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o~ o ~ ABSTRACT

I

. The objective of .thrs mvesugauon was 10 examme the relationship between various known risk
factors for coronary heart disease (CHD) and an individual's level of f itness as determmed by
a submaxrmal exercise test at a commumty/umversuy fi ttness unit. The risk factors that were ‘_
investigated mcluded hyperlrpldemra hypertensron C1garette smokmg diabetes mellitus, famrly
history, physrcal activity, obesity and alcohol consumptlon The subjects were adult, Canadxan*
males and [ emales who voluntarily presented themselves for fitness appraisal at the University -
of Alberta f itness unit during the time period of December 1983 to November 1984. This fitness
umt was open to the general public for individual f itness and llf estyle appralsal The fitness test
was based upon the Standardrzed Test of Fitness plus a submaxrmal blcycle ergometer test to

. assess cardrovascular fi rtness The subJects were divided into low fit (<5—-—30% ile) and high fit
(70—>95% rle) categories based. on the classrfrcatron of their predicted VO, MAX in the -
Swedrsh norms. The low fit sample demonstrated significantly higher serum triglyercides, serum-
cholesterols, lrprd ratios, fastmg blood sugars, restrng systolic and diastolic blood pressures,

| body weight and percent body fat, and alcohol consumption as compared to the hrgh fit

sample. The low fit sample ‘alsohad a greater lrkehhood of havmg a positive famrly history for

CHD or diabetes mellxtus and lower high density hpoprotems and lower acuvrty levels The |

' unfrt subjects also had a srgmfrcantly higher risk, based on a multrple risk assessment, of

developmg CHD within 6 years when compared to the high fit subjects. Many of these

abnormahtres are related to an unhealthy lif estyle It behooves the fitness apprarser/counsellor
to be aware of these problems and to advise their clients appropnately for the. apparently

»

normal healthy population seekmg fitness apprarsal is not completely free of risk.
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\‘yChapter;I )
INlRODUCT ION

Coronary heart dtsease (CHD) 1s a maJor cause‘ of* death in the U.S. and Canada' =
(S[allSUCS Canada, 1983a; Atherosderosrs Study Group 1984) The death rates in Canada f or
men are 239/100 000 of the populatron and 161/100 000 of the populatton for women (Sta[lSUCS-'
Canada 1983b). The mcrdence and prevalence 1s drrectly related to heredrtary factors and the -
lifestyle that predommates in the civilized world (Atherosclerosrs Study Group 1984)

-

" There are s&qﬁc rlsk factors whlch have been identified as having a direct relattonshlp
to the development of .CljD. lc'ht:se rlsk f actors include hypertension, hyperhprdemia, cigarette
smoking, obesity, diabetes rnellitus, lack of physical activity, alcohol intake and family histor""y
(Dawber, 1980; Kaplan and Starnler, 1983; Kannel et al., 1984; Atherosclerosis Study Group,
1984). The relationship of these risk factors to CHD appears to be cause and effeet ;i/n some
cases, yet more tcnuousvin others.

One such relationship is that of physica_l activity {0 CHD. ‘Physi.cal activity has been
shown to be inversely relatedtop the incidence and prevalence of GHD (ié. the more active one_ '.
is the lower the incidence of GHD) (Morris et al.,‘. 1966; vPaffenbaréer and Hale, 1975
Paffenbarger et al., 1978b' Fox et al. 1981 Eichner, 1983) 1In addition physical actlvity‘and
higher frtness levels have been hnked 1o reduced risk factors for CHD (Lopez et al.,.1974; ‘.
Hickey et al..-1975; Cooper et al. 1976; Wyndharn 1979 Errckssen et al., 1981; Paffenbarger et
al., 1983). I o LT

In recent years thefe has been an mcreased mterest in physrcal actlvrty and fitness

w1thm the general populatron The reasons for this renewed interest in fitness are multrf actorral

wrth the health benefits of physrcal actlvrty being an 1mportant factor (Frtness and Amateur

Sport .1983) Due to this mcrease in attentron to physrcalractrvrty many people are seeking the
Ji¥ :

advice of fi 1tness appratsers and physrcal educators. Frtness testmg centres can take many forms

from the community based umt wrth persons tramed in frtness testmg techmques but not L

trained to handle medical problems and chmcal evaluatlons to formal medical stress testmg
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~labs equipped to diagnose heart disease. Stress 'testing labs are equipped to manage subject’s

with previous medical problems, such as hypertension or diabetes. The community units are not
equipped to handle such problems. Stress testi{}‘g labs are aware of 'the types of patients that
they are requested to evaluate through physi\,mo referrals. These, patiente present themselves at
units with previous medieal problems eod recggnized risk factors for heart disease; for example,
they often have had symptoms of chest pain that were suspicious‘of cardi}gc disease. In thlal
respect the staff-of ihe stress testing lab are aware of the problems that they may encoumer.
Persons presentiné themselves at community fitness units are required to be healthy
and syfnptom-free. They are to be free of any medical problems that may result in unto“:ard

difficulties during the testing procedures. Howéver, is this really the case? Are sp called

apparently normal subjects, teally free of risk factors and potential problems? Are there'any

~ differences in the CHD risk factors in the fit versus the unfit subjects who present themselves

at commu_m'ty fitness units? If there are differences in the risk factors within this population,
then fitness appraisers vsho'uld. be made aware of these for safety aod couhselling purposes.
Previous work in this area of fitness evaluationi and risk factors‘ does not completely
answer these questions. Cooper et al. (1976) studied CHD risk factors and fitness levels in
males only but they did not have to be completely symptom free for their unit was caoable of
managing and diagnosing cardiac complications. "Hickey et al. (1975) again studied men only
but he was interested in CED _riek “actors and leisure activity and not actual fitness testing
situationé. Erickssen et al. (-981) stucied males in a testing situation but the CHD risks factors
evaluated were deficient. Also .is su‘:jectls-were recruited and did not vol'uritarilyl seek fitness
assessment and advice. Glbbons ;t al. (1983) studied risk factors in women with respect to

,/ 3
fxmess This was the most complete work because it looked at many different risk factors,

. including’ the lipoprotein fractions, but other risk factors such as family history were not

examined. Therefore, the present discussion will attempt to answer the above questions more

thoroughly.
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PURPOSE
The purpose of this study is to investigate the relationship between the levels of fitness,
as determined in a University or community based fitness testing facility, to the risk factors for

coronary heart disease in adult Canadians.

LIMITATloNS

a) Thesubjects were chosen from the adult population of Edmonton wfxo voluntarily
presented themselves to the fitness unit for fitness assessement. |

b) The subjects who returned for further testing to the universit& hospital stress l_ab did
so voluntarily. |

¢) All subjects were encouraged strorklglyv to return for the appropriate biood ‘work but

again this was done on a volunteer basis.

DELIMITATIONS |

a) All sul;jects must be PAR -Q negative (Chisholm, 1978).
" b) The data was collected during the:time period of December 15, 1983 to November
30, 1984.

c) Only the low fitness k<5—30% ile) and the high fitness (70—>95% ile) groups of
subjects from the cardiovascular test of f itness, were chosen. |

d) Only the following risk factors were considered for evaluation: hyperiip_idemia,

'h'ypertension, cigarette smoking, physical ‘activity, hypergl&cemia, obesity, family history and

alcohol intake.

DEFINITION OF TERMS o | B .
Risk factor - "A trait that places an individual at risk for cardiovascular disease. This
concept is derived from a variety of epidemiological studies on cardiovascular mortality rates

among countries, racial, occupational and religious sub-groups, and most importantly over a



longAperiod of time._"‘(Kann.el et al., 1984).

Hypercholesterolemia - Elévated serum cholesterol or more sp‘ccif ically a serum
cholesterol level >6.5 mmol/! (250 mg/dl)}..

Hy;rael:t‘riglyceridemia - Elevatec; serum triglycerides br nllore specifically a serum
triglyceride level >2.0 mr';lolll (77 mgrdl). ‘ "

Hypertension - Elevated arterial blood pressure meeting the following crit.cria:

a) Systolic blood pressure > 140 mmHgvahd/or |

b) Diastolic biood pressure > 90.mmHg |

Atherosclerosis - Ligid deposits in the subinternal layer of the larger arteries leading to

' e R
narrowing of the vessels.
‘ Coronary Heart Disease &CHD) - Atherosclerosis of -the coronary arter‘ies which leads

to ischemia and infarction of cardiac muscle.

Incidence - The member of new cases developing within a given period of “time

(Dawber, 1980).

Prevalence - Amount of discase existing at a particular _tfme ZDawber. 1980).

.



Chapter I1

REVIEW OF LITERATURE

INTRODUCTION ‘ . \

The cause of coronary heart desease (CHD) i$ multifactorial in nature. There are ,\\1
major and minor risk factors which are related _to.,the development of CHD. Major risk factors
are modifiable factors that display a cause and effect relationship With CHD (Pooling f’roject,
1978; Stamler, 1979). The major risk fators include hypercholesterolemi'a, hypertension ‘and
cxgareue smokmg (Stamler, 1979)

Minor risk factors show some relauonshxp to CHD but the association is not as strong,
or can not be modified through llfesty]e changes. The minor risk factors include diabetes
mellitus, obesity sedentary lifestyle, alcohol and family history (Sta.mler 1979). In addition,
age and sex play a maJor role but there is little one can do lo alter these factors (Dawber,
1980).* . .

