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ABSTRACT . |

R relationships of

. . .y . ’ . .
'I‘he purpoYf this’ research was to invektigate the
P

ysical acfivity level, smoking habits,
and fatness -ag - they‘;‘contribute to thie’ placing of' an

K individual into a hi§or lo## aerobic: capacity group.‘

|
.
«

-

Inplusion of both 5§ id a wide age range (14 to 74 o
d

ears) in the studiall between age group comparisons

~and between sex comparisoné‘ ;ests oen 1230 male and female”

¢

i volunteer subjects provided. thb data fcr the study.

The following test data was obtained on each subject. .

aercbic capacity (Astrand-Ryhming nomcgram) \triceps fat,

heighty, weight age, physical‘ activity leVel and . smoking
habits. v . .. ‘ ' .

e

Subjects were‘grouped by age and sex. - Within these; ‘

12 groups high and low aerobic oapacity groups were created

and found t&be significantly different on the stratifying
variable (predicted VOZ max)

1

Multiva’riate axkalysis was employed to ‘examine the

combin&d effect of physical activity leved, s'nox:in'* habits

‘and fatness in differentiating high and low aerobic capacity

;roups. Oon the basis of this analysis_iui concluded that
%,

hese three, variables combined were signi“icantly different
between the aerobic capacity groups for male and fe\nale

age groups 14 to 19 years, 30 to 39 years, 40 to 49 years

a.nd for male age group 20 ‘to 29 years. The remaining male -

L

iv

e

[



.\ Al

", and female proups 50 t 59 years, 60 tc 74 years and remale '.rﬁ.

: azoups—jﬁ to 39 yeans and 40 to 49 years and in male age‘“"

rroup 20 to‘29 years did net display a’ significant difter- & .

ence between the aerggic capacity groups on the three :.944 o .

-----

variableb , Disoriminant function ana%rsis revealed that ff
fasufﬁd was‘the most important variabIe in differentiating ..

Q H . ‘ N ..'
high' and low - aerobic %?pacity grcups in male and fema : fJ}y “
R, B

.

A

[4

_\he combined effect of pnysical activity level, smoking _\7-.

groups 14 to 19 years and 20 to 29 years. The most importa |
ant variable 1n the remaining female group 14 to 19 years

t

was physical activity level " The Second most important
variable was physical Y.ctivi:) level in -male and female

_ age grcupdrgo tq 39 years en 4o to. 49 years and male age-
,group A4 to 127y’§rs. The variable which was second in

’

importance in male age~group 20 to 29 year§§was smoking
habits and in female . .age group 14 to 19 years was. fatness.~'

.The least important variable was smoking in male and female o

,’age groups 14 ‘to 19 years, 30 to 39 years and 40 to-49

years."The least important variable in the male agé“’

group, 20 td}29 years was physical activity. E ‘/fA3 L

MultiVariate analysis of variance applied to complete :

. male,and femaleﬂdata showed that for male supjects consid-
eréd in total and for femaleg- subjects cgnsidered in’ total

habits and fatnesswas qiznificantly different betwelen high °

and ldw aerobic capacity groups. Consideration of th\

Variables individualy in this context showed that smokiﬁg was '

‘not s_igni"i"icantly diff'erent.between_,high and low capacity -



'cantiy*aifrérenﬁ" An overa@%
B ! isn" .
' 'physical activity levﬂ, gpioking habits

groups but physical activity

R

L.;b.l : - |
' betweerr the six age groups for both male and e subJect‘s A
was also obtained. o L ' L 1 L - "
NN L3 . S o ".77;: X . .
Male—female comparisoﬂs revealed si ifié"ant daiff- ww ;g
_ # .,

L)

',aerobic capacity male and female groups w'ere. significantly _

~Aeffect of the ‘three variables.

» -activity level or—smekingh—hahitsn- -Low-- aerebi& capacity —_

‘ groups *analys.is produced the\same results wi

between both high and lo\ aeg)bic .
It yas concluded thatehigh

erences in “02 max

capacity males arrd females.

different from each other at each -age level on the combined :

Individual omparisons of
%he ‘variables’ ghowed that high aerobic: capacity mgles and

N

"females differed Sig‘nificantly in fatness, but not inaphysical .

the excep- )

f.
tion of age group 14 to 19 years in which ind vidual

1

comparisons revealed a significa.nt diff‘erence in physical

. 8as the difference in fatness.

. activity level between male and female subjects as well

1}

g‘h"ed that the most
1mportant variable in differentia%ing ‘high and low aerobic’

Discriminant function analys is

capacity male subjects from female su.bjects vias fatne’i

«
L

) }Physioal activity level and smoking habits appeared“‘to be\‘ #
~ relatively unimportant in this regard “ 3 |
. PRI A . .~ . . v ;’} .
[ . » ‘?’
¥ ¢ Vj. A Y h
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CHAPTER I

STATEMENT OF THE PROBLEM ' =,

INTRODUCTION
The levelﬂof phy81ca1 activity, smoking habits,and

'v.fatness have been con51dered to be the three main’ variablesx

' becbming more prone to cardiac disease which has been

.‘ o

in determining physical fitness level (142). vThe fitness

level of Canadians has been described as very poor ania
_number of occasions (146, 157) and the initial analysis of .
data gathered from a large sample of the populatf%n of the

city of Saskatoon (16) revealed-that the cardiovascuiar.

vfitness of Canadians 1s not improving and, in fact is

(generally lower than that reported in 1966 (157) a

result of this low" level of physical fitness, Canadians are.

Shown to be a multi-factorial disease involving physical

- act1v1ty level, smoking habits, age, diet,'stress level an;(/

-y__heredity (95, 176) Recent 1nformation‘on theyprevalence o)

heart disease in the Canadian population would support this

'sugvestion (36) _ 5R . SR
A renewed emphaSlS on increa31ng phyS1ca1 fitness

Ievels of Canad1ans~and peoples in developed-countries

generallyf(U 5, A., Brltaln, Germany) has been observed in.

. the past two or three years. This interest undoubtedly

'stems from ‘the p031t1ve health benefits assocrated nxth the

e

1



incrca ed functional capacities which ace ompany a high le$e1

'of_physical fitness. Pos ible decreases in the cost of

medical care programS'and the human element of helping
individuals eniby theVrealization of their potential are
motivating factors in this renewed emphasis. . |

' Many exercise specialiSts and medical personnel have .
been well aware of the above problems for'a'number of years;

A campaign to make the public ‘of Canada aware of thcir

'present low level of physical fitness and to. provide some

N e

'type of motivation to correct these health. problems is now

Aunder way on several fronts. Sport Participation Canada,)r

ReNu’ (Hanitoba) and other prov1ncia1 government programs

and cardiac prevention and rehabi]itation programs in all

» parts of Canada are actively promoting physical activ*vy.

To provide a form of motivation for Canadians to

-

pecome more.physica11y<active, a groupsyof.uanadian exercise

and‘health <'peoia]’.ists suggested the deVelopment'of a
Canadian home. test of physical fitness (128). Sport

. Participation Canada took the lead in asking Dr._D A, Bailey
) from the University of Saskatchewan and Dr. R J. Shephard

',
of the bniver31ty of Toronto for aos1stance~1n developing

and prov1dins normative data for a “Home Test of physical

' Fitness for Canadians" ‘ oubsequently,'a research proposal

was submitted to Recreation Canada to. fund the project with

Dr. Bailey as principal investigator and Dr. Shephard as
principal oonsultant.. baskatoon, baskatchewan, was selected '

as the site‘forvthe project for a number of reasons, among-



. * ) ‘ . )
~which’ was the fact that Saskatoon had heen selected as a -

”Demonstration Comm by & port Participation__ganadafni

and as such muoh * ound work had been done in establishing‘
a rapport with citizen groups and the media and in citizen
' readiness for such a project ' v

| The preparatory ‘work’ for the testing was completed
in May, 1973 and testing conmenced during late May with
completion during the last week of, June. The scope of t? .
“data generated has opened many pOSSLbilities for meaningful -
.evaluation by persons interesgted in- the SUudy and‘understand-
ing o' physical fitness over and abové the " oripinal purpcse

f the study. It is with the consent of the principal o '
":investigator Dr D.A. Bailey, ‘that the data collected has

_becn made available to the author.

THE PROBLEM ; ;

| The influencc of threce selected variables on the
‘ predicted aerobic capacity of men and women aged 14 to 74
Iyears living in Saskatoon, Saskatchewan, was studied under

L

‘“the following specific purposes."' T
, 1) To determine the relationships of physical B
activity level, smoking habits and fatness to the placing
' of 1nd1v1duals in a high or low aerobic capac1ty group.
; 2) To determine if the relationships of physical

activity level, smoking habits, and fatness are‘consistent _

'_betw en. age groups ‘in placing individuals in a high or low

-aerobic\ capacity o'roup. | ,"



’ ‘ ’ L3 .
A U ' . ' c v, "'.
1 o\ . oy 1‘ : . ) v .
. Vo ‘

"\ 3) To' examine the differenceq in aerobio capaci by

_between' male and female. subjects in similar aerobic capa- PN

i

1

_'factorial d

cipy groups in terms of physical activity lchl, smoking
- habits ahd fatness., | . ' ///;

v

JUSTIFICAI\ION OF THE PROBLEM - - o |
Car iac disease has come to be known as a multi-

isease with phys ical activity léyel, smoking | ) ¥
habits, age, iet, streSs 1eve1 and hereaity all contricut-
ing to presence or absence of the disease (95, 176) ,Nany

studies have ex mined the e factors as theyécontribute to

-

the presence or bsence of disease singly, t few-have

tried to determine how some of these factors act in combin

| ation to discrimlna e healthy from indlviduaus with coronary h

_ heart disease (44, 99, 181, 185)

Low physicéi~ tness as measured by aerobic ca pacity

’ I\Y
must also be considered a multifactorial problem. Robinson

et al. (142) on- the basi of ‘tests conducted over a thirty-

one year.span have conclud d that "....the aerobic work//
capacities of men in the fo'ty to fifty-two year ave range

depend largely on their habit of exercise diet and smok-

ing ..,.n( As well common to ‘most advice being givén to ,fc' _‘_'

persons on how to proceed to 1mp ove physical fitness



the relationships of thysical activity.level, smolking

—————_“———*—nabits—and—fatness;as—tney;contributeito—tne‘piac1ng of am

individual in a'high or low aerobic'capacity'vroup.
\

It
_ is hoped that this information ‘can then in turn be used )

_ to help advise pcople of the relative importance of these

>

factors ih improving their lewel of physical fitness.

inclusion of both sexes and a wide range of ages will allow
Hsl ’

ihdividualization i aye and sex variations in the relation-

ships of_these factors are present.

e

A LIMITATIONS OF THE STUDY

by

\ .
_________ 1 ’ The subjects in the study were volunteers and
thus a bias may have been built into the data collected
¢’ ﬂ )
. T 2.

Temperature ard huqidity in the testing environr
= ' ment were not strictly controlled

AL LS L L L

é : 3. The activites of the subjects prior to testdng,
‘E , that is, smokwng, eating, physical activity, could not be
Ké“ controlled but subjects were ashed te'abstain in initial
2‘ instructiona.-“ ; ' o L ,i; o S
4. The validity of the Jbest items and thetr. Limitl
?43%316‘- ‘ations in accurately measuring aerobic capacity, fatness
’?jﬁzl; physical activity level and smoking habits must be recog-
'”;\nized : N ,
' xfuu" 5. Subiects were, in most cases, unfamiliar with
"

~ the biCycle ergometer but all were familiar with test
A procedure and the testing environment A
-6, There was no control over ‘the time of day that

The

o .



%he'subjectStwere'tested

L]

DELIMITATIONS OF THE STUDY

7‘.. The study was limited by equipment error and the

'.technical error of the investigato;s in collecting the ata.

ity the 1544 subgects, 845

.7~ This study is delimizjfk,
- V -
' female and 699 male volunteer partlcipants ranging in age
~from 14 to 74 years that were’ tested A ‘;_ :
- -DEFINITION OF TERYS = ' . [EEE TP

(1) Age Group" Subjects -are categorized into‘one of six -
age groups and will be referred to under the appropriate
"numbered group . J ~?”
Age . Group 1._subjects age rapge iy to’19 years |
Age Group 2: subjects age range 20- %o 29 years;?'t’
‘Age Group'31'subjects age rangeo30§to 32 years"
C\Age Group 4: ysubjects age range'hoitg 49“years" t
Age Group'5:;subjects age range 50. to .89 years _' *
Age Group 6'1subjects age range 60 to 7h yeérs |
(2) Body Fat: the amount of the human bodg that is mpade up

of adipose tissue. For the purposes of this study, the .

| 'thickness of a double layer of subcutaneous fat and skin

measured by the use of a Harpenden caliper is used as an
estimate of body fat The site utilized was the triceps. \'u'
(3) Maximal Oxygen Consumption. (VO2 maxs . maximal oxygen o
upgake,.maximal oxygen 1ntake, aerobic capacity) the maximal

'amount of oxygen that can be taken in and transported to

* . -
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- ihvelvin ‘arg
" 'work load result in no furtheﬁlincrease in oxygen consumption.

' cigars or'a pipe and 8
f(5) Physical Activrty Lefel 'uthe~amount of" time spent in QL#A(
- _vigorous physical activity. For the purposes of thTs study

“estimation of time speng in vf%orous~physical activity.
;(6) Physical Fitness. (enduranoe fitness, physical work

’oapaoity) ~Fhe abili@y to/ perfqré prolonged hard physical
'work this implies thag a major factor 1s ‘the capacity of

B
rthe working musola

| VOZ,max based on th‘ linear relationship between oxygen v

| - consumption and heart rat and in this study calculated by

' per. minute was used

R a0t \

T~ i fv.. lﬁé .#i Coe E 7
.

the working musole per unit;t jf'ime dun(ng maximal exercisa ,

musole gpoups,ggttained when increases in

»‘a

(4). Non-smoker.‘ a pergon who does not smoke cigarettes,
5\ 8
ndicates in a questionnaire.

the individual's physical activity level is his self-perceived f B

»

A}

the oxygqn/transport system to supply oxygen to the sfte of
. . :

(7)€Predicted Maximal Oxygen Consumption. an estimition of

- .
-

/.

means of the Astrand-By min Nomogram (13)

(8) Smoker. a pe%son wha ha' tually smokes, oigarettes, oigars‘w*i~“<"

o or a pipeand so indicates in uestionnairgi

(9) Steady State‘ a. physiologica equilibrium in which oxygen'“”

._consumption is equal to oxygen ost For the rpose of the

3

'predicted V02 max? Astrand and Ryhming criterion (11) of two

or more consecutive pulse rate readings separated by one.

"minute intervals that dkinotdiffer by more’ than\-jvbeats /zb

N '~ - ] - y - %

PN .
\ Y ) . -
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\

| (10) oubmatfmal kork Load & Wos *k load that Slieite a uteudy

.-.-'. - re'sp

*- minute.
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*up, transport and deliver oxygen to the working ‘muscle,”

~ Rodahl (143) Taylor et al. (178), Newton (125) and hacnab )

. . CHAPTER I
REVIEW OF THE LITERATURE-

ST A WY | - R
AEROBIC CAPACITY AS A MEASURE OF FITNESS S

- -

'Maximalloxygen consumption (aerobic capacity) has |

" been measured and studied in. humans with reference ;p"

'metabolism for over fifty years (87). Much has been written

.and many controversieshave arisen over the use and in some

minds, m,suse of this physiological parameter.

-

The use of the aerobic capacity as a single best

' measure of physical fitness will still bring argument Most':g

would agree however ‘that as stated by Hettinger et al (86) .

‘ "during prolonged heavy physical work, the individuals'
_ performance capacity depends 1argely on his abilfty to take

0

v

, Several other researchers have reiterated this

- R

”'statement in principle in a numher of paperS° Astrand (14)

(109). Hacnab (109) has suggested that substantiatlon of

aerobic capacity as a best single measure to perform hard

physical work has been demonstrated in three basic types of

"investigations. |First .athletes have been shown’ to have

"significantly greater aerobic capacity than a group of non-

athlete controls. Second,,studies_have established "correla- ;

s
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P _
tional". relationships between aezgpic capacity and external

8

-t

-criteria of performance. Third ‘increases in’ aerobic capacity
\\have been demonstrated during a season of athletic training.
Macnab suggests that caution be used in interpreting these

- results, however. He suggests other criteria must be taken
into account When evaluating performance of physical WOrKe=
task specificity, motivation, strength and anaerobic capacity.

Cumming (46) agrees that card mist be taken in the .
use of aerobic capacity measures.v He suggests that the
maximum oxygen uptake tes& should not be used as the sole

'criterion of. fitness‘at 1east unt?l some discrepancies are
explained and the methods standardized

| Astrand {9) states that "a measure of the individ
maximal oxygen uptake gives valuable informaticn about .
1) the maximal work power and 2) the functional capacity of
the\oxygen_transport_system. . Astrand ‘also adds a note of
caution about’theb"bold conclusibns" that may be wrongly
drawn from knowledge of aerobic capacity measures._ In many
activities the demand on anaerobic work. power; technique,~'~
‘strength and so on 1s more pronounced than the d8mand on
aerobic power He emphasizes however, that when large
muscle groups ‘are working at’ a high intensity for a minute or
longer the max1ma1 aerobic power is of decisive 1mportance.

‘ Davies (51) accepts .aerobic capac1ty as a best

measure of physical fitness with some reservation. However,

- he states that maximal oxygen consumption does remain a

decis1ve measure of the.potential abiiity to perform at a.




high'inténsity with large muscle'groups for periods of time

11

— , '
up to one hour, Aerobic capacity measurement in population ~

‘studies of physichl fitness should be encouragaﬁpfor this
'reason. - Davies suggests that for prolonged'hard physical
work (distance running) the ability to utilize a higher.
proportion of the aerobic capacity for a .given- period of
time i« a much better indicant of performance than aerobic
- capacity. ThlS suggestion has been borne out. by Costill
. et al (42) who have reported correlations between perform-
ance in a 10 ‘mile race and aerobic capacity of r = -.91
run time and per dent aerobic capacity at a given speed of
r--.94 and run time ;ﬁd per cent maximum ‘heart rate of r=. 98
"Although many ‘tests of cardio~respiratory fitness -
have been proposed in the past. fewvdecades, the opinion 1sl
_now widespread that the directly measured VOz max should
L be accepted as the absolute criterion against which other o
{ procedures .are to be judged. In ‘physiological terms this
view seems indisputable, for the VO, .. integrates the -

- performance of each of several 'conductances'1concerned'

h' e ‘in . the transfer of oxygen from the atmosphere to the work-

; Lng tissues. (164) _This statemént was the conclusion -
reached by an international committee delegated to derive
'anInternational'Reference Standard of‘Cardiorespiratory'
Fitness. This7committee also concluded that it would be
unrealistic to- suggest that V02 max be measured directly :
for entire populations. They suggested that~difficu1ty

i would be encountered in reaching a maximum with "the very

3



* 12
young, he*? elderly and female subjects", while the logistic.
. requirementskin terms of medical supervision would be
"% pronibitive, .. . B e

PREDICTING AEROBIC .CAPACITY FROM SUBMAXIMAL EXERCISE o
| Many'researchers and clinicians have. recosnized‘the

many’ disadvantages of ‘direct measurement of V02 pax (13, 15,

Lg, 190) Among the reasons that have been put'forward as. : -

hindrances in the accurate direct assessmentvofvvoz max are: |

1) sophisticated and expensive equipment necessary; 2) train-

edvtechnicians and supervision' )-motivation_required to

work at required high 1eve1s~‘ L) danger to elderly or

'patients w*tﬂ*einculatory respiratory disease, and 5) time -

' required. , _ R o o o,
B ) ' . . Lo v‘.‘. . . ) [ ] _ .
‘ The disadvantages of direct. meaSurement of VO, max
‘has led several exercise and medical specialists to look

- ‘ - .
to submaximal testing for an estimation oft V02 max* Tests .-

based on submaximal exercis data have been put forward by
2 Margaria, Aghemo and Bovelli 1965 (112) Maritz et al.;“iéél )
(113), Issekuta, Birkhead and Rodahl, 1962; (91) an?Astrand |
" and Ryhmingh 1954 (13) The earliest of these tests is 14
that of Astrand and Ryhming (13) who developed a nomogram
'by which V02 max could be pradicted based on a known work
v_1oad and the steady state heart-rate response to that exercise
;Q(fﬁéinutes of exercise) The use of the Astrand-Eyhming |

'nomogram has become very widespread in its application for -

-

prediction of vo2 max (159)
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The Astrand-Rynning nomogram was developed'fromfdatalf”

~\collected on eighty-six healthy phys1oa1 education—students—~"_————

aged 18 to 30 yoars. Study on the data revedled that fox“
the men, an average heart rate ‘of '128 beaus/min%pe corres-

ponded to 505 V02 max and’ 154 beats/minute corre§ponded to

70% of V02 max- Corresponding values for the women studied

. were, 138 beats/minute at 50%° V02 max and 168 beats/minute

at 70% VO, naxe The. standard deviation was in the crder of

9 ‘beats /minute. The reasoning used was that. a male working

. at Lhis 1oad With a heart rate of ‘2&,beats/minute and a

_V02 of 02,3 litres/minute should have .a V02 max double c

this value or 4. 6 1itres/m1nute. Using the average maximal

‘;jheart rates for men and women in the sample and . the per cent

of maximal oxygen uptake versus the averave heart ratc i

elicited a nomogram<was constructed for the predictlor of

V02 max. from submaximal pulse ﬂgtes (120 to 170 beats) The L
,Original nomogram PUbli hed in 1954 was subsequently modi fied

after further study by I, Astrand and published in 1960 (6).

{The main alteration was the use of an age. correctidn B
" factor which had elicited several obgections to the use of v

 the nomogram for persons outside of the age range from which

the nomogram was deVelOped
Astrand and Rodahl (150 suggest that several tests

should be performed at different ‘test loads and .mean figures

Acalculated-according to the nomogram. They also suggest that
. the nomogram may be adapted for use of only one test load

"Astrand and Rodanl conciude that an evaluation of the maximal

§
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'effect of the oxygen transportating syétem based on studies
._at submaximal work loads or oxygen . uptake, should be done

"with'%gp utmost caution, especially when persons of diff-

,rentnage groups—are~considered“—*Astrand and‘Saltin (14)‘”“““_f*
on the basis of other research also recommend that the |
?.duratiOn of work in studies of circulation and respiration A

""during submaximal work should exceednS minutes to permit
adjustmentdof these systems ‘to the level of exercise.
Taylor et al, (178) have concluded that. the physio-
hlogical basis of/the Astrand-Byhming nomogram is sound:

.~

under carefully standardized conditions in selected
N

' homogeneogiﬂgrgnps the pulse rate ‘at- submaximal 1eve1s of -
' “work is systematically related to the maximal oxygen intake,
it £ollows that the capacity to perform physical work can

. be estimated frOm study of the pulse rate, at-submaximal f'

’work levels. | °: . : . . .

i. o The accuracy and validity of tﬁ//Astrand-Byhming

}‘nomogram has been suhdected to study by several researchers.. -
"kBaycroft (20) studied h8 physically active males to predict
| ‘V02 max e Subjects_ﬂene_tested on the Mitchell Sproule and
o Chap/// treadmill test for direct measurement of VOZ ax:

and on the bicycle ergometer with prediction of V02 max~ ‘f é.
'with the Astrand-Ryhming nomogram. The correlation between,- ’
the two tests was r=, 67, which was signifioant at the_
Dhe purpose of a ‘tudy conducted by Hyde (88) was

to 1nves€igate the validity of the Astrand-Ryhming nomogram
. N P - . - .

