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ABBREVIATiONS AND SYMBOLS

BMR - Basal metabo'li c rate.

SrilR - Standardised metabo'lic rate is metabo'lic rate taking into

account ages sex, weight and lean body mass.

SMRo - Standardised metabolic rate corrected for tìme of day.

AC02 - Change in carbon dioxide.

V - Ventilation rate (l/min).

üCOe - Rate of carbon dioxide production.
tV¡ - Dead space ventilatjon rate (Llm;n).

üA - Al veol ar venti I ation r.ate (L/mi n ) .

FnCO2 - Fracti on of al veol ar carbon di oxi de.

f - Frequency.

PRC¡Z - Partial pressure of alveolar carbon dioxide.

PC02 - Partial pressure of carbón dioxide.

rffnHg - Millimeters of mercury
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ABSTRACT

It is now accepted that mental states alter physiologicaì

function. The technique of rranscendental Meditation (TM) has been

reported to produce a substantial decrease in oxygen consumption

duríng short test periods (hjalìace, Benson and t,lilson, Am. J. physiol.

22I, 795). We have repeated these experiments using a method desr:gned

to reduce interference with the subject's respiration. Seventy-four

experiments were run on 15 experienced meditators and a similar series

of 41 experiments was made with 14 control subjects. In each case

nasal air velocities were measured using heated thermistors, and nasal

air was analysed contÍnuously for pcOz. Each experiment was divided

into 3 sections. During the first 20 minutes both groups were

instructed to read; during the second period of 20 minutes meditators

meditated while the control group sat comfortab'ly and relaxed with

closed eyes; during the final 20 minutes both groups were instructed

to read. Mean minute volume (Û), minute c0, production (Vcoz), as

welì as respiratory frequency were computed for each experimental

section. Meditation was associated with decreases of 1.5 t "2 liters/
min and 55 t I ml/min in f/ and üçg, respectively (means and s.E. of

the means), with no significant change in respiratory frequency. These

changes are in the same order of size but sìíghtly'larger than those

previous'ly reported. However, the tests with non-meditating subjects

unexpectedìy produced similar results (¡ü t.g t .2 liters/min; aÛç¡,

59 t 10 ml/min). hle conclude that under the conditions of our experi-

ments, the decrease in metabolic rate achieved by our medjtatinq

subjects was not necessarily related to the practice of the technique.
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t. I N TRO DUCT IO N

Vorious forms of meditotion hove to doie been investigoied to exomine

fhe proctitioner's obility to voluntorily 
"ontrot 

outonomic functions (Roo, 1968;

Vqkil , 1950;Wenger ond Bogchi, 1961; Wenger, Bogchi, ond Anond, 196l;

Kosomotsu ond Hiroi, I 966; Anond, Chhino, ond Singh, l9ól). Trsnscendentol

meditotion (TM) (Mohorishi Mohesh Yogi, 1966, 1969) hos received porticulor

ottention in recent yeors becouse experimentol evidence hos indicoted fhot by

this technique, which is eosily leorned ond is regulorly prociiced by mony

thousonds of people in Cqnodo, chonges con be produced in o number of physio-

logic porometers (Allison, 1970; Wolloce, 1971). Wolloce (1970) reports o meon

decreose in oxygen consumption of 45 .^3/^in during the meditoiion period os

compored to the control period. The extent of the foll in oxygen consumption

moy hove been underestimoted due to the invosion of the meditotionol stote by

equipment such os o foce mqsk or mouth-piece ond nose-clip, by meosuring blood

pressure ond by the presence of o cotheter for toking orteriol blood somples. If

these experimentql conditions mosked o much greoter drop in oxygen consumption

thon wos recorded, our understonding of bosol metobolism ond the monogemenf

of common diseoses might be offected (Loncet, 1972*). Ii wos iherefore felt to

be of volue to meosure the chonges in oxygen consumpf ion whïch occompony TM

by o method which would permit meditotion to be os free os possible from

experimentol restrictions. Energy expenditure is usuolly meosured from the

omount of oxygen consumed by ihe body. The rote of energy expenditure depends

on o voriety of foctors ond for this reoson metobolic roterfor the purpose of

*See editoriol The Loncet, Moy 13, 1972.
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comporison,is usuolly meosured under stondqrd conditions¡hich include being

in o quiet room, following ot leost holf on hours rest in the mornïng, l2 or more

hours ofter eoting. Under these conditionsrthe rote of energy expenditure is

known os the bosol metobolic rote (BMR). Becouse stondord conditions ore re-

quired for comporotive purposes, on understondìng of the foctors offecting BMR

is essentio I .

Energy metobolism refers to the chemicol processes occurring within the

tissues, ihe integrotion of which results in the mqintenonce of body temperoture,

in growih, in the supply of energy for vitol processes ond musculor octivity.

In the obsence of growth or physicol ocfivity, the energy releosed in the body

eventuolly oppeors qs heot ond the rqfe of heot producfion provides on occurote

meons of meosuring bosol metobolic rote (colorimetry). The most commonly used

method of meosurement of overollenergy bolonce in mon is indirect colorimetry

in which heot production is colculoted from the oxygen consumed or corbon-

dioxide producedduring o given period of fime, toking into occount the thermql

equivolent of o porticulor respirotory quotient. A portoble opporotus of the

open-circuit type which enobled the determinotion of respirotory exchonge in

humons under o voriety of siiuotions wos introduced by Nothon Zvntz in 1893,

ond by 1906, Mognus-Levy, o student of Zvnlzrl'rod described bosol meiobolism

os the "energy exchonge by which the normolfunctîons of the orgons moy be

mointoined when under conditions of the greotest possible reloxotion". The well

known reloiionship between surfoce oreo ond bosol metobolism in normql humons

stems from the work of F.G. Benedîct on "post obsorptive metobolism" ond thot of
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DuBois ond Rubner in ottempting to estoblish o stqndord of metobolism. The