The data will s‘lhqw "that the relationship between the major.‘ risk ' factors and

: | , . A

susceptibility to CHD are; consistent, strong, gradéd’and independant, and that they meet, the .
test of terﬁporal sequence/(i.e. presence of the trait precedes that of the evént 'in time), but that
they also hold up excellently when put to thé further test of predicpive ‘ability" .(Pooling
PIOJCCI 1978). |

Each of thc;se risk f actors will be examined to expand upon their relationship to CHD

By so doing thebasis for the current investigation wilJ_ be demonstrated and the link’ to fi 1mess

will be uncovered.

AGE AND SEX
Age and sex are two vitally important risk factors but there is nothing one can do to
alter these factors. Coronary heart disease (CHD) is.known to occur much more frequently in.

T

men than women (Dawber, 1980). CHD is a male dominant disease and it occurs at a much
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younger age in men than women particularly before.the age of 60. Men are 10 times more likely
than women to have a myocardial infarction before the age of 50, and the overall risk of
developing CHD is 2 times greater in men than womeh (Dawber, 1980). In addition, women

lag behind men in the incidence of CHD by 10 years, but this gap narrows with advancing .age

At any level of risk factors singly, or in combination, women have a distinct advantage over = -

men (Kannel et al., 1984). According to the Frammgham study, the overall risk of developing
CHD by age 65 was 37% for men and 18% for women (Kannel et al., 1976).

Angiographic evidence of symptom-f ree 'CHD. is also present in males with additional

fisk factors, but noi in females (Cramer et al., 1966). In addition, risk factors HDL
cholesterol. LDL cholcsterol and total cholesterol are less atherogenic in females before agc 50
(Kaplan and Slamler 1983).

The.—incidence and prevalence of CHD increases with age (Pooling Project, 1978;
Dawber, 1980). ThevPooling Project (1978) repo‘ned an increased incidence of CHD with age.
For men Age 40—44 the_inéidence rate was 15.5/1000 men and for men age 60——64 the incidence
rate was 95.2/1000 men. Bruce et al. (1983) reported a signiﬁi_c’ain increase in risk over the age

of 55. Not only is age a :risk factor, but it acts independently of other risk factors (Uhl, et al.

1981).

SERUM LIPIDS

prld analysxs is made up of several parts which mclude total serum cholesterol, Aserum
triglycerides, low density lipoproteins (LDL), very low density lipoproteins (VLDL), high
'_density lipoproteins (HS?L) and ratios of Lhe.lipoprotein fractions. Initial research only
included mglycendes and \total cholesterol but the advent of hpxd fractionation has further -
increased our knowledge.: ’I'l\1e VLDL fraction carrxes mglycendes predominately, and LDL and
HDL carry the cholesterol fractions. Spetifically, HDL transports approximately 20% of the

total serum cholesterol and LDL transports 50—66% of the total serum cholesterol (Castelh et

1977 Kaplan and Stamler, 1983).



It has been postulated that the LDL fractibn is reéponsiyt.ale for éﬁrrying cholesterol to
the peh'phery, and thus making it available for atherogenesis; and the HDL fraction transports
cholesterol from the periphery to the liver fbrq deéradau’on and disposal (Miller and Miller,
1975; AHA, 1984). ‘This mechanism may account for the atﬁéragenic influence of LDL
‘ cholesterol and the protective; influence  of 'HDL cholesterol; for if ’a larger part of the total_’
cholesterél is sequestered in the HDL form, then smaller amounts remain f or the athcfogenic
LDL form (Castelli et al., 19"{7; Gordon et al., 1977). Accum_ulatidn of ;holgsterol in atheroma
occurs wﬁen excess choleﬁe_rol remains due to an.imbalance of synthesis énd removal.
Atherosclerosis is not only accelefated by an increase in cholesterol synthesis, but also a
decrease inf"its diépésal ( Miller and Mille.r.l 1975). A normal total serum qll'olesterol does rn.ol
exclude elevation of the atherogenic fractions yet keeping the total Qithiﬁ the normal. range
(Rossner, 1982) . . |

Considerable evidence ﬁas accumulated indicating that in addition to total serum
cholesterol the manner in which the choleétérol is distributed or transpbrted is a’ssdciated witha
high risk of CHD (Uhl et al., 1981). There is no doubt that total §efum chqlesietol is ;elated to’
the development ot CIfiD (lr(annel et al., 1984). Not only gs“'there a relationship between CHD
and total cholesterol but it is dose related, occurs in both sexes, precedes the disease and is
indepenaant of other risk factors; Fhus satisfying the cﬁten’a for a major risk factor. A'st_rong '
relationship between serur;l chdlesterol and the incidence of CHD was discovered in-the seven -
‘ countries data (Keys, 1970).‘ In countries like the USs. Whe;e fhe average serum. choIéstérol
' evel is I}igh (250 mg%)f there is a high incidence of CHD; and in Japan’ where the average
serum cholesterol level -i‘s’low (180 mg%), the incidence of CHD is vlow. 'I'l:us same rélation’ship
holds for the dietary fats (Keys, 1970). | |

"A total serur'n‘ cholesterol exceeding 200 mg/dl (5.2 mmol/l) is incompatible with '
optimal cardiovascular health (Kannel et al., 1984; AHA, 1981.4); Howevef, thelprecise level at
which the risk increases dramatically is controversial. The Framingham study (Dawber, 1980)

reported an increased risk for young men with total cholesterol levels >260 mg% (6.76 mmol/1)



of 4 times that of men with levels <200 mg% (5.2 mmol/]).

The relative risk f rom elevated serum cholesterol is greater in the yoimg than in older
persdns. .The impact of total serll_l_m cholesterol wanes after age 55 suci; that it-no longer is
predictivé of CHD (Kannel él al., 1984). The risk increases 5 fold over the range of ‘serum
" cholesterol which is corsidered within normal limits. However, the greatcét' risk appea.rs to
occur above‘ the 250—260 mg/d] (6.5—6.76 mmol/1) range.

The risk of a first time event for men with serum cholesterol levels >'240.mg/d1 (6.24
mmol/l) was 2—2.4'timkes that of men with value§ of <218 mg/dl (5.7 mmol/l) (Castelli' et
al., 1977). On average men suffering f_rom CHD have an incréase in their total serum
cholesterol of 6 mg/dl ‘(0.16 mmol/l) over their ‘healthy counterparts, and an increase of 21
mg/dl (0.55 mmol/1) iﬁ trigly;eridcs (Castelli et al\@??). Finally, the U.S. railroad wofkers
(Kﬁeys. 1970) had a prevaleﬁce of CHD 2.48 times greater when fhe cholesterol level was >260
mg % (6.76 mmol/1) as opposed to <230 mg % (6.0 mmol/1). | |

Since LDL choleéterol is the 1ipoprotién fraction_that carnes the majority of the
atherogenic serum chofesterol, a positive relationship bétween LDL cholesterol arid CHD would
be expected. This positive relationship_between total ‘c‘holesterol and"LD}, chole;térol to CHD
has been documented (Gordon et al.,1977;1DaWber,1980). ' . |

Recently, a new theory about the link between serum cholesterol, low density
liPOproLein and 'atherosclerésis has been proposed (Gold'stc;_in et al., 1983;; Bfown and
Goldstein, 1984'). This theory 'éuggests that elevated serum cholesterol and LDL results roi‘n a

®
decrease in either t*° number, or the .sensitivity of the I:.ﬁL receptors. LDL receptors are
present on all celis ¢ cspecially prominent on liver celis. These receptors bind with
circulating LDL and this -0 cellular uptake through endocytosis and ultimately lysosomal
‘degradation. If the LDL rc.  ors are absent or inc=nsitive to circulating LDL, then there will
bé' a build-up of LDL in tnz ©  _.ireamr In the case of familial hypercholesterolerhia’ there is

a total absence of receptors in th. c.iozyge. "~ and 2 20% decrease in the number of receptors

in the heterozygotes. This resuli. .1 a Cacrease in the removal rate of LDL from the circulation



by two thirds and by one third respectively, and these persons generally develop symptomatic
atherosclerosis by age 20 and 40 respectively The vast majority of persons with elevated serum
‘LDL do not have familial hypercholesterolemra Genetrc and eprdemtologtc studres suggest that
'they do have subtle abnormalmes in many genes whose deleterious effects are aggravated by |
' envrronmental factors such as hrgh mtake of dretary fat, calorres and-cholesterol. The problem
here is thought to result from feedback suppression of the hepatic LDL receptors thus
encouraging the LDL ‘cholest'erol to accumulate in the bloodstream.

It appears that the crrtrcal value for total serum cholesterol is in the 240—260 mg/dl
| range (6.24—6.76 mmol/1). The risk of developmg CHD mcreases significantly in thrs range
and it is for this Teason that the value of 250 mg/dl (6,5 mmol/1) was selected as the critical
value for determining elevated serum cholesterol, regardless of age.

