public places.

101 .
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is minimisatlon of exteroceptive stimuli, Lhereby facilitating

concentration on the mental device (componenL 1]t1o2'

(4) Mental Device

The mental device is some constant stimulus which provides

a focus for concentration. The most characteristic feature of a

particular relaxation procedure is its mentat device(s). The mental

device(s) used is specific to each relaxation procedure. These devices

may operate through any sensory modality. The audit,ory, visual- artd

tactile modalitles are the most commonly used. The sensory modal-ity

is generalty internallsed on a mental- or ideational- l-evel-. A prominent

feature of most relaxation procedures is a tendallcy towards sensory

detatchment from the external environt"rtt103. Figure 36 contains details

of the mental foci and associated sensory modalities used for each of

the rel,axation procedures which were investigated. Repetition is a very

common prlnciple involved in the application of ment'al- devices t'o

relaxatjon procedures. Following the breath, silently repeating a

mantrarn, and repetition of suggestions are forms of constant stimulus

repetition used in relaxation procedures. The ment,al- foci in figure 36

which involve repetit,ion are followed by an R in parenthese-s.

102. Traditional avoj-dance of t he post-prandial period for meditalion
practices, and the abstinence from the stimulant,s tea, coffee
änd tobacco, further minj.mise interfering stimulation and enhance

the efficacy of rnediLation by facil-itating attainrnent of a st'ate
of deep relaxation.

Iri this respect deep relaxation departs from the normal waking
state of consciousness (see al-so pp 163 and 164) '

103.
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FIGURE 36. The Mental Foci and Asscciated Sensory Modalibies of the

Relaxation Procedr:res which r^¡ere Studied

RELAXATION
PROCEDURE

Transcendental
Meditation

Autohypnosis-
rel-axation

Progressive
relaxation

METHOD

Maharishi Mahesh
Yogi (1966;1969)

modification of
Erickson's( 1961 )

arm-levitation
method

modiflcation of
Jacobson's( 1938)
method

MENTAL FOCUS

mantram (R)

verbal- suggest-
ion(R)
breath ( R )

eyelids , arm,
face

SENSORY MODALITY

auditory

auditory

tactile, audiLory
tactile

104

104
Yoga-meditation '

(a) hatha-yogãsanas tradit,ional hatha- muscle tension
yoga (Iyengar,1975;
Goswami r1959)

(b) prãnãyãma breath ( R )

nostrils , upper
rip

muscle Lension tactil-e,visual
breath(R) tact,ile,auditorY
verbal suggest- auditorY
ion(R)

tact,ile

tactil-e , auditory
visual-

(5 ) Passi'¡e At,titude

A passive attitude requires that al-I distracting thoughts be

regarcled as insignificant. I¡,lhen al^¡areness lapses from tlre mental focus,

attention is gently returned to it. The functional counterpart of

components 1 and 2 is passive concentration. rrPassivert concentration

is distinguishable from itactivett concentration in that it involves no

effort (LuLhe and Schultz, 1969, Vol- 1; p 14).

(6) Belief, Learning and Habit Formatj-on

A certain amount of belief in the value of the relaxation

procedure is required in order that the necessary passive attitude mighi

be adopted. Learning and habit format.ion probably also play an important.

rol.e in cultivat,ion of the ability to readily induce relaxation. A

cumulative condit,ioning of the ability to deeply rel-ax probably results

104. There j.s consj.derabl-e overlap between Lhe mental foci and sensory
modalities of the progressive relaxation and yoga-med-Ltabion procedures.
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from repeated association of a part,icular mentaf set (components 4 and

5) and setting (components 1, 2 and 3) with the activation of certain

neural- mechanisms; that is those of the rel-axation response (Benson

et a], 1974a) (see discussion on p 1o7and foot-note 74)'

B.

(a)

1)

2)

3)

Perf ormance Instructions

TTanscendental. Meditation

Sit quietly a.nd comforiably wi-th eyes closed.

Observe your thoughtsl05 fo" several minutes.

Effortl-essly replace the thoughts by silent repetition of the

mantram (mantra.).

i¡,Ihenever you become aware of Lhoughts, passively return to repetition

of the mantram. Donrt force the mantratn; donft resist thoughts.

To terminate meditation, sLop repeatlng the mantram, wait several

minutes, and then sl-owly open the eyes.

4)

5)

(b) Autohlpnosis-relaxation

1 ) Focus on a. spot on the ceiting with the eyes slightly strained but

the neck rel-axed.

2) Suggest to yourself that your eyelids are getting heavier and

heavier, blinking more and more, closing and slaying firml.y closed.

Keep giving yourself the suggestion even after they have closed.

3) Keep suggesting to yourself thaL, as your eyelids are closi-ng' you

are becoming more and more rel-axed.

4) Focus on your breathing ancì suggesL that the relaxation is spreading

through all your body with each continuing breath.

105. Thoughts comprj-se all- such cognitive activities as day-dreaming,
dreaming, imagining, remembering, guessing, planning, undersLandingt
and especially problem solving.
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5) Focus on the right arm, suggesting it become lighter and ]i-ghter.

This may take quite a l-ot of repeated suggestions, even up to 10

minutes, before l-evitation occursl06.

6) Suggest to yourself thatr as your arm becomes llghterr you are

becoming even more relaxed.

7) Suggest that, as the weight flows out of your arm and it becomes

lighter, it is ftoating towarcis your face and as it does so you

become even more relaxed.

8) Suggest to yourself that when your hand touches your face, it will

become heavy and fall, and as it does so you will become twice as

deeply relaxed as You are noü¡.

9) In this very reÌaxed state suggest to yoursel-f that you will fí-nd

it easier at every subsequent session to attain this state of trance

and to go even more deeply into a trance sLate. Suggest to yourself

that it wil-l be easier and easier to return to this very relaxed

state uncler even adverse conditions. Suggest to yoursel-f that after

a period of relaxation you will have an increased sense of wel-l-being.

10) Suggest to yourself that when you count to / you will open your eyes

on 7 and feel wide awake and alert, completely refreshed, with no

feeling of drowsiness but brlght,, al-ert, cheerful and confldent.

Count to 7 ancl on / oPen Your eyes.

(c) Progressive Relaxation

1) Close the eyes. Focus on the back of the neck. Visualise the shape

of the neck and the impression that it makes in the chalr.

Z) Become aware of any physlcal sensations of either neck muscfe t.ension

or the actuaL physical contact of the neck on the chair.

106. Support for" the right arm is important for easy application of the
arm-l-evitat,ion technique.
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3) Focus on these sensaLions and allow the muscles in thls area to

become 
"era*ed1o7.

4) Following relaxation of lhe neck muscles take the attention to the

face.

5) Visualise the face and focus on any muscular tension. A]]ow

relaxaLion to spread to these muscles

6) In a similar manner progress over the ventral part of the body,

relaxing the shoul-ders, back, thighs, calves, feet, and t'oes in turn'

T) Then progress from the toes over the dorsal- part of the body,

relaxing the legs, abdomen and chest in turn'

8) On reaching the chest, focus on the natural breath. Breathe

regula.r]-y and gentl-y without forci-ng. With each exhalation your

whole bocìy will become more and more relaxed as tension flows out

in phase with the flow of air. Feel- the chest rise and fall- with

each inhalation and exhalation.

g) To termj-nate relaxation take several deep breaths and open i-he

eyes, You will feel wide awake and ready to engage in activity.

(d) Yoga-reditatlon

The fol-lowing programme of yoga-meditation was used by the

yoga-meditaLion group during the Long-term Study and is representative

of the programme used in Short-term Study ( 1 ) . As well as the meditat,ion

periods indicated bel-ow, 30 to 60 seconds was spent in meditation between

each yogãsana. The meditation invol-ved passive concentration on bodlly

sensations and the natural- breath (prãnãyãma).

Some muscle groups will take longer to relax than others simply
because they are i-nitially more tense. Other muscle groups will
reqnire little or no relaxation.

107 .
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HATHA-YOGASANA

SANSKRIT NAME COI'IMON NAI'IE

1 ) Savãsana Corpse Posture.

2) Utthita Risen Leg
DvipãdãÈana Posture

3) Utthita Risen Balance
To1ãngu1ãsana Posture

DBSCRTPTION OR COI\ß,IENTS

A simplifiecl version r^¡as
performed with legs
straight

DURATION OF

PERFORMANCE

3 min

45 sec

15 sec

4) Bhãlaspristajãna
Merudandãsana

Knee-touching
Spine Posture

A simplified version r^¡as
performed with hands on
knees

2 min

1 min

1 min

1 min

15 sec

30 sec

sitting and meditating 5 min

5)

6)

7)

8)

9)

Halãsana

Savãsana

Bhujañgãsana

Dhanurãsana

Catuspãdäsana

Plough Posture

Corpe Posture

Serpent Posture

Bow Posture

Quadruped
Posture

Pleasant
Posture or

Lotus Posture

10) Sukhãsana. or

Padmãsana

1 1 ) Parvãtãsana

12)

Mountai.n
Posture

Pleasant
Posture or

Lotus Posture

A simplified versÍon was
performed whil-e sltting

Neck Fl-exion - Extend neck backwards
extension and and fonwards; to left,
Latera.l Neck then right
Flexion

speech sil-ent accentuaLion of
the vowels 4,E,f,0,U,
in this order

Spine Twist
Posture or

Modified Spine
Twist Posture

2 min

15 sec
each way

3-4 times

4 min
each side

13) Vãchã

14]l Vakrãsana or
Ardha
Matsyendrãsana

15) Sukhãsana or

Padmãsana

16) Jãnusiräsana

17) Sukhãsana or

sitting and meditating 2 min

Head-knee Posture

Pleasant
Posture or

Lotus Posture

2 nin

Padmasana
sitting and meditating 5 min
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HATHA-YOGASANA

SANSKRIT NAME COMMON NAME

18) Vrksãsana Tree Posture

19) Pristhãsana Back PoSture

20) Pãdahastãsana Foot-hand
Posture

21 ) Bhünamanãsana

DESCRIPTION OR COI'O,IENTS

A simplified version vüas
performed with hands to
knees

A simplified version was
performed with hands to
floor

DURATION OF
PERFORI.4ANCE

2 min

15 sec

'l min

22) Sukhãsana or

Padmasana

23)

24) Sukhãsana or

Padmãsana

Forward Head-
bend Posture

Pleasant
Posture or

Lotus Posture

1 min

sitting and meditating 1 min

Massage

Pleasant
Posture or

Lotus Posture

lrlhile sitting, massage 2 min
back of neck, head and face

sitting and meditating 5 min
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APPENDIX III : QUESTIONNATRES

A. Assessnent of Self-reported Subjective Changes

(a) Short-term StudY (1)

The following patterns of response to relaxation have been

adapted from Lhe patterns of response to meditation which were first

identified by Maupin ( 1 965) , and later used by Simmons (1973) and

Roberts (1975) with practitioners of TM. Here, they have been slightly

modified for the purpose of comparing various relaxation procedures.