fotol heqt production of individuols of different size will varyrbut the roie of

heot production per squore meter of surfoce oreo in fosting, resting subiects is

foirly constont, in the order of ì .l34 to ll l2 Colories in q 24 hour period when

oge ond sex hove been token into considerotion. The surfoce oreo con be

determined by one of severol meihods. The DuBois ond DuBois height-weight

formu lo,

A = W0 '425 x H0 '725 x 71 .84 (o constont) where

A = surfoce oreo in squore centimeters

W = Weight in kilogroms

H = Heighf in centimeters,

ond the "lineor method" of colculoting surfoce oreo ore most commonly used. In

the lineor method the body is divided intoT regions; heod, orms, honds, trunk,

thighs, legs ond feet. Eoch oreo is estimoted by meosuring the length ond

circumference, multiplying ond correciing eoch port by meons of foctors, ihen

odding for totol surfqce oreo.

The development of occurote methods of humon índirect colorimetry

poved the woy for investigofion of the foctors offecting metobolic rote. These

ore moinly diet, specific dynomic oction (SDA) of food, exercise, hormones,

fever, climote, seoson, ond sympothetic stimulotion. DuBois (,l954) hos

reviewed the studies which to thot dote investigote the foctors offecting meto-

bolism.



l. l. Foclors Affecting Resting Metobolism

'l.l.l. Voriotion due to testing methods

Results in testing bqsol metobolism con vory 10 - 20"/" if, os recommended

by Boothby et ol. , (1952), initiol reodings ore not used but rother duplicote

reodings ore repeoted on successive doys until the second reoding does not differ

from the first of the doy by more thon 5%. Roberts ond Reid (1952) found thof

7Oïo of iheir subiecis hod initiol reodings l0 - 20îo lower thon their bosol reodings

when tests were repeoted in fhis woy. They feel thot these lower reodings ore o

resuli of fomiliorizotion with the equipmenf since they ore consisteni for eoch oge

group. Vogelius (1945) recommended o troining period os wellrsince 20o/o of his

group of subiects ogedT - l8 yeorsrhod difficulty odopfing to the tesfing procedure.

He qlso tesfed 9 boys, firsi following o sitting rest period ond fhen following o 4

doy hospitol bed rest period ond fq.rnd no difference in their bosol metobolic rote.

Young et oi. , (1943) observed oll ocodemic yeors over q 4 year period ot women's

colleges in o study of the effect of selection on the meon metobolism ond lhe

voriobiliiy of bosol metobolism. In some instonces iests were mode on successive

doysrond in oihersr3 tests per morning were mode. Indicotions were thot since

voriotions within observotions on the some doy were smoll, only one observotion

per doy is necessory. Since vorionce be-fween doys wos significont in some

individuols ond highly significoni in others, they concluded ihot observotions on

more thon one doy ore necessory to estoblish o bosol metobolic rote.

1.1.2. Seosons ond climofe

Environmentol temperoture chonge qccomponying the seosons wos found



to be o significont foctor offecting bosql metobolic rote Pittmon et ol. , (1946)

in o study of college women in 5 mÌdwestern stotes over the period of o yeor.

Thompson ond Kight (19ó3) in o study of men ond women over ihe some period

of timerfound the bosol metobolism of women in ihe summer to be 8.2 percent

below fhot in the winter. In men the seosonol difference wos 3.5/o.

l. 1.3. Roce

Roce os o vorioble foctor in bosol metobolism hos not goined support.

Rodohl (1952) found Eskimos tested much higher thon their white counterports but

when the diet of both groups wos kept the some for 4 doys, the bosol meiqbolic

rotes of both groups reoched the some levels indicoiing o dietory rother thon

rociol difference. Quiring (195'l) invesfigoted Wesf Indion negroes qnd New Orleons

negroes ond found the overoge heqt production rote per squore meter of colculoted

surfoce oreo in eoch group fell wifhîn the limits estqblished os normol for the

white populotion of the oreo.

I . I .4. Age ond sex

The B. M. R. declines with oge ond is slightly lower for femoles. At oge

2 years fhe overoge heot production per squore mefer per hour for femoles is

52 kilocolories ond by oge ó0 hos declined to 32 kilocolories. In moles ihe drop

is from 57 to 35 kilocolories per squore meler of surfoce oreo per hour. Krog ond

Kountz (1950) exposed subiects between the oges of 57 ond 9l yeors ond controls

between 22 - 36 yeors to 5 - l5oC for periods up to 2 hours. Both groups

increosed their bosol oxygen consumption but the older oge group were less oble

to moinloin their body temperoture in cold environments. This moy hove been



due to on impoired mechonism for prevention of heoÌ loss or due os well to

limited further increose in heot production. The some investigotors (lg52)

studied similqr younger ond older oge groups of remperotures from 38 - 45.C.