Serum triglycerides have been positively linked to CHD however not mdependantly
‘(Gordon et al., 1977 Rossner, 1982 AHA, 1984; Kannel et al., 1984). They are related to
diabetes mellitus, obesity and alcohol consumption; all of which are risk factors for CHD.
Castelli et al.(1977) also found a positive .relatic‘mship between CHD and triglyceride levels. A
" statistically significant relationship for the prevalenoe of CHD was nfound between triglycerides
or LDL cholesterol when. the other was held constant. A str'ong‘relationship has been noted in
.women between serum triglycerides and CHD,V but again this relationship is/not independant.
A However, Gordon et al. (1977)A did find a strong relationship between triglycerides and diabetes
~ mellitus. Further discussion on this topic willbe presented in the diahetes section.

An inverse relauonshlp between HDL cholesterol and CHD has been found (Castelh et
al., 1977, Gordon et al., 1977). Persons with HDL levels below 35 mg/dl (0.91 mmol/l) ‘have
an incidence rate for CHD. 8 times that of persons \vithl HDL levels > 65 mg/dl (1.7 mmo/1)
(Castelli et al., 1977). Women tend to have on average HDL levels that are 10 mg/dl higher
than age matched males: and perhaps this gives women more of a protective advantage over

men (Castelli et al., 1977). Based on this data the value of 0.9 mmol/l was chosen as the

demarcation point between normal and low values of HDL in this stu_dy'.
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In vitro studies have demonstrated an efflux of cholesterol from atheromatous tissue by '

the addition of HDL to the incubation medium (Miller and Miller, 1975). This supports the

~ theory that HDL helps to transport cholesterol away from the cellular-level to the liver for

disposal. .

Some ahtﬁors suggest that it is nbl the values of | VLDL, LDL and HDL choléstero] bui
rather the ratios of the lipid fractions that are important (Wilson et al., 1980; Rossner, 1982).
For example, Uhl et al. (1981) demonstrated that an elevated total gholesterol to HDL ratio
was highly predicitve of CHD, in fact much more so than HDL or total cholesterol alone. They
found the predictive value for CHD of a total cholesterol/HDL ratib/ > 6.0 to be 64% and
when < 6.0 to be only 2% In addition, Lh.is ‘ratio Ttelationship to CHD appears to be
indepéndant of age. '

T'heoir'npacl of serum cholesterol as a predictor of CHD wanes after age S5 but the
LDL/HDL ratio continues its prediciive powers (Kahnel et al., 1984).'The Framingham study
(Kanneli_et al., 19845 demonétrated increased risk whén.the LDL/HDL ratio was greaier than
3.6 and when the total cholestero/HDL ratio was gr.ea._tér thah 5.0. o

- The ratio available in the U of A hospital laboratory is the LDL + VLDL/ HDL rz;tio.

This takes into accoiml all of the'atherogenic cholesterol and an‘y potential effect of the
triglycerides as well. The upper limit of normal in th‘e hospital laboratory is 4.0 and this yalue
will be used-in this study as well. .*

Numerous lipid intervention programmes to lower serum lipids have reinforced the

importance of lipids to the devgiopment of CHD. The Lipids Research Clihics Program (1984).

' produced a 25% decrease in total cholesterol and a 35% decrease in LDL cholesterol resulting in

a 50% decrease in the incidence of CHD. Signif icant reduction was attained by using diet alone
but an additjonal »decreasg in cholesterol was attained by the use of chqlestyramine, a bile acid
sequéstor.

In Finland, where the highest incidence and prevalénce of CHD exists,. serum

cholesterol was lowered by 3% with a specific treatment regimes. Accompanying changes in
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cigarette smoking and blood pressure resulted in lowering of the CHD mortality rate when

compared to the rest of the country (Puska ¢t al., 1983).

HYPERTENSION

| 'fhere ie a definite. well defined relatronship between .eler/ated blood pressure, both
systolic and diastolic to increased risle of developing CHD (Kannel, 1975; Kannel et al., 1980 a
and b). The Framingham d;ata (Dawber, 1980; Kannel et al., 1980 a and b; Kannel et al., 1984)
demonstrated this relationship quite clearly. Using casual blood pressure readings, as opposeq
toa predetermined protocql including a res@’period before taking blood pressure, they forrrrd a
-~ definite positive rgiatiorzship between systolic and diastolic blood pressure and CHD. They also
noted a ‘m'arked increase in risk for cerebrovascular accidents with hypertension. The
Framingham group utilized the following for classifying the blqod pressure readings:-nbrmal
(<140/95 mmHg), borderline (140790 mmHg—160/95 mmHg) and elevated (bc;th >160/95
mmHg). Among patients who died from CHD 37% of men and 51% of women had.distinct
-hypertenéion (>160/95 mmHg). However, if you include the borderline group (>140/90
mmHg) then the mortality statistics incrfase to 73% for merr and'819;> for women (Karrnel,
: 1975).'.This points out that even borderline elevations int blood pressure have an increased risk
 associated with them .-

The difficulty with hypertension is defining. a demarcation point above. which blood
pressure is cons‘rdered elevated. In fact blood pressure is more of a continuum, and there is not
a clear cut level above which it is ‘elevarted and below which it is not. Despite this, there are
levels above and below which the risk of CHD is markedly elevated.. The World Health
Organization (WHQ) (1978) cecfines normal blood pressure-as syetolie readings <140 mmHg
and a diaétolic reading of <90 mmHg. They also define hypertension as a systolic blood
pressure>l60 mmHg and diastolic >95 mmH,g.""fhiS'leaves a grey area in the middle which the
Framrrlgham study calls borderline as mentioned above, but this borderline area is not free of

risks.
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A very recent report by the U. S. Department of Health and Human Services (1984)
classifies an individual as having high normal pgessure when their diastolic blood pressure is
85—89 mmHg. They recomrﬁend re-checking and monitoring their pressure within one yéar but
definitive -treatment is not required. They also define blood pres»svures >140/90 mmHg as
hypertens\ive and recommcﬁd treatment for these people regai'dless of age;

Cumming et al. (1975) def ined hypertensién as a systolic blood pressure >145 mmHg
and diastolic >90 mmHg. He and others (Cumming et al., 1975; Hellerstein and Franklin,
1984) also define a systolic blood pressure > 220 mmHg during exercise as 'hypertension.

Kozlowski and Ellestad (1984) notpd abnormal blood pressure responses" to excercise.
Failure of the systolic pressure to risc above 130 mmHg or fai} by more than 10 mmHg during
exercise is classified as abnormal. Also, if the diastolic pressure rises by more than 15 mmHg
the blood pressure response was algo called abnofmal. |

Labile hypertension (ie. Elood pressure elevated on some occassions and normal on
others) has long been regarded as innoccuous when compared to fixed hypertension (i.e.
constantly eleva'ted)(Kannei et al., i9§bb: Kannel et al., 1984). ‘kecent work has shown labile
hypertension to be no less important than fixed hypertension. Patients whose pressures are
more labile have increased risk for CHD similar to those with lesé‘ variéble blood pressure..
There is no question that persistently elevated préssure is 'associated'with higher risk, however it
is not safe to say that people with labile pressure a;re free from risk.

The Pooling Project (1978) clearly demonstrated the excess risk of elévated diastolic
pressure. For men between the ages of 40 and 64 years the excess risk for elevated diastolic

pressure as compared to a diastolic pressure of <76 mmHg are as follows in Table 1:



Table 1: Diastolic Blood Pressure

Diastolic Blood Pressure * . CHD Risk

>94 . 18171000 men
88-94 77/1000 men
80-88 50/1000 men

Similar resulté were found.in the U.S. railroad workers (Keys, 1970). The prevalence‘ of
CHD i\n mén with ciiastolic pressuré >90 mmHg was 5.8 times greater than those with pressures
<80 mmHg.

Isolated systolic hypertension is substantially less common than diastolic hypertcnéion
especially uﬁder the agc of 45 (Kannel e”l al..‘1980a). However, persons with isolated systolic
hypertension have a substaniially increased risk for CHD. Bruce et al. (1980) reports increased
risk with systolic pressures >140 mmHg.

Hypértension demonstrates familial characteristics (Paffenbarger et al., 1983). College
alumni were at an 83% greater risk of developing..hypertensionv if they had one pérent who was
hypertensive when compared to those without parental hyperfensio’n.

Body weight is also related to hypertension (Irving et al., 1977; Paffenbarger et al.,
- 1983). Hypertensive patients had signif icamlﬁ':more body weight than normotensives. Men who
were 20% or more ovef their ideal weight for height were at 78% greater risk of developing
hypertension than lighter men. Paffenbarger et al. (1983) went on to show that it is obesity (ie.
excess body fat), rather than vu;eight per se thal increases the risk.

. Other risk factors such as: hypercholestefolemia and smoking, have an additive affect
with hypertension (Kan}el, 1975). Hypertensioﬁ has been shown to accelerate and intensify
atherogenesis significantly in cholesterol fed animals (Stamler, 1979).