(f) Instructions for scorjng response to relaxation

The patterns outl-ined are guidelines by tuhich you can rate

the subjectrs reports. Subjects may experience several of these

patterns in one rel-axation session. In rating each report assign the

rating of the highest l.evel- that the subject described in that report.

For example, if a report described type 2, 3 and 4, assign to it a

rating of 4,

(ii) \zpes of relaxation

Type 1. The sr-rbject reporLs difficulty in concentration and his remarks

indicate that litt1e else has occurred. He may report restlessness,

boredom, unpl.easant feelings or preoccupation with things happening in

his suroundings.

Type 2. The identifying characteristic of these sessions is normal or

ordinary experiences. The subject may report everyday thoughts and

images, relaxation or sleepiness.

Ty¡>e 3. The nlain feature of these sessions is rrregressivert uncontroll-ed

mental activity. Characteristically thoughts and images are dissociated

and fragmentary and may invol-ve rrregressive materialrr (eg memories,

'f flashesir of inspiration). The subject does not fol-low or expand

thoughts as in Type 2, but rather is passively aware of them coming and

going. The subject may a.1so report relaxation and at, this stage the

technique is easy and unconsciotrs.
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Type 4. In these sessions there is littl-e mental- actlvity. Rel-axation,

which is now very deep, seems to take the form of pleasant body sensation,

which would be strange in ordinary states of waking consciousness.

Sensations such as t'floatingil or rrvüavesrr are often reported. These

Sensations Seem Lo reflect a growing detachmenL from normal- waking

consciousness. The subject is often a\^¡are of rrdeepertr levefs of

consciousness which is commonJ-y associated with a feeling of pleasantness

and calmness.

Type 5. The subject is unaware of his body and his surroundings. There

j-s a feeling of detachment and non-slriving. The technique Ís very

easy. Mental activity is low. This is a state of consciousness dlfferent

from normal wakÍng states and different from sJ-eep; calm, pleasant, and

alert.

TIpe 6. This is the deepest level of consciousness hrhere fhe subject

reports no thoughts and no i-mages, just blankness. There is a total

detachment from body and surroundings. Subjects commonl-y express this

state as rrtranscendingtt or rtbfanknesstr, and al-tered states of conscious-

ness. Al-ert or pleasant feeling may be reported. Following such a

relaxation session beneficial- after-effects are often reported. /

(b) Short-term StudY (2)

(i) Desì-gn and rating schemes of meditation - relaxation

questionnaire

part r:- Experimental stress (discomfort-involvement) was scored out

of 5 using the rating scheme given in the followlng prototypal

questionnaire.

part rI:- Depth of meditatlon or rel-axation was scored out of 20 using

the ratlng scheme given in the following protot,ypal questionnaj-re.

Questions 1 Lo 4, inclusive, denote the amount of internal- focus

(Ornstein, 1972; p 107) as opposed to the amount of external intrusion

(Van Nuys , 1971), Questions 5 to 10, inclusive, denote the amount of
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general relaxation (Maupin, 1965). Questions 11 to 19, incluslve,

pertain to hypnagogic state effects (Vogel et alr 1966; Oswald, 1966,

pp 44 and, 45; Foulkes and Vogel, 1965; K]eitman, 1963, pp T4 and 75;

Davis et aI, 1937 ) and ane characteristic of alterations to the ordinary

waking state of consciousness (Dielanan, 1963; Maupin, 1965; Benson et

â1, 1974a; Davidson, 1976). Question 20 concerns muscle relaxation

(Kleitman, 1963; pp 12 and 13).

(ii) Meditation-relaxation questionnaire

Code No.

Please be honest in filling out this questionnaire. Please be sure

to give an ansvüer to every question.

Part I

The following questions apply to any stage during the 30 minute meditation

or relaxation period. Please clrcle yes or no where applicable.

1. Idere you aware of the presence of the cannula in your arm?

2. Was the presence of the cannula disturbing?

3. !{here you al^Iare of the blood sampling?

4. tüas the blood sampling disturbing?

5. Did you experience any other physical discomfort?

Part II

1. hlere you aware of thoughts?

2, I,trere you aware of images?

3. Did noises distract You?

4. Vlere noises dlsturbing?

5, Did you feel rested?

Yes

1

Yes

1

Yes

1

Yes

1

Yes

1

Yes

1

Yes

1

Yes

0

Yes

0

Yes

1

No

0

No

0

No

0

No

0

No

0

No

No

0

No

0

No

No

0



6.

7.

8.

o

10.

11.

12.

13.

14.

15.

tb.

17.

18.

19.

20.
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Do you feel- rested now? Yes

1

Did you feel calm? Yes

1

Do you feel calm now? Yes

1

Do you feel- tranquil? Yes

1

Do you feel tranquil now? Yes

1

Did time pass quickly? Yes

1

Did you lose awareness of your body? Yes

1

Did you lose awareness of the surroundings? Yes

1

Did you experience a drifting or floating sensation? Yes

1

Did you experience a fal-l-ing sensation? Yes

1

Did you see inner light or experi-ence a glowing sensaLion? Yes

1

Did you experi-ence sensations like i^raves on vibrations? Yes

1

Did you experience any spontaneous bodil-y jerks? Yes

1

Did you experience a feeling of heaviness? Yes

1

Did your neck drop forward or to the side? Yes

1

No

0

No

U

No

0

No

0

No

0

No

0

No

0

No

0

No

0

No

0

No

0

No

0

No

0

No

0

No

0

B. Assessrnent of Vegetarian Status

(a) Ratlng Schene

Diets were rated from the following quest,ionnaire using the

scheme shoum in the table:-



DIET CATEGORY PROTEIhI SOURCE

Fish Eggs
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DESCRIPTION

occasionally never

Meat MiIk and
Cheese

less than
3 times
per week

eats meat regularly
eats fish regularly
.oro-lacto vegetarian
lacto-vegetarian
vegan

(b) Diet Questi-onnai-re

Code No.

FilI in the table provided on the next page with the approximate

frequency with whi-ch you ate the following foods over the past one

month. Please be honest and as accurate as possible in filling out this

questionnaire.

MEAT - including all- meat products eg meat pie, friLz, salami,
hamburgers etc.

FISH - all types fresh, ti-nnedr shellfish etc.

CHEESE AND MILK PRODUCTS - do not count dash of milk in
beverages, include cotlã@ cheese, cream cheese, cheese
pie¡ cheese cake, yoghurt, custard milk puddings, milk on
cereal, milk drinks etc.

EGGS - include egg custard, egg flan etc.

NUTS - include nut rissolesr nutmeat etc.

PULSES - include all dried peas' beans, lentiles, baked
beans, bean sal-ad, chick peas but not green beans.

CEREALS - include breakfast cereals, bread, cake, biscui-ts,
rice, pasta etc.

For example, for meat consumPtion:-

1

2
3
4
5

A

B

C

D

E

F

G

everyday more than
4 ti-mes
per week

breakfast

morning snack

lunch A

afternoon snack

dinner A

evening snack A

N.B.: Letter A shoul-d appear once in each row of the table.
row for each meal.: thaE-G, a Lotal of 6 rows.

A

A

A

There is one



167.

OCCASIONALLY NEVEREVERDAY MORE THAN

4 TIMES PER
I,üEEK

3 OR LESS
TIMES PER
TJEEK

BREAKFAST

LUNCH

AFTERNOON
SNACK

DINNER

Each lelter,

of the table.

A to G, inclusive, should appear once in each row of

(c) AdditionaL O¡estions

Has your eating pattern changed over the past one month?

N.B.

In what way has your eating pattern changed?



168.

C. Subject Characterlsation

(a) Meditation Experience

As wel-l as basic TM instruction and regular, twice daily

practice, the Tl4 Program provides advanced meditation techniques and 'Iï4

residence .orl""""108. Therefore, questions 21 4 and 5 from part rr of

the following questionnaire were collectively used to determine levels

of meditation experj-ence and thereby assign subjects to the three

meditation experience categories described on p 85.

(b) Physical Trahing

An overal-l estinat,ion of the amounl of physical- training

(minutes per week) was made from part II of the following questionnaire

using the formula:-
pq

Answers to questions [(c x d) +f i (g + h) + I (t x m)]'
n=1 n=1

where P and Q equal the number of sports and other professional- or

recreational physical- exercises, respectively, practised at least once

a week for more than one month. Special questions were included to

determine the amount of physical- activity derived from hatha-yoga

because hatha-yoga is commonly practised by meditators.

(c) General Suestionnajre

Code No

Pl-ease be honest in fj-lling out this questionnaire. Please be sure

to give an answer to every question.

Part f

1. lühat is your occuPation?

2. How long have you been practlsing Tï4? ..... yr .... mo

3. How many times per week clo you usually meditate?

1OB. Recently The TM-Sidhis (Orme-Johnson and Farrow, 1976) were added
to tle Program.



169.

4. How many advanced TM techniques do you have? ..

5. On average, how many hours sleep per day do you usually have?

Part II

a. Do you practise hatha yoga? Yes No

b. How long have you been practising hatha yoga? yr ....mo

c. How many times per week do you usually practise rratrra

yoga?

d. About how long (in minutes) do you usually spend

practising hatha yoga at each session?

e. Do you play sport?

f. How long have you been p-laying each sport?

Type of sport:

Yes No

yr mo

cÎö How many times per week do you usually play each sport? times/wk

Type of sport:

h How many times per week do you usually train for each 
"po"llr""Z"n

Type of sport:

About how long (in minutes) do you usually spend playing or

training for each sport each time? minutes

l_

Type of sport:



170.

j. Do you have other type(s) of professional or recreational

physical exercise?

Yes No

How long have you been practising each type of physical '....yr....mo
exercise? (years and months)

Type of exercise:

k

1. How many times per week do you usually practice each type

of exercise:

Type of exercise: ..

About how long (in minutes) do you usually spend practisingm

times/wk

minuteseach type of exercise?

Type of exercise:



A.