After ó0 minutes of exposure, the young group consumed 1290 ccs of oxygen

obove bosol levels ond the older group g23 ccs obove bosol levels. There wos o

slightly greoter meon increose in the young when the rote per squore meier of

surfoce per l.0oC rise in temperoture wos colculoted.

l. 1.5. Exercise

Strenuous exercise couses on increqse os much os 20 to 50 times the normol

resting heot production of the body. Short bursfs of moximal confroction of ony

single muscle liberotes 
.I000 

times its resting heot so thot ony muscle controclion

offects metobolic rqte. Bohnson et ol. , (1949) showed thot qn íncreose in

oxygen consumption occurs with possive limb movemenfs olmost equivoleni to

octive unresisted exercise of the some rote. The increose during possive movements

is thought to be due to octivotion of slretch receptors which reflexly increose

muscle tone since fhe oxygen consumption increose did not occur when the blood

supply wos intocl ond the nerve supply wos not but did occur with on intoct

nerve supply ond on occluded blood supply. In on extensive study of recovery

curves of CO, eliminotion ond O, consumption ofter moderote exercise Berg (1947)

found lhof goseous exchonge returned to pre-exercise resting levels within '10

minutes but in qny oge group fhe more physicolly fit tended to require less time

to return to pre-exercise levels. The work of Crescitelliond Toylor (1944)

exomines blood ond urine loctote in o group of young men in vorious stotes of



fitness in response to l5 minutes submoximol treodmill wolking ot 100 meters/

min. on o l5/o grode, Blood loctote rose ropidly ot the beginning of exercise,

reoched o peok ond then declined olong o curve in which the rote of decreose

is o function of fhe tîme ofter cessotion of exercise. ó0 - 90 minutes were

required for blood loctote levels to return to pre-exercise levels in the fit ond

unfït cotegories. Less fit individuols oppeored lo.give o significontly greoter

loctote response to ihe exercise thon fit individuols.

I . I . ó. Specif îc dynomic oction

After food is qbsorbed the metobolic octivifies of ihe body ore sfimuloted

ond heot production increoses. The increose ìn energy outpuf of on índividuol

following ingestion of the food needed to mointoin bosol conditions is termed

fhe specific dynomic oction of food (S.D. A. ) ond vories with the type ond

omount of food token; for proteins it is obouf 30% of the bosql metobolism, ond

for fots ond cqrbohydrotes obout 57o. The heot production begins fo rise within

on hour of eoting ond remoins obove the bosol level for severol hours. The results

of Buskirk ei ol. , (1957) show o 12o/o lolol increose in bosol metobolism when

fosfing individuols were meqsured ot 4 hour intervols throughout ihe doy. Peok

rotes of oxygen consumption ossociqted with S. D. A. in the restìng subiecf con

omount to 1.5 1o2.0 tîmes bosol rotes òf o*yg"n consumption. After o smoll

(ì000 col.), high-proiein meol, the moximum rote of extro colorie production

(Glickmon et ol. , 1948) is 33 col. per hour, deoreosing in obout ó hours to

12 colories per hour. The totol effect of S. D. A. of o high protein meol is

considered to continue for ló hours ond o high corbohydrote meol for l2 hours.



1.1.7. Endocrine effecfs

Meons (195.l) in his review of the integrotive oction of the endocrine

system observed thot the endocrine glonds ore in bolonce with one onother.

Removing one of them or giving on excess of one of the hormones will unbolqnce

the whole system. Although o num,ber of these hormones influence energy

metobolism, the efiect is one of interreloiìonship with the other hormones ond

porf iculorly wifh those of o normolly functioning thyroid glond. Thyroxin

offects the bosic metqbolism of most body tissues. The bosol meiobolic rote con

increose os much os 100% when lorge quonfities of thyroxin ore secreted ond

complete lock of thyroid secrefion con couse o drop of 50o/o in bosol metobolism.

Thyroid hormone is necessory for cell protein onobolism ond cotqbolism ond

therefore necessory for growth. Growfh hormone is noi effective in the obsence

of thyroxin. In normol rots (Hoch, 1965 a, b) growth hormone hos been found

to increose normol mefobolic rote by 60"/" ond in obese women (Broy, l969)

growth hormone roised the metobolic rqte l0 - 20"/"" The colorigenic oction of

glucogon does not occur in thyroidecfomízed rots. A moximum effect of 50%

increose of the B. M. R. wqs found fo be lineorly relqted to the dose (Dovidson

et ol. , l960), with o reduction in effect opporent os environmentol temperofure

wos decreosed (Hollowoy ond Stevenson, ì 9ó4). The effecf of both odrenolin

ond glucogon ìs greotly reduced following odrenolectomy, but ít is groduolly

recovered ond even potentioted by treoting the rots with cortisone suggesting the

odrenol corlex ploys o role in respirotory metobolism (Swonson, 195ó)" The

odrenolglucocorticoids increose the metobolic rote of pof ients with hypofhyroidism
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(Beierwoltes et ol. , 1950). Adrenolectomy of the previously thyroidectomized

rots decreoses metobolic roie by 207o while qdminisfering corlicol extrocts

resiores the metobolic rote io hypoihyroid levels (Hoffmon et ol. , 1948) withoui

showing on increose in I l3l ,pioku (Beierwoltes, 1950).

l.l.B. Sleep

Metobolic rofe decreoses during sleep ond the omounf of decreose reported

vories between l0 - 20o/o. The reoson for this vorÍotion is exploined by the

experimeniol work of Brebbio (19ó5) in which he relofes oxygen consumption with

electroencephologrophic (E. E. G.) stoge of sleep. He found the highest rote

of consumption during Stoge I Ropid Eye Movement (R. E. M. ) sleep, but fhe rote

of oxygen consumption wos greoier during perìods of wokefulness thon in ony

stoge of sleep. While differences in rote of oxygen consumption porolleled the

level of sleep os defined by E. E. G., the differences were smoll though sfotisficolly

significoni. Eorly morning üO, uolr"s prior to wokening (Buskirk ef ql. , lg6s)

ronge from 0 - l5/o less thon the bosol volues meosured thirty minutes loter.

Robin et ol., 1958 reported o meon decreose of 2.15l/nin. in totql ventilotion,

1.66 l/min in olveolor ventilofion, 57 ml/min. in o, consumption, ond

79 ml/min in co, production during sleep ofter I hour of sleep.