Intervention trials to lower blood pressure reinforce the importance of blood pressure

as a risk factor. The Veterans Adminstration study (1970) demonstrated such a dramatic

improvement in cardiovascular disease morbidity, for severely hypertensive patients over
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controls receiving placebos, that the trial had to be stopped because it was unethical n.ot 10 treat
these severely hypertehsive patients. In severelv hyper'tcnsive patients (>164 mmHg sys.tolic or
>IO4 mmHg diastolic) the affectiveness .of treatment in preventing terminating organic.
complicationé" wa§'73%. These researchers felt 4th'ere was little doubt about the effectiveness of
antihypertensive médication in the severely hypertensive. Howeyef, _thley were less convinced in
the mildly hypertensive.

The Hypertension Detection and Foliow—up Program Cooperative Group (1979)
investigated the response of mildly hypertensive subjects to specific ar;tihypertensive therépy .
They acmonstratéd a decrease in yeaf mortality f rofn all causes of 17.% when compared to'the
normal ‘trc‘eatme'm group and a decreas: in CHD mortality of 15% over this same period.
| Additional work has been don'e to substantiate these findings (MRFIT, 19823 Puska ct
al., 1983). Treatment of mild hypertension (diastolic prf;ssures between 90—104 mmHg)

resulted in 46% fewer deaths from myocardial infarction and 45% fewer deaths from

cerebrovascular disease.

CIGARETTE SMOKING

There is believed to be a distinct relationshin between cigarette smoking and arterial
t_hrombotic‘disease (Levine, 1973). Nicotine in cigarettes causes platelet aggregation and |
liberation of free fatty acids, not to mention, it's transient eff ects of 'increaéed heart rate and
vasoconstriction. |

The World- Health Organization (1975; 1979) classifies smoking as a major and
mpdifiable risk factor for ischemic heart disease. ’Cigar‘et.te smoking acts both independantly
and synergistically with other major risk-factors such as hypertension and hypercholesterolemia
to incfease the risk of CHD. Cessation of smoking significantly reduces the mortality rate from

N

CHD compared to those who continue to smoke.

U.S. rail‘rg.;d workers had a dez;_Lh rate from CHD that was 428% higher in smokers,

who smoked more than 20 cigarettes per day, than in non-smokers (Keys, 1970). The American



Heart Association (1960) reports that the death rate from: CHD is 50—150% higher in heavy

smokers. This data suggests that heavy® ci;'garettel,. smoking contribute.s 10, or accelerates the
development of CHD. . * |

The Framingham data (Dawber, 'L98'0:' Kanhbl 19§1) demonstrated twice the risks for
CHD in smokers over non- -smokers. In addrtron the age of onset of CHD was younger by 2 5

years on average in male cigarette smokers The ‘affects of crgarette smoking were most

pronounced in young males especially under the age of 40. The risks of havmg a myocardial

infarction, when smokers were compared to non- smokers was 3 times grcater for ages 30—39 =

2 times greater, for ages 40—49 and there was no difference for ages 50—59_.

There appears to be a dosc response relationship between the number of cigarettes

smoked. and the development of CHD (Kannel, 1981). The.Pooling Pro‘ject (1978) also
demonstrated this phenomenon. A pack-a-day smoker has 2. 6——4 0 times greater fisk of a frrst
+ coronary event than a non-smoker regardless of age. The rrsk rises raprdly above l/n2 pack
/da) but 1/2 pack/day smokers still are at greater risk than non- smokers ) L

Angiographic studies also pomt\out the relatronshrp between CHD _and‘ cigarette
smoking '(Cramer et al., 1966). A higher rate of severevarterial damage rn the walls of the

coronary arterres occurs in smokers regardless of therr serum hprds

Cessation of smoking reduces ones risk of mortahty from CHD (WHO 1975) The rrsk

Y.

decreases gradually with time, but it may take an estrmated s, 10,; or even 20 years.-abef ore the - o

risk is equal to that of a non-smoker (Kannel, 1981; Kannel et al_., 1984).' Th’e greatest decrease

"},

B

4

in risk, up to 50%, occurs within the first year after x-s‘topping the cigarette habit (Kannel, - - '

1981). It is estimated that.a decline in cigarette smoking in the gene'ral population could reduce
mortality from CHD by 14—42% dependrng upon the assumptlons made about dose response
&

curves to CHD (Kannel, 1981). G : .

Coronary heart dlsease rates are down 24% from 1968 to 1976 and the number of

crgarette smokers has decreased since 1964 by 25% in males'and 11% in fema]es (Stamler 1979) .

Smoking intervention programmes are generally unsuccessful, but the MREIT group (1976)_
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demonstrated a decrease over six years in the number of smokers from 59 to 46%. Therefore,

modification of this lifestyle factor is possible, and it does make a noticeable difference.

P

W

EXERCISE

Physical activity during working hours and/or leisﬁ;e time has been linl;ed to the
prevention of CHD.“Morrié et al. (19S3a) werc‘ pioneers in ‘this.area of research with thei‘f‘vwork
on the London buémen and conductors. They found a decreased‘incidence of CHD 'in the‘
condudtor_s whc'an comparéd to the bus drivers. They proposed that this was due to Lhe‘ aglded
p!lysical demands of the' conductor's job, and that their physical activity was having a
protective effect against CHD. They went on to study letter carriers against inside pbstal
workers aﬁd the same phenomenon occured (Morris et al., 1953b). The letter carriers had é

lower incidence of CHD; and when it did occur it appeared later in life. However, no attempt

was made to control for confounding variables such as job stress or self-selection into a

=

particular 5ob due to underlying disease. ;_

In later work by Morris et al. (1966 ; 1973), some of thgse confounding vér‘iables were
analyzed. It was f ound.that drivers had higher systolic bloodh pressure and higher serum lipids
than the conductors. Howéver} in the final analysis they still concluded that physical activity
does play a role in promoting cardiovascular health.

Paffenbarger and Hale (1975) studied the physical activity level dliring the working

hours of San Francisco longshoremen. Attempts were made to.control for self -selection into

‘easier jobs due to uhderlying desease. In spite of this, the highly physically active group

developed significantly less heart disease thanvthé moderately or lightly active groups

. ‘ . r,
(26.9/10,000, 46.3/10,000, 49.0/10,000 respectively). The crucial level of physical activity that

_was required during working hours was 5.2 kcal/min of energy. This risk protection was found

o

to be independant of smoking. history, systolic blood pressure, obesity and diabetes mellitus.
Autopsy studies also support the premise that physical activity is protective against

CHD. These studies showed more healed infarcts, fibrous patches, scars and coronary
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occlusions in individuals who engaged in light as opposed to heavy job related physical activity
(Fox et al., 1971). |

Leisure time physical activity has also bgen associated with a lower incidence of CHD

(Morris et al., 1973; Paffenbarger et al., 1978b). Expending less than 2,000 kcal/weelg in leisure

- physical activityf i'n;d a 64% increased risk of CHD over those who utilized greéter than 2,000
kcal/weék (Paffenbarger e£ al., 1983). The affect of physical inactivity combined with other
risk factors such‘ as cigarette smoking, obesity and vhypertensi‘on, magnified” the ri‘sk of
aeveloping CHD (Paff enbarger et al., 1978a).

Peters et al.(1983) carried oﬁt a follow-up study over a-10 year periqd on a gronn-of
men who were classified.into f’ itﬂesg categor}es based upon a test of cardiovascular fitness. They
found that the unfit men were twice as likely to have a heart attack as theif fit counterparts;
and wh-en 2 or more risk f actors were a_dded to this lack of fitness the %k increased to 6 times.

The Framingham data (Dawber, 1980) also supports the case for physical activify.
Sedentary individuals had approximately 3 times the rate of CHD when compared to the most
‘active gréup._ However, the benefit from moderate activity was less pronounced. It appears that
an excess energy expenditure of 400—3500 l&cél/day is required to offer protection from CHD\
(Fox et al., 1971). The abéolute minimum would be’ 1 hour ;)f aerobic activity spread over 3

/clgys in the week (Ndra et al., 1978). | . | |
.The multif actoral beneficial effects of exercise are well demonstrated in a report by
Lopez et al. ( 1974). An intense programm-e of short duration resulted in sighif icant decr -aues 1n
" serum triglycerides, LDL cholesterol and increases in HDL levels. | |

The benef its-of exercise are not as pronourfced when heart disease is already present (ie.
post-infar;tion) (Navtionalv Exercisé and Heart Diééé_se ‘Projec't. 1981; Rechnitzer et al., 1983).
The activity in these groups ‘was'not harmful but it failed to have 'any significant effect on