(a)

Subject
Code No

1 -80
1-81
1 -84
1 -85
1-BB
1-91
1-92
1-95

1-5
l-Ct
1-8
1-14
1-18
1-19
1-23
1 -38
1 -58

1- 13
1-15
1 -)7
1-31
1-37

1-67
1-72
1 -83
1 -89
1 -90

1 -30
1-52

1-16
1-49
1-54
1-56

1-7
1-20
1-57

1-21
1-47

1-66
1 -68
1-69
1-70
1-77
1^79

Trained
Trained
Trained
Trained
Trained
Trained
Trained
Trained

Untrained
Untrained
Untrained
Untrained
Untnained
Untralned
Untrained
Untrained
Untrained

Untrained
Untrained
Untralned
Untrained
Unt,rained

In-training
In-training
fn-trainlng
In-training
In-traJ-ning

In-training
In-training

fn-training
fn-training
In-training
In-training

In-training
In-training
In-training

In-training
In-training

fn-training
In-training
In-trai.ning
In-training
In-training
In-training

APPMJDTX TV : RAW DATA

Long-term Study

Subject Characteristics

ReÌaxat,ion Rel-axation
Training Procedure

TI4

Tt4

T},I

Tl,1

Tï,1

TÌ4

Tl4
TÏ4

None
None
None
None
None
None
None
None
None

None
None
None
None
None

AHR
AHR

Tl,1

Tï,1

Tt4

Tl4
TÌ4

Tf,l
T},I

PR

PR

PR

PR

PR

PR

PR

YI'I
YM

YIV1

TVl

YI"I

YM

Sex Age
(yr )

28.6
20.0
24.9
22.4
25.3
26.3
21.6
20.3

20.8
19.8
19.9
18.7

28.6
18.4

39"8
18.1

1B. g

21.2

171 .

Tivl

Experience
(yr )

NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp

NAp
NAp
NAp
NAp
NAp

NAp
NAp
NAp
NAp

NAp
NAp
NAp

NAp
NAp

NAp
NAp
NAp
NAp
NAp
NAp

3.1
1.0
4.0
3.0
7.2
3.3
3.2
2.0

19.4
18.3
19.2
25.3
19.0
19.6
19.3
22.2
18.8

19.2
19.3
21.5
20.7
18.7

2e.4
19.0
20.7
29.3
23.6

18.3
20.2

18.0

19.4
20.8
22.4
18.0



(b) Serum Thyroxine Results (n mol/I)

172.

Apr May July Sept NovSubject
Code No

1 -80
1-81
1 -84
1 -85
1-BB
1-95

t-b
1-B
1-18
1-19
1-23
1 -38
1-13
1-15
1-27
1-31
1-37

1-67
1-72
1 -83
1 -Bg
1 -90
1-30
1-52

1-16
1-49
1-54
1-56
1-7
1-20
1-57

tç

Relaxation
Training

Trained
Trained
Trained
Trained
Trained
Trained

Untrained
Untrained
Untnained
Untrained
Untrained
Untrained
Untrainecl
Untrained
Untrained
Untralned
Untrained

In-training
fn-training
In-training
fn-training
In-training
In-training
In-trai-ning

In-training
In-training
fn-training
In-training
In-training
fn-training
In-training

Relaxation
Procedure

TT4

Tl,i
Tl4
Tl4
TM
Tl4

none
none
none
none
none
none
none
none
none
none
none

116
108
94

117
108
106
65
7T
B1

108
B5

94
103
119
97
70
85
74

90
93

107
119
103
93

168
141
9B
95
75

155
95

107
NAv

9T
qq

NAv
B5

94
99
B6

121
NAv

138
129
104
9B

114
65

77
97

104
110
8B
B1

B6

94
NAv

84
NAv
NAv

77

NAv
B5

NAv
NAv

B8
B1

BO

NAv
90
90
B1

83
NAv
NAv
NAv

79
B4
45

NAv
95
90

117
NAv

99
NAv

OR

B9
NAv

83
90
79

6B
106
101
6B
68

NAv
107
75
67
9B
T1

NAv
92
97
79
BO

NAv
NAv

6B
72

NAv
lo
9T
6B
80

NAv
85rç
65

NAv
NAv
NAv

1 10åc
o?lç

116x
g0'x

1 07x
NAv

97x
103t(
NAv
1 

'1gx

NAv

1011(

72x
,NAv

7gx
79x

'104å(

62x

124x
NAv
NAv
130t(
T7x

NAv
NAv

Tl4
TÏ\,1

TI4

TI4

TT4

Tï4

TÌ,1

PR

PR

PR

PR

PR

PR

PR

NAv
NAv
108
NAv
NAv
124
79

Results from samples collected during end-of-year exarns.



(c) Serum Triiodothyronì-ne Results (n mol/I)

173.

Apr May JulY SePt Nov

NAv
NAv
NAv
NAv
NAv
NAv

Subject
Code No

1-80
1-81
1 -84
1-85
1-88
1-95

1-6
1-8
1-18
1-19
1-23
1-38
1-13
1-15
1-27
1-31
1-37

1-67
1-72
1-83
1-Bg
1 -90
1-30
1-52

1-16
1-49
1-54
1-56
1-7
1-20
1-21

Relaxation
Training

Rel-axation
Procedure

Tï,1

T'l'1

Tï4

Tr4

TM
Tï4

Trained
Trained
Trained
Trained
Trai-necl
Trained

Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
UnLrained
Untrained
Untrained

In-training
In-training
fn-training
In-training
In-training
In-training
In-training

fn-training
In-trai-ning
In-training
In-training
In-t,raining
In-training
In-training

none
none
none
none
none
none
none
none
none
none
none

Tl.{

Tï4

Tr4

Tï,1

Tl"1

Tï4

TI,l

PR

PR

PR

PR

PR

PR

AHR

NAv
NAv

1 .8åI
1.6x
3.2x
2.3x
2.2x
NAv
1.7x
1.7x
NAv
2.1x
NAv

2.2
1.8
2.0
'1 .8
3.0
2.4

2.8
2.9
3.7
2.4
2.1
3.2

2.6
2.6
2.5
2.4
2.2
2.3
2.0
2.9
2.7
2.1
2.1

3.1
2.4
)9
2.9
NAv
2.1
2.5
1.9
¿.4
2.4
2.8

3.3
2.6
3.3
2.6
¿.+
2.2
NAv

3.0
2.5
3.1
2.0
2.8
2.8
2.4

2.7
3.8
2.3
1.9
NAv
1.9
2.2

2.6
2.9
2.4
2.2
2.7
2.8
2.4

2.6
3.1
3.1
2.1
2.9
NAv

2.6
NAv
1.9
NAv
¿ .1+

2.4
2.4
2.0
¿.1

2.5
NAv
1.9
2.6
NAv
3.1
2,7

1.9
2.4
NAv
1.9
2.8
1.6

2.4
3.0
2.1
2.0
3.5
NAv
3.2
3.2
1.9
2.2
2.4

3.2
2.1
NAv
2.3

NAv
3.4
NAv

) .7*

2.4x
NAv
2.5x
3. 1x'

2.4x
3.1t(

NAv
NAv
NAv
NAv
NAv
NAv
NAv

3.0
3.0
NAv
1.7
2.4
3.0
1.8

1 .5rÉ

NAv
NAv
2.Bx
2.0x
2.2x
NAv

)ç Results from samples colLected during end-of-year exams.



(d) Plasma Corti-sol Results (n mol/1)

174.

Apr May July Sept NovSubjecf
Code No

1 -80
1-81
1-84
1-85
1-88
1-95

1-6
1,8
1-18
1-19
1-23
1 -38'1-13

1-15
1-27
1-31
1-37

1-67
1-72
1 -89
1 -90
1 -30
1-52

1-16
1-49
1-54
1-56
1-7
1-20
1-21

1-66
1 -68
1-69
1-70
1-77
1-79

Relaxation
Training

Trained
Trained
Trained
Trained
Trained
Trained

Untrained
Unt,nained
UntraÍned
Untrainecl
Unt,rained
Unt,rained
Untnained
Untrained
Untrained
Untrained
Untrai.ned

In-t,raining
In-training
In-training
In-training
In-training
Tn-tralning

In-training
In-t,ralning
In-training
In-training
In-t,raining
In-t,raining
In-Lraining

In-training
In-training
fn-training
In-training
In-training
In-training

Rel-axation Mar
Pnocedure

NAv
NAv
NAv
NAv
NAv
NAv

none
none
none
none
none
none
none
none
none
none
none

291
250
141
155
155
372
197
)o)
219
349
128

TN
TI,1

TI,1

TT4

TT4

Tlt'l

420
283
345
387
511
304

77
105
148
155
NAv
347
186
NAv
104
300

94

286
221
330
250
297
438

163
352
306
193
NAv
174
NAv

340
236
290
411
254
432

NAv
NAv
NAv
NAv
NAv
NAv

257
29B
NAv
338
320
490
NAv
250
295
384
234

185
207
108
291

B4
149
103

261
108
255
3TB
127
trno

271
227
262
341
234
213

204
¿4¿
104
172
1'18
342
275
204
139
317
i98

NAv
144
197
301
117
NAv

255
141
110
206
NAv

fo
163

106
207
208
273
NAv
100

247
219
NAv
132
228

B6

95
296
112
292
268
NAv
211
349
150
248
186

215
192
126
184
NAv
232

159
155
NAv
o??
407
240
186

166
220
NAv
NAv
NAv
NAr¡

NAv
225x
116
106,ç
NAv
187

7Bx
124x
17 4x
136'x
4 -^v
I J¿^

NAv
1 1Bt(
196x
NAv
12Bt(
NAv

TT4

Tl'{
TM
'Jï4

TM

TM

PR

PR

PR

PR

PR

PR

AHR

Yl',I

YI\4

YI,l
YM

Yl'{
YIV1

NAv
NAv
NAv
NAv
NAv
NAv

236
214
NAv
405
174
387

T7x
B5r(

NAv
17Btt
157x
142

¿¿J"
NAv
NAv
135rÉ

161x
193'x'
252x

126x
21Bx
NAv
NAv
125x
NAv

257
290
343
294
178
519
142

NAv
NAv
NAv
NAv
NAv
NAv

å(Results from samples col-lected during end-of-year exams.



(e) Urinary Free Cortisol Results (n mol/d)

175.