I . l. 9. Hypnosis

Jono (19ó5) fa,rnd the metobolic rote of subiects during sleep lowered

fromT - 10"/o of bosol woking volues but the metobolic rote during hypnosis in

which sleep wos suggested did not chonge from woking bosol volues. Dynes (1g47)

in his study of sleep ond hypnosis indicoied olso thot ihere is no destinctive

difference between E. E. G. trocings c,f corJicol octivity ìn hypnosis or in the
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normol woking stote ond thot the corticol electricol octivify of o pêrson in o

hypnotic tronce beors no resemblonce to E.E.G. trocings of o sleeping person.

Schneck (.l9ó3) comments on the conflicting reports of the effects of neutrol

hypnosis on B.M.R., pointing oui thot the inconsistencies found moy be reloted

to problems in method. The first essentiql in testing the effect of hypnosis is o

complefely reloxed control boseline ond the second is to be certoin fhe subiect

hos not follen osleep when ihe hypnotic effects ore meosured. He cites

von Eiff (1950) os reporting o 7o/o decreose in B.M.R. during hypnosis.

Goldwyn (1930) found ihe B.M.R. reduced from .ó - 8.3o/o, on overoge of

3.38o/orin subiects under hypnoiic suggestion tending to produce physicol ond

mentol inoctivity.

l.l.l0. Meditqtion

Voluntory control of metobolic rote wos demonstroted by o proctitîoner

of Yogo on fwo seporote oc.cqsions (Anond, l9ól). Shri Romonond Yogi

remoined in on oirtíght box for B hours ond ogoin for l0 hours. During the l0

hour experiment his O, consumption overoged 
.l3.3 l/hr. os opposed to o

bosol rofe of 19.5\/hr. before the experiment. Wolloce et ol. ,(1970, 1971)

suggest o fype of hypometobolic stote in on experimenf in which l5 subiecfs

octing os their own controls during Trorìscendentol Meditotion (TM) were oble

to reduce oxygen consumption by l7o/o from o sitting, resting level. Corbon-

dioxide production ond respirotion frequency were olso reduced fhough the

orteriql porfiol pressures of CO, ond O, showed no significont chonge during

medifoiion. The meon blood lociote concenhotion decreosed during meditotion
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ond continued to decreose for.o post meditotion period. This decreose in blood

loctote is consistent with findings (Levonder et ol. , 1g72) of increosed foreqrm

blood flow on doys when TM wos proctised¡uggesting q decreose in orteriolor

sympothetic octivity.
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2. METHODS

2.I General Princi ple

seventy-four experiments were run on 15 meditators, 14 males

and 1 female with experience ranging from 1 month to 6 years. The

ages of the meditatíng subjects ranged from 1B-2g years. They were

chosen by a teacher of transcendental meditation on the basis of their
willingness to participate in the study

Fourty-four experiments were run on r.4 controJ subjects " 
g

males; 6 females aged 2L-47 years. These subjects were chosen from

hospita], universjty personnel and students. Four were physicaì

education staff members; 3 were physiotherapísts, 4 were university
students and 3 university staff meinbers

Each experiment was divided into 3 sections: a control period

(tfie tirst experimental period), a period of meditation or relaxation

in the case of the control subjects (the second experimental period)

and a second control period (ürir¿ experimentai perìod). The subject

was provided with a stopwatch and instructed to note the exact'length

of each period. In this way interruption was avoided after the sub-

iect had entered the isolated booth in which the experiments were

carried out. It was suggested that each experimental session extend

over a minimum of sixty m'inutes ¿ivì¿ed into 3 periods of equa'l length.

However, it was impressed on each subject that he would not be inter-
rupted until he left the booth. The meditation and control periods

varied in length from 15 to 25 minutes. During the first exoerimental

period the subjects were asked to read, during the second experimental

72
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period meditators meditated. and control subjects sat comfortably

relaxed wìth eyes c'losed, during the third experimental period a'll

subjects were again asked to read. During each experiment nasal air
velocities from both nostrils were measured using two hot thermistor

spirometers and in 15 experiments nasa'l air was neasured continuous'ly

for % end tidal C0, with an infra red analyser (Capnograph).

2.2. Method of Calcuiating C02 Output

Given the available data it was possible to calculate minute

C02 outputs as fo'llows:

All c02 in expired air is assumed to be produced in body metabolism.

The assumed VCO' is thus equal to F¡çg, * VA = ÛCOZ.

The Aç6, can be measured from the estimation of the end tidal c02 and

ün = V-ün, coliier et a1, (igss) found that anarysis of end tjdal c}z

with an infra red ana'lyser gave calculated arterial pC02's with a mean

deviation of only .9 mmHg from the measured values over a range from

15 to 40 mmHg. They also found that measurable contamination of the

end tidal sample with deadspace air began to occur when the tidal
volume fell to below 350-400 ml in subjects showing a constant Vçgr.

0n1y rarely did the tidal volume of our subjects fa11 into this range,

and it will be shown (section 4.3.1.) that omission of experiments

where this occurred from the poo'led results does not affect the

conciusions to be drawn from the data.

Follow'ing the work of Radford (fóSS) we have taken the deadspace

volume to equal weight in pounds.
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Therefore: V = úo + ûo

=VA*(fxwtinlbs)
and ?coz = Fnco2 (Í-üD)

= .05 tV - (f x deadspace)l

In onìy 15 experiments was end tídal c02 tested. In the remaining

experiments 5% end tidal C0, was assumed. (SæResuits, 3.?.2.)