. p=.01 level
AN

‘e o
i e

KO



o of VOp maxe Twenty-nine_male.andmtwenty-sevenmfemale~w—~w——¥mf?—

.‘.‘

for males and females"?‘secondary school age by comparing

values ‘obtained from the Astrand-Ryhming predicted V02 max
. »
test with those of the Astrand test for direct'measurement

A

=3

\

subjects were: tested on both tests._ ‘Hyde concluded that on-
. the basis of his results, the Astrand-Ryhming prediction

" ‘'was equivalent to the results obtained on the direct V02 max

‘test for the females but that it underestimated the vo2 max

N values for the males. The underestimation for the, females

. was in the order oi’ 5)5% a.ng for the males 10% which are

- who.are in widely different states of training but,not _d

of training, S \ . B ,'v f» v

within the values that Astrand and Rodahl (15) have suggested

* for the test. 'Hyde (88) also ooncluded that the Astranda'

,Ryhming nomogram appears to differentiate between individuals

A .

Glassford and co-workers (@umected twenty-,ztzour,’

\~‘male volunteers 17 éo\BO years of’ age to. three direct tests
" of V02 maxy one indirect test (Astrand-Byhming test) and

',the Jphnson, Brouha and Darling Physical Fitness testp The ;‘»

three direct tests were, the Mitchell Sproule&and Chapman

'Treadmill tests, the Taylor Buskirk and Henschel Treadmill

etest and the Astrand Bicycle Ergometer test The reaults

frshowed that the treadmill tests and the indirect test yield{d
significantly higher mean values than did the direct '

.,bi°¥4ee test. No other significant differences in mean’

‘values occured Conrelations between the Astrand-Ryhming

. . ., . . _ ©
" ? C . ' 3 C !

15

.

'between individuals who are in approximately the same state o

e
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prediction and the Mitchell et al. results was r—.??, the -

. Taylor et al, results r=, 63 and the Astrand cirect test

.63, A11 of the correl&tions were significant The

authors concluded that the Astrand-Ryhming nomopram relation—_

.biégcle ergometer. Before age correction the corrolation .

"ships with direct tests are as good as the relationship
,between any two direct tests and that the Astrand-Ryhming

"nomogram appears to produce a good estimation of VOz max

in a population unaccustomed to cycling.

Teraslinna et al. (180) compared the directly

measured VOz max values of 31 sedentary male subjects,

23 to 49 years, with awe corrected prcdicted vdalues for

the same subjects. The dire\t tests were taken on a’

N

._‘between the tests was r=, 69 and after age correction r=. 92

vBoth of these: corrclations were 31gnificant

Oja et al (127) studied direct versus predicted

‘V02 max measures on - forty eight Finnish soldiers, 30 to &40

.’years of ‘age. As well as a direct VOO'nax test, predicted

V02 ‘max On two tests, Astrand Byhming and a test- oy Van

‘Dobeln (183) and a physical fitness battery developed by

Ismail (90) were conducted The correlatlon between thebf

L Astrand-Ryhming nomogram prediction and ‘the direct measure

of VOZ max was r=, 5#2 which led the authors to conclude

.'that the validity of the test to measure voz max Wes "not

very. good“ However they felt that the Astrand-Byhming
results gave a reasonably valid prediction of young and

middle-aped mens' physical fitness .as measured by the Ismail



battery. The correlation between the fitness test battery
and the Astrand-Ryhming test results was r=, 849 f
Wyndham et al. (191) Set out the objective of exam-

K
P

‘ining Astrand's premise that heart rate is & linear function
of oxygen intake through ‘the range of values and as well
to study the reproducibilf%y of heart rate and V02 at various
loads. . The research was conducted with four highly trained
male Bantu miners. The researchers concluded that when hedrt
rate is Plotted against VOZ, the linear relationship which
‘holds for most of the range of values, deviates at the high
' levels of work towards V02 values higher than would be-
: predicted from extrapolation of the 1inear~part ‘of . the curve
to maximum heart rate values., Thus there would be a tendency
to underestimate the VOg max through use of the Astrand—
Ryhming nomogram. - In their subjects the underestimation
..was in the order of 0. 32 - 0.14 Iitres of oxygen/minute. -
The researchers ‘also . concluded that the constancy of heart
rate at standard work is high., .,“' ' .?_ R
This research has been criticized because of - the .
Afact that the men were working at 5 500 feet altitude and :
mthe effect of prolonged hypoxia might cause some- discrep-
7ancies (6) In defence of the nomogram, L Astrand also -
.points out that it is not the premise of the nomogram to
. assume that the.heart rate is a linear function of voz

L

throughout the entire range of values (6)

< e

Maritz et al (113) tested the three premises for _:

estimating an individual's V02 max from submaximal data

i
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using the Astrand-Ryhming test'as the basis. 'They concluded e
that; 1) VOZ deviates very little’ from the mean straight

line relating oxygen. in@ahk and. ‘rate of work so that the

’VOg for a task performed against gravity can be estimated .
with reasonable precision from the rate of work, 2) the».‘
individual'variability of the‘maximum heartrratwiaroundfthe
mean in a routine test procedure without the . introduction
K -‘of large errors' 3) the premise that heart rate and V02

are. linear functions of each other throughout the entire

~

range of work up- to maximal is not strictly valid These :
researchers found a bias. in the order of 0.3 litres/uinute
in the straight line relating heart rate and V02 at high
- "levels of work in most individuals. The underestimation\
of 0} 3 litres/minute was found at e VO2 mgx epacity of
3.0 litres/minute." L S B |
} Maritz et al. (113) also describe a method by which
“V02 max can be predicted from submaximal data through the
fitting of a straight line by squares to plots of four: _
' _.palrs oﬂ heart rate - V02 values at four rates ‘of work.i_
fi-;Uang thls method (commonly referred to as the Maritz-'.': |
| Wy dham test) they suggest the variance of predicted VOZ max,.'
dvalues can ‘be signiflcantly reduced
' Rowell, Taylor and Wa.ng (145) in 1964 tested thirty-_
four male subjects aged.18 to 24 years using a direct |
’_vo2 max treadmill test and the Astrand-Ryhming predictive

test. They found that the nomogram underestimated the

'actual V02 max by 2;\4’7% and 1 +‘7% in a sedentary group
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before and after two and a half to three months of training
and by\5 6 : 4% in a group of 10 endurance athletes. Rowell

et al; also found that the trained subjects more nearly met

’ with the Astrand-Ryhming.nomogram, set about to develop a |

:the 50% . VO2 max heart rate of 128 beats/minute noted by

’

Astrand and Byhming (13). . n
Davies (485 working with twenty-five male and nine—

- teen female subjects 20 to 28 years of . age gtudied the

»
«

premises on which the common procedures for predicting
V02 max &re based that 1s:. 1) the relatio hip between

heart rate and VO is linear-up to and inc} ding maximum

7,1evels of work; 2) all subJects within a particular age. group

are able to reach similar maximal heart rates. His results

'showed that nei%her premise is stictly valid The heart

rate - VO2 relatibnship becomes assymptotic at near maximum

work and maximum heart rate showed - a small but significant

‘ { .
correlation with V02 max Davies found that in subjects‘
- with high observed V02 max ‘that the errcrs from these two

sources tend to cancel out but in more sedentary subjects ,mf/

, the errors combine to produce significant bias towards under- -

estimation. Davies (48) concluded that the above factors -

_together with _the natural variability of heart rate response

preclude the acCurate estimation of V02 nax from either the .

'Khtrand-ﬂyhming nomogram or the Margaria nomogram (112).

Margaria, Aghemo and Rovelli (112) not satisfied 5

more accurate means of\predicting VO2 max* ) The premises/on

which their nomogram is based is essentially the .same as in

-

"
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the Astrand—Ryhming nomogram. The Margaria.procedure, how-‘

ever, requlres two work loads with "the corresponding heart

rate values to pnpduce a regression Jine for prediction.

20

The mode of exercise is bench stepping. Margaria et al

on. the basis of their data claim that their method produces

results which are within t?p of values directly determined.

Davies (50) in andther study utilizing eighty male subJectsf'!

20 to 50 years of age, compared the heart rate - V02 curves'

in relation to the. overall limitations of predicting VO2 max

and examined the accuracy of the Astrand-Ryhming, Margaria
and Maritz-Wyndham prediction nomograms.‘ The results of
this study were similar'uahisresults puhlished one year'
earlier (48) He concluded, hcwever, that in- looking at
- the variability of maximum heart rate within an age group
' that the error in this premise was small and well within

the expected day to day variation in the estimation of .

’ VO2 mai from measurement of heart rate and V02. Davies (50)

.: found that ‘the Maritz-Wyndham téchnique to be. the most |
accurate, ﬁollowed by the Margaria nomogram And then the-'

Astrand-Ryhming nomogram. The variation in accuracy wss

- only small, _however, with thy Maritz-Wyndham and Margaria

methods only showing a 2% imprcvement over the Astrand- -

Eyhming nomogram.. In using the Astr%d-ﬁ,yhming nomogram,

Davies suggests that the accuracy increases as the exercise

heart rates are higher in the 120 to 170 beats/minute-
range. The overall accuracy calculated for. the Astrand- ;'
.‘%uiming nomogram;was T 12%._‘Dav1es (50) concludesfthat_ |

-
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,“'«_ o ' predictive methods provide only a crude guide to. an indiv- .g

.idual's ability to perform at maximum effort " for accurate

"analysis of aerobic capacity there appearf to be no alter-'

;'natdve but to measure directly. Considefing all of the
{disad%hnﬁages and limitations of" utilizing submaximal Al

: ’ﬁgxer*e data for the prediction of aerobic capacity, it -
? *‘h. gir .is still the best available technique when dealing with
5 1aﬁ§e nppulations or in field studies (157, 159, 163): . This

‘QVYopinaon seems to be prevalent and until more: accurate ‘
'jéchniques are a?!ilable the inaccuracies associated with
‘prediction of aerobic capacity mrst be accepted : Minimizing
“the possible inaccuracy may be accomplished with careful &
standardization of procedure, accurate calibration of .
<1nsﬁruments, and trying to select work loads that result .
”in heart rate response as- high as possible in the acceptable :
- ¢ range, a AT 2 t'ﬁ
},,;;/ﬁ/i.li: Shephard (162), recognizing the widespread use of

‘“Viithe Astrand-Ryhming nomogram, developed a computer program
4tfor the rapid and aocurate calculation of predicted V02 max -j"
'from submaximal exercise data utilizing the Astrand-Byhming |
:vnomogram. This program incorporated the age correction e

factors recommended by I. Astrand (6) and outputs ‘both’

| peeT oy 2. Asvrend .
Y in 11tres/m1nute and millilitres]kiIogramf&inute.

. O2 max

"v,AEROBIC CAPACITY - AGE AND snx'V" R i t-':'
I The most complete early study of physical fitness in'fi
relation to age was that of Robinson (141) in 1938 Ninety- -

4

.
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ealthy male non;athletes ared six to,ninety-one years.

thred

served \B\iijSCtS in‘teSts”bf resting cardio-respiratOry'
an

function work capacity. Robinson noted a dedline -in

. age 6 t 158 beat

>-the grou

{

‘fmaximum heart ate:with age from a'median of 198'beats at

in three’men averaging 75 years of age.

The V02 max. or Robinson 5 subjects when expressed

as litreE/minute reach d its highest mean level 3 61 for

with a mean ag of 17 L years (16 to 19 years) \\\\\\

This. group he suggests is e post adolescent group..dThe

group means show a gradual d cline in both directions from

E this peak of 0.98. 1itres/minut_ in the younger boys (mean

age 6 1 years) and to 1, 71 litre /minute in?the men in the

. eighth decade (N—3, mean age 75 0 ears) When the VO2 nax g

‘is expressed as a function ‘of body. 'eight the 17 year old
. group is still the highest 52. 8 ml/ g/min;, but the immed-,t

\giately pre-adolescent group (8 to 12 ars) is very close
N

.52, 1 ml/kg/min. The adoscent béys are somewhat 1ower

E wit a mean VO2 mar of 46.7. ml/kg/min (m én age 14 1 years,
13 to 5 years) From the peak of 52 8 m /kg/min in the’
"16 to 1 year group the VO2 max 85 & func ion of: body weight

'decreases'steadily W1th advancing age. vTh“s drop Rob%nson

associates with a decline 1n physical acti 1ty level of

" men once they reach about 20 years of age. | Robinson measurede"

'V02 directly w1th subjects working on a tre dmill.

Astrand (8) reports results of test on: 112 female

and . 115 male subJects between the ages.of fo r.and thirty

,years for VO2 ma; measured on both treadmill and bicycle "

w



ervometerl He concludes that for all the male age groups
over seven years the VO2 max expressed as a function of body

weight\was fairly constant/with values ranging from 56 to

59 ml/k7\m- \

. The Subjects unde

20 years were "normal" healthy

school children those prer 20 were physical education

students who might be expected to be. considerably higher in. “

ﬂ aerobic capacity than their less active counterparts. Boys :”

and girls ‘in the younger age groups (4 to 9 years) exhibit\

, essentially the same VO2 max‘ Once 12 years of age is reached

}f.the males have developed a significantly larger VO2 max;“

‘ijapproximately 17%, than their female counterparts._ For-'
adults the VO2 max averaged b, 11 1itres/minnte for forty-. '

»two men and £.90 litres/minute for forty-four women (29%

lower) . ff_'”usvsii\ B
Metheny et al, iiis ompared a group of seventeen
,.females, 20. to 27 years with a gro iof’thirty males,-19 to
ﬂ'23 years in. terms of their VO2 nax deter,< ed directly on
a treadmill The males were significantly higher with
| 'values of 51 3 litres/minute to 40.9 litres/minute ortedi L
'?'A comparison of the eight h\st females with the 10 poore’. -

maleslstill shows a significantly\\\gher mean value for the .

\_

———— . . . - ;
—— - N . 8

| males. TR e T N . :
_ v?n Dobeln (182) measured and compareg\:odybweight; _ ;.
:ﬁoz'méx and per cent body fat fd% 35 ‘young adul male~subjects
- v*and 34 youn\ adult female subjects. -The male subjects
| 'gexhibit%d a 10% higher body weight than the females (69 3 kg.‘




to 62.8'kg.) and a 287 higher V0, . (3. 91 to 3.06 litres/
4minute) Th? females had a greater amonnt of body fat, 20.3%"

" 2%

compared to 10. 6%_for theomales._"m_i_u_l_l

Hermansen and Andersen (85) working with forty—three.
young'Norwegian men and women--measured.VO2 man and estimated
v . .

body fat based on skinfold measures. Theé male group consist—

ed of fourteen highly trained athletes and twelve students

with mean VO of ° 71 and 44 ml/kg/min respectively., There"

2 mgx
. were five highly trained female athletes in the female group

| (V02 max 55 ml/kg/min) ‘and twelve students (VOZ nax 38 ml/
f_kg/min)<~:The overlap of male and 1ema1e values for aerobic
_capaci 3 |

N ?is quite evident and special note should be’made.
‘fThe 5§‘ml/kg/min mean value for the five highly brained

o fema]e cross oountry skiers in this gncup iS«s*gnificant y
higher than the mean value. ef Ll ml/kg/%in for the twelve
:untralned male students.v | . .,g - ;f B
Knuttgen (100) studied 95 male, and 95 female high
't_school students with mean ages of 16 years 10 months and
16 years 7 months respectively.i His resd&ts show that the'»
female VO2 nax L2 2;§ ‘that of the hoyi expressed dn 1itres/‘
» minute and 67p whi egpressed as a function ‘of body weight
Knuttgen also reporé%d that the females resting heart rate
. was 31gnif1%antly higher than that of the males but that
'pmaximum heart rate was not (193 5 to 195.8 beats/minute)

M L Irma Astrand has devoted much time to the study of
!

v'age and sex variations in work~capacity and other physiolog--

',ical_variables.‘ Based on direct measurements ot VO2 max in

~



25 "
-350 individuals ranging in age from four to sixty-five years,
Astrand (7) gconcludes that before puberty there is no sig-

nificant difference in aerobic work capacity between boys f

and girls but in adult life the capacity of women is only

LY

'seventy tolseventy—five per cent that of men. :In both sexes
there is a peak at the age of 18 to 20 years followed by a
?gradua1=decline in aerobic capacity. At age 65 years the
mean-value is about\70% of that of a.twenty—five year old.
- The VO2 max for a 65 year old man is the same as that typical
’h of a 25 year old woman.. Astrand found that intergroup -
variability was quite large with considerable overlap between
- age categories'andhetween sexes, Astrand also noted a
' decrease in maximal heart rate with increasing age, a grad-'
ual decline from 210 beats/minute around age 10 to 160 beats/
~minute in the. sixtiesa Based on this data Astrand (6)
produced age correcting factors for the’ prediction of

y ¥

;'VOZ max. u51ng submaximal exercise and the Astrand—Byhming
'nomogram. L ey o
' Macnab Conger and Taylor (110) measured VOZ max 1'V~
‘on twenty-four female and twenty-four male first yeart7 ‘
university students with two, tests (treadmlll and bicycle
‘ergometer) ‘as we;15§Z'ch17o and body density. These

' researchers found that men were higher than women (p«:o 01)

' Y

- when values were expressed as litres/minute ml/Fg/min or

| ml/kg fat free.wt/min.. The male values obserVed were

-'51 7 ml/kg on the %itchell et al. test and 46, 47 ml/kg on
the Astrand ergometer test. The femalevalues were 39. 06° ml/ks



- and 35. 67 ml/kg on the two tests. " Macneb et'al. réviewed

»
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results of other researchers and found that male- female

differences—in VO2 - x_xaried_from 15% to 25%. ‘;s'
. Dawson and Hellebrandt (53) fallowed one subject

through the ages of forty-one to. seventy-one years. During

E this time period they observed a gradual decline in working |

capacity, becoming at age 71 about 50% of what had been at

41 years. ) S N
D111, Horwath and Craig (56) and Dill and Consolazio
(57) report data on one subject (Dili) from 37 to 70 years

f'of age.’ A gradual decline in both VO2 max and maximal heart

rate ‘was: reported from 3. 28 litres/minute and 172 beats/

_minute.at age 37 tov2.30 litres/minute and ‘150 beats/minute‘\ '

T
at seventy.- o ’

L 4

A 9 Astrand (5) adminrstered VO2 nex tests (bicy01e

: ergometer) on 81 male Swedish truck drivers, fifty to sixty-

four years. When the drivers were divided into 5 year age .,
brackets the- expected decline in aerobic capacity was observ-_'d
ed, 2.55 litres/minute for the 50 to 54 year old group, B
2 43 litres/minute for the 55 to 59. year old group and -
2. 14 litres/minute for the 60 to 6L year old group. ' |
: Davies (49) tested eight healthy men 20 to %0 years v,

of age. He found - that only F, V. C., F. E V. and maximal heart ':.
‘rate were associated with the de/line in . V02 mak with age
which was a‘lso observed with his »sub,]ects. ‘ |

Eighty -four male construction workers age 30 to ?O

years were tested atfsubmaXimal and max1ma1 work on a

?



bicycle ergometer to monitor:age related change in ﬁo, ﬁa¥J

o~

and to attembt to produce a better predictive equ&tibnbfor

Vo by Von. Dobeln,,,L“Astnandnand;Bergstrom_i1§3l%nwnnw;;iw4m

2 max v~
The expected decline in VO2 max &nd maximum heart rate with

‘aye was observed. 1)'30 to 39hyears:_3.1? litres/minute

(1/8 beats/minute) 2) 40 to 49 yearS' 2.72 litres/minute

~ (171 beats/mlnute) 3) 50 te 59 years 2}59 litres/minute'

(163 beats/minute);-u) 60 to 70 years: 2.29 lltres/minute
(i55'beats/minute): ,The wérh involvingrmultiple'regression

analysis~toadetermine optimal prediction from submaximalnﬁ

. WOX k showed that 1) body ‘size doesn't add to the preaictlon,
;12) if submaximal heart rate ;}Dne is used it 1s no betterA

' than age alone*.j) the best redictlon was'based on sub-

maximal heart rate, age and maximal heart rate 4) precision
of prediction is reduced just slightly if maximal heart S
rate is not used and. subnaximal heart rate and age are..

¥~~~

Parizkova et al. (132) studied one group of ybung

"physicalheducation»students (20 76 years) and two groups of -

[
older men, ‘one sedentary (72. 49 years) and one active in

.sports actlvitles (73 9 Years) The aerobic capacity between

the. young group and both old groups whlle higher than the \.
sedentaryogroup (1 393 lltres/minute to 1.181 litres/mlnute)

were not 31gnif1cant1y higher. These researchers observed

thﬁt the decllne 1n functlonal capacity measured as the

VO2 mai runs parallel to a decrease of lean body mass in

_ senescence, They also found that the capillary to fibre

" ratio was significantly higher in the young‘group3 that is,

-
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more’ favorable with regard to oxygen and nutrient supply -},ihﬁcf
to muscle, 4 | . o o Jﬂﬂﬁu‘ )
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.?AEBiQBLC_CAPACiTLLAND ,TP&YS-I»CAL—AG‘I‘IA\UI—ITI . e
? | Training studies in which vigorous physical activity
Vis intrcduced as an. intervening variable between measures.
‘aof aerobic capacity have demonstrated that'individuals can .
'increase their aerobic capacity up . to 33% (14?) Frick et
‘ T.al (75) measured the physical work capacity- of fourteen
sedentary men nineteen to twenty-six years of age before
- and after two\months of hard basic training. The mean chl?O ..’ )
"‘before training was 959 F%m/min and after training 1072 ‘kpm/
min, a change of 113 kpm/min.. This difference was‘signif~
icant, p<o 01. o e S | .'
Skinner et al, (167L trained fifteen pgeviously
sedentary men 35 to 55 years@of age on a six month program
of endurance running and calesthenics. The time for a’ mile
run was- significantly decreased post-training as ‘well as the
time’ required ‘to-reach a ‘heart rate of 150 bea%s/minute ‘f
exercising on_a bicycle ergometer. Pre-test\time required
~ to reach.the criterion heart rate was 8.86 minutes while-p"
1'"post test time was 10 79 mlnutes. This difference was . found.lﬁ
thO be statistically different, p= 001 Sklnner et al
fconcluded that a program of_physical activity produces
'changes in functional capacity and body composition ‘that
run counter to the trend usualltheen with. aging.‘
li = Naughton and Nagle (124) pretested 18 men with an

[}
o

o
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)

average age of 41 yearsdfor VO2 ma“before training'them in

#

a program involving three, thirty minute" sessions per week

: of warm up, calesthenics and running.‘ Before training the

’ 45 to 70 years who had)discon inued trainin

' ten years. The foﬁher*athletes

'icant increases in VO

mean .VO2 max “was 31.3 ml/kg with post test VO2 maxlmeasur.'l‘._ng

,36 8 ml/keg. This difference was significant at p< 001 _'“.' N

~ Parallel studies by Grimby ‘and Saltin’ (79) and Saltfh

,and Grimby (149) have reported data on athletes who hamc L

“continued to train over ‘a mean ‘period oﬁrzo years. Grimby

and Saltin (79) measured Vo “of 33" men aged 42 o 68

2 max .
years who had been training continuously since adolescence.,p

| The aerobic capacity of these men is approximately 30p above

the average values reported by I, Astrand (6) Saltin and
of 29 fo&:er male athletes‘f' :

Grimby (149) measured the na

for at least

ho were not training were _
. '6; .

_still above the average for sedentary middle aged men but

were. approximately 25p lower than the values for the still j'

"'active athletes of the same ages. --'

Ribisl (140) trained fifteen, sedentary middle aged

-

‘(40 ot 5. 7 years) for: five months on a. running program '

u(BZJminutes per se331on, three times per week) Direct

megsurement of VO2 max ‘was performed on a treadmill test

R Y

'before and after the training period | Statistically signif-f

PR both in litres/minute and e N

| ml/kg/min were reported (3 36 43 litres/minute or ho 1 ‘@

-- 5 1 ml/kg/min)

if~ Saltin et al. (150) reportedcimprovements in VO2 max
-q - * K o N %



-fj and heart rate at standard exercise for forty two men aged
34 to 50 years ‘after 8 to 10 weeks of a conditioning program.