May July Sept NovSubject
Code No

1 -80
1 -81
1-84
1,85
1-88
1-91
1-92
1-95

1-5
1-6
1-14
1-18
1-19
1-23
1 -58
1-13
1-15
1-27

1-67
1 -89
1 -90
1-30
1-16
1-49
1-20
1-21
1-47
1 -68
1-TO
1-77
1-79

t(

Relaxat,ion
Training

Trai-ned
Trai.ned
Trained
Trained
Trained
Trained
Trained
Trained

Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Untrained

Relaxation Apr
Procedure

281
122
228
NAv
NAv
116
241
193

none
none
none
none
none
none
none
none
none
none

NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv

96
NAv
451
139
NAv
NAv
159
206
172
120
240
127
192

In-training
fn-training
In-training
In-training
In-training
In-trai-ning
In-training
In-trai.nlng
In-training
In-training
In-training
In-training
In-training

TM

TÌ,1

Tï4

Tï,1

Tl4
TI,i
]}4
T},I

Tl4
Tï,1

T},I

T't'l

PR

PR

PR

AI]R
AHR
YI'{

YIVI

YlVl

YM

161
75

145
200
NAv
127
144
NAv

185
NAv
151
243
132
130
195
147
106
135

76
135
328
i14
139
to¿

NAv
NAv

T6
199
NAv
149
NAv

195
101
115
161
199
182
138
127

235
272
179
106
324
158
156
115
137
205

185
163
312
126
228

94
145
150
117
197
187
201
NAv

248
181
137
164

B1

124
NAv
159

206
190
NAv
1TO
236
177
NAv
136
156
186

113
182
270
171
NAv
NAv
192
174
77

NAv
119
NAv
135

NAv
BBIÊ

142
135 r(

NAv
128
NAv
NAv

NAv
208x
NAv
1 ggx
266x
202x
NAv
1g6x
134x
NAv

146x
NAv
262x
145x
NAv
NAv
1g5x
214x
NAv
185'(
NAv
213x
lggx

Results from sampl-es col-lected during end-of-year exams.



(f) Urinary Catecholamine Results (n mol/d)

176.

Apr May Jul-y Sept NovSubject
Code No

1 -80
1-81
1-84
1 -85
1-88
1-91
1-92
1-95

1-5
1-6
1-14
1-18
1-19
1-23
1 -58
1-13
1-15
1-27

1-67
1-89
1 -90
1-30
1-16
1-49
1-20
1-21
1-47
1 -68
1-70
1-77
1-79

t(

Relaxation
Training

Trained
Tralned
Trained
Trained
Trained
Trained
Trained
Trained

Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Untrained
Unt,rained

In-training
In-t,raining
ïn-training
In-training
In-training
In-training
In-training
In-training
In-training
In-training
In-training
In-training
In-trainlng

Rel-axation
Procedure

TI4

Tl4
TItl
Tï4
Tl4
Tl4
Tl,f
Tl'4

none
none
none
none
none
none
none
none
none
none

584
197
66

NAv
NAv
210
150
300

NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv

NAv
NAv
835
404
NAv
NAv
NAv
NAv
NAv
573
NAv
NAv
NAv

426
235
276
205
NAv
341
276
NAv

374
NAv
410
407
303
311
281
426
344
404

322
729
426
719
NAv
300
NAv
NAv
126
NAv
NAv
358
NAv

295
257
360
137
456
)o)
240
229

203
262
341
180
186
268
NAv
243

NAv
213x
371
1 09x
NAv
259
NAv
NAv

NAv
265x
NAv
251x
404x
37Tx
NAv
325*
216x
NAv

47ox
NAv
227x
366x
NAv
NAv
270x
360r(
NAv
26Bx
NAv
344x
172

380
527
636
262
333
442
306
259
210
257

308
NAv
265
156
390
349
374
554
265

385
2Bg
NAv

NAv
294
NAv
292
238
336
NAv
197
172
117

401
145
308
459
NAv
NAv
300
513
109
NAv
191
NAv
243

341

1T4

TÌ4

TT4

Tl4
PR

PR

PR

AHR
AHR
Ylvl
-fM

YM

YM

Results from sampl-es coll-ected during end-of-year exams.



Short-term Study (1)B.

(a) Subject Characteristícs

Tï,1

Experience
(yr)

NAp
NAp
NAp
NAp
NAp
NAp

NAp
NAp
NAp
NAp

NAp
NAp
NAp
NAp

177 .

Average
Rel-axation
Depth Rating

Subject
Code

Relaxation Rel-axation
Training Procedure

Sex Age
(yr)

28.
21 .
)o
23.

19.
20.
20.
18.

1-81
1 -85
1 -88
1-92
1-95
1-97
1 -98
1-99

Trained
Trained
Trained
Trained
Trained
Trained
Trained
Trained

Untrained
Untrained
Untnained
Untrai.ned
Untrained
Untrained

In-training
In-training
In-training
In-training

In-training
In-training
In-training
fn-tralning

In-training
In-training
In-t,raining
In-training

M

M

M

M

M

M

F
M

M

M

l1
M

M

M

M

M

M

M

F
M

M

F

F
M

M

M

Tï4

Tï4
'Il4

TT4

Tl4
Tt4
TI4
Tï4

1.1
3.2
7.3
3.3
2.2
4.4
2.6
5.1

3
Õ

(

9
6
8
4
3

20
22
25
21
20
24
22
24

18.6
19.5
25.7
19.3
19.9
19.7

4
2
J

5
4
4
2
3

5
4
4
6
3
1

,1

3
4
4

5
3
4
2

6
5
4
5

1-6
1-8
1-14
1,18
1-19
1-23

1-67
1 -83
1-89
1 -90

1 -39
1-49
1-43
1-44

1-75
1-77
1-79
1-101

None
None
None
None
None
None

Tï,1

Tt4
Tl'4

TT4

PR

PR

AHR
AHR

ïvl
YM

YM

ïvl

!

0
6

9

3
3
3
I
tr

.B

.4

.9

1g
22
1B
23

1

1

1

1



178.

(b) cardiovascular and Blood Hormone Results at 1430 Hours

Subject Relaxat,ion Relaxation HearL Systolic Diastolic Plasma Serum Serum

CoOð wo Training procedure Rat,e BP BP CortisoJ- To Tr
(bpm) (mm He) (mm Hg¡ (n mol/l-)(ñ mol/I)(ñmol/l)

1-81
1 -85
1-88
1-92
1-95
1-97
1-98
1-ggx

1-6
1-B
1-14
1-18
1-19
1-23

1-67x
'l-83
1 -Bg
1 -90

1-39
1-49
1-43
1-44

f

1-75'
1-77
1-79
1-101

115
115
135
120
125
120
130
120

120
125
140
'130

95
125

i30
120
95

120

130
115
110
102

125
130
108
130

66
113
138
227
227

54
188
148

B4
B5

99
9B

111

95
94
9T

164
123
11',I

106

none
none
none
none
none
none

Trained
Trained
Trained
Tralned
Trained
Trained
TraÍned
Trained

Untrained
Untrained
Un1-rained
Untrained
UnLrained
Untrained

64
BO

80
64
6B
TB
82
74

TÌ4

TM

TI'l
Tï4
'I'l\4

Tl,1

TM

Tï,1

64
B4

9B
76
T2
80

90
90
85
BO

90
70

82
BO

90
90
TO
B5

90
T5
75
BO

B5
90
NQlu
B5

89
B8
lo

172
127
211

94

184
191
232
102

485
T1

250
226

1.8
1.3
))
2.7
2.2
2.5
2.1
1.4

B3
67
84
70
93
63
93
9B

90
T0

In-training Tï4

In-training TT'1

In-training Tï'l
In-tralning Tï'1

In-training PR

In-training PR

In-training AHR

In-training AHR

In-training YM

In-training Yl"l

In-training Ylv1

In-training YÞI

80
68
74

1.7
).7c. I

2.1
?_.0
2.2
3.3

172

¿.¿
2.0
.)t:
J.)
'l .8

70

1.6
2.1
1.7
2.2

1.3,)o
L.U

2.4
1.7

90
74
89
57

99
94
B8
89

90
85
70
85

82
62
84
8T

TO
60
T4
B4

+

Subjects 99 and 67 were excl-uded from T. statistical analysj-s because
only two Ta results l^iere avallable on eãch of them.

Subject 75 was excluded from blood hormone statistical anal-ysis
becãuse only the two pre-relaxation bl-ood test results were avail-able
on her.
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(c) cardiovascufar and Blood Hormone Resul-ts at 1530 Hours

Subject Relaxat,ion Relaxation Heart Systolic Diastolic Pl-asma Serum Serum

code wo Training Procedure RaLe BP BP Cortisol To _ .Tr
(bpm) (mm ue) (mm He) (n mof/l)(ñmol/tXñmoliI)

1-81
1 -85
1-BB
1-92
1,95
1-97
1 -98
1-ggx

1-6
1-8
1-14
1-18
1-19
1-23

1-67x
1 -83
1 -89
1 -90

1 -39
1-49
1-43
1-44

1-75+
1-77
1-79
1-101

Trained
Trained
Trained
Trained
Trained
Trained
Trained
Trained

64 120
T2 120
82 130
70 120
74 120
80 115
88 130
68 120

68 125
B0 120
98 155
T0 130
T6 110
B0 115

120
120
110
120

BO

60
B4

74

135
115
115
100

80
60
T2
B4

120
130
105
130

1.9
2.7
¿.t
2.0
2.1
2.7
3.2
NAv

BO

90
85
90
85
90
85
90

T'IVI

TT4

TÌ4

TT4

TT,l

Tï4

TM

TM

61
127
'116

218
146
83

169
287

108
T4

166
B6

103
94

106
86

Untrained
Untrained
Untrained
Untrained
Untrained
Untrained

none
none
none
none
none
none

80
90

100
90
B5
90

186
6B

156
6B

211
75

136
174
475
T0

484
94

250
182

85
97
77
99
95

106

TT
81

76
93

104
103
'111

95

)o
1.9
1.9
J.+
2.7
2.1

In-training TM

In-training Tï4

In-training Tï'l
In-training T'l"l

In-training PR

In-training PR

In-training AHR

In-training AHR

fn-tralning YlvI

In-training YM

In-training Yl"l

In-training Yl"l

90
BO

80
90

90
85
B5
80

64
72
64
66

NAv
3.0
2.6
2.4

140
234
205
295

1 2.0
2.3
2.4
1.8

o2
97
63
B4

1.8
2.7
2"6
1.9

85
90
BO

95

t

Subjects 99 and 67 were excluded from T. statistical analysis because
onlv two T^ results i^rere available on eãch of them.