2.3. The Hot Thermistor Flòwmeter

The circuit used for controlling the temperature of the

thermistors was devised by Mr. H. spencer (rig. 1)" The z microbead

thermistors (src uzs) used (one for each nostril) were maintained by

the circuit at 2000c. The response of an individual thermistor jn

the circuit to air flow is shown in Fjgure 2. The response of the

circuit is a power function of the velocity and was linearised as

described below.

2,4. Linearisatjon and Record'ing

A schematic diagram of the experÍmental arrangement (FÍg. 3)

shows the two thermistors at extreme left. The thermistor circuits

described above are labelled 'f', and the outputs of these (eo) are

linearised using operational ampìifiers (Nexus) uy forming the

functi on.

lAntilog (]ogeo) * el

(ftrat this is a linear function of air flow is shown in the next

secti on . )

The two linearised outputs were then summed and the ana'rog

"total velocity" signal was fed into a voltaqe controljed osciIIator
(vco) set to generate 10 usec puìses at a rate determined by the
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Figure 2. Indivjdual thermistor cìrcujt resDonse to air flow.
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Fìgure 3. Schematic diagram

thermistor, 'R'

ci rcui t.

of experimental set-up. 'L' - Left

Right thermistor, 'f' - thermistor
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input vo'ltage. The puìses 
.generated 

by the VCO were accumulated over

successive 1 minute periods in consecutive addresses of cAT400

computer of Average Transients. These data were later transferred

to punched paper tape for subsequent computer analysis. The outputs

of the antilog elements and the output of the capnograph (in the

experiments where it was used) were record'ed on a Gilson ink writing

recorder at a paper speed of 1 mm/sec.

The computer was used to subtract the baseline (zero air
velocity) count from the data, to find the mean minute volume in the

first and second experimental periods and to plot the data in standard

format on a Calcomp plotter.

2.5. Cal ibrations

The thermistor probes were calibrated at intervals throughout

the duration of the experiments (February to Ju'ly, rg73) by a number

of di fferent methods .

(a) In line ca]ibrations between a gas cylinder and coilins

respi rometer.

F'igure 4 shows that the sensitivity of the sensors did not change

with an increasing air flow rate.

(b) This method used a human subject with a nose clip breathing

through a two way valve. 0n one side of the valve the probes were

connected (usua]ly in paraì'lel ), while the other side was attached to

the Col'lins respírometer. The subject was allowed to breathe in from

the respirometer and out through the sensors or vice versa for about

1 minute. The air speed through the sensors could be vojuntarìly

controlled by the subject as he watched the output which was displayed
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on a CRT. The resuìts of these ca'librations are as follows:

In-flow through the sensor .396 ctlm] t .008 S.E. of the mean.

0u!-flow through the sensor .354 ctlm'l t .006 s.E. of the mean.

The small increase in sensitivity accompanying inward flow could be

removed by adding L cm ìong cardboard extensors. The majority of

experiments reported were carried out with these extensors.

( c ) fi owmeter cal i brati ons

In these caljbrations a Fischer Flowmeter measured the oxygen

flow rate before passing through a sensor. The results obtained in

this way for the two sensors separately are shown in Fig. 5. The

solid line shows the predìcted relationship from the results of method

ta'.

It will be seen that the results of these different methods of

caljbration carried out at different times during the project agree

very wel'l . In the computer ca]culation of minute vo]ume, the sensor

sensitivity is taken as .35 ctlml ATPS.

(d) Closed Circuit Spirometer Tests

After compietion of the usual experimental procedure, in six

cases, subjects were tested with a closed circuit Colìins spirometer

using a mouth piece and nose cìip (Table 1). The c02 and minute

volume were calculated over a i0 minute test period. The larger

minute volume in every case is thought to be due to mouth breathing

and the subiects response to the resistance of the equìpment.

The agreement between the calculated and measured c02 output

is acceptabìe, especia'l]y since the two estimates were obtained at

least an hour apart.
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Tab'le 1 . Compari son of
spirometer.

minute vojumes using thermistors and a

Subject and Run No.

lst experimental period spi rometer

min. vol. coz min. vol. C}Z

5

13

7

2

3

6

1

I

5

4

3

5

Means :

5,83L

7 ;427

7 ,207

9 ,175

7 ,270

6,307

176

264

251

336

228

2t0

9,200

12,300

1 1 ,000

12,800

7,650

8,660

204

230

209

308

271

232

7,203 244 10,269 232
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2.6. Stored Data and Statistics

Ajl meditating subjects but 1 were tested 5 times and alj con-

trol subiects but 1 were tested 3 times. After each runt mean minute

volume, breathing frequency and rate of c02 production and extra data

from a questionnaire (Appendix 1) were stored on magnetic disk in the

IBM360 using the APL language. A printout of the compìete fíles for

meditating and control subjects is shown in Appendix Z.

This method of storage and the use of ApL made it easy to

perform singìe descriptive and comparative statistics on the data.
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3.

3. 1.

RESULTS

First Experimental Period

(a ) Ne¿i tat'ing Subjects

For 73 experiments with 15 meditators the average c0, produc-

tion in the first experimentaì period was calcujated as 311.5 t 2g

s.E. of the mean ml/min (ATps). A BMR for each subject was assumed

from tables (Passmore 1966, R.Q. taken as .8s) whjch give the average

BMR for the general population. These tables take into account

weight, lean body mass, ôgê and sex. An approximate correction for
these factors was therefore made by expressing the calculated c0,

output as a fraction of the 'basal' c)zoutput obtained from the

tables. The mean 'standardised' metabolic rate (sNn) found .in this

way was 1.38 t .05 (s.e . of the mean, n = 73). A linear mu'ltipie

regression ana'lysis showed that of the factors recorded (Appendix 1)

on'ly "time of day" was significant'l.y correlated with sMR at the 5%

level (r = .21). The "time since Iast meditated" and ,'time since the

last meal" were also comelated with "time of day" and the multiple

regression coefficjent was not improved by inciusion of these factors"

It was possible to correct for the effect of "time of day" on sMR by

the use of the multiple regression equation:

SMRo = SMR - .03 x "time of day",

After aoplying this correction,

SMRo = .96 t .04 S.t. of the mean
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This correction must be consídered arbitrar.y since the very considerable

scatter doubtiess indicates many uncontrolled factors were in operation

in these experiments (Fig. 6).