Pre-training mean VO2 max was 2 89 litres/minute and the

‘30:

tpost*training velue was“B L litres/minute. After training -
+ the heart rate at a submaximal exercise load was 10 to 20 |
beats lower.,: "' ‘; I " o -~
) Hartley et al. (81),. WOrking with’ fifteen previo:;l;\
sedentary men aged 38 to 55 years, noted improved VO2 max f‘
“in all subjects after an endurance training program of - running
i two ‘to three half hours per week for eight to ten weeks.-”
._ The mean Vo,

2 max increased fourteen per cent from 2.68 ./
litres/minute to 3 06 litres/minute. These authors also
noted a decrease in ‘rt rate ‘at a given submaximal exercise
level in the range of 8 to 17 beats/minute.-.

‘ - Training effects in adolescent boys was studied by
Ekblom (62) who measured the VO2 nax of thirtsen 11 yé%r old<
boys and then split the group inte training (six) and non-

,{h training (seven) groups."Both groups were retested after “;

- six months,v The training group Showed an increase of. 15%

.1n VO2 max (2 15 to 2¢48 litres/minute) while the controi.
group showed no- change. Five of the six boys 1n the\t;ain-t‘

ing group continued to, train for a- further 26 months. V02 nax

increased 55% over the total 32 months, v1tal capacity v
gncreased 54% and heart volume increased 43p._ AIl,of these
increases were greater than - what might hawe been expected .

from the age dependant 1ncreases in body size in terms of

body height. / L



Elderly subjects are aiso qu te trainable in terms

of VOz max - as indicated by a(study reported by deVries (54)

One hundred twelve male subjects aped 51 to 87 years were \\ :

317

"“**f;"“““pre tested*and‘then retested at—6-18 and- 42 weeks~af
g exercise program. The exercise program consisted of one hour
per day, three days per week of stretching, calesthenics and
swimming or jogging.' After six weeks the VO2 mex increased

¢
significantly (7. 03%) al after forty ~two ‘Wweeks - had

increased more than 10% , Other results showed vital capacity"

increased 19. 6% phy31ca1 work capacity significantly
increased and per cent body fat decreased s!gnificantly.
| Seigal et al (151) trained nine men aged 32 to 59
years who had been blind for 10 years or more. These men -
had be n sedentary w1th a stable activity pattern. 'The-;:
training program was .an interval program: of cycling on a -
. bicygle ergometer three times per week (fOur, 3 minute exer-

- cise periods with 3 minute rest periods) Subjects were o

pre-tested and retested at seven and’ fifteen weeks. Signif;

Ticant increases in’ VO were reported for all subjects.

S 2 max -
R After\fifteen weeks five sutjects continued to e;ercise '

once a week for twenty-nine weeks while four subjects return-”

ed to their sedentary habits. Both groups decreased signif-si .

2 max but the group that trained- only ‘once a

"week maintarned a level 81milar to that they had attained

1cantly 1n VO

after seven weeks of. training while the sedentary group

4 returned to a level just slightly above their original level.‘“

Lo
-

/,

Barry et al.- (18) working with male (five) and female”b



'J*hree5'subjects-(mean age 70 years) trained them"three_”
times per week foruthree months on a bicycle ergometer.

Five oontrol °Ubjecto were also tested ' Aerobic capaoity

, '_hard muscular exengise, elthe

"-the same age. He suggests that the regular engagement 1n

was siVnifioantly 1ncreased over the 1eve1s attained by the -

<

: _training roup.u IR ‘ ;7f- : _”
‘ Saltin(ih?) Sums - up the results of many training
-studies by saying, "Physical training will produce an

iimprovement in VO2 that is, the VO2 max ~of sedentary |

max’
.. men can be increased and maintained at a higher level by
.-.regular physical aotiv1ty., The absolute magnitude of
vimprovement w1!l depend upon initlal values for VO2 ‘max and
on constitutional. factors;"t Astrand and Rodahl (15). report
.'unpublished work by~I Astrand and Kilbom on- women aged N

bnineteen to. tWLnty seven years: Wthﬂ indicate ‘the improvemént

in VO2 max

w1th training is not %ﬁs31milar to the results'-'
‘reported for men. mleven women were tested before and after

,ya training'period ‘The pre training VO2 mai mean value was.

‘ 1 9 11tres/m1nute and after trainlng 2. 18 litres/minute,
‘an 1ncrease of 15p.» 4 o (]

Andersen (4) commenting on exercise and rate of~

'aging, suggests that middle ai/d/men actively engaged in:, 3
i their daily occupation or

AY

f_as recreation, have a nigher 102 mex than sedentary mcn of A[”'*

1

strenuous muscular activitles may delay functional deterlor-.
__ation w1th age in such systems as the- oxygen transport system.

> . Cumming (46) also suggests that active participation



< ' -

: in physical activity prevents the decline in aerobic capacity '”

that normally occurs with age. : '1 T _”‘lm. ..

'hVA Epidemiological studies have also shown that persons

who have a higher 1eve1 of physical activity also’ exhibit

lower incidence of cardiovascular disease and a higher level_““

'of aerobic capacity (64, 69, 70, 72, 95, 111, 120 122, 136 o

195) e ‘ A N
‘ McDonough et al. (108) analyzed the results of tests

on 86 men aged forty to sixty—nine years of age in terms y

_."

of VO2 max

were assigned one of four - 1eve1s of physical activity ratings

with' varying physical activity 1eve1s.' Subjects

based on questionnaire results. The activity groups were '
labelled sedentary, light moderate and heavy.» 602.max values-
were significantly higher in the moderate and heavy activity
levels as compared to sedentary and light._ The heavy and
moderate activity g"oup exhibited apprckimately a ten year
advantage 602 max over the more sedentary groups.‘_Therg*a
primary actiVity which was used to distinguish between 1
moderate-heavy and.sedentary—light was some form of endurance

o activity.';,i“fy '*_»1 S | w
. Accurate assessment~of the physical activity levels
Afof large groups has proved to be . an extremely difficult and
: compfex problem. Some researchers such as Dubnin and | '

Passmore (58) have measured VO2 for several ccmmon activities

'i-and have tried to estimate energy expenditure over prolonged

periods of time in. this manner. Fcr small groups or when

dealing with 1nd1v1dua1s this method is unquestionably the

..’-
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most- accurate; Kannel et al (96) for use in the Framingham |

.,st\dy have developed a means. of classifying habitual physical ,V"”

‘;activity based on-a. twenty-four hour history or usual activ-;'

",ity both durinw 1eisure and at work., Kannel (95) however,' '

';considers this only a. crude estimate.

_ ) Buskirk et al (34) Cunningham et al (h?) and Reiff
'fyet al (139) have made extensive use of the ”Tecumseh Quest-
vfionnaire" in rating physical activity 1eve1 The method
.-used in the. "Tecumseh Study (119) involves a questionnaire
‘which the respondent completes and a subsequent personal |

1nterview which takes about 30 minutes to one hour.' The data

'is then objectlvely scored based onmihown metabolic require- hf;i“j

! 'ments for commn activities.»-

Buskirk et al. (34) have suggested that response to |
::simple interview questions designed to determine peak physical '3
‘.activity and the duration of such activity may provide as’

) effective #fclassification ‘as. a much more detailed question- :fﬁ" |

naire or interview procedure, or both.\ This group recommends

",;.the continued use of a simple three category classification

:ﬁhg01ng problem and Heinila et al (83) of the Institute of

Tfscale for rating leisure physical acti@&ty Ievel against
occupational activ1ty ratings when studying relatively
'homogeneous populations such as university employees._‘a

Assessment of habitual physicaI activity is an on- 'l”

-”Occupational Health Helsinki Finland have acted as’ a
clearing house for 1nformation since 1965 The variety and

;,number of instruments currently being used to assess this e



",vcomplex vari!!le (physical activity 1eve1) continue to make

"comparisons between studies rather difficult.

AEROBIC CAPAC}TY AND SMOKING '.:“ g@‘ T

' "It is now well documented that Smoking in generaﬂ
and - cigarette consumption in particular, has an adverse
A influence upon long term health " (a?@)

»

S g , ." Lung cancer, bronchitis and emphysema have all been’
Y s .

i :v_g‘ l nked with cigarette smokers and there is some indication

s gkn;hat pipe and cigar smokers who inhale are. subJect to these

F / ealth problems (194), .VI_-; \‘l S 'ﬁ o

Coronary heart disease is also a high risk problem"
';fwith\smokers (106 121 144 152)

'
A

The risk of death from

heart disease for a smoker is around twice that »
.for a non..smoking contemporary é.nd Whatever the indiv1dua1's
L risk 1eve1 twenty cigarettes

a day w111 more or less double
(144) PR |

ﬂ':

»V'Thus,'effects of smoking on physical fitness in'a

f;very general sense is a negative one._ The question of- the

) fspecific effect of smoking on aerobic capacity is somewhat
'f‘more controvers1a1 |

A study oféathletes whd were British Empire Games

: competitors revealed that few athletes smoked and those SRR

-_.who did were boxers fencers, weight lifters and male

o athletes in field events.. Almost no. athletes, who ccmpeted ,: 35*?

. v 1n events requiring a high aerobic capacity, smoked (92)

Blackburn,fBrozek and Taylor.(25) report:studies
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of a total of one thousand ninety three subjects with an

: age range of seventeen to, sixty-seven years. On the basis -

"'01 work“test“' dfthe-measurement-of*a*number“of circulato-"

‘parameters, these authors have concluded that there is 1itt1e
)‘evidence for deterioration of cardiovascular "fitness" in
‘;fsmokers. : , ‘ __" . '
"S PAro and Patterson (15&) studied three groups of
| .subjects' twenty-five nighly ‘trained non-smokers ' (27.5 ¥'s. 7
| years), eleven non-trained health& non-smokers (20 8 ., 8
years) ‘and thirty—one non-trained smokers (28 Lt 5 7 years).‘
Spirometric tests were performed on all subjects to assess o
pulmonary capacities and function._ Theéb researchers found
that athletic training was associated with an increased
"expired vital capacity and that chronic smoking was associat-_d.

1] -
ed with a decreased mean maximal breathing capacity. No |

t ~other significant differences were found 'f, 3 ";=;”=‘h

| ) Chevalier et al (38) eyaluated the effects of :
cigarette smoking on some of the circulatory and ventilatory
responses to exercise of a group of eighteen smokers (mean iA;
age 28 9 years) and fourteen non-smokers (mean age 29 7
years) There was no difference between the groupgvon
VOz max or pulmonary function tests. Smokers exhibited
higher resting heart rates (p< 0 01) and ‘a8 tendency toward
higher values throughout the exercise period : The recovery L
heart rates for the smokers were. also s1gnif1cantly higher

; (p <0. 02) The oxygen debt of the smokersAwas considerably

greater than that of the non-smokers,'“nd this difference.



a ) ' ' ' ‘ ‘, . : \

' was highly significant (p<<0 001) The authors concluded

N
that the differences between the two groupe’dornot appear

B

_to be: related toventilatonyfactors and may,,therefore,r,'

be due to either circulatory or’ metabolic differences in

the two groups.'

Krumholz et al. (1014.also found a, significantly

-~

S greater oxygen debt accumulation during exercise in th'].g
i

group of . smokers as compared to non-smokers. The~smok

| group consisted of nine men who had smoked at least one

package of cigarettes per day for five yéars. The nine

members of the non-smoking group had never Smoked These.';

'fi authors also foung that the smokers had a significantly

decreased diffusing capacity at rest and during exercise

as well ‘as signif;cantly decreased total lung capacity, ",‘.j”-n_ .

:'1nsp1ratory capacity and v1tal ca acity._;

B Kpumholz et al (102) in another study, measured
the exercise response of ten male subjects (smokers) twenty-,vi

five to thirty three years of age before, after three weeks
i

' and after s1x weeks of abstinence from cigarettes. After‘_ f’

three weeks peak ventilation and pulmonary difquing capacity o
were s&gnificantly increased . As. well the heart rate and
oxygen debt produced by five minutes of hard exercise were i_
significantly decreased After six weeks, the functional |
residual ‘capacity was reduced and 1nspiration reserve |

3

volume and maximum ventilation volume were increased Airwayv

- resistance was also s1gnif1cantly reduced - The authors

concluded that alterations in lung function are present in |

37



\'reversible with abstinence from smoking.

: Zwi Goldman and Leven (194) testgd a group of ten
v‘male smokers ‘and ten male non-smokers %21 to 35 years of age)
.fon a battery of cardio-respiratory measurec at rest and
aduring exercise. The smoking group in this study exhibited -
1) decreased vital capacity and total lung capacity, 2) great-_
.er résidual volume, 3) higher pulmonary non elastic resist-
“anoe and loWer compliance and 5) lower arteriAl oxygen L
'saturation during exercise. N EE 5 |
| "It may be concluded that Cigarette smoking i‘bairs.
vf_pulmonary function and - adversely effects the cardiovascular ‘

'system.. The effect is detectable Wlthln the first fifteen

vyears after commencing the habit and. becomes more obvious

g with increasina length of" smoking history." (194)

Merriman (115) noted a Significantly improved exer—l,"

_Cise tolerance in five subjects after stopping smoking. fhe_
iauthor suggests that several changes appear to explain this
himprovement 1) reduction in resting heart rate, 2) decrease
-.1in ‘heart - rate for a givcn exercise 1oad 3) decrease in- '
'texerc1se VO2 and oxygen debt for the same load 4) greater -

fwork capacit%, 5) decrease in V 6) improved mechanical

*.gfeifiCiency of work

: WOrkind With 41§ American airmen, Cooper et al. (41)
,‘investigated the . effects of Cigarette smoking on endurance
,performance. All subJects were tested on .the twelve minute

ﬁwalk-run fie1d3test_of endurance performance~and,in_forty- '




“39.

' seven subjects cardio-pulmonary indexes were also obtained

q

during maximal treadmill performance. Subjects were tested

at- the beginning,—after three weeks”and-after six weeks of

|

'R

basic training. Subjects with a smoking habit showed a

consistent impairment in performance at alz stages of
K.

training'ﬂhencompared to subjects who had ever smoked -As

/

well, performance on the twelve minute test was inversely
related to the number of cigarettes smoked regardless of
the stage of training.' The researchers also found that '

smoking for less than six months did not impair the end-of-}

_ training performance, but smoking for 1onger than ‘six

- months produced a significant»impairment in every category.

The only cardio-pulmonary Lndexgin Which there was a signif-
icant difference between smokers and non-smokers during the
maximal performance studies was the V (p <O 01) Maximal
oxygen consumption maximum heart rate and ventilation

equivalent were not s1gnificantly different The training "g

: response Was 51gnificant1y reduced 1n those subjects who

smoked ten tg.thirty cigarettes ‘per day. L f' o ; c
_ Peterson,and Kelley (134) studied the chronic effects

| of 01garette smoking upon the acduisition of physicalﬂfit- o f
ness during an interval training program. The subjects for

7' this study were sixty male volunteers who were split into

smoking and non-smoking groups based on their- smoking habits.

The«subjects were tested on the Astrand ergometer test for

prediction of VO prior to training and after two, four

2 max
six and elght weeks of interval training. The 1nterval

- w—"



'training‘program required subjects“to-run a progressfvely .

L increasing series of bho yang dashes at an 88 seconq pace,

Pre-training V02 max values were sigqyficantly_higher for
the non-smoking group, 2.56 litres/minute and 2. 33 1itres/
‘minute (p< 0. 05) . In most cases the training program was(
qually effective for the two groups but at the end of the'
eight-weeks the non-smoking group still exhibited-a higher
predictive Vo

(p<0 01).
Glassford and Howell (77) studied 277 prospectivev

2 max’ 2 98 litres /minute to 2, 71 litres/minute E

..,Edm nton firemen .aged 20 to 29 years. The subJects were )
grouped on the basis of smoking habits .into smokers (one
‘hundred ninety) and non—smokers ( eighty—seven) -A11 sub-

'fJects were tested on the Balke-Ware treadmill»test.. There

"were no signiiicant differences reported for physical
characteristics of the two groups but the no;-smokers
_performed significantly longef on the treadmill test (p <0 01)
16 L8- minutes compared to 13 17 minutes 'when the data was -
-submitted to t test analysis. Significant differenceS‘

: between ‘gon- smokers and moderate and heavy smokers on

-

-

treadmill test results were also found '
| Franks (73) 1nvest1gated the differences between
gmidale aged smokers (twenty-two) and non-smokers (thlrty- JY'
's1x) ‘on selected tests of “physical fitness? He found that
'non-smokers were better than smokers on breath-holding, . "
vgvital capacity and resting area- under the curve of the | |

j brachial pulse ane.f There was no statistically 81gnificant :;gg :

o

R =



: evidence that the two groups differed on several other . !

meaSures of restinp cardiovascular fitness, cardiovas-
]
and recovery. c ¥ e
_ Thouph the advice of discontinuinv smokina for
l‘
Of smoking on exercise is not togally clear.

Information available on-shoking habits of the

general population ‘of the United States (106) indicate

age and sex differences with men exhibiting a greater

percentage of smokers than women and the younger people

1 »

having a. greater percentage than: old Specific age and =

* o

sex differences indicate.

1) 17 years and up: male 45 9p, -female 30. 5%

: 2) 17 to zh'years' male hl 3ﬁ; female'29.4%.

3) 25 toell years: male 54. 7% ' femaleTMO.Z%
4) USVto 64 years‘ male b? 3%, female 30.5%

-y

'ful.“f5) 65yearsand'bver. male 24.5%, female 9.5%.1

g

AEBOBIC CAPACITY AND BODY. COMPOSITION

RN

‘ Checking the "nutritlonal status" of patients by
sight-gauging: the thickness of a thumb-forefinger skinfold

‘has been practiced by phv31cians for well more than a

'hundred years (27) Information Yof the constituent meke up

]

of - the human body is 1mportant for the physician in~ making

some diagn051s and then prescribing treatment and for the

»

TS

jreneral health reasons’ )ﬁ well founded . €he specific effects

<

. Gular respcnse to—mentai arithmeticnor submaximal_ exercife - -
. t ’ P
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" and helping athletes optimize their performance potential. :

iAnimal scientists have pursued measurement of body fat in

N\ ol o
domesticated animals to optimize marketing weights and s

times. _ Many—of the technical advances have come frem

| based on these measures. Behnke Feen and Weldham (21) S

t’Richer, in 1890 (cited from 27) was the first person to -

of skin and to estimate the amount .’ of fat in’a human body f"f

'common. L ,TJ‘

researchers in this area.

Until approximately 1890 the estimation of per cent

body fat at least in humans ‘was a fairly crude procedure.,a -

use a caliper to measure the thickness of a double layer

are credited W1th perfecting the technique of hydrostatio

K weighing to determine body composition. The use and perfect-

ion of many techniques for estimating body composition have

- been brought forward since that time and practical applic-

v,‘;ation of measurements of per cent body fat have become 3ltw.{n.

R AR

.ﬂ The oldest and" most common technique for estimating

'-1per cent body fat is the skinfold thickness meaSurement (1 u@
o1 27: 28 31 37,,45 59, 675" 82 98, 130 135, 153, 160
o 168 170 lBu" 193) Various conventions in selection of ﬁﬂlJ

J 1

sites and us of calipers have arisen. The first caliper“i'

'that gained 'Opular acceptance and use for many years was:

- the Franzent

~>caliper was t

'pe. caliper (74) The main problem with thisi'ﬁ'

L 3

‘he increase in Jaw pressure as the jaws werge

€. ,
opened Best”in 1954 (24) developed a caliper Nhich alleviated"J




2

e

S

o

this problem bdt the production of a caliper for use in the
gggpenden growth study in 1955 overshadowed the 'Best' ‘
caliper. The Harpenden caliper (61 172) meets all of the -
criterion for skinfold calipers set forward by Tanner and

ﬂ;itehouse (172) and the use of the Harpenden calipers is

t b
B R "‘L" 4,.‘v'

recommended. Other calipers have been produccd (Lange caliper)
to these specifications and are commonly used as well,

. Measurementaof specific gravity of the human body

' by the hydrostatic (water displadement) method is consider- .

ed more reliable and accurate than- the skinfold measures

- ..

technique (23) ' This method is the second most common

technique and has often been used to validate equations set '

: up for skinfold messures (1 21, 28« 30 33, 58,,98 126,

" technique *s%based on the principle that the amount of

' gas absorpcion (105) -and air d1splacement method (66) -

137, 193) ‘ | . ,
Another technique which has become popular is thebi

‘ measurement of potassium (KUO) in the body with a scintil-'

= Kuo in a body ig directly related to the lean body mass (68)x'

lation .or ﬁ ole body counter (19, 45, 68 117, 170) This ~i

measureable Kl”O in: fat is negligible so' hat the measured

ave been developed

Other le%s yell known techniques

and used successfully in specific applications ultrafonfgy
measurements (26, 171) X=ray measurement (1?1) fat so!uble

As previously stated afnumber of conventions in

‘y" sites and predﬁqtive equations have arisen through the

T e

' widespread usevof skinfold measures in estimating per cent
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body* Iat A recommendation of the Committee on hutritional

./)

Anthropometry of the- Food and Nutrition Board National

'Research Council U S A., 1956 (cited from 193)‘Was that
.;standard sites be uscd in the estimation of body fat 1) chin'--

2) subscapular 3) chest 3 sites'yﬁl waist 5) abdomen, o

6) suprailiac,'?) jriceps; 8) thigh and 9) knee. ‘The above . .
: committee (cited from 31) however, specified two areas‘as,‘

V‘being particularily useful for measuring the thickness of

skinfolds upper arm (triceps) and ‘the subscapular area )

of the back. Many studies, however have utilized 8 large

number of S1tes (1, 28 37, 67, 98, 130: 153, 184)
Brouek et al. (31) suggest that skinfold ‘measures :

: are ideally suited for nutritional surveys and also state

that, the method 1s f1nd1ng increa51ng use in the quant:tativc

' appraisal of 1eanness fatness in med1Ca1 practice and

‘vclinlcal and 1aboratory research Sone researchers including

Brozek et al. (31) Crook et al. (45) Brozek (27 Seltzer et als'ﬂ

--(153) have found that the estimates from fewer sites was

]ess t1me consuming and in many cases as accurate or. more, L
accurate than the twelve on thlrteen SlteS sometlmes used.‘

Seltzer et al, (153) utilized five s1tes (triceps,~

v_-}thigh subscapular knee and abdominal) and concluded tnat'°:
tfof the f1ve~skinfold taken,vthe triceps appeared to be the -
.;best predictor pf body densityrin obese adolescent gi;ls. ..
;ﬂfThe correlaticn between body dens1ty (from under water = N »i“;
R weighrng) and the ‘triceps measure was’' r=. ?95fwhich was L

significantﬂ The authors also developed a regression

*B"“



‘ - ‘ : N o . ~ N
equation‘for predicting body. density fiom a triceps skinfold
measure,. o ) o L I |

- Durnin and Rahaman (59) measured four sites on’ theirf

. Subjects (biceps, triceps, subscipular and supraillac) ‘and

’*developed a regression equation that»was“oapable ot_predict— 3

ding per oent body fat with an error of about -3 5%.
-Sloan and Weir (168) developed a nomogram for est-
o imating per cent body fat from thigh and subscapular i‘olds.f
‘for men and suprailiao and triceps fo’ds for, women.

The International Bioéppical Program (I B.P. ) rec—

C ommende% that the internationally aoccpted s1tes (165) for

,3sk1nfold measures should “be the trlceps, subscapular and |

supralllao. This group suggested that the use,of the trlceps

fmeasure smngly should be- used Wlth oautlon. The commltfeez

.. of 1.B. P whlch studied this matter also conéluded. that

there d1d not appear to be Justificatlon for logarlthn

\transformation ot,skinfold measures and that'superior
':accuracyioould_be cralned by us1ng the measures 1n mllllmetersn_%p
of skinfold measured :

| A combinatlon of two 31tes was found usefu1~%y ;;,ﬁyg;‘.