-

mortality rates or re-infarction rates.
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F AIV;‘ILY HISTORY
' Familial aggfegation of CHD, particularly when it fesults in the early onset df the
dis.ease,r is well recognized. Risk f acto,rs such as hypertension, hyperlipiderr;ia, obesity, smoking
‘and impaired glucose tolerance tend to cluster in families (Robertson, 1981 Kannel et al.,
1984). Persons who develop CHD are conccnirated in fewer f amilies than chance would: dictate.
A positive family history of a first degree rcl;;tivé with CﬁD in'creases.the risk of deW:Iopin"g
CHD by 2—5 times over someone with a negative history. I'\‘J‘ora et al. (1980) lfound_ that the -
highest- risk ratio for CHD was in persons with a family history of a f irs.t' degreé '_r_él.a'ti've;.who
shad the onset of CHD' before age '5.5,‘and then secondly a. 'firs'tﬂldegre.e_ re[#tiy{e 'witﬁ disease
before age 65. Also associated ‘with increased risk of CHD was a f ami'iy‘ f.l.iS[.OT_\’ of stroke and
hypertension. Even after eliminating familial hyperlipid'émia.'. the inevitability of CHD in
persons with a positive f‘:amil_v history before age 5§ was 56%. _Farrﬁlial hyperlipidemics are not
common but Lﬁey occu.r mc;re frequently amoﬁg- p.ali'emsv‘ wiih CHD. In this study 15% of
patients age 35—54 who survived a myocardial inf, arction‘had a familial ’lipid disorder..
: ‘T‘he early work by Morris et al. (1966) discovefed this f amiliél trend of CHD. Morris et
al. (1966) found that a positive family history ‘resulted in a CHD incidence rate of 9.1/1000,
whereas a neg’ative' history had an incidencé rate of 5.9/1000 for all ages.
A Finnish study (Rissanen and N‘ikkila, 1977) further demonstrated the inevitabilit‘y'of
CHD. The risk of dying f rom CHD before age 65 was 5 times greater for f. athérs of cardiac
* patients than for fathers of controls. For brothers of cérdiac patients the risk of developing
fatal or noh-fatal ‘GHD before age 65 was 5 times greater than fpr éisters- of controls. The
clustering affect of CHD in fami_lies was also seen in this study. In 25% of the families: of
cardiac patients there were 3 or more cases of CHD before age 65. Approximately 50% of
angina patients had at least one sibling who manifested CHD. //
Risk factors, for exaniple hypertension and hy'perlipfdemiaé, also tend 10 show a

“familial predispostion (Deutscher et al., 1966; Rissanen and Nikkila, 1977; Paffenbarger et al.,

1983). The data suggests that genetic factors play an important role over and. above the
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.. environment. It is possible to identify an individual who is at risk on the basis of family history
of risk factors, and manifest CHD (Deutscher et al., 1966). Once such a person is identified

lifestyle modification of detrimental nisk factors is possible and recommended.

DIABETES MELLITUS . | o ' .

‘ bardiovascular disease causes death in 57% of diabetic§ and only 32% of ,’vnori-diabetics :
(Ducimetiere et al., 1979). Coronary atherosclerosis is more severe in all ages and occurs at a
younger. age m insulin-dependent diabetics, but coronary heart disease is not inevitable in all
diabet%:ﬁ not all coronary arteries becomie involved. There is however, something unique
about diabetes that increases the risk of CHD over and above other risk fac;tors esécéial]y in
women (Stout, 1981). .

According-to the Fr:amlingham study (Kénhel and Mc Gee, 19f9; Dawber, 1980; Kannel
et al., 1984) the risk of cardiovascular 'mortz’ality, including CHD, doubles in diabetic;s. Women

. seem to be at greater risk than men, which is the opposite to the other risk factors. The
incidence of CHD in diabetic men is 2 times and in women 3 times 'greater than their
non-diabetic 'counterparts. The risk of CHD decreases with advancing age but it is never the
same as a non-diabetic (Stamler et al., 1979)': ‘ |

The risk is magnified by other co-existing risk factors, but it ;des not appear fhat
diabe‘tics co‘pe less well with risk factors than do non-diabetics (Kannel and Mé Gee, 1979).
There does not appear 1o be any statistical imeréc;ion between d{abetes, smoking, hypertension,
serum cholesterol and obesity. ) !

Glucose intol'eraﬁce rather than overt diabetes mellitus has élso been investigated and
there appears to be a positive non-lihear relationship between blood sugar and mortality rates
for CHD (Fuller et al., 1979; Pyorala et al., 1979; Ducimetiere etlal., 1.979). Mortality rates are

) __gignificantiy highér in the top quintiles. Specifically;ig@aiduéls. with a 2 hour post-prandial '

‘blood sugar above the 98th percentile for their age, have twice the risk of developing CHD over

those below this level. There appears to be a threshold above which the risk increases and below

»
»
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“which there is no eff ect.on mortality rates (Fuller et al., 19:19; Ducimetiere et al., 1979).

The 2 hour post-prandial blood sugzrrs required to put an individual into the 98th
percentile are not exceptionally high. For méles.age 40—64 the critical value is 110 mg/dl (6.1
mmol/1) (fuller et al., 1979). It is also important to note that the reiationship between blood
srlgar and CHD is _with 2 hour posl-prandial sugars and npt fasting sugars. Fasting blood
’suge.us did not ehow any signif’ ieam relationship to CHD (Pyvorala et al., 1979). |

Despne the statistics indicating the mcreased risk in dlabeucs multwarlale analysxs
"f arled to show blood glucose as an mdependam rlsk factor for CHD in non- -diabetics ( Pyorala

et al., 1979; Fuller et al., 1979; Ducrmeuere et.al., 1979). Stenhouse et al. (1979) and Stamler

/
t

et al. (1979) both concluded that asymptomalic hyperglycem'ia does not act as a significant risk
factor for increased mortality from CHD.

Several ideas have been put forth to eiplain the relationship between diabetes mellitus
and CHD. Increased triglycerides and increased insulin levels are two of the most commonly
sited (Fuller et erl., 1979; Ducirrxetier'e et al., 1980). High triglyceride levels often accOrrlpany
elevated serum glucose levels. Also high”f asting’ insulin levels have been shown to be positively
associated with CHD. it is suggested 'fth'at the excess insulin, »_vhich enhances cholesterol

synthesis for a given level of glucose, is the key variable for predicting CHD complications.

OBESITY
| ' Insurance company statistics suggest that excess body Weighr is associated with an
increase in general mortality (Képlan and Stamler, 1983). They also suggest that men and
women who reduce their weight to normal and maintain their new weight reduce their risk to
within normal limits for their age and sei.
U.S. railroad workers' demonstrated ‘an increased incidence of CHD in persons with
elevated body weighr and sum of skinfolds (Keys,‘l970). The Fra‘mingham data (Dawber,
1980) supports their claim. Males who were 20% or more above the median wexght for age had

- twice the risk of developing CHD over those below the median. Similar findings were reported
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for females. The incidence of CHD was 50% in all obese persons regardless of age and sex. In
addition, body weight showed a strong posirive relationship to both systolic and diastolic blood
pressure.

The Pooling Project (1978) found an increased risk for men only'in the age groups
40—44, Here the relatlve nsk was 2 l The remammg age groups did not demonstrate any

‘ mcreased risk of CHD with increased body weight.

The body weight is closely allied with other risk facrors. Paf fenbarger et al. (1983)
noted that it is obesity (ie. body fat ) that is the importanl factor not just excess body weight
to helght Using the body mass index (BMI) as a measure of obesxty they found that a BMI of
32+ (greater than 30 is obese) was associated thh a 24% mcreased risk of hypertensxon

Kannel et al. (1984) reported that obesity is strongly linked to hypertension,
hypermsulmemla 1mpa1red glucose tolerance, decreased HDL, hypertnglycendemxa and
hyperurrcemla all of which have been associated with CHD. Kaplan and Stamler (1983) also -
commented that obesity is lmked with low HDL levels and that weight reduction and physical
Aactiv_ity are associated with higher HDL levels. They emphasized that physical activity should be
part of any weight control prograrmme. ~

Others have noted simllar relationships. F_or ekample, obese persons have 'elevated
triglyceride levels and decreased HDL levels (Gordon et al., 1977; AHA,1984). Also body mass
index is positively related to blood glucose levels (Pyorala et al., 1979). .Finally, hypertensive

" patients have Signif icantly more body weight tlran normotensives (Irving et al., 1977).

Obesity i‘s very stongly interrelated to other risk factors and it is often difflcult to
separate the effect of obesity alone. Some report;that obesity is in fact not an’ independant risk
factor (Cramer et al., 1966; Kaplan and Stamler, 1983). The synergistic effect of body weight

with other risk factors is demonstrated below in Table 2:
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Table 2: Body Weight as a Risk Factor (Stamler, 1979 )

2

Risk Factor : Mortality Ratio
overweight al(;ne 1.4
overweight + SBPt >130 23
SBPt >130 + smoking . _ 4 2.1

t SBP refers to Systolic Blood Pressure

ALCOHOL

The issue of alcohol and CHD is somewhat confusing at present. Several authors report
an inverse relationship between alcohoi and CHD (Klatskey et al., 1974; Hennekens et al., 1978
and 1979; Kannel et al., 1984). However, others report a lack of association between CHD and
alcolrol consumption (Wilson et al., 1980)..

Klatsky et al. (1974) noted a larger'number of non-drinkers than drinkers in persons
sriffering from their first myocardial infarction. There was ani inverse relationship between
alcohol consumpuon and incidence of rrfyocardral infarction no matter what amount of alcohol
- was consumed. Interestmgly they also found a greater humber of heavy drrnkers (6 times) in
the smokers than non- smokers They suggest that there may be confoundmg variables in the
“alcohol relationship to CHD ~such as personality trait and ethnic background.