(n ) ¡ion-medi tators

The corresponding results of the first experimental peì.iod

measurements in 41 experiments with control subjects were:
tol 

^^^VC6Z = 289 t 15 ml/min S.E. of mean

SMR = 1.26 t .07 S.E. of mean

SMRo = 0.97 t .16 S.E. of mean

The sMR values for meditators and controls were not significantly
different at the 5% leve'!. The increase ìn SMR found with time of day

can be accounted for by the cumulated SDA and diurnal effects described

by Glickman et a'l (1948) and Buskirk er al (1957).

3.2. Source of Error

3.2.I. 0f course the process of dividing by an average BMR wil'l itself
introduce some scatter into calculated SMRs. According to Robertson

and Reid (1952) the SD of distribution of the population BMRs about

the mean is approximateìy 7% of the mean.

3.2.2. Another source of error is the assumption for most subjects of
an end tidal c0, vaìue of 5%. From the normal range of variation of
2% in Pnco2 gr'ven by Rahn (tgs+), this -can 

be taken as negligib]e.
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This is only true if the end tidal COZ is equal to the aìveo'lar C0,

concentration. That this is not ul*uy, the case is shown by the

exampìe of PK, one of the meditating subjects whose end tidal pC0e

was consistently lower than normal during the first experimental

period and increased significantly during meditation (fig. 7). If
we assume the end tidal C0, to be 5% for this subject, then we

seriously overestimate the metabolic rate

3.2.3. Muscular exertion is considered to be a major factor in deter-

mining the level of metabolism for a period up to L hour followìng

exercise (Crescitelli and Ta¡rlor 1944). The effect of recent exercjse

was not allowed for in our experiments and could be the cause of some

of the variation in metabolic rate found between the subjects and

amongst individual tests

3.3. Comparison of the resul ts with resting metabo'lism fiqrlres in

the I iterature

The mean SMR for all our subjects in the first experimental

periods of all runs is 1.34. Sjnce the SMR measurements were made

while our subjects were sitting resting, it is not appropriate to

compare f/çg, w'ith that of subjects in the supine position required

for Bl'lR measurements. This point has often been overlooked by other

workers (e.g. hlallace 1970). Some data for sitting subjects are given



29

by Passmore, Thompson and.l,larnock (1952) trom which it appears that

sitting comfortably under conditions similar to those Ín our experi-

ments, raises metabolíc rate from BMR to about 1.5 times basal. In
view of this, a t-test was carried out on the pooìed data for the

first experimental period given the nulì hypothesis that sMR is not

significantiy different from 1.5. Our mean SMR was found to be

significantly 'less at the 1% confidence 'level . The reason for this

difference is not clear

3.4. Second Experimental period

The change in sMR from first experimental period to the

second in meditatjng subjects was from i.3g t .05 to 1.09 t.05 (means

and S.E. of means). The change in the control group was from r.26 t
.07 to r.02 t.07 (means and s.E. of the means). The difference

between the two groups was not significant at the 5% level. In both

groups the metabolic rate of the second experimenta'l perior! correlated

significantly wjth that of the first period at the .1% level (rig.g
and 9).

3.4.1. l4ean respiration rates for meditating and control subjects were

reduced by .B t .1 and 1.73 t.1 breaths/min (means and s.E. of the

means) respectively during the second experimenta] period. Since

these changes in respiratjon rates are very sma'l'l (6-1.0%), the

observed mean decrease in minute volumé of 1463 t 151 (s.E.of the

mean) cc must be accounted for by a decrease in tidal volume.
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3.4.2. The metabolic rate increased in 4 experiments in meditat'ing

subjects during the second experimental períod. In 2 experiments the

metabolic rate remained the same, and in the remaining experiments

there was decrease (fig. 8). The equivalent data for the control

subjects shows similar results in Figure 9. The correlation of the

metabo'lic rates of the first and second experimental period are

significant at the .1,% 1evel. There was no significant difference

found between the 15 results in which end tidal C0, was tested and

the results in whjch 5% end tidal C0, was assumed.

3.5. Possible Factors Affecting the Differences Between the First

and Second Experimental_ Period

A record was kept of factors which might have an effect on the

¿l4R and ¡V during the second experimental period. The foliowing of

these factors were analysed.

L. Time Since Last Meal

2" Iime of Day

3. Time Since Last Meditation

4. Regularity of Meditation

5. Effect of Fal'l i ng Asl eep

6 . Subj ecti ve Eval uati on

3.5.1. Effect of Time Since Last Meal

The t'ime since last meal was not siqnjficantly correlated with

either ¡0 or ¡SMR between the first and second experimental period

in the control or meditating subjects.
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3.5.2. Effect of Time of Day

Time of day was found not

¿SMR from the first to the second

or meditating subjects.

to have an effect on

experimenta'l peri od

either ¿V or

in the controì

3.5.3. tffect of Tìme Since Last Meditation

This was found not to correìate wÍth either ¡\7 or 
^SMR 

between

the fjrst and second experimentaì period.

3.5.4. Effect of Regularity of Meditation

since the subjects tested meditated regularly, it was not

possible to evaluate ¿Û or ¡sMR due to reguìarity of meditation.