' Barter and Porbes (19) The bloeps and trlceps measures -
:‘?were the best of several anthropometrlr measures for pre-
1 dicting. total body fat.. The correlatlon of the average s
Ji'bioeps and trlceps and total body fat for men was r-.58
(p< 0.01) and . for women r—'43 (p< 0. ,01)., ' ‘

' - .Crook’ et al. (45) and- Chen et al (37) found that a‘:'

ecomblna$ion of subsoapular and trlceps measures were the .



}best estimators of per cent. body fat. Chen eF al. (37)

’concluded that if fewer skinfolds are desired as in clinical

or field work the standard triceps and subscapular sites'k;
| are optimuma j“'? ’}‘:-' }ff']- ‘,,'j':'ir o

‘ "The practical concluS1on from the attempt to predict
‘,.speci;ic gravity and from body measurements is that triceps ;
and subscaphlar skinfolds did- almost as well as a battery

4'of thirteen skinfolds and much better than an extensive

. anthropometric battery.' (37) . ‘
The Committee on National Anthropometry of the Food ,

"and Nutri ion Board U S\ National Research uncil (cited

~Hfrom 31) specified two areas as particularly useful for _
) ~umeasuning the thickness of skinfold for large groups. the
| upper arm (triceps) and the subscapular area of the back..
”§Abzek et al, (31) go somewhat further in suggesting that

‘in, some studies it is advantageous to measure only upper

.arm skinfoldvand that this is especially trLe when women :~

as well as men are studied ‘ In another paper, Brozek (27) AR
-'suggests that tpe selection of‘sites 1nvolves several
"_cons1derations 11) accessibility, 2) precﬂgion in locatingigtg;_
’the 51te, 3) relative homogeneity, and 4) validity as, an’
'ilndex of total fat ,{;‘,;:“; ;.ﬂ.f“i,. 3;;. Dot
R -f "Considering all criteria in’ terms .of which s1tes
':muSt be Judged the first prize goes unquestionably to the cl
;.triceps skinfold n (2?) " |

4
Y

R Pett and Ogilvie (135) in the "Canadian Height-‘ |
3‘_7Weight Surney__utilized*the_single triceps skinfold measuref'f
N \ |

B




to estimate -per cen body fat for the abQVe rea OnS'J-Théf7»'
norms provided by ‘this study Wwill be. considered 1ater..;v~v‘
. deald et al (82) refers to the triceps sk*nfold

-

as providing a practical and accurate estimate of adiposity
‘9~' : .

° /(k

in adolescent boys. o ;, 4“"-'°}' o
, 3 S o

Keys and Brozek (98) provide reliability data for

triceps skinfold measurements on eighty-three perdons by

o two observers, r=, 916 These authors also quote @anner s

.l.reliability measures for the measurement of triceps.skinfold
as r—.982 Keys and Brozek report a, correlation of r:-.649 |
between qpecific grav1ty and.absolute value cf trlceps skin—'
folds. Keys and Brozek are ia agreement w1th Snephard et

(165) in’ suggesting that - the absolute value of. the:f‘

skinfold‘is the best way to express the skinfold measurement. :f}ﬁ

.” .g;' Brozek and Keys (28) 1n another article report
correlations of r=e, 828 for younger men and r—-.6h7 for older
’ men between triceps skinfold and spe01fic gravity., Stein-v‘
kamp et al (170) report a correlation between triceps and
kilograms of body fat of r—.707 for younger men and r- 798
for younger women.. The correlation for all groups was u;
- r— 586. All eorrela 1ons were s1gnifioant These authors
(170) conclude that predlcting body compos1tion from swin- =
folds is a. useful tool.,\v | w' | o .AHV'JH
Thus mhile there 1s some controversy about the use of

the triceps skinfold as a S1ng1e measure of body fat there _'
‘-\\\J ’ ’

is much, to recommend its use when dealing W1th a large group ‘l”f

"_of people.

L




:ffﬁ There 1s ﬁ“i: evidenCe that one, of the effectdl.f

jihard physical trai g is & reduction in body fat with

- f'corresponding increase in lean body mass. Body weight

b;cnormally decreases at the start of training and then levels

011 and increases .as, 1ncrements in active tissue occur v

‘(15, 54 93, 131 187, 188). Ao well studies of active versus"»'
sedentary individuals also show the active individual with
@ smaller percentage of\body fat (2, 29, y9, iﬁ9) |
E "v Brozek et. al (31) also foundqiower\pechent body
fat in persons whose occupational phygicai activity level
- was- higher. Greene (78) studying 350 oVerwéight patients |
H“»found that the onset of obes1ty'@ould be traced to simult--' S

taneous sudden decrease in activity 1eve1 in 67 5% of the

-.tpatients. An increase in food fntake“ pn*the other hand

_could only be obtained 1in 3.2 % of the. cases. -
| Chirico and Stunkard ( 39) measured the’ physical
"activity of 15 obese women and 25 obese men and compared

rtheir results With the activity 1evels oﬂamatched controls._r

"JVObese subjects were signiflcantly less active than non-obese

vsubJects.; Obese women walked an average of 2 0 miles per
'tsday as compared with 4 9 miles per day fcr the non-obese.'h""t.
;Obese men walked 3 ? miles per day compared with 6 0 miles }ﬁ;,

. per day for the non-obese males.‘ Hank order analys1s revealed

'.:fthat theldifference betw en obese and non-obese subjects if'

- vas.. cons1deﬂab1y greater among women than men.

R
\ l

“While%below average muscular activity on the part

of the obese 1s a matter of popular and 1mmemor1al record



g

.
-

. there is a physiolopical basis for reassessing the possib~ ¢‘

&

ity that inactivity plays a primary role 1n the etiology of

Fthis disorder." (114)

Conventionally VQ2 mé; when used to express the o

d;gfunctional capacity the organism is expressed as a funo-,

.yltion of body weight//;Buskirk and Taylor (33) suggest that

' Wwhen V02 max - is being used to examine the capacity to - |

perform exhausting work, the values should be expressed

. -as VO /kg of ‘body weight/minute.. They go on to say that

—fwhen VO2 max is being used to examine the performance of |
’the,cardio-respiratory system the’ values should be expressed
'tas VO /kg fat free body weight/minute. ' ‘ o

h When aerobic ca cit”ls expressed as V02/kg body

"?:weight/minute, | an inzfvidual with greater than optimal

'aamount of body fat is at a disadvantage and this g as it
'should be since his capacity to perform work is limited by
‘fthe mass that he must move. As well ‘the ratio of tissue

“engaged in energy production‘is greater in the indiVidual ;V.:‘

l.with a lower per cent body fat, resulting in a greater

e e

y .capacity per unit of body weight ,f f{°"3 . ;.'f,fﬁ_'“: .‘mqb;

w Body composition varies w1th age and sex. The results =

"t of studies of per cent body fat changes W1th age in males

k‘_and females do not show an extremely high degree of conform-»'”

bfiity.' One of the most comprehensive studies of per cent _bﬁfb

'ﬁ*nibody fat 1n/both sexes and over a wide range of ages is o

"that of Parizkova (131) : In this study a total of 1460

| ﬂj.subjevts ranging in age from newborn gnfants to 60 years were ‘*7»f



._}

measured for skinfold thickness at 10 sites. Perrcent‘body

fat, according to’ Parizkova's results, is at“j;?léimum at
d‘ilfvery early ages with rapid increases in.: s:”ft;.” ?;y}gatrupi y
”mvto approximately three years of age when.;"ii ‘M“hioff h
T~process occurs.d In all cases, the female\exh}@%'s,a greater

y“per cent fat than the male.* At aporoximately the age of 8
’fyears the female begins to increase body fat-quite rapidly. v-r
:dThe male begins to increase about nine or ten years but o
‘_1evels off again at about eleven or. twelve until about 15
‘ 'years when- another body fat increase occurs. The sex differ- S
‘ ences in per oent body fat are most marked after puberty,‘ e
-.‘ln maturity they continue to be s1gnificant as regards the
7,trunk (abdominal and. hips) as well as the extremitles. »At
-age °lxty, tne sex differences persist as at age thirty.-iége
v-and sex varlations in body dens%ty mirror body fat changes. R
’The male always exhibits a 31gn111cantly higher dens1ty than
: ;the female and the greatest variation occurs at about 15 to

5o
1? years of age. when the female is immediately post-pubescent

"and the male nas reached a plateau inaterms of 1ncrea31ng

"body fat | Parizkova (131) observed a strong correlation B

‘Fbetween the proportion of 1ean body mass and variobs functional"'

*%_;tests such as oxyren consumption during moderate exertion

and VO both 1n young and old 1ndiv1duals.‘ 'y‘

2 max; e T
Pett and Og11v1e (135) in a height-weight survey of ,'fu-;

d»lcanadl‘ms also. measured the trlceps Sklnfold of 22, ooo 1ndiv-

5;_1duals from two years of age up. This data revealed that

s1m11ar to Parizkova the female at all ages exhibited a



greater skinfold and that the female shows a rapid and main-
tained increase in fat frOm approximately nine or ten years
-with a large increase at about 15 to 16 years.f The ‘male

results are not similar to Parizkova's, showing a decrease

from age twq)to about nine years when there is an increase
for about a five year period ' Another decrease occuns during
the years 15.t0 23 or 24 and- then a gradual 1ncrease to.
.approx1mately 60 years when the triceps measure again i _‘“:,
.decreases.b_'r o , ' o | ‘

.. e Norris et al (126)rutilized a'measurement‘of body
density to estimate per cent body fat in 1&3 male adults,
20 to 99 years. Calculating per cent body fat by their own
fOrmula, these authors' data shows-a cons1stent deorease in'
; per_cent body fat from the 20 to 29 year age group to the
50 to 59 year group when a slight increase. was noted and

then a continual decrease bO the 80 to 89 year age grqup.

‘ When the equations for per cent body fat of Br07ek and Keys

and Siri are used the per cent body fats show some variations.‘i»r

The 20. to 29 year group are lower in body fat and there is Q,-

‘an 1ncrease during the 40 to U9 50 to 59 and 60 ‘to 69 year

’

- groups ‘and then a. decrease.: The data from this study con-_-

forms somewhat to the Pett and Ogilvie data.;‘_‘j‘fw7:

| ' Brozek et al. (31) concluded that middle aged male
hrailroad-employees showed negligible and 1ncons1stent age
trends in skinfold thickness., The age range that these

. researchers measunhd were from approx1mate1 40 to 55 years;

_Young~et_al. (193) estlmated-the per cent body.fat ;5
ST R I R o



52
.of 9# women: 16 to 30 years og!age and 88" wemen 30 to 70 years
' of age.‘ The results of this’ study show a marked similar ty

in- per cent fat of the groups 16 to 30 years and 30 to 40

,ars (28r?ﬁ~8ﬁdw28—¥5w9~—~Thesnext three age groups exhibit"—~W+

.‘ra continual increase in per cent body fat Lo to 50 years'

’i‘y35 3%; 50 to 60 yeans 41 8% and 60 to 70 years: 4k, 6%

The estimatés in this study were based on skinfold measures

‘fwhich included triceps measures The triceps measures for

'-the ,age groups are 16 to 30 years. 25 L mm;30. to MO years."
23 6<Mm 40 to 50 years. 30 0 mm; 50 to 60 years. 29 3 mm,d’

~ land 60 to 70 years 28 02 mm." The triceps alone do not )
.‘follow the per cent of body fat - estlmated from the ‘total of;

twelve measures taken.: .

~,

Wessel et al. (184) also used skinfold measures for:
. women aged 20 to 69 years ta.estimate per. cent body fat
f:"It is evident that aging in women is accompanied by an '
”1ncrease 1n the skinfold thickness as well ‘as the pattern
ifof distribution.“ An increase was noted ‘in the thirties"‘
a(lower ribs,,waist arm and scapula sites) fifties (abdom-

-1nal-pubis and umbilicus, waist and upper arm) and decreased

t'during the sixties. In this study the single tricepsvu.

¥,

o neasure tended to be a very accurate assessment of the

',-per cent7body fat estimated from six 81tes. :-v“'
Even with the. variation observed in‘data, some l_'i;g"rff

fgeneralizatiopé/;ppear to be reasonable. The female always B

”'”sGthbltS a greater per cent body fat .and tire’ mayqr part of “'Qf,'

"this difference begins ‘at puberty._ From age twenty to



5

sthy both males and females tend to increase body . fat

‘ Post sixty years there does, not appear to be agreement
. .‘*
but suggestions that at least in males a slight deorease

— e .

in body fat may be bserved,”

.
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. METHODS AND PROCEDURES e

e B

'THE SAMPLE - S . o .

A total of 1544 subjects representing a broad cross-'

‘section of the Sasktoon community, including 845 female and
"699 male participants ranging in age from ih.to 7 years
made up the original sample,» Of the above number a total.
“of 1230 men and women were included in the test data that‘
was used in this study.v Flgure 1 illustrates the age and :
sex distr1but1on of this sample. ”f’\‘t

: Participation in the study was strictly voluntary. _//
Initlally 2648 people were contacted after randqu selection
from the Saskatoon telephone H&ectory. Of the p ople.

'}contacted in this method 895 or 3&% agreed tp p

in +the study and were-accepted; 61% were either
'ested or unable to participate hecause of other commltments |
-SubJects were screened over the telephone if they agreed to

' particlpate, us1ng the following questlons. 1) Have &ou

" ever hadvheart-trpuble? 2) Have you or do you now have

~

. ’,'persistent-chest pains? If the answer to elther of the above '

:questlons was pos1tive, the,persons were reJected as subJects.

F1ve per cent were. rejected for this reason. If the answen .lﬁ

3

~to both questions was negative the subJects were sdhéduled

B
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for testing., Of th 899 persons who agreed to come tg be_'-".k

* f1850 (95w) dctually appeared to bextestedg A further.“.
* .

uJ
?thf these subjects were eliminated by yet another medical g-

3

l~]:..5¢“ screening (Appendix—A)‘prior—tO“InitIaI—exercise—testine~—~———~—»——
| (step test) and gnother 8p were elimmnated prior o, testing
oq shortly after commencing esting due to abnormal resting
n“*3e.; yj or exercise E G G-trace.. Thus 713(of the teleghone vblunteer‘ihuif
i ' -group went on to the kstrand Ergometer test and of these, B

‘~-fina1 results were obtained on 686 men. and women.; The 27 ifjfﬂ-

. persons ‘&iﬁiﬁed %‘ this stage Were for a‘bnorrnal resting
L E irvi et 'fining s subjects’that ”

> N n"r ,""".",- 5‘

AT or exercis .*@“

make up the ﬁ;ta were voluntee_ ,

R " 'I_,"> o ‘ "»". - o . i 0% ":- . |
e 1§V,it-§c§ﬁpag‘nsng olicit assistance.z. ﬂ“of the subjects in Tp ‘
‘ . 2 - S o" o J ' AT ' . ; d( § |
5f "; " €hew1& to 1 year age range were s ts from two locafW
1&h1gh¢@chools, Bedford Road Collegiate and Evan Hardy Collegiate.
. L 4,‘5 “7 e . . . . K . R ﬂl. . g had
..&\ef;Q?tu_lzu o -"., SR 'fy L : B f!?‘ mf.;‘ =
- DESCRIPTION.OF TEST. ITEMS AND QUESTIONNAIRE R S
Ao ;; aérovtc Capacit o Rt
i e = : A C s R
g = erob c apac y L _ . g;. L e SRR i#ﬁf:“

Aerobic capacity of the subjects was predicted on jlb
the basis of a submaximal exercise test as described by' _

' Astrand (11) and utilization of the Astrand-Byhming nomogram -
*:?EQ;—QL (13) Subgects enercisegfatwa submax1ma1 1eve1 on the bicycle

- ergometer for six minutes or until a steady state submaximal

4

7 heart rate was- attained ' The work load was determined
through the combination of pedal res1stance and pedal r p m? Y
Heart rate was monltbred qontinuou y (through digital dis
| f_outpugé) and recorded during the la_t ten . seconds 0 e' _ : ;
N 4‘/’.. wl_ ‘.m'.. . 'v (YU v. B - .‘ ’ " o : ‘»"' ‘ :
. ’ :_‘, " i g.‘ éi‘ ‘ ; &
Ry v At - . 4 e



' j:}minﬁtei The individual work loads were 1nitia11y set by the- :_.

test administrator after consulting the step test results..
To provide added inSurance that the- load was neithér too

high ncr_toowlow_to reSult_in_a_heart_rate_in_theidesired

! . .

&

Ly -y .8
fﬂl-. <

‘ procedure for the Astrand ergometer test‘was approved by the

“i-range 'work load was adjusted after the first minute of

o eyercise 1f necessary.. This variation of the usual test

originator,.Dr. P 0‘ Astrand as a worthwhile modification ;atf_?

that would not bias the final reiglts. If the working heart

y “l~;v 'rate during the fifth and iﬁﬂth minutes of the test were -

.;;J criterion level, the subject
e "L li

had completed the t'!'st Ir ‘the: heart ’{-Z?e hed not. reached

the ,criterion Jevel after six minutes, the work load was

=ﬁf”ij: igincreased and, the exercise continued u;til a steady state” -;75
nu."{was achieved The suﬁaeot also continued exerciSing after'p}
— ‘ 2 1Eial gix mlp oq,if his heart rate had: not reached B
*1.g; ‘w;‘a'steaQy state (5. beat criterion) until this condition was
5;;; g met or for another three minutes.: SubJects were not)ajlowedg L
" i to start the. test With a heart rate in excess of . 100u’l“5l51l’l
%ﬁf-f‘ﬁi'; beats/minute.': ' [i " .igﬁi~¢“ ," _1f | }:ﬁﬁ{é?r.
iﬂ Mf$‘§-}fl t,-; ‘The pedaling erQuency was maintained byﬂ£;i§§5¢:°f~ | .
| .\ a-l?netronome beating at 1(% beats/minute so that ‘ S
- revolution of the pedals was accomplished witH;ea
ﬁ? The test administrator was
Qfé;37£“h- maintaining the’cadence ;

the test was terminated Prediction °

~ h




'f,J-Skinfold Measurement .f 3 ;’ "f'. 33
The skinfold measnre was . taken with' #he subject i‘; o

o -~

* - ' ?standing erect and relax‘ All measures were taken on the

*)Aright arm hanglng in & vertical position.j A vertical skin—h3'

S 'fold was. lifted and meaSureg over the midpoint of the- triceps_

SN f "musble belly, midway between the olecrannonJand the tip of y

) ‘bthe acromion process.v A single techniciaﬁ who was Well train-i
| ,ed in the technique was responsible for a11 measurements.'
,//'f..it . One measure was taken and recorded The same Harpenden

‘7'calipers (172) were used for all measures.»-

':.L,Physlcai Activ*ty Self-Rating ) ) o
R - AL self-rating questionnaire 1tem (Appendix B) was .
fh'x:used to measure each subgect's‘phySical activ1ty 1eve1 for
} | 'che 1mmed1ate preceding three months. The subject was asked
'.ﬁ: exi;. to signify which of ‘the' five categories 1n‘%he {tem most
uﬁéi-tyi‘f‘accurately described hlS or her physical activity over the .
: - hlperiod of the last three months.; For tne purpOSe of}analysis
v;:thé’first two catevories were combifsd (A no deliberate ;:‘/)1{
mactivity to 1mprove physica& fitness and - B. occasional 1-~;A.-'
| ,-moderate activity) to form the low activity group. The r' -
’:E‘l third category (0. regular moderate act1v1ty) was retained

&
:as the moderate*actinty roup and the” last two groups (D very‘

' ‘frequent and. E .regular training) weré combined to form éhe -

' °ih1gh adggvity group._ E . ;f_' RS "
SRS 'e~ o R R '
o | t/f»Subjedts'werevas" —de ' 1‘§urrent'smoking“j’
- R L . . .
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habits in question three of the,qhestionnaire included as
Appendix B. " The subjects who indicated choicest or B (I

have never smoked or I have given up smoking) were classified P

'as non-smokerslforﬂthe purposes_otlthe_study;and were.giyen___m__i;

R 'ated C or D 0

a numerical rating of 10 Subjestsmﬁhe\xf

(I smoke ciyarettes or I smoke a pipecn‘cigar) were classed K
as smokers and assigned a numerical rating of 20. fThe

< limitations of- this simplified system of rating umoking
habits is recognized but WLthout a superior system of

L quantification readily available thcse 11mitations werer’i - m“fl?
- accepted. ;;ﬂg_ x,;_wwWﬂ;v_ 9-.=}ffb_ﬂ'.i.

. LR 7Q4_£%§“Qt_q Lo e i?e_ s
EQ,UIPF!ENT ARD CALIBRATION s '.
_ All equipment used in the study was leased from
Quinton Instrunents of Canada expressly for this'ﬁroﬁect
so that all; equipment was new. A highly qualified elec-A
tronics technician employed by Quinton was present during

S all testing sessions and was responsible for calibration f

and maintenance of all equ1pment

High quality electrocardiograms and accurate heart,¢'

T~ ' )
| . . A

'i n subjects exerc131ng on .éﬂ, _“-'g

Nonark Bicycle ergometaqﬁ?é)

. display of exercise E. %&g

'on two eight channel systems
- capable of monitoring sixteqn subjects Simultaneously. '

Digital display of heart,rate, a pushpggtton selection of

;}fﬁﬁﬁﬁf recording any one of the E.C. G trac ”“',iyakual display .
I ol RN L
' of all tra es on osc111bseopes were‘Teaj 4S3°ES, ,tha monitor- .

] N R L et T '
A , \' '

o A



!

vging equipment The components were manufactured by Mennen- .

Greatbach Co.- Ltd and assembled in Toronto by Quinton -

_specifically for tﬂ! project

Starting with patient electrode contact care was"

“_ftaken in the selection of high quality silvar-silver chloride }

“:,disposable electrodes with hypoallergenic micropore tape

-‘sgope with & "push, tO 1ocate" feature. The control technic-'”,hdlhv

"thracings._ |

}adhesive. These electrod!g exhibited low polarization 3

.

potentials and were aPplied after removal of the top layer -

.of skin with biobrade adhesive. The patient cables were
-[;manufactured specifictlly for this study, of highly flexible,
"'shielded cables with prov1sion for s1mple appliCation to .

:;M the electrodes to allow minimal patient application.time.

- The signal amplifiers were s1tuated close to the

'; subjects and connected to the main console with a single

i

umbilical cord These amplifiers were selected to feature
very high patient isolation to eliminate any possibility of

electrical hazard to the patient s, 85 well as offering

' *dhigh stability and’ fiItering to provide stable E G, G. 'lf",A

-

1an could depress a button/for each subJect which would

blank out all the otner seveh confu51ng traoes and leave

» fonly the selected‘tracing on the oscilloscope. Digital s

.Q B

The central console featured an- eight trace oscillo-.t_:-'f



Y ?; of the subject being tested The instrument operated on ;;
'h‘\‘ o an average of ten beats extrapolated to minute values and

updated on a beat to beat basis. These readingsicouldL;;ff;;:%

" be frozen for recordlng by a single sw1tch. Additionally, N
a push button selector for; any of the eight subjects auto;' o
matically activated a\recorder which recorded the selected. ‘

E C. G wave form for a preset adjustable period and then e

shut off automatically.

e

| Provision was made for cardiaggemergency by the

[

‘presence of a. multi lead electrocardiogram, oxygen\resuscit-:}”
}1ator and ‘a D, C defibrillator. This equipment was set up
in an enblosed emprgency area within the testing area..A.jl_
Drag&;and the appropriate medical instruments uere also "fiiﬁsff‘,

s;.‘ available 1n this area.,'”

F{P{' The eighteen Monark bicycle ergod%ters were calib--;""'”"e

\h/ ,,,,,
N ) > Cy P

t@e accuracy of'the calibration‘in-their use.v Two extra

ergometers were always available 1n *hc event of mainten-¢“5‘?'t
: anc&ﬁproblems.f 25 S , y' | i “5.@“j . ;
. Lﬁaggm? heart ‘rate monitoring SQuipment was checked and 3,2:

;gll g0 thaty the~accuracy of the-*fflf ‘-

S
- - -1'-\. =

digitally displayed heart rates wag;malntgined within the
o v:l presgribed error range (- 1p up'to 150 beats/m;n?Ee,”‘
1'; '5' oz over 150 beats/minute)

3%?5'“ﬂ Scales used to measure body welght were' 1eased

from Toledo Scale Co. and were calibrated and adjusted J-a]_: -

'}g prior to their use.,”‘ﬁ ,

1 K «

>
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’ "..}TE.)TING SITES

Fourﬂtesting sites were utilized in the colleCtion'f-f

-

of the data.‘ The main testing site was located in’ the

62 -

o

o ':5Education Building on the Univers1ty of Saskatchewan campus.‘
‘The main testing room used was a small gymnasium with ant“'
vfadjacent large classroom and hallway utilized for anthro~ .
"”pometric ‘and” strength measures, appllcation of electrbdes

' "iand registering and completing questionnaires.< Plate 1

shows the main testing area. This s1te was used ior‘evening ’

i"and week-end testing.‘ One eight subJect testing unit was ﬂl.‘

maintained at this station onﬁa permanent basis. '

A mobile test station was set up fdr shorter periods o

. of time in three different 1ocations. The first outside test

3 ooms with 8 connecting anteroom.- The mobile

;‘Htes;ﬁ_center ut:." 17ed e .._.;s;econd eight subJect monitoring unit v

v, L -dv .