Hennekens et al. (1978 and 1979) found that the preventauve effect was restncted to
moderate to lrght (<2 oz/day) aJcohol consumptron They did not fmd any association
between CHD and heavy alcohol consumption. The risk ratio of light consumption Versus no
consumption was 0.4 (range 0.3 to 0.6). Aéain, they'sug‘gest that confo_rrnding variables such as
personality type (ie. type A or B) may have an effect on these results.

The Framingham ciata (Stason et al., 1976; Kannel et al., 1'984) supports the inverse
relationship between alcohol consu\mption and non-fatal CHD. Again, this negative .correla‘tion

appears stronger in smokers than non-smokers with relative risk ratios of 0.6 to 1.3

A
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respectively. (Stason etlal., 1976). The importance of this finding has yet to be cxplained.

The suggestion has been made that the protective :f fect is due to the increase in HDL
levels; and the decrease in LDL levels caused by alcohol (Castelli et al., 1977). As discussed
previously elevated HDL levels protecf against CHD

| The méjor diff icultSJ With assessing alcohol consumption and CHD is the inaccuraéy of
reporting by the subjects or their relatives (Stason et al. 1976; Wilson et al., 1980):‘*P239p1e are

e

reluctant to admit to their actual alcohol consumption for fear of being labelled 'anralcoholic. '
et .

MULTIPLE RISK

| ‘Coronary heart disease is mulifactorial and the inteération of these risk. factors is
reé;uired to get a clear picture of ‘ one’individual's riskv. A compbsite risk score can be derived for
an individual by usirig a mulu'plé regression equation that was deyelqp_ed from the Framingham
data. This equation was developed through multiple regression analysis and probébility statfstics
of numerous CHD risk factors (Kannel et al., 1976). The American Heart Association ‘(1973) :
has devised an easy methbd, based on the Framingham data, for estimating an individual's risk
by incorporaﬁng such risk factors as smoking, blood préssure. serum cholesterol, age, sex and
élﬁcose.intolerénce. This method will' be applied to the data in the current in'vestigati.on to
estimaie each subject's combined risk for CHD. | |

By way of example, consider the case of a normotensiv;,'nénnoglycem'ic 45 year old

male. If he was a I;On-smoker with a serum cholesterol of 185 mg% his risk of developing CHD- -
in the next 6 years would be 1.8/100; and if this same man smoked his risk woul_ci go up to
2.7/‘10()'. Now if he was a non-smoker with a serum ch_olesterol of 285 mg% then his risk. would
be 4.6/100; and if he was a smoker wifh a serurh cholesterol of 285 mg% then his risk would be
7.0}100 of developing CHD in thg. next 6 years. Fipally, if this 45 year old male smoker with
elevated serum 'éhdleéterol also was hyperten‘sive his risk would increase to 11.7/100. The risk
increases by 1.}5, 2.6, 3.9 and—6.5 times fespectively over the various risk factor combinations. |

- This example clearly illustrates how the risk factors combine to increase one's risk of
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developing coronary heart disease.

SUMMARY

‘ In summary risk factor, anaiysis is a multifactorial problem and it is often dif ficult if °
not impossible to isolate the amount Hof risk associated with each factor. However, each of these-

'ri;k factors has some identifiable association to CHD and many of these risk factors are easily
modified through lifestyle changeé; one of which is increased physical activity. Therefore, these
risk factors will be examined within the codtext of their relationship to one's level of [ itﬁess as

|

determined in a fitness appraisal centre.

1
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Chapter I

METHODOLOGY

SUBJECTS
The subjects for this study were male and female adults, age 17—72, from the general
“population of the Edmontdn area, whb vomntarily presented themselves for a Fitness and Life

Style Appraisal at the University of Alberta Fitness Unit.

FITNESS UNIT PROCEDURES

All‘subjects completed a consent form and the PAR_?Q exercise readiness questionnaire
(Chisholm, 1978) prior, to commencing the test. Each subject was required to be ,?AR-Q
negative prior to proceeding with the fitness apprai's_a].. -

The generél test of fitness included measurements of height, weight, skinfoids for |
prediction of body compositioﬁ using the Harpenden calipers, grip strength, trunk flexion,
sit-ups, push-ups and a measurement of _cardiovasculflr fitness. Finally , each subject completed
the health hazard appraisal questionnaire (Health and Welfare Canada, 1980).

The percent body fat calculations :were based on the sum of 4 skinfolds from the bicep,
tricep, suprailiac and subscapular sites. The sum of skin folds‘ was then épplied to the Durnin
formula to predict the percent body fat (Duminv and Wormersley, 1974).

The cardiovascular test of fitness was an eight minute bicycle ergometevr teét (Astrand
and Rhyming, 1954). Thé Dmaximal oxygen consumption (VO,MAX) for each subject was
predicted from the heart rate response to a specific workload using the Astrand nomogram
(Asgrand and .R‘hyming, 1954). The VO,MAX obtained from the norhogram was corrected for

age (Astrand, 1960) and. then each subject's VO,MAX was/ assignéd a percentile using the

Swedish norms (Astrand, 1960). The subjects were-classified into three groups according to

Table 3.

25
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Table 3: Cardiovascular Fitness Criteria

Percentile : Fitness Category
<5—30 | ' Low’
35—65 Moderate

70—>95 High .

HOSPITAL PROCEDURES

The low and high fitness groups only, were referred to the Cardiac Rehabilitation Unit
at the University of Alberta.Hospital for further assessment. The procedure at the hospital
involved a detailed medical history, including family history of CHD, stroke, hypertension and
diabetes mellitus, .alcohol and cigaretie consumption, and physical activity, followed by a
physicél‘examination by a physician. Following this an exércise stress test on the treadmill to
90% of their age predicted maximum was carried out. The‘ Bruce protocol (Bruce, 1971), and a
Marquette Case computer assisted ECG analyzer was used to analyze the results. The blood
pressure was recorded using a mercury manometer at rest, vduring the last minute of each 'work
load :during_ exercise, imfnediate' post-exercise and in the fourth minute of recovery. Blood
preSsqre' was taken using a mercury manometer with systolic prc\essure being read at the first

Korqtko'ff sound and diastolic at the fourth Kofotkoff sound (ie. muffling of the‘sound).

Blood pressure was categorized as hyperténsive by the criteria presented in Table 4.
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Table 4: Hypertensive Blood Pressure Criteria

State Characteristic -
Rest ‘ SBP{ >140
DBP} >90
Exercise - SBPt >220

1T SBP refers to Systolic Blood Pressure '_
1 DBP refers to Diastolic Blood Pressure

The blood pressure response to exercise was ‘also load related;so that, a s‘ystolic blood
pressure of 220 mmHg on the firstvworkload is a hyp;rtensi\;e response, but it may not be a
hypertensive response if it occurs on the fifth workload. Individuals wefe also classified as ~
‘_ having abnormal blood pressure response to exercise when the systolic blood pressure f a_iled 1o
rise above 1'30 mmHg or fell by more than 10 mmHg; or when the diastolic pressure rose by 15
mmHg or more.

Each subject \‘vas asked to return after a 12 hour fast for a resting, standa;dized
eléctrocardiogram (ECG) and a blood sample invwhich serum lipids and glucose were
measured. The serum lipjds and glucose were ahalyzed in the laboratory at the University of
Alberta Hospitél. Serum glucose was measured by the American Monitor Parallel
methododology (Trinder,1969). The triélycerides were analyzed by the BMC triglyceride
enzymatic method (Bergmeyer,1974) and the cholesterol by the BMC cholesterol-C system
CHOD-PAP method (Siedel,1981). The HDL was measured by the NIH 75-628 publication
lipid research program method '(1974). The lipid ratio utilized was the LDL + VLDL/HDL
ratio.

Table 5 describes the limits.for the various blood parameters. A pefsoq with blood -

parameters falling outside of these fimits was classified as having abnormal (ie. increased or

decreased) lipids or fasting glucose values.
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Table 5: Blood Lipid and Gluctose Limits

Serum Cholesterol > 6.5 mm'ol/'l (250 mg%)

Serum Triglycerides © > 2.0 mmol/l (77 mg%)
Serum HDL < 0.9 mmol/1 (34 mg%)

LDL + VLDL/HDL Ratio > 4.0

Fasting Serum Glucose > 6.0 mmol/I (108 mg%)

The criteria for determining obesity was based on the Canadian norms froﬁ the
Standardized Test of Fitness (Fitness Canada, 1981). The abbvc average category for age and
sex was used to-determine the cut-off point for obesitv. Subjects were class@\fied as obesé if
their ‘percent body fat was above this cut-off point. Table 6 outlines the body fat

classifications.

Table 6: Obesity Criteria

Age ' Sex % Body Fat

15-29 M >19.9
F > 21.9

30-39 M - >239
F > 31.9

40-49 M >27.9
“F > 359

50-69 M >29.9
F > 379

.A'J :

ES

Each subject was questioned about their leisure time activity level while undergoing th'e;
' o o

treadmill test at the hospital. The activity levels were categorized according to the individual's



daily aerobic activity. Table 7 demonstrates this classification system.