3.5.5. Effect of Falling Asleep

One subject feil asleep in 4 experiments, 2 subjects fell
asìeep'in 3 experiments, and i subject fe1ì asjeep in 1 experiment.

The ¡V during these runs was 77 cc/min. The mean ¿ü of the rema.ining

9 runs of the same subject was not significantìy different at gg

cclmi n.

3.5.6. Subjective Evaluatjons

The ¡i'and SMR in the 50 tests during whÍch subjects stated

that "meditation went normalìy as at home', was g00 t 5 cc and .7 t.3
times basal (means and s.E. of means)respect'ively. The ¡v and sMR in

23 tests during which meditation did not go norma'l'ly was 780 t 2 cc

and .6 t.3 times basaj (means and s.E.-of the means) respectively.

There was no correlation between the subjective assessment of an

experiment and the ¡ü or SMR.
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3.6. Third Experimental Period

The mean sMR in the third experimental period was 1.24 1.05
(s.r. of the mean) for the meditating sroup and L.r7 t .07 (s.r. or

the mean) tor the control group. Again the means of the two groups

were found not to be significantly different in this períod.

3.7. Further Statistical Analysis

The differences between meditating and control subjects in the

second experimental period were tested by a t-test. The question

arises whether a more discriminating test wou'ld show a síqnificant
difference between these two groups of subjects. A 2-way analysis

of variance was therefore carried out. Once again no significant
difference was seen between meditating and control subjects, whi'le

variabiììty between individual subjects and between experimental

periods were significant (faUle 2).



':

1tr

Sou rce
of

Vari ati on

Degree
of

Freedom

Sum
of

Squares

Esti mate
of

Vari ance F Si gn i fi cance

A. Between

Expe ri men ta 1

Peri ods

2 f.i4 .57 5.66 <r%

B. Between

Meditators and

Non-medi tators
1 .009 .009 .08 >5%

A. B. 2 .016 .008 .08 >5%

Res i dual 78 7.86 .101

Table 2: Anaiysis of Variance.
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4. DISCUSSION OF RESULTS

The changes which occurred during the second experimentaì

period were:

1. a decrease

2. a decrease

SMR

minute ventilation

1n

in

3. .an încrease end tidal C}Z

4.I. Decrease in SMR

The mean change in sMR during the second experimental period

represents a 20% fall in C02 production for meditating subjects which

is comparab'le to a 17% decrease reported by l^la'Hace et al (1971).

The results of the control subjects were not significant'ly different

sugoestinq the ¡MR is due to factors other than the practice of T.M.

According to our results the mean ¡4R did not fall below basal during

the second experimenta'l period. (0ur fr'gure of 1.3 x basal rate for

sitting resting subjects is comparab'le to the 1.5 x basal rate found

by Passmore et al (1952) for subjects under similar conditions.) How-

everi in some meditating subjects the c02 production decreased by

consistently ìarge amounts in each experiment (e.g., c.hl. 30%,s6%,s6%,

35% and 58%) in others it varied (e.g., p.K. zg%,s0%,40%,n%,40%) and

in stjll others the change was relatjveìy smaìr (e.g., M.c. 30%,3%,

r0%,72%,3%). The following results show a simjrar variabiìíty .in

¡SMR occurred in experiments with çontro'l subjects:

M.T. 20%,30%,20%

}J.J . D . 36%,20% ,30% (i ncrease )

D.b,.R. I0%,6%,14%



4.1.1. How Factors Affecting Restíng Metabolism t'4ay Have Contributqc!-

to the Variabìlity in the Change in SMR

In the Introduction factors affectíng metabolic rate are dis-

cussed. Sone of these factors may have contributed to the variability
found in the change in SMR which occurred in the second experimental

period:

(a ) Trai n'ing effect

(b) Exercise

(c) Specific dynamic action

(d) Endocrine

(e) sleep

(f) Hypnosis

(a) ffre training effect, familiarisation with equipment and procedure,

described by Roberts and Reid (19s2) was not evident in the

successive runs of our subjects by producing a greater decrease

in l'4R in the second experimental period. However this may have

been masked by the effect of tie other factors on the change in SMR.

(U) No¿erate exercise causes an increase in C0, production above the

resting rate but gaseous exchange returns to pre-exercise levels

within 10 minutes (Berg 1947). Varjatjon of the amount of

exercise just prior to the testing period could have introduced

variability into the chanqe in MR which occurred in the second

experimental period.

(c) Although sDA has an effect on MR, (Gljckman 1948) it did not

affect the change which occurred in the second experimental period

37
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since 'time since the last meal' was not significantly coryelated

with ¡SMR (section 3.5.1.)

(d) Variability of results could have been influenced in lndividual

subjects suffering from the hyper- or hypo-thyroidism, particularly

if the conditìons of stress prior to the test perìod varied. Means

(1951) states that secretion of rarge amounts of thyroxin can

increase BMR uo to 100%.

(e) The effect of fatling as]eep on the variability of the results

was discussed earlier in relation to those subjects who fell
asleep during an experimental session (section 3.5.5.). Although

MR reportedly decreases between 10-20% after several hours of
s'leep, in our experiments falìing as'leep did not affect the change

Ín MR which occurred during the second experimenta'l period.

(r) n form of se]f-hypnosis may have been practised by some control

subjects, contributing to theír decrease in MR and may possibly

have cbntríbuted to the variability in the changes which occurred.

4.2. Decrease in Minute Ventilation

Allison (1970) reported a decrease in breathing frequency

duríng TM to half the resting rate in 1 subjectrand gave indirect
evidence that a comparable increase in tidal volume did not occur.