: ?Mﬁhﬁ V1rtua11y “‘the same as the stationary un1t except

'»:;for some features which made 1t easier to move &;;’b

gngw}_;;lv7;5 The second mobile statggn was set up aﬁter leaving

Bedford Boad Collegiate, at ‘the. Saskatchewan Institute of
,Applied Arts and Sc1ence,3w1th the thlrd location being a

e

of Federated Cooperatives office building was converted to -

~

"a testing station for the time required to complete testing

of volunteers who wished to be” tested in this location.jf .

,gffb%nter was set up at Bedfard Road Collegiate utilizing two‘ 7i:5"'

downtown office building._ A large section of the ihin floori -

o The bulk of the subJects who were contacted via the )

B e
. e

»

thlle

v raﬂdom phoning program were tested at. the Univers}
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."'~';(Ph to Couresy Dr. D'-.K' Balley, Unlversit
9. | Saskatoon w
PLATE 1 ‘I‘he Maln Tes.ting; Area Show1ng Slxteen Subgects S
SRR Bemo* Tested Slmultaneously s RS




’the majority of the persons teste /

4

' mobile testing stations were vol”'teers recruited by other sf)'

'et*the'séccnd”and\thirdf¥sf

\,f__*”"

TESTING PROCEDURES

Upon arrival at the test center, subgects were: asked'

f-to complete a medical questiOnnaire (Appendix A) and an"

o activity-smoking questionnaire (Appendix B) Subgects were 9

s -.‘I'

”-;ass1gned a subJect number\at this time and’ a sticker with the‘ f';_

subaect's first name and subJect number was applied to the

Ejisub g%t's clothing This 1nsured that the data collected e

,_would be recorded under the correct subJect number. .g f,g_, 3

‘ The follOW1ng step in the»test procedure was the
‘Ttmeasurement of height weaght triceps skinfold and grip

“:Mstr gth.v ihe data from tnese measurements WaS recorded
éxbes1de ‘the sub;ect number agd the subject moved on to thgq;

V“next area whioh 1nvolved the applloation of the E c G..

};electrodes.f | o
_ jid : The skin surface on whlch the electrodes were to
k.be attached was abraded and the disposable, pregelled
“Lelectrode here placed on the subaect (CM5 lead placement)

'_The subJects ‘then advanced to the exerc1se test area."

s

On the flrst v131t to the test centeriasubgects were L

tested on the step test~des1gned as the Canadlan Home Test'

1'of Fltness.v ‘After completion of this test subJects were

'familiarized briefly w1thdthes3}cycle ervometer and resched-_:h

'uled for the.trand bicycl\e ergd‘meter test Upon arrival

]

Y



';f at the teﬂt centcr for the second exercise test (bicycle :

"‘.ergometer test), subjects were required to complete another

fsimple medical screening questionnaire and then prepared .

"_1ng was checked and noted by the coronary care nurse.4 The

‘ffbr the exercise test by having electrodes attached.

t_ : The subJects were, in most cases, tested in: groups

of eight or sixteen, depending on the number of test units a
”available and the number of subJects scheduled Subjects |
.uwere scheduled by age group and sex tg facilitate the test- e
.ing procedure. Upon arrival at the exerCis test area
subgects were familiarized briefly W1th the test by 1nd1v- 3
1dua1 test admininistrators ard the hicyc‘e ergomcuer was '

"‘adjusted to suit the size of ‘the SubJect (11) ‘ The E. c. G. |

cables were then attached to the electrodes and the record-:

'41n1t1al selection of the load was made by the indiv1dual

test administrator upon conSideration of the subaect'sfageg

"'sex, size and performance on the stepping test which “Iadgq Ky

;vtbeen completed at least' two days prev1ous1y.' After alf |
iE C.G. traces were cleared by the cg?onary care nurse;

'5fthe subgects were viven specific 1nstruc: - for tmp test

*f]eby the superv1sor.¢ The- metronome was then‘s%arted and all

- . the- first minute,of exerCise. The test administrator was T

subJects commenced the test ' Each individual test adm1n1s-={;“
trator was’ respon31b1e for a matimum of three subJects.
:Their resﬁonSibilities included checking the 10ads on the.' .

gergocycles each minute and changing then if required after

also respons1b1e for checking each subJect's cadence so

A

«if>'




et

L W ¢ o
R
L g

that they maintained the 50 rpm required A well the test
administrator recorded subject number, station number and '

work load which was transferred to the recorder sitting An. __ue;eej

B front of the digital display monitor. - _

| The deciSions on raising or lowering work loeds or 'f;
i'terminating a subJect due to excessively high heart rate ”“
vwas the. responsibility of the. control technician through f; ‘?‘_
'consultation with the test supervisor. "The ooronary care |
nurse and - the attending physician were responsible ﬁor '"
terminating exercise for any subject who exhibited any med—'
::ical contraindication to the gﬁbrcise test. _
At the fifty second mark of each minute during the:

;exercise test the hea:f rate dispiay was "frozen" to allow

rate. This dv ulwas recorded by two \

| recording of the hed$
.':teChHICIanS for each eight subject unit' They ais‘ recorded
;the information gathered by test administrators at the end
of tne test o :, 43‘fff'vr”'_ R ‘ff-y,u
At the completion of the test subgects were unheoked hhl :

from the oables and,informed of the time they could expect

- the test results and informatior to e sent. to them..-j, o

The test team'was oomposed of highly qualified and B
competent personnel in each of-the required areas.‘ Personnel
v‘;were also selected on theyr ability to communicate with sub- o
"Jecls and to be able to make them as comfortable as possible ‘
~in the testing environment The informality w&i also carried
over into the attire of the testing team, none of whom woré

clinicaln clothing.i:anm.the time,the subject entepeq the - T
L Pt o s ' oo :



h.atmosphere was maintained.v At each step of the process the .

. R M [ ‘et e - . . ' N .

N ‘e N - . . L LR - y o

- . . . . - .

. : . . . : . . H 5
v R ‘ ' . - Ly .

L

'building an effort to provide a friendly and informative

g

subjectslwere informeduofwexactly—what—was“bslnr done, why, ,

o anxieties that might be present

‘%""emergencies that mlght possibly arise.y"'l “

L2 .9»

" . DATa HANDLING

jwas maximized as well as att/mpting to alleviate any

.:f 31;~3’tésting seSS1ons and provision was made to handle any

‘LuS importance and what they could expect at the nexEkstation.;

The educational opportunity that was present in this situation

: Competent medlcal personnel were avallableoat all
. \ ‘

.‘4. .

o ) . - - . . RN N .
ST e . . B . . . - . . . L
. - P -

S v , "
A11 subJects were aSS1gned a subJeot number upon

)

'ecz, en and a stlcker bearing +hls number waé placed

The questlonnalres (medical and actLvity) were also'

«

f‘ coded w1th the subJFct number and thereafter data was _ )

lfsubject number

.Vtransferred W1th the subJect number as. a referenoe.

| .,Anthropometrlc strength data were recorded.on a

"spe01al sheet de51gned for that purpose (Appendix C) with :

?care taken to record 1ndividual data W1th the correct

By

e

'.ﬂfﬁ The CESt administrators in. the exer01sa test also

vrecorded thelr data on & spec1al sheet | (Appendli'D) \Ehe'

;}test admlnistrator also recorded the reason for test term-i

f"wflnaflon by the use of a code developed spec1flcally for'

- : ',@
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, O A
this purpose (Appendix E) o *11‘;;”1.. R
a The control monitor reaprdor fecorded the woqking H
heart rate for _ the_subjects_directly ea%o ascemputer—datarw’a——”;f‘
coding form (Appen£?; F) from'which the data was key punched o
Before the next g;oup of Qﬁbaects weré tesqp.the deta »f{"’J

by the test administratbr was recorded on the data

.‘;" P e
. .

"f rm as well;’ "f - S 3

nb.

A; the -end of‘each test&ng session a,cﬂﬁbrehensive

check of a 31 data was made and then prepared for coding

apd key punching Data was stored dn computer tape after
' kéj punching. . 73 .'_ . r;'v y 1:‘x‘,

DATA.M.ASLYSIS R ERL L e

Selection*and Substantiation of High and Low Aeroblc Capacity
Qroups h N R R !P "n el
The data for male and female subJects was split by .'fj-r

A

‘sex 1nto twelve groups* that 1s, S1x age categories were B

| created for each sex. The age groupings ?e*elu to 19 years
‘(age'group 1) 20 td 29 years (age group ?) 30 to 39 years S
(age group 3) 40 to 49 years (age group 4) 50 to 59 years. - - -
(age group '5) and 60 to 74 years (age group 6) Wlthin each'v.lu
of the twelve age. and sex groups the subJects were furth G ol
d1v1ded 1nto hlgh medium and low~aeroblc capacity groups
' by p1a01ng one third of the ubJects with the, hlohest |

predicted V02 max 1n thé high aerobic capacity group, tne '

- A;<L middle one third of subJects on Vo2 nax in the medium group .

2 : )
: and the remainino lowest one third of subJects 1nto the low .

\ " e . . B . .
\ R s ’ - e o .
. N P LEPRTI . R °
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aerobic capacity group.. For the purposes of this study e |

' only the high and low aerobic capacity groups were studied \\\f?
_%m~_mwjm;;wso_the medium group data was. for a11 purposés ignored; ‘ Ayl ~;.
The oriterlon for e;treme groups was chosen, to allow,'-Aiﬁ

L L4 )
R - ) sufflcient number of subjects 1n each group and yet
-J,'s‘.“‘ . ,\ : . - ‘

R still retain the. required aspects of extreme rrroups \?o

LY

%§§%P ' | determine whethé% or not the groups were significantly
f; B 'different in predlcted VO2 max' a two way analysis-of
-"““.F varianee was performed on the data. The null hvpo*hesisﬁjﬂ
. K

”of no difference between the high and low ‘aerobic. capacitng

ﬂiﬁ: u:j. .groups was tegted using -« =,05 for 31gn1ficance.‘ Scherfe
T 'contrasts Were set up and calculated to allow significance

@&testlﬁg of the individual groug means. -
\ . © ﬁ\. N ’ 71

% o ‘ ‘ _ L,
. kultlvarlbte Andlvs1s W1tn1n A e Groups '

To test the null hypotha§ of no dlfference between

fthe high and 1ow aeroblc capa01t roups on ‘the three | :}‘
: dedlscr inant varlables, a é&o sample Hotelllngs' T2 test . yﬁ
'was\e221oyed Hotelllngs' 12 statlstic allows the testing g'_:sl
) of signlflcance of” the dlfference between veotors of meansi;.;f;§«.
den theeprescnt case the cer roids o? the three factors for e iigq

“the high aﬁd 1ow capa01ty groups _ méde up the vectors

e

© to be tested The null hypothesis that was tested was that
onhthe average, hlgh and low capaclty groups d1d not differ -

in uhelr centr01ds on the three dlscrimlnant factors (173)




e 59.,50 4174) and for each sei'was_f

ah

.‘[“/u

‘.“

. : & L
the hlmh‘or 1ow performance group,,¥g?ear discri"n ‘t‘

functionxana1y51s wasw:tllized ¥ Qhe;reléti&f

aerobic capac1ty Oraﬁpf““”

I
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'_“Multivariate Analysis Between A e Groups A”' f,f~]if;f

,,fixedweffecfs mo
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B ) R o
o ‘-7' .- “a b a N % AU
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A two way.multivarlate analybis of variance for a .
&

T‘with unequal observatiqps per celI after

"n;the method desdﬁ%_
'»fthe null hy’
*ﬁjgroups ep& uapaélty groups on the three dlscriminant variables. -

ed by Norrlson (123) Was employ b0 test ffz‘

.hesis of no difference betweéﬁ the six age ﬁsf\

.

L

'eThiS %palys1s was qgrrled but 33 both male and’ female data “

e . o . o Q

sgpa‘f'ately wng the‘,omodel 1n Table I j ,' e ,

“Q",%“‘ f: N :h,.rv ‘ ALQH; . .

R TABLh I oy LS

R ) SLae L 0". . P . v& .
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o ) provido f‘urther mformation o’ qu individual

o W}amabies botween‘?a‘b groups and capacxty groups, contrasts
s SWE B e
7 ° .

. wex%vset up 'to determne exavtly whlch of the varj,abies were

signlflcantly different "«g. N 5 ~"‘~'1‘,'- . .“ - o

,

.ﬂ p B Tho linear discriminant fun*ctions calwlated 1n the

. lfh . ¢

-'-_"‘Mltbin uage kroup" atnalysis were now consmergd in terms“'of
TR S L
the dif‘ferent‘welghtings observed between age . groups. ' EE R

. . - . .
-. e I - LS

b e
_ S 14---'1.
I T T

e 4 t ." B

‘ e _._.20 29 =
o male,.'9-'

. where Xl-’
AR

' -‘ 1 capac%:y gr.oup;,

gcre group o o

B S:ane the dlf_ferencgs 1n wein'hts;;,camlot be subgec’red td ERE . ‘

o

3 sig:nifloance testmg only ob e'rvatlonss' vlﬁ s‘1m11ar‘1t1es

y'.'g_' B

and dlSI’S'll.mllaritleb, w111 be allowed f. ;
: . A IR ";,- C _"A: !.vv .t e ,;
Male-r emale\ Aeroblo Capocity Groups B -.'éj‘,_'_ . : S

.

Tyt

\:‘ ~.? ~,...:-' . '-2‘ et e .‘

"" ! " e whether or' not the male ﬁe@xale hlgh

46
H
4

= 31gn1f18ant1y dlf erent as. well as the male;f"err}ale low -

e - . . v R
= R 4 Lot Rl . N N

aerobx.«c capa&tty groups 1n the same ‘age, oategorl-e,s, a \two f ]

l\l\hypo?aesis of na diff‘erenoe,

L L R
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between ma s and females in aerobic caoacity wés thus tested

usin@.the significance 1eve1 L& = 05 Scheffe contrasts
were set “up and caloylated tq allow signlficance\testing

o

Ea

g e e e e e

of'indlgldual group heans.;_ »»»»»»»

o . BT .

Multivarlate Analys1s‘hetween Male-Fenale Groups

4

‘°-'f- ‘A two- sample Hotelﬂings' 2 test was employed to
test the null hypothe81s oﬁ.no difference betWeen male

Z‘and female subJects i each of the age groups for high

. !n..

V,ant Variables.thh"i& 1eve1 requlred for s1gn cance was

él‘=.p), "n, te provide farther informatlon OQ the

' *wnd1v1dua1 var ables w1th1n each age and capa01ty group,

N
. PFY

"v#rxgbles were-81gn1flcantly dlgﬁerent. TH} i@*el

required for signlficance was agaln ﬁ-— .05, : “yu’
! L

employed on thls data to prov1de?;ﬂ;l

1onsh1ps bemween the three varl"f

ent{é%z male and female subjectsé;

All‘statlctlcal ana1y31s ﬁerefiomplé%ed utlllzln&“

the IBh 360.computer and programs developed and documeqted

n Y
by the D1v1s1on of*

'lcatigpal ReSearcﬁ§SeTV1ces. ‘Some of

the analysis was dqhe atotheaUnlverslty of Saskatchewan

.

. capa01ty and 1ow capacxty subJects on the three dlscrimin-,»‘

‘-.-* contrasts were set up to determlne exactly whlcb of the‘ =

Llnear dlscrin1nant functlon anéﬂy81s was again W

S omputer Center W1th the/balance belng completed at the
1ver51ty of Alberta Co&puter Center._;w;i"_jﬁ .f‘"ﬁ.s:ww
R ERg , ; SR b~

Lo
I P

w3,
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o, ’l consultation with a University of Alberta statistic1&n

T Q Maguire, 1974 and régdlng the excellent review of lﬁ 17@" /

L ¢ ba
i parametric-v rsus nbn-parametric statls%ics for ordinal data et

4“ .

T by orlick (129). His conclusion supbiiyft%ih% wdbor B

-\f‘ parametric etatistics w1th ordinal (scaled) data. el e
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"o 4w oo .- RESULTS AND}DISC&SSION.-
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RHYSICAL CHARACTERISTICS OF THE SUBJECTS o
%gbles II and III oontain the age, height and weight

~? ’data for the female and male subjects cons1dered in. this

..\

",istudy. The male and femare subaects for whom complete

é%”%ggestionnalres were not obtained were hot included in the
5 .

‘*éthdy, S0 that unequal subgroup numbers*resulted ‘“Agﬁ‘
' It may be noted that for males. the high aerobic.4

oA

“.capac1ty group in eaoh of the first four age catégories

.'i(lh to b9 years) exhlbited a lower fhean’ body weight and -

"f’shqpter mean hewght than their low aerobic capacity count-.“" -

J.high aeroblc oapacity group were, on the average,_lighter

’ﬂ}fﬂ'-capa01ty cla351fication.' The sungEts who were classxfledj;

erparts., In the 50 to 59 and 60 to 74 year age gfqyps the} -

*and taller than the subJects who fell 1nto the iow aerobicf_g f}f

"l}as 1ow aerobic capacity were, on. the average, slightly older R

i e’;;,than the high capacity group The one group th&t was an@ -
‘ exceptioq was the 30 to 39 year group in which the,hTEh \

U
N 14

capaci?y group had a mean age ‘of 33 3 years and “the 1ow o

N i 2 . s} . .
'1"bapa01ty group 33 2 years. ' o3 ﬂ{; o i
B - . - L 8 7 -
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TABLE II ;?Vz ‘]-aci‘]'fﬁ.;g?'f;,'jﬁﬂQﬁyi"

L Physical Characteristics of Female: Subjects :
7 Aged 14 to 74 By Age Group and Aerobic Capacity Group.;:

i X

< . Age - . Capacity }leu‘ Helght . Weight age T
‘" Group: . Oroup . - (em) - (kg) /"*&xrs) «iﬁ::_fT§f~.“

R NI .<au’f'f. A .

PiE 0 High 33 - 163,507 - 55,67 “

b e ol -

S - 19 ‘

S . ‘ .wa_ v‘hli U"161;54lf;'i59:2;'g,v .1é\9
Mo c3152-52'*f, 5?g45ﬂ. w75 0

N
e -~

o <High b0 16246 . 56.37 U e 9. fgf;*;" -
20 - 29 Low  W3(  161.62 ;f' 58.09~~'., 2h6
L . 'RMéah}f '

: w-.:j: : P o ’ )
. UK 162 04 . 57.23 '2,3._;.7‘5 : -. AERTEE T

o
,‘4,._\ . - . 1'_ ,4,;. g

L]
.
g

o _Ben f?ééu7J;16;;81‘f.f-58*19'“'-“52*8-*~
- Low -1.162-13; V 63 97 34 8

}- . .,“\ >

7 16é:éé=lﬁréitb7, ﬁ* ue-j.;; -Vinxflr*ﬂ
. "'159'07’1*’“51"60 o P
160 97 i 61, 34g;..; hu 45 1;fﬂi?§g; i,

6r?b;

160 92
160 92

9 160 60 ‘c“ é&'oy? ‘; 63“9"~- ":fﬁig,:iﬁg
—— 63 65 . IREIRRE




e Physical Characteristics of Male Subjects . ‘
%ged 14 to 74 By Age Group ahd.Aerobic Capacity Group

2  TABLE 1 -"isf'~

£

B . 3_0‘ -

L0
A

R e
.

&

. Group.

Age

 Capasity
. Group.

'f ‘Height

(cm)

.|‘-

Wgﬁght
(kg)

Age Cat e
(yrs) L

—

19

- Mean,

High

_24*

.Jf?5€31ai“

: 6312 b

__45,1;1_ .

o
- Low

f.

Ty

-ésngr?

"1?4 05

66205
A\&.u

c15.3 (l;”1

. .20

- 29

High.-

28

f~5175;99;sv

,i7¥g».j2’1 o

AW

- Low

L same

'177‘47f31

‘.80, éé“

; RSN o o ‘, R
BB T
. - ) M LA Lo v

O

. Mean-

176 28

-~ 27 52

O

Mesn

,*High

175 69

Low

- b9

.o

_176@74,*”

.

L

A

N
R
e

176.32 .

Hign

. §5:fi

176,16

Tow

B

e

]i6' 37 e

‘86*5v

Meanf'f

17627 °

81,99

173981

76 5#

170091 v

7933,
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ek

75 s

R R

1170”&1 B

L]

78,16 0

, hfa,f17o 78’

76 30,ff
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o { o .
L consistently taller than their low capacity countergarts. . :
L ’I‘he f’emales in the high aerob‘c capacity group were also p T
"k'g consistently younger than the low capacity group, similar L ",'_
:Ln th~is respeot to the malev subJects. ~ '

ﬁ‘; ‘ APREDICTED V02 qu MEAN VALUES

Table IV, contains the mean predicted V02 max :

s

f(ml/kg/mm) values for maleﬂand f‘emale su@cts, high and
“'Tow aerobic capac:ity groups for each age classification

’ ’I‘he overall mean (14 to 74 years) for males in the

high aerobic capac1ty group~ was 38 29 ml

the low oapaclty group 21&
vg.lues were 33 39 ml/kg/min
i‘&gh and' low‘capacity grou' iy

' SUBSTANTIATION OF‘HIGH AND W AEBOBIC CAPACITX GROUPS C
BY‘AhALYSIS OF VAB;ANCE : - ‘ ,:3m L

A two way analysm of variance was run on the g

o .'."‘6?\’

'-':.v"._maleﬁ and female data to- de.termine 1f the hign and 1ow

aerobic .apacity group; weré 1n fact sig'n11_“1c>ant15r

£ -‘dlfferenj . ¢='i~ "

;., _ 'The anal’ys.is of male*data revealed s1gn1ficant F' e

~va,lues at P <0. 01 for’ both 3 and B main effects and AB™ -
T E .hﬂ* , o e
E&E (age x capacity) 1nteraction. Thus',’ t}‘ie null hypothesis S T

of' no difference betwe‘en the aeroblc capapity of the high (...\

. f . )
SRR R A ‘\u SOV CH e K : N S
A DA Y R SERU PR SRR . S
- TR e e < I R Poooca Y N R " L S .
. LY L . R ;- e . ; L L.
" N L N e F L R T I .,éi“, 'g o
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. Predlcted VO

Deviatlons for

TABgE IV

Mean Values "and atandard
Pale and Female bubJects“

L

o

o Lo ) L L e X
~¢ P T PR o H

- : fail Co
. "‘l-' - .

9

Age

Group

. .,,,",

‘ Ca‘pac ity ) '
. Group .