#

Table 7: Classification of Physical Activity . - L.
Level ' Activity
1 Sedentary
2 Aerobic Activity <3 Times Per Week
3 v Aterobic Activity 3 Times Per Week
4 Aerobic Activity >3 Times Per Week '

s
’

The alcohol consumption was quantified into the number of drinks per- week fegardless
of the type of alcohol consumed. The subjécts' alcohol consurhption; reported at the fitness
unit on the Health Hazard Appraisél questionnaire and at the hospit'al.' during the physicfian
interview, was recorded.

‘The subject’s cigarette smoking habit was catergorized into smoker, non-smoker, or
ex-smoker. In order to qualify as an ex-smoker the subject must have abst:i\i‘ne_d ‘from smoking
for at least one year.

The family history was desmed to be positive when a first degree relative (ie. parent or
sibling) suffered from coronary heart disease, diai)etes mellitus, Hyperténsion or a stroke. The
age of onset for these diseases was not taken into consideration. ‘

»

STATISTICAL ANALYSIS |
' - A v
The Chi-square test for independence was performed on the data points where the

subjects were catégorized by possesion or absence of a particular risk factor. Oneway analysis

of variance between levels of fitness was executed-on the means of the following parameters:

blood lipids ang glucose vafues,» blood pressure values, age, height, wei;ght, percent body fai,
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alcohol intallcé'and VQ,MAX.V In addition, a T-test on the previously mentioned means was
obtained between the sexes. A Pearson product-momeﬁt correlation between VO,MAX, alcohol

: P ;
intake and fitness classification at the hospital and the fitness unit was executed.
The probability (per 100) of developing CHD in 6 years was estimated for each subject
using the American Heart Associaiion Coronary Risk Handbook (1973). All'subjects'were'
presumed to be left ventricular hypertrophy‘negative by ECG critéria, because this was outside

the limits of the current study. The means and standard deviations for these probabilities were

calculated and a T-test was applied to these means with respect to fitness level and sex.



Chapter 1V
RESULTS AND DISCUSSION
- As demonstrated in Taule 8, ou£ of the 260 subjécts originally tested 75% of the clients
(N=194) at the fitness unit accepted further testing at the hospital. Of the 173 subjecté who

were actually tested at the University of Alberta Hospital stress testing lab, 42% wefe,, classified

in the low fitness, and 58% were classified in the high fitness grdup.

Table 8 : Subjects Tested vs. Fitness Classi fication ‘ : o
Low Fitness High Fitness " Total
(<5—30%ile) (70—95%ile)
 Subjects Tested .08 12 . %0
at the Fitness (42) . (58)- - . (100) -
Unit . . .
Subjects Referred 82 112 194
for Stress . (32) (43) o (75)
Testing : :
Subjects Refusing 26 40 66
Stress Testing (10) C(15) (25)
( ) percentage of total number tested.

An additional 21 subjects who volunteered for further testing at the hospital were lost .
to follow-up for various reasons. The most common reason was an inabilit); to arrange
appointment times suitable to the client and the stress testing lab. Table § lists the number of

subjects that were tested at the fitness unit and the stress test lab.

3
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AGE AND SEX

Tablé 9 gives an additional breakdown of these 173 subjects with respect to fitness level
and sex. Proportionately more sx.lbjlects fell into the high fitness category than the low fitness
category, and this,y\%‘,a:s especially true of the female population, (76%) compared to males
(48%). This"ﬁiscr'epa’ncy_ may be due ‘to the small number of females tested and thus'
ime-fpretation' of ‘the data may be confounded. If there wére equal proportions of men and
‘'women iﬁ thé réferfél and refusal. categoricé and ‘equal numbers ih the 6miiled middle fimess
- category, there was a distinct absence of women in the sample. The female sample in this
investigation was definile]y skewed towards the high fitness category. Due to the small number
of females in the low fitness group interpretation of their data must be donc so with extra

caution.

“Table 9 : Percentage of Subjects Tested at U of A Stress Testing Lab with.their Mean Ages and

Standard Deviations

Both Sexes Females
Low Fitness 42.0‘1“ 10.5¢ 41 .§+10.8 42.4%x9.1
(<5—30%ile) (44) (52) (24)
High Fitness 324+9.2 33.1%9.0~ 31.4+9.5
(70—95%ile) (56) (48) (76)
Total Sample 36.61£10.8 37.6+x10.8 - 34.5£10.5
(100) (70) S 1)

) percentage of subjects

* p<0.01 low 1o high fitness comparison

Males
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In addition, according to the Canada Fitness Survey 56% of Canadians are physically
active and the numbers of men and women are equal (Fitness and Amateur Sport,1983). Sinée
the present investigation does not deal spécifically with activity bul rather the number of
Canadians who voluntarily seek information about their level of f itness, this may be the reason
for the dif ferences noted between the female and male resuits. Perhaps there ‘is a difference in
health consciousneés between the sexes. It may be that men are either more concerned abou;
their fitness or thati women are staying away from these testing centers for other reas".qns.
Gruneau et al. (1976) and Hall and Richardson (1982) found that women participate in-sport
less than men for numerous reasons. If one extrapolates from sport to exercise and fitness in
| ., general, their findinés may akppl_\' to the current study. They found that women do not have any
less interest than men, but other things in their lives have a higher priority, such as family and
" careers. Women tend to put their own imeresté and pursuits behind their commitments to .thcir
families. Unless women are well supported through fami]y‘, peer groups, gociai group\‘s or
husbalnc'is*they succumb to family andv Job pressures. More women than men expressed a .
dissatisfaction about their level of actvi'vity but they were less likely to do anything about it.
»,Perhaps these same feelmgs can be extrapolated to the fitness testing environment.

With regard to age, the low fitness group was 51gn1f icantly older than the high fitness
group (Table 9). In addftion to the datzi presented in Table 9, it should be noted that over 60%
- of the subjects were under ,Lhe age of 40 and 30% were 'under the agé,of 30. This relationship
held true when the pOpul'ation sample was divided into the sexes. This relationship. may be
supported by data-from the Canada Fitness Survey, since youhger Canadians tend to be mofe
active than the older groups (Fitness and Amateur Sport #5,1983). This would indeed
influence the fitness levels of a population. The age results confirm the work of Gibbbns etal. .
(1983) who found that the unfit womén in their study were si.gnificantly older than the fit
women, o

The subjects in thi; investigation were generally very voung and vet significant risk

factor abnormalities were detected in these voung people. Since these abnormalities presented at
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a young age, correction of these problems may help to lower their risk of CHD. Counselling of -
these young people about a healthier lifestyle and risk factor modification may lead to

decreased morbidity and mortality from CHD in their later years. -

SERUM LIPIDS

More males (n=21) than females (n=2) had ¢levated triglycerides, "regaifdless of
fitness classification. The remainder of the lipid parameters did. not show any differences in
terms of the proportion of subjects with lipid ‘va]ucs outside the éstablished criteria. There was
a distinct absence df persons with abnormally low HDL values despite several with elevated
ratios. This was most likely due to the strict criteria uséa to establish the lower lifnil of normal
for the HDL eraclion. |

The‘lic;;iai/ fit classification showed higher (p<<.01) values for triglycerides, cholesterol,
lipid ratio and fasting blood sugar plus lower HDL values (Ta.ble 10). This phenomenon
persisted for males but not females when the f imess clgssifications were sub-divided by sex.
Low fit males had higher (p<<.01) values, for triglycerides, cholesterol and lipid ratio plus
lower HDL ;alues (p<.05). Lower fit females demonstrated higher values for serum
triglycerides (p<.01) with‘.minimal changes in tﬁe oiher lipid parameters (p>.05). When
lcomparing fnéles to females, regardless of fimeés level, the malés h;ad higher tfiglycgﬁd;.
- cholesterol (p<.0l) and ratios plusvl()wer HDL values (p<.Ol;Tab4l¢ 10). Whether LI‘;:-s)e
‘differ'ences reflect the small sample size f'oi' the female p‘opulatior; or true differences is
uncertain; however women are less prone to CHD and this may be due to less severe problems
~ with serum lipid aberrations. The latter suggestion is warranted in light of the HDL levels.

The female mean HDL level \yés 1.04 mmol/l compared to 1.40 mmol/I for the males.
This difference of 0.36 mfnol/l (13.85 mg%) is in close agreement with Castelli et al. (1977)
who found HDL levels to be 10 mg% (0.26 mmol/1) higher on averagé, in females than males.
Castelli et al. (1977) also found a difference of 3—4 mg% (O.8—i.0 mmol/l) between persons

with CHD and persons without CHD. The current investigation demonstrated a difference in



Table 10: Means and Standard Deviations for

Total Males Females Low

Sample Fit
Triglycerides ~ 1.34 149 100 174
(mmol/1) +£0.93 +1.05 047 +1.20
Cholesterol 490 496 476 5.25°
(mmol/1) +1.05 +1.05 +1.05 =+0.95
Lipid Ratio 244 2,65 197 292
(mmol/1) £1.00 +0.99 *0.86 +0.93
HDL 1.48  1.40' 1.04 1.38
(mmol/1) +0.35 £0.31 £0.37 £0.30
Fasting Blood 495 5.02' = 3.90  5.05°
Sugar +0.49 +0.49 +047 +0.56
(mmol/1)

p<0.01 male to female comparison
p<0.01 low to high fitness coniparison

Blood Parameters

High
Fit

1.02
+0.48

4.61
+1.05

2.04
+0.87

1.56

+0.37

4.87
+0.42

1

} p<0.01 males, low. to high fitness comparison
* p<0.01 females, low to high fitness comparison
5 p<0.05 males, low to high fitness comparison

mean HDL values between the low and high fit subjecis of >1.0 mmol/l in every case.