Subject 75 was excluded from bLood hormone statistical analysis
becáuse only the two pre-relaxation blood test results were availabl-e
on her.
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(d) cardiovascular and Bl-ood Hormone Results at 1630 Hours

Subject Rel-axation Relaxalion Heart Systolic Diastolic Plasma Serum Serum

Codð Uo Training procedure Rate BP BP Cortisol.To _ Tl
(bpm) (mm Hg) (mm Hg) (n mol,/l) (ñ mol/l) (ñ rnolll)

1-81
1 -85
1-88
1-92
1-95
1-97
1 -98
1-ggx

1-6
1-8
1-14
1-18
1-19
1-23

1-67x
1-83
1-Bg
1-90

1-39
1-49
1-43
1-44

1-75+
1-77
1-79
1-101

Trained
Trained
Trained
Trained
Trai-ned
Trained
Trained
Trained

62 115
64 1 ',rO

72 130
64 110
64 120
B0 125
B0 125
50 125

TT4

T'iY

Tï4

TM
Tr4

Tî4
TÌ4
TT4

80
80
80
80
90
90
90
BO

40
7T
64

184
153
50

152
190

99
70
99

143
135
82

241
o)

370
102

9B
213
155
258

NAv
100
190
136

ó¿
66

128
104
B3

76
58
95

99
B3

99
B4

2.1
1.7
2.7
1.9
2.9
2.8
2.5
NAv

Untrained
Untrained
Untrained
Untrained
Untrained
Untrained

In-training
In-training
In-training
fn-training

In-traini.ng TT4

In-training Tl'1

In-training T'1"1

In-training T1'{

none
none
none
none
none
none

PR

PR

AHR
AHR

96
(¿
62
TB

63
68
7B
62

BO

54
80
90

115
130
145
120
115
125

115
'160

110
120

130
105
1',10

105

115
125
105
115

64
76

85
90
9B
90
85
90

BO

90
80
90

00
BO

T5
80

1 2.9
2.3
2.2
2.3
2.0
3.4

08
9B
B3
04
04
90

NAv
3,2
3.1
2.4

1.8
2.1
2,7
2"4

NAv
2.5
1.7
1.7

1

9B
60
BO

96

1 B9

95
B5

77

In-training YM

In-training YI'l
In-training Ïvl
1n-training YM

80
90
75
90

NAv
126
111
95

t

Subjects 99 and 67 were excl-uded from T-. stat,istical analysis because
onl,v lwo T^ resutts vuere avail-able on eãch of them.

Subject 75 was excluded from blood hormone statisLical analysis
becãuse only the two pne-relaxatlon blood test results were available
on her.
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(e) Cardiovascular and Blood Honmone Results at 1730 l]ours

subject Relaxation Relaxation Heart Systolic Diastolic
Code trlo Training Procedure Rate BP BP

(bPm) (mm He) (mm Hg)

1-81
1 -85
1-88
1-92
1-95
1-97
1-98
1-ggx

Trained
Trained
Trained
Trained
Trained
Tnained
Trained
Trained

Pl-asma
Cortisol
(n mol/1

41
61
43

12t+

95
31

128
130

252
74
59
82
B4

94

162
102
272

65

129
122
130
171

Serum Serun
T^ T,

) (t mol/l) (fimol/l;

103
B8
9B
T7

126
102
111
74

1-6
1-8
1-14
1-18
1-19
1-23

I

1-751
1-77
1-79
1-101

Untrai.necl
Untrained
Untrained
Untrained
Untralned
Untrained

none
none
none
none
none
none

1.7
2.4
2.2
2.4
2.1
)o
3.9
1.6

TM
TM
Tl4
TT,l

T},I

TM

Tï,1

TM

85
90
90
B5

90
80
B5
BO

BO

75
BO

90

76
56
BO

84

60
68
6B
60
66
74
BO

64

60
76
92
76
64
78

60
64
72
60

120
115
130
110
115
115
115
120

90
BO

90
80
95
B5

90
90

BO

95
98
90
85
90

100
68
B4
o2

120
130
140
120
100
130

125
120
125
130

135
120
132
100

120
120
115
120

94
9B
92
94
93

108

B4
B3

101
B6

132
99
65
74

2.7
2.6
)1
2.1
2.5
2"7

2.O
2.7
2.5
)2

1.9
3.1
2.7
2.4

NAv
2.6
2.8
2.4

1-67x
1 -83
1 -89
1-90

1-39
1-49
1-43
1-44

In-training TM

In-training TM

In-training Tï4

In-training TM

In-training PR

In-training PR

In-training AHR

In-training AHR

In-training Yl"I

In-training YM

In-training YM

In-training YM

NAv
59

160
80

NAv
126
116
B5

tç

t

Subjects 99 and 67 were excluded from T., statistical analysis because
onlv two T^ results \^rere available on eách of them.

Subject 75 was excluded from blood hormone statistical analysis
b""ãu=" only lhe two pre-relaxation blood test results were available
on her.
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(f) Urinary Hormone Results (n mol/d)

Subject
Code No

1-81
1 -85
1-BB
1-92
1-95
1-97
1-98
1-99

1-6
1-8
1-14
1-18
1-19
1-23

Relaxation
Training

Relaxation
Procedure

none
none
none
none
none
none

1-67
1 -83
1 -89
1 -90

1 -39
1-49
1-43
1-44

1-75
1-77
1-79
1-101

T14

TM

TI4
Tl.{

PR

PR

AHR
AHR

YM

YIVI

YM

Yl"I

142
205
289
374
568
347
328
330

339
292
606
235
396
401

360
251
243
442

NAv
1TT
287
235

431
330
t¿o
369

287
257
268
344
472
360

339
210
268
265

NAv
292
197
243

218
?Ã?

281
322

Trained
Trained
Trained
Trained
Trained
Tralned
Trained
Tralned

Tl4
TÌ,I

Tï4
Tl4
TT4

T},I

Tl4
Tl'1

Sat
UFC

83
139
130
215
192
116
102
153

159
175
195
171
439
186

168
201
221
348

NAv
145
160
121

163
150
141
286

Sun
UFC

130
117
115
185
136
104
105
157

i89
221
123
230
195
149

116
184
247
192

141
i50
421
374

Mon
UFC

213
173
167
NAv
123
117
'106

153

201
268
128
184
255
215

132
116
185
364

163
156
232
228

Sat
UCA

Sun
UCA

175
213
360
1.7tr.Jl -)
?q6
259
292
303

289
265
371
240
407
257

191
235
147
128

96
349
169
303

Mon
UCA

126
355
401
NAv
371
450
205
240

Untrained
Untrained
Untrained
Untrained
Unlrained
Untrained

In-training
In-training
In-traini-ng
In-training

In-training
Tn-training
Tn-training
In-training

In-training
In-training
In-training
In-training

330
232
265
224

153 NAv
192 169
149 97
184 gB



C. Short-term Study (2)

(a) Subject Characteristics
t¿

Group Age
(yr) nv(yr)

MEDITATTON EXPERTENCE

Number of Number of Category
Advanced Residence
Techniques Courses

SUBJECTIVE REPORT RATINGS
E>çerirnental Week-end Control Week-end

Meditation or Experimental Meditation
Rel-axation Stress Depth
Depth

Subject
Code No

2-1
2-2(37)
2-3
2-4(38)
2-5
2-6
¿-(
2-8( 36 )

2-10(39)
2-12
2-13
2-14
2-15
2-16
2-17 (40)
2-35

t ¿(
1A(18) 22
122
1A(18) 2T
124
124
127
1A(18) 20
1A(18) 23
124
127
148
135
130
1A(18) 28
122

fI
c+

A
B
B

B
B
At
B
A
A
Br
A+
(-

5.5
1.8
1.1
6.0
2.5
2.8
i.3
4.25
4.3
4.7s
3.25
o?
9.0
2.1
5.1
1.1

1

none
none

1

none
1

none
none

1

1

none
¿

2
none

1

1

abcut 18
10

4
4
4

7
about 7

4
6

lÊ l(

I
B

3
about 20
about 13

4

16
14
15
15
10
15
14
15
17
IJ
tb
to
18
16
12
15

1)IJ

to
¡h

14
8
I

NAv
11

17
18
15
IJ
14
13
NAv
11

2
4
2
3
3
5
3
3
2

2
1

2
2
¿
3

See Table 1, p 33.

xx Six monthsr teacher training and advanced teacher training in residence.

+ In order to approximately equalise the number of subjects in each meditation experience category,
subjects v¡ith TM experience (yr) at the border of a meditaLion experience category (ie, arbitrarily,
t C.3 yr) were categorised according to number of advanced techniques and number of residence courses
attended.

J

@(,



Subject
Code No

GrouP)c Age
(yr) TT"1(yr)

I'4EDITATTON EXPERIENCE
Number of Number of Category
ACvanced Residence
Techniques Courses

SUBJECTÏVE REPORT RATINGS
bçerj:nental Week-end. Control Week-end

Medilaticn or Experimental Meditation
Rel-axation Stress Depth
Depth

10

7
NAv

9
15
8

11

13
15

7
10
10

9
a

B

NAp
NAp
NAp
NAp
NAp

NAv
NAv
NAv
NAv
NAv

NAv
NAv
NAv
NAv
NAv

2-9
2-11
¿- tó
2-19
2-20
2-21
2-27

2-31
2-32
2-33
2-34
2-42
2-43
2-44

2-28
2-30
2-41
2-45
¿-+o

¿

1

NAv
3
1

3
3
1

J
3
2
3
4

5
3

nt
.tt

I
B
cr
c

NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp

5.1
1.6
2.5
2.1
0.8

27
23
29
26
23
21
20
)¿
30
31
2T
25
¿>
24
21

24
31
24
32
24

2
2
2
¿

2
2
2
2
2
2
¿
¿

2
2
2

3
J
3
3
3

NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp

NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp

3
about 12
about 12

¿

none

NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp

NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp
NAp

1

none
none
none
none

x See Table 1, p 33.