‘MALE ",

"Préd VOy | x
?

(ml/kg/mln

FEMALE

Pred

(ml/kg/min? o

14-*49

High

st

f(eféﬁ)»'

: u5;o3*

(4516)f1

Low .

,guvsy

(3. 70)1-

23.22

(hb3)

' .»Meé? =

. k3. 18

3412 0

::m_'_';i? '

s

"y-".. R

20°- 29

High:.;5

45, 3e

(5,791

—

(4.02)

R

. Low

288"

" (3.36)

23.12

 Mean*.'

A

30 -39

High

. <
~

36,90

3981

(3.67) .

 Low

25,100 (2.

','oo 63

32, 36.‘fr

”‘5~2/ 79

L3die)

BO - B9 Y

~'-g§igh‘-?ﬂ

'_f33 44]-5’

-4

30.78.4(3.51)

Low v

i
S 17.86

AU

‘Mean

_ High

27.09 ¢

. F30;§Q  ?:.

59 ' Low

T 2052

Mean .

. High

 !g_25{?.;G T

- Low__

"13558

(5 11)

. Mean

',» 18 39

, (3.24) |
‘  ?3b575;" .
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Aand low groups and the null hvpothesis of no difference

Rl S e R e &
L B . .

between the age groups are.. both rejected The alternate,

fhypothesis ofesignificant difference 4n- aerobic capacity ﬂij—%*f+

d3r_groups and of 81gnificant difference bet&gen age categonﬁes .

. Jwes accepted as tenable. Table H 1 (Appendix H) contains

" a summary of the results'of the two way analysis of variance

. ]for the male subjects. L

:_F values at p»;O Ql for bo A and B ma:n effectsfigﬁjﬁi

_A”capacity groups{i@re 81gniflcantly different (p <0 01)
~ Table HII (Appendix HY contains the sCheﬁ‘e c_""

f3u'male subjects."‘ ,ji . }ﬁ
. 2
v~(age x capaclty)*interaction.' The'null hypothe81

age éroup;fﬁre, thus, both. rejected 'The alternate hypo-ff‘lfd‘iiw

betwei: hlgh and low groups and between age groups was “

icheffe contrasts were set up and F ratlos calcul-

ated for allﬂﬁgﬁ groups.. All age category high and low

Lot O

,rasts for',

,

,"d flflcant difference in aeroblc capac{ty

" also a oepted as tenable.y Table H III (Appendix H) contaﬁﬁé ‘5 o

’ia summary of the results of . the two way ana1y31s of variance

'. ) . e - - S ST ’ iy
: ”for the female subJects. S i“wf "j ';,l‘; Wuac e Q
' Sdheffe contrasts were also-set up. ‘and. £ ratioSa,;_‘ ‘l -

', calculated for all female age vroupsﬁlAll age cat’e;.rory high ’

'“and 1ow capaclty groups,éwere,31vn;f1cantly dﬂfferent-{ps 0 01)‘d'ﬁ

' Table H IV (Appe{dlx H) contairs the Soheffe contrastsifon

) . : . . . Y ) . »
) N .. .o . -
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?vlow capadttygmales the most inactive.,

. ”,_.'."

-y vy . -, oy .
o ".‘1 . ? e s - : 81
, { % - 'L SO . R
female subjects.» BT g
o _ _L 'j ; e . ,} . . ) ) , .. .",‘] ‘ S ;,g .
o R T , R -
MEAN VAﬁUmS FOR VARIABLES } - R
‘«V'ﬁh‘ﬁ ; Mean values for males on - physical activity level : g?;y;;
. o N L . ; \,:».I '!;!
”l(rated as 10 20 or. - BOL,,smoking habits (rated as 10 or j; g .
‘.ﬁ‘zo) and triceps fat ( mm. of skinfold) are containedrin
.Table V for males and for the females in Table VIu FAsfh}]' i
fﬂl‘tindicated earlier lower Scores for, physical activity T
s fiindicgte higher activity 1evel. A rating of 10 forwthis -
(S s e C Ll p
Ey Y - . - o r’“ N
yindicates high phyoical activity level The smok- -
v ‘E; For male subJects the act1v1ty 1evel of the hign e
kW

aeroblc capacity~group is greater than the 1ow capacity \

grqwﬁ in. all six age categories. Figure 2 1lluc rates ‘: -

f;ghls‘pOint graphically. Iounger subJects tended to be the.\\\-

ﬂhe_smoking ha01ts of the%male Suojects, as rated

Ry ._m

. ~scores, are graphically 1llustrated in Figure 3 and 1n the vﬁ;

fcrm’of percentage of smokers Ln each group in ngure 4
Ln age groups 14 to 19, 20 to 29, 40 to- 49 and 60 to 7;{years-r?gn

the lcwaerobiq capacity group has the greater number.o



. 20-29 - Low

- 50-59  Low . 25.79 (6. 74) 11,58, (3}65:?f15;8'g};fif

TABLE V

T ' ! ’ Ty o N
. . . T . o d , R ’

Meav Valug,s and Standgard.’ Deviatibna f'o€ Male Subjeots N
For l-hy51cal Ac,l,ivity Level Smoklncr Hab s and Trlce,ps Fat .

X -,

-
Age\\Capacn.tr Actint Smokm%
: G«'oup “Group  (rating) ( rating]

' . 5

- High "N 5*42 (6. ua»-11’z5s<3 31)““12;5 '6 99 (1 36)
- 14 19 T Low,u;'zé\ﬁﬁ (7 160 12, 69 (u ) 2939 942 ()p78)

‘Mean * .

. High

,.Mean

. ngh

Pxean 24439 o

S eHigﬁ ~25.20 (7. 55)‘iz<~_ (4.49) ~28,0% 9:13 (3.38Y "
-“";¢b<§9f",L9W . 28.15.(3.88) 13 70 (4.83) 37.0. 13.03 (4.81)
: jgﬁean_'iéé;ee_'_~‘ 13,25 w5 3“'71,11 08 .

U Hign ;jés;ob'(ﬁ42ﬁ“14~00~(4§90) 'uofoai 9. 37 (v, 17)fj>~f'

| Keai 25.50 " 12.79

[ 4
i

. ngh 26100 (%90) 13.00 @$“58) 50.0 8:7.d1.92)
, 60 7& | 6~29;09 (2.88)-1k.55. (4. 98) b5.5" 9287 (2. 25)"5jf\
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TAB?B vi ,3_ _ﬁ?;. 4J-li-”h

. Nean Values and Standérd Deviatlors for Female SubJects
For Phy51ca1 Activity vael Smoklng Habits and Tzlceps Fat

i ‘~ - o L - o :- - v' - “ . n_,‘ X : — ™ L |
Age Capac1ty , ActivitX 'kfn SR % . Fatngss . *
~Group Group (ratlng ing ' Smokers -« {mm)

.\

.

e

o L .H?égh' '20\.91 (7 12). 1z 42 (u 293 1‘* 13 (” “5)
119 T Low . 27,32 (; 42) 1342, (4.7k) .3[‘--1' 18.55 (6.66)

 Mean 24, 12 n 12.92 . "';2 7. 16434 - T
o Bt R ] e e

o ngh j25 59 (6-63; 14 5q,(4 98) b5.0 1b4.55 (4 3>)
20 29 "Low' - 27.9 ) 13,49 (e77) 4.9 16,36 (5.58) |
%maw72671 n‘;i¥ﬂ037ﬂ7-39£ 15A6,;, fﬁf»*

s

oo 0757 High ,:_-2{;».1-3 ‘(_7339)"13;,,26.(4..68v) 32,6 15017 (h71)7 L
30439 Low’ 727.75j<45g4>~12 65 (4~421§ 25,5+ 1904 (§462) v. '

”*..,.ngh 72 06 (6 56) 12, 95 (L» ’38) 259 16.9‘§-"(.5;1‘1_'s);-f o
. Low 26,90 (5. 93) 12.76 (4.&7)Nfgj.@.ﬁZOQSd,(gfast;
D S A S

SR f;"‘*]*i;_f_}_-nlc—h 27 41 (u 39) .12.96 (4.57) 29.6 1. 93 8)
- 150-59 L& 26.15.(5.60) ‘12:69. @4 uu)i 26.9 ;2:;;.,33 &5 68)
R I\:ean 26 78 12.837 Lo - 283 19 13

S ) ,nghf' 25,33 (6' 18‘)"“'13";33' (4'71:)'. 33. ’3 '19 22 (5 67) 9
L f-?b Low, ., 25.79 (6 74) 12, 11 (4 Qa) 21,1 18 7% (5. 18)

.'." & Z\.\, I‘ean } 25 56 12 72 “ c . 26 5 18.98“ 9:{« Q .
,,.,.". ""‘;;l‘l::J 1‘ - A : R .. - : .o . ,.‘ L- g&‘ Coen

H - o2




. . : v : - ~
Igigure 5 illustrates the mean values for triceps fat
in the six male age categories. In all cases the low aerobic
'capacity group have the greater mean value rdr the triceps(
ﬁ'skinfold measure, The greatest di&ference occurs. An the
.‘_third ‘and . fourth age categories. o |

With the exception of age group 5 (50 to 59 years)

T~ the Iemale high‘aerobic_capacity*group~were—more—ac%ive
than their low capacity counterparts. Figure 6 illustrates '
’ the activity levels for bath groups over tﬁg'entire age o

range. The most active grcup were the 14 to 19 year old
'. thigh aerobic\capacity group as was the case with the males.

The most inactive groups were the younver IOWJaerobic capa- \ ; '
\\\;Eity Temales, particularily the'second group (20 to 29 years)
‘ and third age group (30 to 39 years) = ' ‘,' o | )

't¢_ The smoking habits of the female subjects are illustr—”’ .
~ated 1w‘Figures .7 and 8 A1l age groups except the 1k Lo - h
‘19 year old high aerobic capacity group had a higher pro- '
| \\'_portion of smokers than the low capacity group.‘ The 14 to )
‘19 year old group exhibited a greater percentage of smokers‘f
in’ the low capacity group. ‘ |
| The tricep Jfat measurement was greater in the low
. 'aerobic capacity group at all ages up to but not including
-.the ép -to 74 year group. In this group the high capacity
- group had a SIightly higher mean triceps skinfold measure.
Figure 9 illustrates graphically the differences in the -
fat measurement between the two groupsyfor the six age

categories under consideration. o "',*
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'-Athe Hotellings' T2 tests performed on the male data.',

93 -

Significant differences were found between the
high and low, aenobic capacity groups for the 14 to 19 year

.

T

. old group showed significant differences. between the two

“and fatness (p <0.05),

olds (p/,/ﬁ'bf7f'20 to 29 ysar ‘olds (p <0,01), .30 to 39

: year olds (p < /0. 01), and. the 4O to 49 year olds (p< 0 05).

Neiﬁher the 50 to 59 year old .group nor the 60 to zﬁ year’

‘!‘

capacity grou s on 'the three variables. As well, neither
|

of these two age categories reveaijd\significant hifferenées

- on the. three »ariables considered independantly. . 'T.

. In the 14 to 19 year ‘group, multiple. comparisons
revealed that. the high and low~aerobic capacity groups |
were significantly different in phy81ca1 activity level
(p’< 0.01) but not in terms of smoking habits or fatness.

isons of individual variables

,. ‘

for the 20 to 29 year group showed significant differences

in all three variables:'activity (p < 0.05), smoking §P<',°°°5)'

q

A\ The 30 to 39 year old high and low capacity groups

‘weré sionificantly different in activity level (p <O. 01)

. .
v

and fatness-(p <0, 01) but not smoking.
Multiple comparisons of indifidual variables in the~

4o to 49 year old group Zexéaled a significant difference
in fatness (p <0;05) bu not in activity level or smoking

r % R . «A ]



4

habits. ~
| | Table2H VI (Appendix H) contains the results of the
Hotellings' T2 tests and multiple comparisons for each og
the six age grougs 6? female subJ ts.
In the ¥£~f° 19 year agé) £roup the high and low'.

capacity groups were‘signific 1y different—(p < 0,01) .

A Y

ol

3
+

TN

‘significantly di

smoking habits,

in term of the three variables that were. considered .The

multiple compa ns revealed that the two groups were
efent in activity level (p < 0.01) and

fatness (p < 0.05). but not significantly different in

-

s The 20 to 29 year old group\did'not show a signif-

icant difference between the high and low capacity groups

T on the three variables.

\
Considering the variables E?&ividually resulted in only a

sig'nificant difference ;aiftme fatness. of the two aerobic *

v

&

.ok

ences individually among them. - T ‘-_

The 50 to 59 and 60 to- 74 year 0ld high and low
aerobic capacity groups were not signifioantlv,different

1in terms of the three variabXes considered.

- . . N B .- &

>
_—

P

%

W

®

«
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Discriminant Function Analysis ) o A
. Table H vn (Appendix H) provides a summary of the
disqriminant function weights and the F ratio calculated

from the means, of' the linear combina‘tion for the' male “

subjects. ' ‘ . . ' : )

~ The linear combination for the 14 to 19 year old
Cb___o Qil_group .

' means for the high and low aerobic capacitj grOups on\the
. three variables. The order of influence in producing / ,‘r /
the optimum linear combination for this group was 1) fat-
ness, 2) aotivity and 3) smoking habits with smoking
habits playing an almost insignificant role.
| The group means for the 20 to 29 year old grodb
calculated from the linear combination were also signif—

\ icantly-different (p < ©.01).. The. order of weights in.
descending ord;};was different from the,younger males, o

"~ with smdking hab¥ty and activity being reversed:

(1) fatness, 2). smoking habits, and’ 3) activiby. )
. The 30 ‘to 39 ‘and 40 to 49 age categories also o~
| produced significantly different group means (p’< 0,01
and Q\< 0.05 respectively) based on ‘the linear combinations.

9-

Both groups also exhibited the same weight ‘order :

'1) fatness, 2) act1v1ty level and 3) smoking-habits. The =

4

-

weights for activity level and smoking habits in the k4O

—r -

to h9 age category, however, were quite similar.

The group means calculated from the linear com‘&n-

| ations for the 50 tp 59 and 60 to 74 age categories wére //4>f\‘

-
-

* -



*
« s ‘ ) o , . , ‘ . ' . o, ‘.\\
e not significantly a4f ferent (p > 0 05) so that further .

consideration of the discriminant weights is unwarranted.
Table H VIII (Appendix H) conbains the summary
oi the discriminant function eanalyeis of the female high
and low aerobic capacity groups on the three'ariables. '

The linear combination for the 1& to.19 ag%\\

\

4 o

’/' category produced significantly » 'rent group means
(p <o, 01) oalculated by use of the 'inea) dombination.

- group was: 1) activaﬁx level, ‘ '- and 3) smoking
haoits.’ o o
'_ The‘group means calculated for the 20 to 29 year
_old group by the lfnear combination were not sivnificantly
' different ( P >K€-5).',The,weights, however, were si;ilar
to those in the younger ageccategory. \ ‘ - ’_.
- . The 30 to 39 and 40 to u9 age categories both
produced - significantly different group means (p < 0,01
and p <0.05 respectively) calculated by the diseriminant
function weights. The order of the discriminant function -
weights were also the same for these twe age groups: ‘
1) fatness,-z)'activity level and 3) smoking hablts,
4/(' °Neither of the -two older:age-categories, 50 ‘to
and' 60 to 74 produced significantly different group

)

weights.

Lk

means - (p > 0.05) calculated by . use of the diScriminantA~p
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.o Ce _‘_*‘. " 97. ‘
MULTIVABIATE ANAEYSIS BETWEEN AGE GROUPS -
Two Way MANOVA . o '3 S T

i

\'."o

e
=

Table H-IX (Appendix H). contains '‘a summary of the
two way MANOVA perfgimed ;E‘the male data.' Both A and B
main effects were s ificant (p < 0. 01). Mhe AB inter— .
action Sage X. capacity) was. not significant Thus, the-"
null hypothesis of no difference between high and low
capacity groups on the three variables considering all
subjects is rejected Multiple comparisons Ai-Az for the
individual variables revgaled significant differences
between the capacity groups on activity level and fatness
(p <co 01) but. not on smoking habits (p> 0 05) |

The null hypothesis of no difference between age

: groups on the three variables is also regected (B main

'i:effects) .Individual comparisons of variables betwben

‘age groups revealed only one. significant result however.

The activity level between age group 14 to 19 years and

the age group 40 to. 49 years. is significantly different
(p <o, Di) All other contrasts are not significantly .': -
different Thus, it must be concluded that it is a part--”

ik o
icular combination of the variables that produces the -

_ overall significant difference and perhaps some age

'groups provide more influence in ‘this regard than others;

‘3. ' Table H X (Appendix H) prov1des a summary of the

two way MANOVA(performed on the female data. The results —

‘are quite similar to the male results in that the A and

B main effects ave both significant-(p < 0.01) and the .

A



AB inferaction effect is not (p > O 05) Thusuthe null
hypothesis of no difference between capacity groups (A

-'.(p '>0 05). Individual comparisons of the variables

‘,Discriminant Function Analysis’

effects) and the age groups (B erfects) ‘on the three g

-
s

variables is rejected. | _j" L

- Comparisons of ‘the variables for individual capacity '

effect (A) revealed significant differences for activity

L,
.level and fatness (p < 0 01) but not for smoking habits

0
o

0" e

between all age groups revealed no significant differences i
petween any of the variables . for any two.pge groups. . Thus,'

as with the male data, it must be concluded that combined ‘

.effects of the variables: acted to produce the overall

significant differences between age categories.

A summary of ‘the discriminant fun tion weights

previously considered for male subjects is COX talned in ]f

Table H VII (Appendix H) Consideration of only thefirst

‘four age groups will be given since only these groups

produced significant differences when the three variables

~are considered.__In each of ‘the four;groups, the variable'"u

which exerts the greatest 'influence in,separatingvthe

..

capacity groups is fatness. With one exception (20 £o -

29 year group) the second most influential variable is
pnys1ca1 activity level with smoking being the 1east
.rimportant. The 20 to 29 year group had smoking second -i:
, and activity third. It may be recalled that in this age |

'-group there was an extremely large difference in per cent n;'

s : : N



e . o - | | iv
. I

smokers between the low and high capacity groups: 73.6% ,,_x e
and 25% respectively. ' B ; N

Table_ﬂ VIII (Appendix H) contains . the summary of -

discriminant function weights for female data. ‘Ag. with the
male data, only those age categories (14 to 19 years, 30'
to 39 years and 40 to 49 years) in which significant h
differences between the groups on the three variables ‘were
evident, were considered In all three cases, the clearly
~most important variables were fatness and physidgl activity
level. .In the younger group (14 to 19 years) physical
tivity was the first weight with fatness being second.
This order was reversed for the two older age groups '
30 to 39 years and 40 to 49 years) but in all cases‘ the
weights -appear to be similar. The weights for smoking

habits were the 1owest in a11 three cases.

;~SUBST TIATION OF MALE-FEMALE.AEBOBIC CAPACITY GBOUP
~ DIF ERENCES

A two way ANOVA was performed on the male-female

'high aerobic capacity and low_ aefbbic capacity groups to

test: ‘the. null hypothesis of no difference_betwebn the male'

and female groups in predicted VO2 max® A‘.g." v,' o
The analysis of the high capacity group revealed - -

significant F values ‘for both A and B main effects (p< 0. 01)

| and AB (age x sex) interaction (p <0.05). A summary of

 the results of the "two way ANOVA on this data is contained )

in Table H XI (Appendix H). Bhus, the null hypothesis of

.:fno'difference between the high ‘aerobic capacity male and

i



100 -

ffemale Froups is rejected, Scheffe'contrasts were set up - . -

and F ratios calculated each age category. Appendix H

Table H XII contains ﬂﬂi results of the Scheffe contrasts
.ror the high capacity male and female data.; Significant
F ratios ‘were found for all age groups (p <O 05).

| . The summary of results of the two way ANOVA on the f
low capacity male and female groups is contained in Table H
XIII {Appendix H). The null hypothesis of no g1fference. '
between low aerobic capacity male and female subjecdts is
'rejected on the basis of significant F values (p < 0 .01)
"for A\mai ‘effects. B main effects (age) were also
:ysignific 11y different (p <0.01) as was the AB (age x
sex) interaction (p <0, 01)' As with the ‘high aerobic .

capacity groups, Scheffe contrasts were set up and F ratios

'*.: calculated fOr each age category. All age category male-

female contrasts were signiflcant (p < 0.01). Table H XIV
(Appendix H) contains the results of the Scheffe contrasts

‘for the low aerobic capacity data.

MULTIVARIATE ANALYSIS WITHIN HIGH AND .LOW MALE—FEMALE
‘CAPACITY GROUPS o o
) N . . \ .

‘ Hotellings' 72 Test -
' The Hotellings' 32 test produced s1gnificant F ratios
in every case (p < 0 01). ‘Table H XV (Appendix H) summar-

' izes these reSults and 1nclude the multiple comparisons

determined for this data.- In every one of ‘the twelve £

analysis the,null'hypothesis.of no dif(erence.betweenuthe_

o

,Aif;: .‘ | ?i,‘ir y | ’y | i }\\\\¥§f
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. male and/female vroups in terms.of the variables physical

activity level, smoking habits and fatness was rejected.

101

' the groups was fagness. : . ‘? ' . ,

: function analysis results.'

the weight for fatness is the

.'was the second highest weight‘with

W With one exception the only significantly different

- variable in(each of the twelve cases was fatness (p < 0 01)
'The one exception was significant difference in physical
,activity level in the 14 to 19 year low aerobic capacity

"group. In all other cases the F ratio required for signif-

icance ( ==0. 65) was not exceeded It, therefore, must

A Y

be concluded thA@ in all but one exceptional case the great-'

[}

' est_individual-c tributor of the variables considered

to producing the \ gnificant over all difference between

-

’I”Discriminant'Function\Analysis T

The conclusion previously reaohed regarding the
contribution of lndivid'al variables to the difference

between male and female ubjects'isncorroborated'by.the

.results of the discriminant function analysis.‘ Table H

XVI (Appendix H)‘contains a summary of the discriminant

each of the twelve cases,
argest and hence must be
cons1dered the greatest contrib tor to the dlfference
between the two groups.. ‘ " ' .
| ' In the 14 to 19 year age ohp;_smoking habits
ctivity'level lowest

for ehe hlgh capacity group. and rever ed in the low

oapacity group, second activity level d. tvwd smoking

L2
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habits. (

N '108:"” -

' amoking“habits were the-second-highest- weight_and

o

activity level was the third highest in the 20gto 29 year

-

‘ and the 30 to 39 year high- and low aerobic capacit§'groups.

\ (- " In the 40 to 49 year group thé physical activity .
weights were second highest and smoking habits weighted
third for both high and low aerabic capacity groups.

Activity level (second) and smoking habits (third)
c

was the weight order for the 50 to 59 year high capaclty
group with the reverse the case for the low capacity‘groups.-
. ~ The ‘differences between the male-female high

@

capacity group on the three variables are illustrated

_____lgraphically in. Figures 10 1i%iand 12. . Figures 13, 14

-.and 15 conuain the same informatién for the 1ow capaclty
male-female groups.‘
< Coe 'DISCUSSION

The VO values obtained in this study are of

2 max’
particular interest when compared with other data in the -
literature. Bailey et al (16) have compared mean values'
for all age groups, both sexes with other mean data reported
in the literature. The mean vaues were increased by 15%

' for this comparison as recommended by Shephard (157) since
the- VO2 nax utilized is a predioted value from submaximal

— exercise on the bicycle ergometer. These authors concluded

that the cardio-respiratory fitness level of this Canadian

WA
T .

4



$09

o

sample is lower then that of another, sample tested in 1966
(15?41~_The_pressnt group_is also_ 1ower than data for

ety

$cahdanavians reported by Shephard (157) _ These results
were also compared to other Swedish data and the concensus
was that on the whole this sample - ranks far below the R
average Swedish’ norms.. Comparison with American norms

also revealed that this sample ranked below the average

-a.
L.