The mean decrease in breathing frequency in our experiments was oniy

.8 t 1 breaths per min. (s.E. of the mean). The mean decrease of
1463 t 151 cc (s.E.of the mean) seen in minute ventilation must have

been due therefore to a decrease in tidal volume. In one of our sub-

iects the breathing frequency during the second experimental period

did decrease by 50% (Fig. 10), but the fact that minute ventilation
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Fjqure 10. Experimental record of a meditating subject show'ing a 50%

decrease 'in breathing frequency (lower trace).

Top trace - Minute volume (arbit units).

Diaqonal l'ine - Accumulated total ventilation.

Vertical lines - Beqinning and end of meditation.
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did not decrease by the same amount indicates that a compensatory

increase in tidal volume occurred

4.3. COZ Concentration

One subject in the 15 experiments in which end tida'l c0, was

tested showed an increase of 35% during meditation (rig. 7). In the

remainíng experiments an increase of 3-4% occurred. This is consistent

with the assumption of Allison (tglO) and the findings of Ì,tallace (Ig7t)
that there was no significant bui'ld up during meditatíon. In neitherr

of the above exoeriments was there evidence of overbreathing after
medi tati on .

4.3.1. An alternative explanation of the chanqes seen in the second

exoerimenta'l peri od i s that hypoventi I ati on occurred , wì thout an.y

necessary changes in UCOZ. The mean change in minute vo'lume was alnlost

completeìy accounted for by a fall'in tidal volume (section 3.4.i.).
Collier et al (i955), have indicated that at tidal volumes less than

350 ml in adult subjects, end t'idal c0, mav be rower than ppç¡r. If
this were the case, our method of calculatjng VC0Z would give values

that are too low. However, the mean tidal volumes of meditating and

control subjects were 564 .6 and 531 .6 ml respecti ve'ly, Í n the f.irst
experimental period. in the second experimental period, the mean

tidal volumes for meditating and control subjects were 485 and 498 ml

respectively. when the runs of 4 meditatìng subjects whose mean

tidal volume in the second experimentaì period were below 350 ml were

djscarded, the % decrease in ca'lculated C02 production in the second

experìmenta'l period changed from 7g.z t z to g1.5 t 1.7 ml (means and
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s.t. of means). simi'larìy díscarding the runs of 3 control subjects

changed the % decrease in c0, output in that period from gz.g ! z.s

to 81 t 2.3 ml (means and s.E. of means). Alveo'lar hypoventÍlation

does not appear to have affected the mean change in SMR in these

experiments.

4.4. The Metabolic Effects of T.M.

The metabolic effects of r.M. have not been estab'lished.

4.4.r. The decrease in c0, production during the practice of r.M. is
not correlated with the length of time the subject has been practicing

the technique nor with his subjective feeling of having had a success-

ful (beneficial?) period of meditation. Along with the control

subjects equivalent acO, productionrthis suggests that the z0% change

in SMR found is related to sitting reiaxed with eyes closed. How can

we account for the 20% change 'in both meditating and control subjects?

A decrease in brain metabolism can be ruled out as the major cause

since the brain contrÍbutes 75% of the total body metabolism at rest.
Over half of the metabolism of the resting subject is due to thoracic

and abdominal organs and the balance is contributed by skin and muscle.

It would be possible to account for the observed change in C0, produc-

tion in terms of skeletal muscle activity foì'lowing muscu'lar relaxation.
In connection with the possible roìe of brain metabolism, aclditional

experiments with a second group of control subjects sitting relaxed

performing a mental task would clarify this area.

4.4.2. l,Jallace et al (1971) found a mean decrease in blood lactate

from the beginning of the experiment to midway through the postcontrol

period. The concentration decreased .from Ll.4 mg/L00 m'l in the



42

precontroì peniod to 8.0 mg/100 ml during meditation. To determine

whether this change in lactate concentration is peculiar to the

practice of T.M. it would be necessary to test meditating and control

subjects from basal condjtions since the effects of recent exercise

could, according to Crescitelli and Tayìor (tgq+) have an effect on

blood lactate results for 90 minutes postexerc'ise. Wallace et al,

did in fact find a steady decline in lactate concentration throughout

their experiments.
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SUBJECT QUESTIONNAIRE

DATE: RUN NO. :

1. Name :

2. Age:

3. Time of experiment: a .m.

4. How long have you been meditating? years

5. Has meditation been regular? _ yes

6. When did you last meditate?

a.m. p.m.

7. When did you last eat?

no

months

date

p. m.

date

a.m.

no

p .m.

8. Do you smoke? yes

9. Have you any known respiratory ailments? yes

10. Did you feel in any way restricted by experimental conditjons?
yes no

11 . Di d you faì 1 as'l eep duri ng medi tati on ? yes

no

no

72. Did you feel that meditat'ion went norma]ly as at home? yes no
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INTIRPRETATION OF DATA COLUMNS

1. Mean minute volume during ist experìmental period.

2. Mean minute volume during Znd experimental period.

3. Mean minute volume during 3rd experimentaì period.

4-6. Breathing frequencies during the 3 experimental periods.

7-9. l'lean % end tidal c02 during the 3 experìmentar periods.

10. Time of day (24 hour clock).

11. Time si nce I ast medi tation (hours ) .

12. Has meditatjon been regular? yes = L, No = 0

13. Hours since last ate"

14. Fell asleep? Yes = 1, No = Q

15. Was medi tati on normal as at home? yes = 1 , No = 0

16-18- c0z product'ion durÍng the 3 experimental periods.

19-21. X BMR during the 3 experimental periods.

22. ÂC02 production in second experimental period expressed as %

of the C02 produced in the first per.iod.

23. l"lR of first experimental corrected for 'time of day'.

24. '1' signifies the runs in which end tidal c02 of 5% was

ass umed .

25. Blank column.
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