+ In order to approximately equaì-ise the number of subjects in each meditation experience category,
subjects with Tï,1 experi-ence (yr) at the border of a meditatlon experience category (ie, arbi-trarily,
t 0.3 yr) were categorised according to number of advanced techniques and number of residence courses
attended.
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Subject
Code No
(matched
pairs )

2-45

2-9

2-10

2-11

2-17

)-10

2-28

¿-¿u

2-3

2-21

(b) Matched Subject Characteristics

A(C-S) Age Body Dietary Diet Urea Urine Previous Usua1 Caffeinated Tobacco
(min) (yr) Surfacq Protein Rating Excretion Volume Night's SÌeep Beverages (cigarettes/d)

Area(m') (s) (units) (m mol/d) (mI) -S1eep (h) (cups/d)
(h)

Physical 0ccupation
Training
(min/wk)

32

¿(

¿J

23

35

38

58

56

1 .80

1.99

1 .91

2.08

49 28 1.82

50 26 1.81

52 24 1.80

55 23 NAv

37.2

82.3

103.3

103. B

55.7

107 "5

68.4

48.6

3

4

323

37i

219

508

353

597

248

197

255

385

1555

1165

790

1155

1122

1300

1245

1220

8.5

8.5

8.4

8.5

7.3

7.3

I

7

8.5

10

8

730

iT50 9

6 8 0

U

6

0

340 brake service
proprietor

0 university
student

0 assisLant,
film editor
university
student

150

5 NAv

8

o 6

0

0

0

1

2

1

I 0

0

2

ô

5

T

500

420

0

+ttu

200

960

school
teacher
technician

telecom
technician
gardener

student
teacher
university
student

0

0

0

0

1

4

49 22 1.77 67 .3 3

44 21 1.89 131.3 1

n

0

0

0

@\n



Subject À(C-S) Age Body Dietary Diet Urea Urine Previous Usual- Caffeinated Tobacco Physical Occupation
Code No (min) (yr) Surfacq Protein Rating Extretion Volume Nightrs Sleep Beverages (cigarettes/d) Training
(matched Area(¡¡¿) (S) (units) (m mol/d) (mI) Sleep (h) (cups/d) (min/wk)
pairs) (h)

2-2 52 22 1.81 0

2-27 56 20 1.89

2-16

2-29

2-7

2-32

2-12
2-34

2-46
¿-4¿

2-30

2-43

2-35

2-44

31 22

21 21

55.3

53.4

35.7

58.8

123.2

88.4

1no o

30.6

n
I

T

7

5

4

3

F7
I

7

IJ

6

1

¿

9
otr

9.5
6.6

430

205

307

346

284

130

1510 7

890 7

1540

1550 7

1 180
1166

906
1164

1575

2UA

1125

1490

8.5

8.5

7.1 6.5

0

0

15

U

0

0

125

120

0

120

450

0

150
210

90
335

435

0

280

university
student
university
student

school
teacher
clerk

school-
teacher
builder t s
labourer

TM teacher
research
worker

unemployed
unemployed

research
officer
cl-eaner

farm
assistant
nurseryman

49 30 1 .BT 26.8

51 32 1.85 57.4

47271
4T 31 1

88

85

90
T5

75
75

4

0

0

0

8

9

0
2

U

0
8

7.5
8.3
9.2

4
3

58.6
77 .6

@o\
8 0

0

4

3 352 721

JI
33

24
25

24
25

35
39

1

1

331
285

397
197

339

274

390

367

7.8

7.5

1

1

tJ. (

75.1
2
1

2

1

0
tt

0

0

0
n

¿

0

63 31 2.01

61 24 1.86 7.4 9.5

1.94

1 .70

3

4 07F 0



(c) Results of Blood Tests aL 1415 Hours

165.
NAv
118.
108.
lôo
t a<).

NAv
175.
118.
143.
109.

'7 "7

103.
102.
109.
116 .

93.

105 .

1 18.
81 .

107 .
110lt(J.

BB.
103.
116.
126.
117 .

95.
86.

104.
134.

168.
NAv
110.
103.
121 .

NAv
152.
132.
120.
oô

79.
'100.

107 .

tÍ.
103.
101 .

102.
129.
84.

109.
107 .

102.
102.
114.
116 .

109.
98.
o2

100.
132.

42.0
41 .0
39. o
40.0
44.0
38. 0
43 "5
42.0
42.0
42.0
45.0
42.5
38. 5
41 .0
37.5
43.0

47.
43.
+¿.
1r"

4t.
42.
45.
42"

4t.
43.
Llt

TO,
67.
70.
65.
70.

69.
Áo
'7)I L.

73.
66.
-/o

68.
Áo

65.

4 Te.
9 74.
6 65.o Tz'
3 66.
7 70.
u (¿.
B 65.
6 66.
¿ tl.
.+ o/.
2 64.
4 To'B 72.

235.
161 .

305.
134.
256.
439.
184.
165.
308.
1E')

¿Ã?

487.

137.
172.
228.

187 .

7 131.
5 136.
4 NAv
QtrtrU )J.
5 117,
0 287.
^ 

11)U IJC¡

7 99.
5 146.
9 160.
9 121.
1 70.
2 74.
1 91.
7 67.
0 162.

å<
o.

L

l-)Ooz
c).-) O.oõ50Øc)

.-{{-)^
Orl(d\
o
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Êrv

r-l -l -l -lo\ ()\ o\Øt1 Ð-l U)rl
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r-1

É

!tr
.c

r-l
ô0

.-l
Op
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J
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U

èS
!

cî>
FL)LO.

U)
t-).rl

H
Fr
k-T

r-'l

.-l
o
E

Ër

-{
-{
d

c1
F

2-1 1

2-2 1

2-3 1

2-4 1

2-5 'l

2-6 1

2-7 1

2-B 1

2-10 1

2-12 1

2-13 1

2-14 1

2-15 1

2-16 1

2-17 1

2-35 1

2-A 2

2-11 2
2-19 2
2-20 2
2-21 2
2-27 2
2-29 2
2-31 2
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I See Table 1, p 33.



(d) Results of Bl-ood Tests at 1430 Hours
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See Table 1, p 33.¡¿
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'x See Table '1 , p 33.



(f) Results of Blood Tests at 1500 Hours
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(h) Results of Blood Tests aL 1520 Hours
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(i) Results of Blood Tests at 1530 Hours
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( j ) Results of Blood Tests aL 1545 Hours
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2-21 2
2-27 2
2-29 2
2-31 2
2-32 2
2-33 2
2-34 2
2-42 2
2-43 2
2-44 2

2-36 1B
2-37 1B
2-38 1B
2-39 1B

2-40 1ts

2-28 3
2-30 3
2-41 3
2-45 3
2-46 3

4
4
4
4
4
4
4
4
3

1

1

1

2
1

2

2
1

2

1.5
1.1
2.2
¿.¿

o

45.9
40.6
41.3
NAv
38. 9

.7

¿.
1

1.

J.l
.)Q

4.5
4.5
4.4

3.6
4.5
3.8
2.6
J. I

1.6
2Q

1.6
trQ

2.8

100.
43"
51.

146.
60.

158.
130.
134.
71.
80.

24

NAv
41.4
43.4
43.0
39.4

,ç See Table 1, p 33.



(k) Results of Blood Tests at. 1600 Hours
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NAv
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L
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rJ.rl

H
F
t¡.

r-l
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c
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É-1

2-1
2-2
2-3
2-4
2-5
2-6
¿-(
2-B
2-10
2-12
2-13
2-14
2-15
2-16
2-17
2-35

2-g
2-1 1

2-19
2-20
2-21
2-27
2-29
2-31
2-32
a ')')
L-JJ

2-34
2-42
2-43
¿-c4

2-36 1B 1

2-37 18 1

2-38 1B 1

2-39 1B 1

2-40 1B

,l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

¿
2
2
¿

2
2
¿

a
2
¿

2
¿

2
¿

cf)

1.1
1.2
'1 .B
NAv
1.6
NAv
i.B
l.¿+

2.0
l.t)

o

1.3
1.4
1.5
1.4
1.5

1.7
1.5
2.5
t.b
1.4

o

t.4
NAv
1'7l.l
1,7
1.5
t.4
2.3
1.2

.48
)')

.¿ó

.30
2Q

NAv

.18

.30
)o

.31

.29
Ltr,

.25

.29
,37
.34
.31
.16
.27

3q
.31
.46
.41
.28

.36

.36

.36

.42

0 NAv
0 NAv
0 NAv
0 NAv
0 NAv
0 NAv
0 NAv
0 NAv
0 NAv
5 NAv
0 NAv
5 NAv
0 NAv
0 NAv
0 NAv
0 NAv

NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
'l .0

.6

Ã

.B
1.1

4.C)
4.3
4.2
?Q

4.1
4.8

4.3
4.8
3.2
3.9
4.9
4.5
3.8
4.3
4.8

2.0
1.6
1.6
3.6
ó.¿
5.8
1.8
t.o
t.¿
1.6
1.2
5.6
1.0

1.2
9.2

41
40
39
39
45
Jf

.18
))

.33

.25

.34

.23

.28

.33

.32

.20

43
41
43
42
t+3

45
44
41
41

NAv

44
42
42
41
45
41
41
4¿
')-lJl

42

4T99. B

B

5
3

T
5
B

2
4
ðJ

NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv
NAv

NAv
NAv
NAv
NAv
NAv

NAv
NAv
NAv
NAv
NAv

1.0 4.3
.6 4.8

6.0 4.0

NAv
NAv

o
1

.1

.0

NAv
43.1
NAv
43.9

1.4 4.2
1.6 4.7
2.0 4.4
2.0 4.3
NAv NAv
1.6 4.5
4.2 4.9
B.B 4.6
0.0 4 .7
.B 4.9
o.)tr

.(J J.)

2.8
4.2
4.5
4.4
4.4

4.4
2.2
1.0
1.2
7.6

45.2
40. B
40.9

3.6
4.6
3.9
2.5
3.9

1.2
2.4
1.4
5.0
8.2

NAv
92.

534.
289.

U

1.4
1.5

o

1.4
1.5
1.1
2.7

.B
1.8
NAv
1.4

3

9
1

9
T
1

1

1

1
,1

2-28 3
2-30 3
2-41 3
2-45 3
2-46 3

154.
116.
o?

88.
114.

1

1

.6

.4
,Y

tr

'7.l

NAv
NAv

44.3
41 .6
44.4
42.8
41.0

2 204.4 194
0 111.3 153
0 96 .7 130
2 198.6 83
0 141.9 65

x See Table 1, p 33.
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69
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4.5
4.3
3.9
4.0
4.7
3.2
4"3
4.8
4.0
4.3
4.9
4.6
4.0
4.5
4.t

1.6
9.0
3.2
3.8
4.2
3.0
1.6
2.0
1L
1.6

o
.(J

Õ.Õ
1.0
7.8

.Õ
12.8

4.2
4.8
4.1
4.0
4.8
4.4
4.4
NAv
4.4
5.0
4.5
+,(
4.8
3.3

.6

.6
17.2
1.0
1.2

14.4
1.6

NAv
1.4
3.2
5.6
8.8

.8

.51 43.0

NAv 38.0

.35 41.0

.20 43.5

.21 43.0
NAv 42.5
.25 41.5
.38 45.O
.23 41.0

.28 39.0

.35 38.0

.31 39.0

.40 45.0

.36 NAv

.30 40.4

.28 NAv

.32 NAv

.15 44 .3
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NAv
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NAv
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1.7
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1.4
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1

1

1

1

1

1

1

1

1

1

1

1

I

1

1

1

2
¿
aC)(,
¿
2
2
2
¿

¿
2
a
2
¿

164.
112,
95.

139 .

144.
211 .

67.
64.

149.
160.
NAv
74.

166.
43.
76.
71.

136.

1 141.
8 117.
1 125.
B 84.
B 55.

lÕ.
lJ.
71.
l+.
ol,
'7^

74.
NAv
66.
'7)

oi.
67.
71.
68.