‘recommended for each age group.- These comparﬁ%ons Ted the -~
- authors to conclude that Qanadian'men and. women as a.group
are physically unfit in terms of oardio-respiratory "
fitness levels. - | o
Comparison of the high ‘and low aerobic capacity group

70 ;amﬂ;ms sample and data from tpe literature |

2 max
are presented for male subjeots in Figure 16 and for
- . female subjects in Figure 17. E E | L E .~j{
| @he comparisons for the male’ data are predicted
.V02 max values based on submaximal exerclse on a bismﬁ;e
"ergometer with the exceptiogaof the data from I. Astrand .
(6) which is the average figure from’ a classification table
.“”for_Voz maxf' The VOz max for the high aerobic capacity
‘ 'groupain'each‘age,category is very similar_to the values y
reported by Shephard (164). The values reported by ' Bailey
(17) are\slightly below the high aerobic capacity group
but well\above the low aerobic capacity group. ‘The values | =
reported by Astrand are higher than the high aerobic capacity )
- from.this study in ‘all age categories. Generally, “the * '

high capacity group is quite similar to the data reported



by Shephard (164), Bailey (17) and Astrand (6. e /

Figure*l?‘,“whiph“irlustrates ~the- femai:e—data—al:so 6—--—-—~j—
utilizes the same classification table from Astrand's study .
(6) and‘a compilstion ofvdata on Qanadian women bygﬁhephardi
(157).. The data for the high capacity group is very
similar to the data reported By Shephard (157) and though
lower at all age groups than Astrand's data (6) is qhite,

similar as- well. o

o The age and sex variations reported by I, Astrand
(7) and others (8, 100, 110, 132 141) ape also observed
in “this data. That is, a consistent decrease in aerobic -
power from the young age group to the older age group ‘
| and ‘the mean values for males consistently ‘higher than for
females at all~agevcateoories._ There is, however, a A
large overlap'in mean values for: male and female values
when comparing. high female capacit& and low male” capacity e
" groups. The high female aerobic capacity groups were -
consistently higher in VO2 nax than the low aerobic ~ o
‘_ capaclty male~gpoup : This relationship is illustrated in

Figure 18. L . S O
:a.i”, _ The mean values for high and low _aerobic capacity ,

groups in phy51ca1 activity 1evels are what might be

expected from the literature related to training and physical '
.Activity and its affect on‘aerobic capacity (70, 108"179).

That is, the more physically active individuals are, the

more_likely,they are to have a greater VO2 max® For the

male subjects,ythe self rated physical activity data~show



‘.""I“p'a . . . 111 .

o

Iy u
B

higher activity levels for the high capacity group in a11

six age categories. As well, the most active group is the

,youngest ith activity levels decreasing as age inoreaseS°
g

T the mean percentages covering a11 age groups shows 29. 7%

the mos t inact ive group__i s_the__ oldest. ,_?s_might__be expected. _
.Mean physical activity&ratings for females also follow the |
'same general trend as: the males in that the high aerobic ¢+

‘,capacity.group tends to be more active than their-low aerobio:

capacity -counterparts. The age variation in activity levels

is not similar to the males since the two most active groups

are the youngest and the oldest (14 to 19 years and 60 to k.kﬁg,

74 years)

' Comparisons af smokers and non-smokers between the

(4 T - K

'high'and low abrﬁﬁ;c capacity groups is not. consistent across .

“the age groups. For males the low aerobic capacity subjeots

had more smokers in four age categories, the same in one
group and’ fewer smokers in one groups . Overall however,
smokers in the high capacity group and 40 8% smokers in S
the low capacity group. These results agree with the

 findings of Cooper (41), Peterson ‘and Kelley (134) and

Glassfo;:d/and Howell (77) - The’ smoking habits of the female
"ubjects are quite different than the males, when high and -

‘lo ‘aerobic capacity groups are considered In all- but the
“youngest age group the high aerobic capacity subjects had '

_the greater percentage ofrsmokers. Over. all the age rangeSj"

the high capacity group. had ‘ mean percentage of, 31. 8%

smokers and the low capacity group 28 4”. This data would | =

& .

ot
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N tend to support the findings of Blackburn et al. (25)
Shapiro and Patterson (154) and ¢hevalier et al. (38)
‘who found 1ittle or no difference in.VO2 between smoking

L AT

land_non-smoking_male subjects._i_
| Comparisons of triceps fat measures from this study
"are compared to data from the Canadian Height-Weight Survey, |
of '1956 (135) in Figure 19 for males and Figure 20 for'
.females.. Figure 19 also includes data for .male subjects

' friom Bailey £17). -At all age levels gor male subjects,

the values recorded forVQanadians in’19)6 wére lower than :
'the present high capacity group values., The values reported
'by Bailey (17) fall ‘between the high and low capacity groupan
for all age greups except age group six (60 to 74 years) |
.in which the Bailey values are hig than those~of the’

low capacity group. This trend is also observed in’ the

. yfemale data with the Canad*an data from 1956 being lower ;‘

’than the high aerobic capacity group@afff ages except '7~
"approximately 50 to 60 years. The low aerobic capacity --
,igroup is nivher in the triceps measure than the high capacity
group except at ‘the 60 to 74 year age range and higher at o
all age 1evels than the 1956 data, . The calipegs used in the
"1956 study, though rot Harpenden calipers, meet the specif— ”
,4ications set for the Harpenden calkipers (172). ' N;'y

o :, These comparisons would tend to suggest that Can-- '
{adians have become fatteruinvthevpast 17.years.if the presen{i
»datafpan;be considered_at aﬁdérepresentativefof Canadians

' )
-in general,
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» . The age and sex variations in triceps fat measures
observed in- this study are very similar to those reported

in the 1iterature. The females at every ag level exhibitaf
;__—q_aﬂhigher—fat -measure— than—the~male—counterp

haf,' aerobicggapacity group males with their higher fat measures o
B 3 lower than the high aerobic capacity group females.

:;_]end of the triceps fat measures for males in this

kstudﬁ 18" very similar to that of Pett and Ogilvie (135)

j';j_ng? (17) and'in the literature generally. That is, a
tquency to increasg’fatness from post adolescence into
R ,middle age with decreases in body fat after approximatelyi,.
' 7'55 to 60 years of age.. The high aerobic capacity group did ‘.i?@_
i not show as marked an increase in body fat as did the low _..v -
canaoity group and . consequently the decrease in the olde/ c
.age group was not as marked The age trends for the female 1"1‘-

' f-subjects also generally followed the data reported in the

literature. One point of variation, however, is the decrease 4j;‘:
in the fat measure from the b to 19 year group to the
IBO to 29 Yyear group. This tendency is aiso observed o
‘ however in the)Pett and Ogilvie data from 1956 e.'-.:;if
f‘ general trend of increa31ng body fat from the 20 to 29 year ,
't.group to. the 50 to 59 year group is present with a levelling
;off at the . 60 to 7l year level | ’A ! h
The use’ of the multivariate analysis to’ investigate .n L
the combined role of physical activity, fatness ‘and ;*';ffe { o
smoking habits in differentiating high and’ low aerobic B
.;l capacity groups has produced interesting results.' |

\ . L ..
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. For both male and female subjects-in‘the»5o to‘59 and 60
'to 74 yeéar groups\ the. combined effect of theée'three

‘variables as measured.and analyzed in this study, does i .
z o

‘not offer an explanation to the dlfference between the ] S

_aerobic capacity groups. A similar result was obtained S o

in the 20 to 29 year oldkfemale group as well. Thus, while

‘the aerobic capacity of these high and low capacity groups__i ;mgm;

“is significantly different the combined effect of these PO
| three. variables 15  not significantly aifferent between :

» vthe two grqpps. . w‘;, '

. S For . the male subjects in the first four age groups,~ )

- the combined effect of the three variables is gignificantly .}))

ldifferent between the two aerobic capacity groups.: Of the

three variables, smoking habits 15 the variable which is |

‘ 1east important in separating the two groups with the ?

| iexception of the 20 to 29 year group. Thefgeneral incon- _

*sistency of the effects of smoking that was found in the .-
'rliterature is present in this study as well '}fup, _.; =
d ‘ Fatness as indicated by the triceps measure was .
'fthe variable that accounted for the greatest amount of the
',fdifference between the two capacity groups in each of theg o
':vfour youngest male age categories. The use of V02 max/‘kg
‘wof body weight in dividing the two groups would tend

;to bias the results in this direction as opposed to the

‘use ¢ of simply the raw VOZ max in 1itres/minute.; This effect

s, also increased since heavier people are ‘in most cases’

z;fatter people (16)

o Co - . A



The influence of physical activity in separating the
two capacity groups was second highest in the 14 to 19 year,-

30 to 39 and 40 to 49 year age ; ategories and third hivhest

— T inthe 20 to 29 year age cat'gorY4 In-all of the groups, the

[z

.tical explanation. The low aerobic capacity group contained

- mean data shows physical acti ity 1evel to be o higher

in the high aerobic capacit' group than the low aerobic
capacity group. However, when the factor used to initially ‘gﬁ
crea te the capacity groups is VO2 max /kg of body weight ‘

fatness seems to be more important as a variable in separating

*:the two groups. The place of smoking habits in importanoe

in the 20 to 29 year age category requires ’ little statis- S

73, 6% smokers as compared to the 25% smokers in the high -

capacity group. dThis wide. variation easily explains the

weight given to the smoking variable in this age group.
In the. two older male groups, 50 to 59 and 60 to

"74 years, mean values show that the low aerobic capacity

group are. both fatter and less physically active ‘but not

-.significantly. The lower number of subjects in these groups '

would tend to decrease the power of the statistical analysis- . ;

'iand perhaps account for some of the non-significant results

obtained with these two age groups.
s The three female age groups that exhibited signifL

icant differences between the capacity groups on the three
-

fcombined variables revealed that physical activity and
':fatness are again~the‘two variables that account for_most '.{;

of the.sepgration of the two groups."ln the 14'to_19‘year

e
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age. category activity is weighted heavier than fatness and °
in the other two groups “fatness is weighted slightly more -
than physical activity. Smoking is‘weighted relatively low
\MMLNrﬂ all_three groups with_negative welghts in the_Btho 39.

and 40 to L9 year age categories which points to the greater

i number of smokers in the high capacity group in these age 2
categories.i The 20 to 29 year age category, while exhibiting
greater activity levels and lower fatness in the- high
capacity group alsd had ah her percentage of smokers,

45% compared to 34 9% in the low capacity group which would . -
| result in ‘a trade off statistically and an overall non-"sig--
nificant result. T R .

‘f Inhghe two older female age groups the mean values
"foréthe ﬁhree variables provide no consistent'direction

, between the high and low capacity groups which must account |
for the lack of statistical significance and the . inconsistent
"weights which were calculated The . 50° to 59 year old cat- o
egory showsthe high capacity group “to be 1ess active, with

, more\gmokers and 1ess fat than the lcw capacity group while
. the 60. to 74 age. category shows the high capacity group’

to be more active wi."more smokers ayd fatter .than their B

'Qt16W[capAcity coﬁnte-=arﬁ§ As with the men, ‘the role of

| smoking as a determiniﬁr‘variable in placing persons in a-
high or Iow aerobic capacity group appears to be of little
importance. ! | o y

The results of the statistical analyses between

age. groups confirm the generalizations that weré‘made for

—_—
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male‘ and female data. That 1s, there was a significant,

erence between the high and 1ow capacity groups on the

‘mi_v_smo' Qe habits_were -not. significantlyidifferentibetween theii
high and low capacity groups‘but activity level and fatness
were significantly different. o

A slgnificant difference'between age 1evels on the
“ three variables was also present in dboth: male and female -
'»cdata. Lack of significant differences in _any single variable
Vbetween.any.two age groups (with the exception of activity
level in the 14 to 19 year and 40\23t49“year'male comparison)
for both the males and females made it impossible to make
'specific statements aboqp age level variation of” the three

.variables selected

2 max have been discussed

previously in regard to mean values observed for high capacit

‘Sex differences in VO

Y

-

mal and females and. low capacity males and females.'

/
Evaluation of ‘the data on~ activity level smoking habits
and fatness betweeﬁ‘male and female subjects revealed that

over all, thené was a significant difference. between the

sexes on the three variables. The anélysis showed however, g

‘that this difference was due almost totally to differences
in fatness since individual comparisons showed that smoking
. _ihabits were not different between ‘any two groups and that
w1th the exception of the low: capacity 14 to 19 year old
male—female comparison}_the activity levels were not differ-

ent, ﬂ . S B : B

L 3
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The role of’ fatness in separating the two &roups was
confinmed in the" discrimihant function analysis by the
extremely high weighting of ;atness relative to the other

two variables. The results of the maln-female comparisans

L

o

. are not unexpected since of the three variables, fatness is
the only sex-linked variable. ‘This data suggests that high
aerobic capacity females are, generally, as active as-high
N - aerobic oapacity males and that with the orie exception, the‘
low capacity females. are as inactive as; their male | N '
counterparts., Based on the results of this study it’would -
apoear reasonable to suvgest that the most 1mportant |
variables that should be changed if a person w1shes to L
improve his aerobic capacity are reduced body fat and .~
x”increased physical activity. Cessation of smoking must be
advised in terms of general health risﬁ but this variable

does not appear to play a. large role- in the determination

v

of aeroblc capacity.: L | e v
" The’ interrelationships of the three independent

variables used in. this study with eachoother and with the

o

critenion variable (V02 max) present a very complex picture.

Phys1ca1 activity has been shown to affect VO2 max directly
vwith 1ncreases up to 33ﬁ in V02 max after’ agtraining period
(147) The positive effect: of 1ncreased activity on VO2 max
‘hasg,/ been demonstrated with’ ‘both-- sexes and over a. wide range
= (L, 15, 46 108, 1u7> Increasedaphysrcal activity ‘is- also
pos1t1ve1y related to decreased body fat (2, 29, 79, 149)
The relationship of physical activ1ty and’ smoking is ‘not

clear. Studies have shown that people whb take part 1n
Y- } E . : /g . s . ’



activities which demand a high aerobic capacity tend not to'
. be smokers (92) but there are many exceptions to this o |
generalization. The above.relationships appear to.be
%ﬂ_iiw_present in.thislstudy"aslwell-;the.high;capacity—groupsswere+mm—~r
"™ more active and less fat but not consistent in terms of
: smoking habits.~' o | ‘f ,
The relationship of fatness and VOZ ‘max directly
indicates that the individual with a lower percent body fat
is very likely to have a higher vo?_ necx (ml/kg/min) (33). The
relationship of physical activity and VO2 max and physical _
. activity and fatness would also. support this conclusion.f
' " The relationship of smoking habits and fatness 1is
quite unclear, althoughfazﬁniver ity of Alberta pulmonary
éﬁted an increase in body fat y

~

jEspecialist Dr. Bi Sproule has
in diniv1duals who discontinue smoking (personal
communication) The results of this study might support this’l

, suggestion in that some high aerobic capacity female groups

eBonn .
who had higher smoking scores also had lower triceps fﬁt ?
’values. Conclusions on available evidence, however, are

>

impossible.

: The decline in overall cardio-respiratory fitness"
levels of Canadians 'in the past seven yeaﬁg suggested by
_ Bailey et al (16) is quite poss1bly linked to the increase -
- 'in fatness whach appears to have occurred over the past years 5
- as well If as this study suvgests, fatness is as important ‘
L - as 1t appears to be in influencing aerobic capacity, then an

'1ncrease in fatness will be directly related to a decrease

in aerobic capaCity.
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CHAPTER V

:SUMMARY, CONéLUSIONSaAND“RECOMMENQATIONSr'

The purpose of this‘study was to determiné the ]u
'relaticnships and influence of physical activity Ievel
smoking habits and fatness as they contribute to the place-k*

N — cessianave

ment of an individual in a high or low aerobic capacity —_

‘group.é.The age and sex variations cf these variabIes wasQl

o . R

also studied again with reference to high and low aerobic
capacity groups. j N :
| .;’ A total of- 15#4 subjacts representing a broad 155_;t
"cross-section of the Saskatoon community, including 845
'female and 699 male volunteer participants ranging in age

' from 14 to 74 years of age made up. the original sample.

. As a reésult of Screening by questionnaire and an exercise — e

:test 1230 of these subjects returned to’ the

- to perform the bicycle ergometer test which pro ided the .
S | TN
-basic data for this study. T '

A prediction of VO by use of the Astrand

v 2 max S
submax1ma1 bicycle ergometer test and the Astrand-Bynming

nomogram was made-for each of the-1230 subjects. As: well

? measure of triceps skinfold was made and informatrcn'o"
"éach subJect's smoking habits and a self-rating of physical

activity level Were gathered
¢

.12'5"
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ugiects Were divided into high medium or lown

aerobic ca city groups on the'basis of the predicted

_;umﬁﬁygzgma! score (ml/kg/min) ‘The. medium grg_p was_ ignored e
S0 that extreme aerobic capacity groups were created An L

analysis of variance was performed to determine if the SR ..

©

high and 1ow aerobic capacity groups were in fact s-pnif- ‘ '
- lcantly different - The results of that, analysis showed
: that the high and 1ow aerobic capacity groups for each age
and sex grouping were indeed significantly different (p< 0 01).

}

Mean values for VO werecdmpared to valueS'

- 2 max .
reported in the ligerature. It was cqncluded for males,.

that the high aerobic capacity roup from this study was.

[

' data reported by

‘iuite similar at each age 1eve1

4‘, hephard (164) on Can dian/subjects by Bailey {17) on -

.+f,w rural Manitoba males and by Astrand (6) on_ Swedish subJects..ﬁgé"
'" The—low aerobic capacity group were substantially below
these levels for. each age group.~ The comparisons of the“r
female data showed that the high aerobic capaoity group
were quite similar at each age level to data published

| by Shephard (157) and Astrand (6). Again, the low capacity

@ grOups Were substantially lower at - each age level than the .
other data reported A consistent decrease in - VO2 max |

| from the younger age groups to the older was observed and

5

at each age level the mean values for male subjects were,
higher than those for female subjects. An overlap of male-
female values was ncted when the high and low classifications

"_were compared. The high aerobic capacity female:grpups;,

| . . e s . . . ., -
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jwere consistently higher at each age level than the
'corresponding low aerobic capacity male groups.

Both male and female subjects in the high aerobic

capacity group tended to be more physically active than

their age corresponding counterparts in . the low aerobicﬂ,)‘
'~,capacity groups. For’ male subjects the most active age -
group was the youngest with consistent decreases for older
”age groups with age group six (60 to 74 years) being the
lowest The females did not exhibit consistent age changes
.“in physical activity with age .group 1 (14 to. 19vyears)- BT
'and age group 6 (60 to’ 74 years) being the: mpst active. ;
. Generally, the . e high aerobic capacity group |

had fewer smokers than lt_! low aerobic oapacity group.
]leowever, age group 3 (30 to 39 years) ‘had equal numbers
of smokers in high ‘and low capacity groups and age grbup '
'_5 (50’to 59 years) had more smokers in the highep aerobié" - s j
7capacity group. More female subjects in the high aerobic"“ ,<
;capacity group, however were smokers than in the lowrf.
capacity group. Only aae group 1 (14 to 19 years) did
" not exhibit this result o
4 The data ‘on'. triceps fat revealed that the 1ow aerobic
:capacity subjects are fatter than the high aerobic capacity .
_‘group. Comparisons for triceps skinfold measures belween ‘
(_vdata from this study and the Canadian Height-Weigthzirvey <

lof 1956 were made. This 1956 data shaws - lower skinfold f_ . ‘?‘
measures at. a11 age groups than the high. aerobic capacity \\\\\\

'_group fnom this study for male subjects and for all age

v
-



-grOups except approximately the 50 to 60 year age vroup e

~for females. Thus, the suggestion that Canadians have

| become fatter inlphe intervening seventeen years since the

128

"\;,

“7.earlier survey seems appropriate. Females had higher

skinfold measures than the males at each age level and—

‘

_general age trend inufatness reported in the 1iterature _

AN

was also qbserved That is for males, a general tendehcy f.
.,.for younger people to have 1ower body fat with increases,i

through middle age and a decrease in older age. Female data .

showed similar age trends to data in the literature with

\
.' the exception- .of ag age group‘l 614—to~19 years) in which

.skinfold measures were higher.

B ' The analysis of the combined effect of the three
variables in differentiating the high and low*aerobic capa-
City/groups showed significant differences between the=

':capacity groups for males and females in age groups 1 (14

ta 19 years) 3 (30 to 39 years) and h (40 to 49 years)

.and males in age. group 2 (20 to 29. years) The combined

R effec of physical act1v1ty 1evel smoking habits and -

fatness was not significantly different between high and '

!

i;3low aerobic capacity for age group 2. (20 to. 29 years)

females and age group 5 (50 to 59 years) and 6 (60 to 74

years) males and females. In those groups in which signif-_ _

icant differences for the combined var:.able@ were produced

nanalysis to determine the place of each of the variables ,'
,causing this difference was performed Generally, smoking

 was the least important variable with fatness and activity i



-level‘being mosb importantf"For the male groupsrfatness' _

was the heaviest weighted variable in each age. group. -

{Physical activity was the second heaviest weight in each'

129

‘but age group 2° (20 to 29 years) : For the female subjects

- years) and 4 (40 to 49 years) and second inh age group 1

n(14 to. 19: years) Physical activity was weighted second.
" in age groups 3 (30 to. 39 - years) and 4 (40 to 49 years)

»-'and first in age group 1 (14 to 19 years)

«_fatness was weighted heaviest in age g;bups 3 (30 to 39

Statistical analysis between age groups confirmed , }y’”

.' these findings in that a significant difference between )

-ables was Obtained Individual’contrasts revealed signif4
.'icant differences between the capacity groups for physical»f

» activity and fatness but not for smgging. o

ow* aerobic capacity groups on the combined vari—b

An overall significant difference on the combined f;mzwiim

variables over the age group range was also obtained for

both - the male and female data. Inziyidual comparisonS‘"

_prOV1ded no significant difference on any. individual

variable at any age’ level for the female data and. only one'fn

‘(31gn1ficant contrast for male datz}//That diffe nce was
ia significantly higher\agtivity lével in age group 1 (14

¢«to 19 years) males than in age group 4 (40 to 49 years) 4'

. males.

Statistical analysis between sexes showed an overall -

significant difference between males and females on thei_

three combined variables. Individual comparisons revealed
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Lcsignificant difference“ for fatness between males and fnmales

130

at each age level and for each aerobic capacity group.mt L

"There was only one significant difference in activity 1eve1

-(age group i, 1ow,aerobic capacity) and no significant

' ::differences in smoking habits at any age 1eve1 or capacity

'*:almost totally to the difference in fatness between the B

. CONCLUSIONS | ;
B w{*hin the limitations of this study, the following L

Sexes,.'
"‘v

g

‘conclusions appear to be justified _i.ﬁ"' . f,,fk

ult The combined effect of phy81ca1 activity level

"ismoking habits and fatness is signi’icantly different

- male and femal_

1 (14 to 19 years) 3 (30 to 39 years) and. 4z(uo to 49, years)

. ubJects and in ave group 2 (20 to 29 years)

i-male subjects.;;) .

_f2;. The cqnbined effect of physioal activity level

'smoking habits and fatness is not significantly different .

',.,between high and low aerobic capacity groups in age group :

y-years) male and female subJects."
'y

differentiating high and low aerobic capacity groups in

2 (20 to 29, years) female subJects, age group 5 (50 to 59

'fyears) male and female subjects and age group 6 (60 to 74

~

3. Fatness is the most important\variable in

each of the male groups included in i above. ffjlv IR

'group. Thus, the overall difference can be attributed VI




' i

‘"4; Physical activity 1eve1 is the second mpst

'impbrtant variable differentiating aerobic capacity groups ‘

RS

in three of the four male groups from 1 above._ s ;‘

C13r

'differentiating aerobic capacity groups in all three of

= significantly different

four . male groups from 1 above.

‘the female groups from 1 above.,, _7;,,

. 5. Smoking habit 'ié the least important variable', g

idifferentiating aerobic capacity groups 1n three of the S

I

J

‘;_*7 Fatness was the most important variable in f‘

"differentiating high and low aerobic capacity groups in -
ffemale age groups 3. (30 to 39) and 4 040 to 49) from 1 above.h:gs

8 Physical activity level was the second most

;,important variable differentiating aerobic capacity groups
in female age grcups 3 (30 to ‘39 years) and 4 (49 to 49
“eﬂfyears) and. the most important in female age group one (14

;-to 19 years)/hrom 1 above. *j’ ‘ ;5‘3 ~;‘»3>'\'

9 %For male subjects considered in total the

-combined effects of physical activity level, smoking
'-habits and fatness is significantly diffé?ent between high
ffand low aerobic capacity groups.A Consideration of the jff"

_variables individually in this context shows that smoking

"_1igroups but physical activity levels and fatness are

‘ !

du 10, For female subjects considered in total the

.combined effect of physical activity level,-smoking habits

L

B 6.‘ Smoking habit is the least important variable

“is not significantly different between high ‘and low capacity’f'



'rffand fatness s Sigq‘ficantly different between high and

'",low aerobic capacity groups.‘ Consideration of the variables

"individually in this context shows that smoking is not

[.significantly different between high and 1OW'aerobic
"'capacity groups but physical activity levels‘and fatness

"7uare significantly different o

11; There is an overa11 significant difference in

'Qﬂphysical activity 1eve1, smoking\habits aﬂﬁ fatness

”"'fbetween the six age groups for both male and female subjects.

‘There are no consistent individual age group differences

,;thax explain this overall difference hovever.l;f'

'itﬁ&yyh’j 12. High aerobic capacity males have significantly

'-}'are significantly different from~eaoh other at each age"”,

o higher Y0, Values at all age groups than high aerobic E

. 2 max
' 4capacity ﬂemales.

. ‘:':‘v .

13 Low aerobic capacity males have significantly

fhigher VO ‘values’ at all age groups than low aerobic

v 2 maxj ‘
~lcapacity females.'s_ 5"

”]-iu High aerobic capacity male and female subJects:i

f;level on. the‘cfmbined effect of physical activity level

'p;smoking habits and - fatness.‘ Individual comparisons of the';3:’r“r'

| variables show that high aerobic capacity males and females,]'vv

H4are not significantly different in phy51ca1 activity levels_”’;

}4for smoking habits but are significantly different in fatness.-ffilﬁ

. | 1.15 Low aerobic capacity male and female subjects elﬂvtfh

quare s1gnificant1y different from each other ‘at each“level .; E
on' tﬁ% combined effect of physical activity 19V91 Sm°king A:f



L L e . . . .
habits and'fatness. Individual comparisons of the variables

show that males and females are significantly different
ﬁ.in fatness at all age levels and in physical activity

'1§1evel at age group 1 (14 to 19 years) but not significantly'
- different in physical activity level at any other age. levelci‘
o ifand not significantly different in smoking habits at any f ii '
s.'age level , 4\\g;‘ SREA e f “'_ e T f : <'. Y}
- ' 6 The most important variable in separating high “;“
"aerobic capacity males and females {s fatness with physicalAff
'.‘activity level -and smoking habitsibeing relatively ; - o
;unimportant IR ' | -

D

R L ) The most important variable in‘separating low L

'"f-aerobic capacity males and females is also fatness with

'v;jphysical activity level and smoking habits being relatively o
‘;jjunimportant Ll” - "'f,.""' o »".',_—~

&,
?_’*r.
3

Although none of the following observations have ‘

1"5'been tested statistically, they still would appear to be

tworthy of note. __'. e PR
: 1 The high aerobic capacity male and female
:e?groups in this study ‘are. very similar in VO2 max to egglier
fCanadian results and Swedish results. The low aerobic ;»7;'

: 7"capacity groups are substantially lower than these groups. o

. o .2$ High aerobic capacity females exhibit higher
:.._,VO2 max values than low aerobic capacity males at all age

.‘\,
.:levels. o

Vo



-ﬂ3; High aerobic capacity male and female subjects

" are more physically active than their low aerobic capacity

‘-lcounter arts., o S ,'1 I
P : - ///f

e T 4._ The male high aerobic capacity groups have
fewer smokers than the 1ow capacity groups.. o
5, The female high aerobic capacity groups “have

,‘more smokers than the low aerobi capacity groups.

- "6. Male -and female subjects included in this study

v;;are fatter than Canadian subjects surveyed in 1956 '
*4v7;' The—male high aerobic capacity groups exhibit
a lower triceps skinfold measure ab all age groups than
. J{their low aerobic capacity counterparts.~x d o
1 S,E The female high aercbic capacity groups generally
'exhibit a lower skinfold measure than the 1ow aerobic )

1 _‘ N

capacity groups. f

BECOhMENDATIONS FOR FUBTHER BESEARCH o o
| L 1;‘ Studies to determine the effect of fitness o
' ftesting programs in terms of educational value and motiv- SR
' ation to improve or maintain existing personal fitness-j o
levels.' This recommendation appears to be warranted, part-j.'avv
-1cu1arily when federai government programs are presently |

-

advccating the institution of mass fitness testing centres
across Canada.g‘ _ o o » » »l |
; ',rz. Studies to determine the. effectiveness of massi’"
physical activity participation promotional programs which | C

o  nave- heen instituted_in a numBer”of areas'in Qanadagand o



‘ffthroughout the world. "; C oy

*>

~‘”3.f Longitudinal studies to invéstigate at what
:lépoint in life the variables that determine aerobic capacity

135

become fixed if in fact they do become fixed

u

b, Studies of the, effectiveness of various types

‘ .of physical activity and/or educational programs ih the

t;.creation of long term activity patterns in the participants.,-

."‘
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. s
e INITIAL ‘zssums QUESTIONNAIRE ‘ .
) NAME R (MGE:_SEX_ SUBJECT#
ADDRESS | S TELEPHONE #
. N L 0 .
: ' - YES ;ﬂg'
1. Have you ever had heart’ trouble? - R
8. ceronary, -angina, heart failure, T
» _1nfarct murmur,,heart attack SR :
2. Do you suffer or have you ever suffered [ '
" - from d1scomfort or pa1n in the chest? - T
3. Do ybu have or have you ever had high ' _ {
L b]ood pressure? U, E ,
\;;,rff 4. :Have you - ever fa1nted when exerc1s1ng '
R or work1ng hard? e Ty )
"é;' Are you. on anx med1cat1ons’ If so, ) -
.. ‘please 1ist them if possible (b1rth
o contro] Ppills, not 1nc]uded)
. e . y
: 6. ‘Have you been in. hOSp1taT in the past e n
b 6 months’ If 80, p]ease 115t the reason
’ ' l~'v9 '
. Qe X % e .-
| S TR ' RE(;AL'I.O R
B 1 S1nce your last exercise test° "have you - - —_—
o - had -any, i11ness: requiring med1ca] ek . fﬁ 4]
: attention? If so, p]ease give the . R S
S nature of yOur 11]nes§ S L SRR
vi ‘»‘Z;Q'Haxe you had an, paln or d1scomf§rt
... - in thé chest S1 ce your 1ast test’




r

APPENDIX B -

. FITNESS AND ACTIVITY APPRATSAL .

.
’ \
. *
B : M ‘
-
. -
-l ;
e
‘a(

B
.. .
-~ . Lo

[ C e \ E > -
. X

- e

¢ . Al

2
<

B
s
» AR ¥
- - »a -
.
. . ¢
»
.
“ - .
-
. . o - R .
’ ..
° R
- " ~ ¥
+ ‘ " . B
o ,



S

NOTE4 This infonmation will be kept coniidentialﬁ

B SN ' v ) : ’ A

S}TNFSS AND ACTIVITY APPRAISAL

157

el .:regular basis..

Name _ ’ Age L, .Sex - Subject No.“
T ' w -
- 1. Which of the following most accurately describes your
' activity over the. last 3 m ath ? : N
Check one.." S ,f‘ .’ .'v-, 8 |fﬁ o S

(A) No deliberate activity to improve ‘my physical s

Pitness. . . N

'"(B);_Occasional‘moderate activity (walking,
. :Jogging, eycling,” tennis, recredational”
~sports, swimming,: etc. ) but got on a

RN

(C) Regular moderate activity (same as above)
..+ 'but averaging 2~ 3 sessions per week

‘if(D)A'Ver Fre uent. regular actlvity (same as""'_iy
PR u‘abqvef ‘but averaging 4~5 sess1ons per ST

- week., o T

. (E) Prainins regularilv for aispecific sport
. - %na%ning

workoutsvper week that prodace : R -

S'heavy sweat)

of - you age on your street (or in’ your classroom)?
(A) Below Average, :. (B) Average, Ces

(C) Above Average

.Whlch of +he following best describe your current
.;smoking habits? ,

(A) I have never smoked.

(BY I have given up smoking.'

+v—+——(

(Q) I smoke c1gapéttes. B

(D) T smoke a* pipe or cigars.

How do you rate. YOUR fitness relative to the ;?ﬁér people"



"5.7‘Brief1y desoribe your physical activity for inl L d;gi”};'
' xesterdax. , L = | / ' LT
(BEg - walked to work or school and number of b’ocks,

_ played ‘golf,. volleyball, exercised at: home for number
of minutes, cycled danced, ete. )

. 'ih..
o4 . .

" . B e e R R Rt K . - ) ; '
[ ' ’ o e T T . A '/,.*,“ Ly v Lo Tl . . - TA’*” Tl
A o o . IR T S o R
it . : .‘ . R . N t . .
Yo — : . e _ e - — . S
B ' ot *'. i ' ca N o

* Note: Answer the following two questions only 1f you are :
over 95#years old : , ‘ e

"61‘ How do_you rate your fitness relative to what 1t was | e
o 10 years ago? . | : -

_(4a) Improved ‘__;;(B) 'Thé same"“‘.(c)'wérgg.lz:f

(D) Much Worse T e

7e . How 1s your weiuht relative to 10 years ago? ._’7 ':v'..Jf_fl

»~_:E;,1A) Gain of over 20 pounds *QJ*

yoe

.‘t(B) Gain of" 5 20 pounds \y,;"‘.ix, ;c B

R (C) .About the same\to within 5 pounds /}-,;.if
’(D) LOSS Of 5 20 pounds -m;n_gylé R ;. _‘~.r ?,,ﬁl

- '
. ——-———

A (E) ‘Loss of more than 20 pounds'ﬁE

,‘0

: ﬁ%re iffxou,?'
copy 01 your test results.

Home Address L i LU fv§:a? S "'j}féi:
Telephone Number -'f'»];l' - SR ;"; L _fﬁ.'v

.
°

1§ 11Kp a Gonfidential
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: '- ' Two Way Analysis Of Variance of Aerobic Capacity Data
' Fon hale Hip‘h Low Capaclty Groupmgs For bix Age Gategories ‘

Source! °f Sum_"of'Squ‘ras}.,;”; D.F. ‘Mean Squarcs 'F Ratio -

r“’y _—??'
" '-_'Variation

T . 7

o Y (capacity) 12133 90 oo b 12133.90 '3‘730;{26‘."_

-4 -12 - . . I

B '_(a;ge) A 11902 60 -7 s, 2380451 . 14327 0
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o e

) ,--;'_-’1" #*it denotes significance at p< 0. 01 ' . ,‘ ;
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TABLE H-VII

e Summary ‘of Linear Discriminant Function Weights v .Liﬁ}lf
LA and Calaculated F'& for Hale SubJGCtS IO
e ) : - . A»" - " .}»_
—mes L LINEAR DISCRIMINANT FUNCTION WEIGHTS o Y
S Age - Activity Smoking; ;’Fgﬁness dfl dfz -F Batio o
- Group Level .;Habits T .

v, .
. ot

otk -9 o sE -0,03489 ’.fo 83205 3 M6 5.698%
©20/-29 . 0.35515 -0 S5z o 74894~ 3  57 7,802 |
.30 -39 o. 53750'ff7'-o 1676& o 82643 3 ?ﬁr 10% 064**-“*‘ |
i§§:i5ﬁ40*§'49 : 0“174%§. .7: 0. 12317 0 97596ﬁ 3 x;\ 3 3, ;hB* ;,ffl
50"~ 59 -0.04855. . .. 0. 7?8%2 ‘-o 6251&8 35 1 274
60 - 71{: o, 40381-,: o, 07050 o0.9iz12] "3 ‘483

N , w7 denotes 31gn1ficance at p <o'01 ”y
e 3 den@*es_sigﬁificanee»at p <O 05

-

» 5 LINEAR DI&,CRIMINANT“FUNCTION’ TETGHTS
C Acre - Activity - Smokjng - Fatness” &
BT . Level ;,‘ Habits ,.gu.hé~.-w
0“78914 o0, 21389 0. 57576
$0.71939° ...0,405040_ P, .56432

3,
Tk
3 .
, . ',o 6096k * '-o? 23873 ‘, 0.75588 . 3 91- 6 436** :
| 3
3
3

?

| C.67972 - -0.143%0  0.71936, 3 52 W
“;‘ 5o",»s5¢; _0,44577 6. 17881 V 0. 87711 49 729 |

60... 74 ,-o 1-’5652 0»9,7563- ;_ 0. 13032 3 ,9.212..

qﬁotes 51gn1ficance at <0,01 DU ~¢§ 5
dtes signiflc yce at y <0'05 _-‘“_‘J'“.
'Q "-'"*z S *
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T TABLE HoIX -~ 0 ik o
S B N Summary of Two Way MANOVA ' O P
Including Multiple Comparisons for Male Data. o o -

- PP
g i
»

R T T

e @ &

'sourpe.inVénigtion -7 ary ar, - F Batio

- . 4

Q

-"A" Eﬁfect Vector (capacity) o 3“,"367-a.«16.157**-‘

,"_V%riab%e 1 (activity) 3 307 . 8 356** S
.- Variable 2 (smoking 3 . 307 767 S
Varlable 3 (fatness) 3 ¢.°307- 10, 096** R o

o .

0 #

} fwgﬁuEfféct,vébtor,(ége),' 45 su7l9 h.gegme
847.9  1.342
- 847.9 © [hok

Var 12 R
. Var 2. ’ '
| ’ . \“" .

o ;;;'v%r-1 3. _

S : :“3iii
- 87,9 1, 36§
87,9 "i528"

9 - 12 291"

S

nv847 9ff72'125**° "
,847,9:  .125.
‘_847 9-.ﬂ .829

g5 15, 8.9 tl282.. . Ty
o e o150 87,9, 0,044 . - ST
Lt 15 8h7l9C 01385

.971,1 544 '_ S
9 0.8 €
:9-.0.050




TABLE He IX (con‘rimx°d)

Source of Variation

.~¢fg* 

-

Bl)_‘e d B3
'Var 1
- “Var 2 i
. Var 3

J

8479

| '-.--847 9
T X

Sg.012

0.002

10.050 '

CBh7g

847.9

847, 9

0. 137

0 117

q 154 . ..."/‘:., | |

L oshplg
847.9
847.9

0.010,

Fori

N

- 847.9

0.166
0.020
0 037

847 97
- 8h7.9
‘847‘9’;

' 847
. 847 .9
- 8H7.9

0. 054»

07014
0 0:053

0.016..

‘F Raflb
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@’ TABLE H IX (oontimmd) R A o o

;.-oource of Variation f . afy . ar, . F Batio

17 & e N 5, e o1 4P St 0 ) o
@ o Ver 27 -~ .~ 15 @47.9 -0 012 . :

vEr .15 . 8i7.9 T 0.094 A
Var S - 13 847.9.70.0k0 .
vara L ’j Coeo o 15 8hgL9 0,076, T o

' AB Inteﬁ%ct Veptor - C | T
o (ao'e x‘ﬁpa‘gity) 15 "847'.9 .1,-4'“'5

R — - -
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e - Summary of Tyo Way MANOVA R
[T Including Multiple compqgisons for Female Data s

- -~

T NN ; D i .

n..ﬂ“ e S > - — g
Y " . . % v ' -

. “f1~V36ufcé bf‘Vafiation ety oty «F‘Bétiﬁf,’;j R

Vﬁ{}f~ "A‘J Effect Vector (capacity) 37 381 - 12.617%%¢

.

o Vér 1 2 RS '
= Var 2 ‘ Lt

L0\
Lo\
00"
L
~JO\Wn

- u‘;;‘ B e

15 . 1052.2.
15 ¢ +1052,2. 0,137 .
150, 1052.2 0.0

1 1052.2 0
105242 ¢
0» e ' 1052.2 -

. 1052.2 0,039 -
5 - 1052.2° 0,006, "
g -105202 ’

C o ’v*?¥~‘iQ~ﬂ;t" i
15 -+ 1052.2 10.398
. 15, . 1052,2 0.001: -

A5 w0kaiz o

T

[
U

(@]
\n

o
W

<

15 1052.2
© 15 1052.2
15 1052.2

i
Y15 . 1052.2

. .15 - 1052.%
',,@15» 71052.2 -
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" TABLE HaX_

":Sourcé of Variation

. R

‘afr, . F Ratjo

o

»

Var 2: o 115

, Var 30 . v o 15 -

‘ ,hi“

-~1052%2: —o 194
© 1052.2 0 178
f1052 o

B - B o , "g\' » n
Vgr 1 5- . SR .
Var 2 C 4o 15
Var 3 . 15

. »1‘05’2‘; ﬁ.dozi"“
. 1052.2° 0,135@ -
10)2 2 0 913 .

_IQSVar 2 - o '
- Var 3J

. e

- B
Vgr B
Var 2

i{?1o52 2
oz

'1052 5, '066
oupo9__,‘

“a,f1bsz;2*“
109202
"+, 1052.2 -

o

"1052.2-,0.007

1052.2 0.004 -
1052-2 39*134

. 1052,2 .

1052.2 f,;”"“




| 4B Interaction Vecbor L ';‘ o
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. TABLE.H;. | »
| Source of Variation  & afy.. -afy- F Ratlo -

X . = , . .
‘. . . [
. . P , -

/ 3 . . »

. | - .
- B
. A e Lt .
e

7

[

D

Bz -

T Var 1
- Var 2
,Var 3

6

o

._ ‘ 15 . _'... 1052 2, 0:056'\, . _, S
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TABLE H-XI

Summary of Resulig ‘of . Two Way ANOVA . :
c®y Male and Female Groups 7 T&E_'

3
e,

‘7»‘.’

Source of

f, Variation

~

i

‘Sum of Squares. D.F. . Mean Squares F Ratio

-

R Tl e
..J‘ ! o, . .

P

—

"f \A (male-female) '1767 31 "' -"i; ,»: 1707 31 "‘89‘79**

(

age)

R ~

15468 30 T i_v5 3093d66

e 6312.88,;-"»:’332'f 19 Oﬁ

AR
P

T denotes signlficance at p J0. 01

%“‘,‘ .~‘»‘, ‘ N ‘Mi,

-y

* aenotes signlficance at p<<0 05

- L] Wa
S ‘_, . gl

'r ;‘

162,70%%

’*‘AB <age xoex) 2338 5. 468, 2u7r.
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e : 'TABLE H-XII : e

Scheffe Contrasts fqr Male versus Eemale High Aerobio

R o o Gapacity Groups . o
. Do A ‘ ,
3 e . > LR A — -
: RO ] e SR 1T g . ) "

ﬂ\f‘.'fﬂhg~6roﬁb.' Contiastf -»,zo2/n\ .. FRatlo

v

‘*1¢ - 19" 16;72:"“4" 0,070 - " “fzog;éziu L

Y 29~ . 6.95 ’ 'o or,q — . lr) oo**

T30 -39 k.u5 . o0.0k2 S 2k, T
't#bb- TR 2.66-‘;i 1,*'0 o77d9 ;. - higy
TS0 - 59 2.80 - . 0,085 T 5.0
-"Qq :‘?”i 1 ‘TS\fb o i_ ,_0,160 . “10.6§¥*

. N
A L2 S - X e - = . . -
- . * N N 1) ..
.

o 0 S denotes significance at p <0 01 .
a0 '* denotes significance at' p-<0. 05 b

. . L)
,/ - .

P TABLE' H-XIII

e . Summary of Results of Two Way ANOVA - i
g¢ .. for Low Aerobic Capacity Male and. Female Groups
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TABLE HXIV *

Scheffe Contrasts for -ﬁale Versus Female Low Aerobic
o, o Capacity Groups : . .

o . - . ~ -
) AJ

. A.ge..Group" Cionj;r"ast" 'z‘ozln ' F Ratio D

= T e
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30 - 39 —— A7 .01 . W7.LE%s

| S Y

4o - 49 8,29 0,071  11,26%%
!5 -5 433 - 0.089, | 20.50%%

60 - 74, 3.7  0.133 ©os.7e

- %% denotes significance:at p <0,01
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‘ ’ Summary of Linear Discriminant Function Weights . o
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TTNERR " —

| & DISCBIMI ANT PUNCRION WEIGHTS. S -

.. Age Capaci . a dfé. P Batio . -
A ‘Group Group’ tivity Smoking Fatness L : S

. .‘ ¥ . .‘ . N b Ilﬁlzel . 'ihuahjta N

] 06#*
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Yo .56028 o.aqzze 3 %2 89T ¢
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TABLE I-VII (continued)

.,2111072151123330 020,018.5

21156£2191521330,010,012.8
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TABLE I-VIII

B¢ Subjests 20 ~ 29 Years
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L 1215832232521130,010.011. b~
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| 12 6652272011130,010,017.3
| 1214692222523130.020.0 5.9 -
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‘1213722202423130,020.0 7.5
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E I-VIII (continued)
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.~ Female Subjlects 30 - 39 Year
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‘ 13 3302313023130,020,01¢ L .
. .. 7 1313512353413130.020,010 A;_\: -
. _ . 1313582343431120.010. 016.5! oSS
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Female Subjects 50 - 59 lears
15‘62925h5021130;010.013.8
. 15. 792575023130,020,016.b
1516902515021130,010,012.2
15'35025350131204020.019.&_ v .
151£632505023130.020,016,3 - ‘ ‘.
k5 2402545021130,010,013.8 -y
15 5952505021130,010,.016.8 . : v
7151682256®021130,010,038,0
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1519002565032120.010.018.0 : oo
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15163#2515533120;020.010.6' & =
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25 44,82545021330,010,031.6 - - .~
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~ 2518532535021330,010,015%7% -
. 2512832545421330,010,014,2 -

25 .822525023330,020,020.0 R
~© 25182(2535013330,020,018,50
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.- 2518642535032320.010,027,7
.. 2518502565031320.010.012.8
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(continued)
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‘3{ 16187726560421110,010,012,9 °

16 6422616023130.020922.2

- 'Female Subjects 60 - 74 Years

16 3520fC033120,020.024 @

1618812616021130.010,028,9

1GIGR2264EN21130.010,02k,
16 6£22616031120.010,015,

16 G43206€022130.010,021.9

1c1ssszeuc0311zou01o.01s.§
16 2572656013130,020,011.1
1616582666023130.020.018.:0

¥c 61026456033120.020,018.9
16171226€6022130,010.013,5

© 16165920626021130,010.028.6 .
16.6202606021130.,010,010,6 . .
16 2622626031120.010,020,9

2€1861265¢021330,0%0,011.7

2616642686621330.010,017.7
' 2¢ 1832626021330.010,013,0 ~ °
261869206CN21330,010.0 8.4 -

26 1432656021330.010,018.4
2618752A06031320.010,024.9
26 422656021330,010,018.0

2616532626031320,010.,019.8 - -

2616842696031320,010,016.6

28 3532646021330,010,022,8 -

7618822€16031320,010,011.4.

+f

26 179264602333%30.020.026L.4

. 261665265C622330.012,017.7 .
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26 €362606r023330,020,023.3

2618712716021330,010,016,0°
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.2618752626041310,010,018.7
26 14532063€011330.010.028.8 -
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