494

NAv
NAv

.B
1.2
1.6
t.l
1')

NAv
1.2
2.1

.9
2.6
1A

1.2

NAv 41.5
.32 37 .0
.17 42.0

.20 47.7

.30 43.6

.27 42.4

.30 43.3

.50 43.9

.26 45.7
NAv NAv

.30 42.8

)-o
2-11
2-19
2-20
2-21
2-27
2-29
2-31
2-32
2-33
2-34
2-42
2-43
2-44

2-36
2-37
2-38
2-39
2-40

2-28 3
2-30 3
2-41 3
2-45 3
2-46 3

1B 1

18 1

18 1

181
18 1

112.
111 .

112 .

130.
135.

161 .

127 .

90.

oo

96.
94.
90.
96.

121 .

108.
99.

NAv
106 .
104 .

91.
NAv

99.
124.

113.
113.
112 .

129.
136.

158.
132.
94.
89.
95.

46.3
40.3
43.5
4¿.)
NAv

.6

.ó

.T

.Õ

.z

99
69
bt
¿4
56

259.2
76.5

117 .1
140. 0

75.9

1.6
o

1.0
u

1.0

2.8 2.8
¿.u +.)
.8 4.5

1.4 4.4
9.2 4.4

179.

4.2
4.6
3.8
2.5
3.9

1.0
2.8
1.4
8.0
6.0

6T
ol
62
6B
69

45.2
41.0
44.5
42.3
40.0

1.6
1.3

o

NAv
1^t.J

¿J
44
JU

9

0
3
4

9

.3¿

.30

.42

.4U

.22

.40

.Jt

.44
NAv

68.
61.
66.
70.
65.

a

.0

.8
.7

.l

.0

9
¿
2
,l

9 B6

lÊ See TabJ-e 1, p 33.
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(m) Results of Urinary Hormone Tests, Urine FIow, CreaLinine Cl-earance

and Serum OsmolaÌity Before the Laboratory Study

Subject Groupx
Code No

2-1
2-2
2-3
2-4
otr

2-6
2-7
2-B
2-10
2-12
2-13
2-14
2-15
2-16
2-17
2-35

2-9
2-11
2-18
2-19
2-20
2-21
2-27
2-29
?.-31
2-32
2-33
2-34
2-42
2-43
2-44

2-36
2-37
2-38
2-39
2-40

1B
1B
1B
,IB

1B

2-28
2-30
2-41
2-45
2-46

UFC
(p moI/min)

270
293
122
198
164
159
160
507
151
306

87
197
132
135
217

333
230
205
NAv
153
331
278
246
112
137
213
111
207
316
197

Urine
UCA Flow

(p mol/min) (m\lmin)

363
209
223
561

59
343
449
138
325
385
539
129
177
300
291
121

466
4TB
355
NAv
196
413
229
145
154
187
223
215
?13
347
151

0. 85
0.86
0.56
NAv
0.94
1.20
0.67
2.28
o.57
0.55
0.82
0.79
o.77
O. BB

1 .89

Creatinine
Cl-earance
(mllmin)

163
T3

11'4
161
66

141
95
8B

106
87

171
91

180
133
'108

144

117
130
NAv
NAv
143
187
B9

106
B3

143
127
127
95

106
160

Serum
Osmolality
( mosmol/1 )

300.2
302
29

29
30
304.
297.
302.
295.
301 .

293.
29:t.
304.
)07

295.
300.
NAv
294.
290.
296.
290.
2BB.
300.
299.
306.
295.
301.
302.
2gB.

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

301

30
29

.14

.11

.11

.72

.74

.02

.65
,OT
.47
.76
.14
.52
.83
.74
.83
.97

B

1

7
R

3

1

¿

2
0
1

1

0
1

1

0
1

0
1

0
0
0

306
305
301
302
304

54
.71
IJ

ö
7
3
6
4
4
0

7
5
5
2
4
4
U

0

9
Õ

9
n

I
1

Õ

4
6
7
0
6

9
9

6
5
0
6
I

3
3
J
3
3

B9
116
72

249
B4

211
155
184
8T

150

239
230
195
185
284

284
236
644
249
303

0.61
0.48
0.48
O. BB
0.42

B5

79
102

151
142
185
170
139

0
1

1

0
0

9e
08
07
36
75

289.4
291.7
297.1
290.8
302.3

rß See Table 1 p33
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(n) ResuÌts of Urinary Hormone Tests, Urine Flow, Creatinine Clearance

and Serum Osmol-ality During the Laboratory Study

Subject GrouP*
Code No

UFC
(p mol/min)

150
319
160
99

173
178
171
95

403
99

242
194
117
116
55

216

302
172
214
NAv
108
314
399
114
97
98

382
182
346
411
174

Urine
UCA Fl-ow

(p mo1/min) (mllmin)

295
242
211
537
181
295
458
119
243
491
697
492
93

251
281
229

179
249
435
NAv
241
323
377
339
131
217
278
164
156
987
187

2.00
1 .51
0.63
l'lAv
0.92
1 .01
a.7B
0.33
0.53
0.66
0.94
o.47
0.56
1 .43
2.31

Creatinine
Clearance
(mIlmin)

99
198
206
129
121
147
125
82

125
97

164
167
106
135
136
102

127
119
NAv
NAv
106
148
162
148
120
135
135
90

177
193
162

Serum
0smolality
(mosmol/l )

304.7
301 .8
298.4
300.3
296.8

2-1
2-2
2-3
2-4
2,5
2-6
2-7
2-8
2-10
2-12
2-13
2-14
2-15
2-16
2-17
2-35

)_o
2-11
2-18
2-19
2-20
2-21
2-27
2-29
2-31
2-32
2-33
2-34
2-42
2-43
2-44

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2
2
¿
2
2
¿

2
2
2
2
2
¿

2
2
2

297
295
297
298
295
295
298
302
294
297
300
305
)07
303
308
293

o.72
3.11
l,¿o
0.70
2.38
0.41
0.96
0. 87
4.09
1.13
1.27
o.99
2.74
0. 73
0.70
0. 93

0
0
7
4
8
5
2
2
5
0
B

6̂
0
6
6

29t.0
295.1
NAv
298.6
295.9
297.8
290.1
293.3
NAv
299.7

2-36
2-37
2-38
2-39
2-40

2-28
2-30
2-41
2-45
2-46

1B
1B
1B
1B
1B

189
130
106
188
79

354
222
115
B6

107

308
285
4TO
197
327

252
113
593
283
285

1

1

0
3
0

1

3
0
0
0

3
3
3
3
3

3B
60
83
69
66

38
T5
95
65
8B

138
100
150
148
70

177
188
125
165
195

.0
^.a

.B
n.l

.6

300
295
298
298
291

9̂
9
1
ôo

2BB
2BB
293
288
295

g SeeTabtel'P33.



(o) Urinary Hormone Results (n mol/d)

199.

CONTROL I/\iEEK-END

Saturday Sunday
UF'C UCA UFC UCA

SUBJECT
CODE NO

GROUPX EXPERIMENTAL V,IEEK-END

Saturday .Sunday
UFC UCA UFC UCA

2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-10
2-12
2-13
2-14
2-15
2-16
2-17
2-35

259
247
230
131
150
166
117
162
290
214
141
144
271
222
105
251

302
200
294
306
159
295
321
210
160
172
223
185
329
508
158

294
297
504
523
159
579
367
492
335
666
616
376
257
629
657
487

232
196
146
124
1Bg
'180

221
137
114
165
275
145
143
274

- 104
333

230
247
239
133
209
222
249
206
122
154
149
129
274
140
239

95
121
106
174
106

133
tbo
173
175
94

459
205
493
799
129
359
700
200
329
300
998
408
340
637
455
267

342
294
617
253
533
284
276
173
213
307
225
255
564
578
315

239
472
262
323
262

242
168
802
2BB
433

172
NAv
137
NAv
149
158
T9

193
217
117
89

200
194
242
NAv
232

321
NAv
456
NAv
914
430
237
353
230
145
290
649
382
531
NAv
432

NAv
434
494
376
635
325
400
NAv
271
218
195
328
549
407
NAv

111
NAv

89
NAv

B6
122
NAv
106
146
165
64

138
240
205
NAv
233

159
NAv
323
202
208
192
148
139
187
219
1'.t6
137
198
NAv
NAv

108
174
NAv
NAv

95

255
NAv
386
NAv
'10i

567
NAv
216
408
4BB
??tr

485
255
597
NAv
299

215
NAv
383
472
321
tr1.7)Jt
249
244
475
264
273
135
435
NAv
NAv

2-g
2-11
2-18
2:19
2-20
2-21
2-27
2-29
2-31
2-32
2-33
2-34
2-42
2-43
2-44

2-36
2-37
2-38
2-39
2-40

2-28
2-30
2-41
2-45
2-46

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

355
278
484
Jbö
444
2qo
4JJ
307
141
241
239
342
341
323
247

202 301
176 209
119 372
279 237
9T 405

213 252
194 534
157 535
161 349
148 470

NAv
190
165
520
134
203
200
238
223
175
192
205
148
112
NAv

110
175
NAv
NAv

87

501
339
NAv
NAv
298

211
654
NAv
962
633

249
NAv
NAv
NAv
162

174
305
450

1418
i83

1B
1B
1B
1B
1B

3
3
3
3
3

163
151
NAv
291
105

103
195
187
320

BT

* See Table 1 p33
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D. TM Residence Course StudY

(a) Subject Characteristics

Subject Sex Age
Code No

Tr4

Experience
(yr)

1.BT
1-91
1-104
1-105
1-106
1-107
1-111
1-113
1-114

1- 103
1- 108
1-109
1-1 10
1-115
1-116
1-1 1T
1-118

F
M

M

F
M

F
M

F
F

lr1

M

F
F
M

F
M

M

22.8
26.8
40.6
28.6
21.7
25.1
48.3
22.8
25.5

28.O
19.3
21.4
20.5
28.g
28.8
18.7
21.9

3.7
3.7
1.8
4.3
2.1
1.3
1.1
1.2
3.2

0.6
0.3
0.4
0.5
0.6
0.5
0.5
0.1



(b) Urinary Hormone and Urinary Volume Resul-ts

UFC (n mol-/d)
Sat Sun Mon

UCA (n mol/d)
Sat Sun Mon

201.

Urine Vol (m]/d)
Sat Sun Mon

Meditatlon
Experience

experienced
experienced
expenienced
experienced
experì-enced
experienced
experlenced
experienced
experienced

novrce
novice
novice
novrce
novice
novice
novice
novice

Subject
Code No

1-87
1-91
1-104
1- 105
1- 106
1-107
i-111
1-113
1-114

1- 103
1-i0B
1-109
1-110
1-115
1-116
1-117
1-118

130
211
204
116
219
175
218
142
186

203
'186

117
226
287
168
175
204

62
139
181

IJ
197
105
139
121
13',I

203
157
144

81
363
124
195
250

139
138
NAv
NAv
163
104
NAv
112
NAv

130
170
144
190
NAv
NAv
228
197

169
109
459
246
429
128
283
156
55

251
2BT

96
726
224
205
369
816

164
168
314
177
238
139
207
202
175

142
29B
109
194
431
180
388
ooJ

137
363
NAv
NAv
276
197
NAv
251
NAv

41
311
254
183
NAv
NAv
371
824

515
810
865
925
NAv
NAv
660
685

556
1905
1 070
535
975
990
480

117 0
1 050

625
690

1320
1 870
2340
545

1 300
1 185

943
1 805
670
770

1275
710
775

1 050
585

745
775

1735
380

1960
500
750

1285

696
1025
NAv
NAv
525
485
l'lAv
700
NAv
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APPEIT]DIX V: PUBLICAIIONS

Bevan, A.J.W., Young, P.M., Wellby, M.L., Nenadovic' P. and Dickins, J.A.

Endocrine Changes in Relaxation Procedures. The Endocrine Societg of

AustraLia Proceedings 79:59, 176.

Both the sympatho-adrenomedullary and adrenocortical- systems are

activat,ed in nesponse to stress. Thyroid function is also probably

susceptible to stress( 1 ) . Benson(2) has proposed the term rrrelaxation

responset' Lo describe a common integrated physiological reaction underlying

the practice of relaxaLion techniques. According to Benson the rel-axation

response is the counterpart of Cannonrsrrfight or fJ-ightrrstress response.

The following 3 sludies were performed on normal subjects to

examine the possible endocrine effects of various relaxation procedures.

1 ) Chronic endocrine effects were investigated on subjec|s

supervisecl in TranscendenLal Meditation (n=7), progressive relaxation,

autohypnosis (¡=10) and yoga-meditation (n=7) before training and at

regular intervals over B months duning training. A control group (n=12)

which had no specific relaxation j-nstruction and a group of experiencecl

(> 1 year of practice) Transcendental- Meditation (Tla) subjects (n=B) were

,studied concurrently.

2) Acute endocrine effects were studied, in all gr"oups by serla]

blood sampling before and aften a hal-f-hour Sunday mj.d-aft,ernoon refaxation

session. Urine samples were collected over the same weekend and the

following Monday.

3) The third study was conducted during a TM residence course

on subjects practising intensive rneditation. Both experienced (n=9¡ and

novice (n=7) TM subjects were investigated.

Pl-asma and urilnary free cortiso.l- (UFC) were measured by competitive

protein binding, urinary catechol-amines (UCA) by fluorimetry and serum

thyroxine (T4) and triiodothyronine (Ta) bV radioimmunoassay.



203

Results: 1,) During the B months no temporal endocrine trends reJ-ating lo

the relaxation technique practices were apparent for all groups. However,

overall UFC levels of experienced Tï,1 subjects were lower than those of

novice TM subjects (p . O.O5), A combined analysis of both TIvl groups

revealed a negative correfation between TM experience and UFC. No

significant differences were found between UFC l-eveLs of novice meditators

and controls. No slgnificant group differences in UCA occurred.

2) Short-term pre-relaxation vensus post-relaxatj-on comparisons

reveal-ed a decrease in plasma cort.isol- following meditation in the experienced

Tl4 group (p < O.OOO5). No signiflicant plasma cortisol changes were found

for aII other groups. T4 l-evels fell immediately following meditation in 1,he

experienced 'Il4 group (p . 0.05), however, no signj-ficant changes in Tt were

observed.

Analysis on UFC and UCA reveal-ed a general faI]-off from

Saturday to Sunday with a rise on the following Monday although these

trends were not significant. Overall UFC anci UCA levels confirnted the

results of the first studY.

3) The UFC fevel-s of experienced TM subjects fell significantly

from the Saturday to the Sunday of the TM residence course (p < 0.0005).

LeveLs remained l-ower on the following Monday (p < 0.0025). Novice

meditators showed a similar pattern. However, these results were noL

statistically significant. No significant changes in UCA occurrecl over

the weekend.

ConcLusions: The most obvious observations l^Iere the highly significant,

decreases in plasma and urinary free cortisol- during TM, the effect bei-ng

cumul_ative with increased meditat,ion experience. However, there were no

signj.ficant effects on catecholamine excretion. The changes in thyroJ-d

function are difficult to interpret without further observations but

effects on peripheral- metabolism of TO and Ta have to be considered'
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The results suggest that TM produces a marked acuLe and chronic

reduction in trophotropic anterior hypolhalamic activity but, little effect

on ergotropic poslerion hypothalemic function. Al-though the endocrinol-ogical

effects of TM appear to denote the removal- of stress, the mechanisms

underlying the practice are not a simple counterpart of Cannonrs fight or

flight response. Therefore Benson's concept of the relaxation response(2).

is probably not applicable t,o TM.

(1) Hetzel-, 8.S., D.S. De La Haba and L.E. Hinkle, Jr. Trans. Am. Goitre

Assoc, 1952, p. 242.

(2) Benson, H., J.F. Beary and M.P. Carol. Psychialry 1974, 37:37.

Bevan, A.J.W. Endocrjne Charges in Tfanscendental- Meditation.

Proceed.ings of The AustraLian Societg ltor Medica-l. Research 7I:56, 1978.

Transcendenlal- Meditation (TT'l) is widely practised as a

re1axation procedure for its stress reclucing effects and has been reported

to be characterized by a hypometabolic physiological stat,e (lrlalface et al,

1971). There are no observations of slgnificant endocrine changes

associ-ated with TM except for decreased cortisol- and i-ncreased prolactin

level-s.

The purpose of the study was to examine short-tenm changes in

some serum hormone levels associated with stress. Fifteen experienced maÌe

meditators were exarnined. Frequent serial- blood samples were taken via

indwelllng venous catheter before, durin¿ç, and afLer a 30 rninute mid-

afternoon meditation. Nine non-medi-Lator male controls were observed under

comparable experimental- condltions before, during, and aft,er 30 minuLes

of ordinary relaxation.

Serun growth hormone (GH), triiodothyronine (T3)' reverse

triiodothyronine (rTa), and thyroxine (T4) were measured by radioimmunoassay.

Serum cortisol- üJas assayed by competitive protein bindi.ng.
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pre-meditation or pre-rel-axation concentrat,ions of GH and cortisol

were higher Ín the control group than the meditaLors. Falls in serum GH,

cort,isol and Ta occured during rneclitation (p < 0.05' d.f. > 9, paired

t,-Lests). Changes observed in non-meditator controls were inconsisLent

and less significant. Levels remained low following meditation and tended

to gradual-Iy return towards pre-rneditation values. No significant changes

in TO, free TO 1ndex, 
"T3, 

haemogJ-obin, packed cel-l volume and tot,a-l- serum

proteins were found.

The three hormones GH, cortisol and T' which increase with stress'

fall significantly <luring TM in contrast with ordinary relaxation. These

changes might be mediated by alterations of hypothalamo - anierior

pituit,ary functlon in TM.

REFERENCES

lrlall-ace, R.K., Benson, H. and Witson, A.F. (1971) American Journal of

Physiology 221, 795.

Bevan, A.J.w., Slinons, R.G., Beng, C'G' and Wellby, M'L' Short-term

Endocrjrre Changes jrr TÏanscendental Meditation. The Endocrine Societg of

Austrafia Proceedings 22¡J$, 1979.

Transcendental_ Meditation (T1vi) is widely practised as a refaxation

procedure for its stress-reducing effects and has been found successful in

the treatment of stress-reLated disorders and in the management of stress

reacti.vity. Significant reductions of cortisol and growth hormone (hGH) in

experienced meditators j-n contrast with non-medilator controls have been

reported previously (1, 2). However, some of these clifferences might be

attrlbutable to individual variation or t,o differential experimental

stress effects.

Hence, this study was ciesigned to reinvestigate possible endocrine

bases for the effects of T,[,4 on stress, giving due consideration to the above

mentioned independent variabl-es.
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All subjects were day-active, healthy, Caucasianr young-adul-t,

male volunteers. Five experienced meditators were studied before,during

and after a 30 minute mid-afternoon meditation (group 1A). The same five

meditators \^rere reslu.died under the same experimental condit,ions except,

that instead of meditating, ""hey read and tal-kecl quietly amongst themsel-ves

throughout the period of observation (group 1B).

Restudyi-ng meclitators created a rtsecond expenj-encerr effect which

might significantly influence endocrine changes. Therefore, a comparable

group of five previ-ous1y unstudj-ed meditators blere examined under the same

non-meditation condilions as for group 18 (group 2).

Frequent serial blood samples were taken via indwel--l-ing venous

catheter during the aftennoon. Serum hGFI, prolactin, thyroxine (T4)

triiodothyronine (Ta) and reverse triiodothyronine (rTa) were measured by

specific double antibody radioimmunoassay. Serum cortisol- ü/as assayed by

competitive proteín binding using charcoal separatlon. Sephadex uptake of

T, was used to derive free TO index vafues (FTI).

A significant 38% reduction in serum GH occurred duri-ng TI4

(group 14) (p . O .0025; paired t-test). The GH fall- commencecl before the

onset of meditation and appeared t,o be a response in anticipat,ion of

medil,ation. Serum hGH concentration-s after T'1.'1 rebounded to 50% above

premeditation values .

Group 1A also showed slight decreases in prolactin and cortisol

durlng medibation, which were not statlsticalJ-y significant. There were

no statisticalty significant changes 1n TO, FTI, T3, rT, non in haemoglobin,

packed cell- volume or total- serum protein during the experimental periocl.

No statist,ically significanL changes in any test were observed

during the experimenta} period for both group 18 and group 2.

It 1s concl-ucied that (1) a significant short-t,ernt reduction of

hGH occurred during Tl4 in contrast with a lack of change in the same

subjects during a comparable non-mediLation experimental period, (2) the
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absence of hGH changes during this cornparable non-meditatÍon experimental

period was not due to a second experience effect.

(1) Bevan, A.J.IIü., P.M. Young, M.L. lrleì-Iby' P. Nanadovic and J.A. Dickins.

The Endocrine Society of Australia; Proceedings, 1976, 19;59.

(Z) Bevan, A.J.W., Proceedings of The Australian Society for Medical

Research, 1978, 11256.
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