Males

Low  High
Fit Fit
1.83 112
+1.28 +£0.55
5290 4.58
+0.99 +£0.98.
3.08°  2.16
+0.94 =*0.79
133 1.47
+0.28 £0.33
5.09  5.00
+0.59 +£0.35

35

Females’
Low  High
Fit Fit
1.38*  0.86
+0.65 =+0.30
5.05 4.66
£0.73 £1.16
226 186
~+0.51 £1.00
1.58 1.70
"+0.31 +0.40
4.90 4.74
+0.42 £0.49

These relationships are consistent with previous work in the field on males alone

(Hickey et al., 1975; Cooper et al., 1976; Erikssen et al., 1981). .Gibbons et al. (1983) also

demonstrated a significantly higher triglyceride value_ in the unfit women. They also found

significantly lower HDL values and higher ratios in the unfit women. The current investigation

failed to show significance in these latter fractions, however there is agreement on the lack of a

significant relationship between serum cholesterol and fitness in women.

Hickey et al. (1975) and Cooper et al. (1976) demonstrated significantly lower serum

cholesterol levels in the fit person, as compared to the less fit, in their studies. They also found

this relationship to be independent of age. Erikssen et al. (1981) did not find any diff erenEe in
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‘the serum -cholesterol values, but they were the bnly group to study the lipid fractions and they |
.did find higher HDL levels in their fit subjects. Shephard et al. (1980) also failed to
demonsirate any lowering of the serum cholestefol values in their employee fitness participants.
They speculated thaf it requires more intense ex;rcise lhan'.what was undertaken by. these
groﬁbs. The subjects were involved in' 30 minuté sessions 3 times a week; but only 15 minutes of
each session could be classified as intense vaerobic‘work. |
Both Cooper et al. (1976) and Erikssen et al. (19814) noted significantly lower serum
triglycerides in the high fit groups and these results were indepgndem of age. Attempts to study
_the lipid fractions 'gnd ratio were not carried out by these authors; but since the ratio involves -
the cholesterbl. tryg]yccridc and HDL components, it naturally followg that significant
_differences between ratios in the low f}t compared to high fit groups would occur when the
individual components show significant diffe'rerrcesl
The question. now arises: what does one do with this information in the fitness
'enilirbnment? It is impoﬁant to consider the value of this information in terms of counselling
the subjects after their fitx(mess test. All clients who present themselves to the fitness uni} are
ﬁresumed healthy and are PAR-Q negative, yet abnormalikties in lipids which play a rnajo; role
in the development of CHD are present. Most people have no idea aﬁout these abnormalities
until a calamity happens such as a myocardial iﬁfarction. Even théugh blood samples are not
taken during a rqutine fitness test, persons classified as unfit are at a greater risk ‘of having
these pfoblems; SO .ef fective counselling about exercise, diet and lif estyl; modifications becomes
even more impo‘rtam. The mean ages of both low f,it ar;d high fit groups could be considered ‘
young éven if the low fit group was significantly older. This also‘means* that there were
. considerable numbers of people even younger ‘than _ihe méan ageé who may have these
. abnormaht\es Perhaps by encouraging lifestyle changes to clients in their twenties and thirties a

lowering of the incidence of CHD W1ll occur for these people when they reach thexr forties and

fifties. It also appears that this information is equally important for both sexes. '
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When the entire population is considered, the low fit persons had higher resting Kéystolic

and diastolic pressures compared to the high fit persons (p<.01;Table 11). This relationship

persisted in the female subjects but not for the males. There were minimal differences in the

mean exercise systolic blood pressure in any of the groups (p>.05; Table 11).

Table 11: Means and Slanddrd Deviations for Blood Pressure

Total Males Females Lc')w

Sample Fit
Resting SBPT 121 1241 - 113 125
(mm He) £15. 14 *14 £13
Resting DBPf ~ 80 82 76 8%
(mm He) +9  +9  £10 8

Exercise SBP 179 187 161 181
(mm Hg) +22 +18 +18 *19

1 SBP refers to Systolic Blood Pressure
1 DBP refers to Diastolic Blood Pressure |
! p<0.01 male to female comparison -
.1 p<0.01 low to high fitness comparison _
3 p<0.01 females, low to high fitness comparison .
* p<0.05 females, low to high fitness comparison

\
}

Males A

High Low & High
Fit Fit Fit
118 125 123
+15 13 %15
78 83 81
+10 +9 +9
178,183 191

+19

+23 ¥t1g

" Females
Low High
Fit Fit
125° 110
+13 +12
YA 75
+6 %10
1700 159
+24 +14

The results of this study agree with a previous study by Gibbons et al. (1983) which

reported this relationship between fitness and blood pressure in women. They found

significantly’ lower blood pressure in the fit women even though all of their subjects were .

normotensive. However, these results do not agree with Codper et al. (1976) and Erikssen et al.

~ (1981) who found sign'if icantly lower systolic and diastolic blood pressures in the fit males

when compared to the unfit males. It would appear that physical fitness has a lowering effect

on resting blood pressure even in normotensive adults. .

Interestingly enough, the only group to show proporionately more subjects in either the
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elevated. blood pressure at rest or hypertension with exercise categories were the high fit males.

- This relationship is demonstrated in Table 12.
Table 12: Subjects with Elevated Blood -Pressure

Males - ‘Females

Total Males Females Low High . Low ~ High Low High

Sample © Fit  Fit’ Fit  Fit  Fit  Fit

At Rest 18 162 10 8 9 7 1 1
(10)  (13) (4 (14) (8) (15)  (13) (8) (3)

During 7 6 1 1 6 0 6! 1 0
(2) (6) (0) (1D (3) (0)

Exercise (4) (5) ()

( ) percentage of subjects ,
! p<0.05 males, low to high fitness comparison

5

. \
Highly fit males had significantly more hypertensive responses to exercise than the unf.

This may be anticipated; for men who exg:rcise longer and reach a higher more difficult stage
might be expected to respond with higher blood‘pressure. Also the current definition of
- hypertensive systolic blood pressure as >220 mm _Hg maybe considered at the low end of tﬁe.
scale (ACSM guidelines,1980). = |
One would not expect major findings in the area of hypertension due to the criteria
" established by the fitness unit for lesting normali subj‘ects'. All subjects must be PAR-Q
negative which requires an absence of any history of hypertension. Secondly, any person with a
resting -blood pressure greater 'thap 145/95 mm Hg would be disallowed from the testing
procec_iure due to‘the restrictions imposed by the U of A fitness unit. This allows very little
room for hypertensive subjects to meet the requirements fbr testing. The definition for
hypertension ih thjs study was 140790 @m Hg; so theré is very little differencé betv;'een this

value and the fitness unit cut-off criteria. Also anyone with labile hypertension could

potentially have low pressure on the day of the fitness unit test and highér pressure during the
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hospital test or vice versa. \,
Despite these methodological préblems, the presence of higher resting values in the
unfit population is consistent with the work of Hickey et al. (1975), Coo;;er et al. (1976) and
Erikssenvet al.-(1981). Interestingly they tested only male subjects, and yet the current study
did not show any significant differences between the males alone. The significant difference
- occurred in the general population and females alone..
The means for resting blood pressure are significantly ‘clif ferent but they are still within
the normal range, but they are‘ very close to the new guidelines established by the U.S.
Department of Hbcalth tand ‘Human Services (1984). However., if one cohsiders the diastolic
blood pressure at one standard deviation above the mean the low fit group then has a resting
diastolic i)reésure above 90 mm Hg. Assuming a normal distribution, that would result in 16%
of the unfit popuiation being classified as hypertensive. A diastolic»pressure greater than 90 mm
Hg increases the risk of CHD by 5.8 times (Keys, 1970). The Pooling Project reported excess
risk when the diastblic pressure rose above 76 mm Hg, and the higher the greater the risk.,The
Framingham data (Dawber, 1980) pointed out the dangér of labile hypertension and bérderline
hypertension which are -equally possible given the above data. Persons can easily ‘vacilate
. ‘between normall and slightly elevated blood pressure.
Again, these facts are important when counselling and advising clients about fitness and
lifestyle especially in the case of the unfit. Mild changes in lifestyle to improve blood pressure
may prevent the requirerﬁent for medication. Increasing activity plus dietary alterations of salt

intake and calorie reduction may help to decrease obesity and h}{pertension.

CIGARETTE SMOKING

T;bie 13 demon'sirates the proportions of smokers, non-smokers and former smokers in
the female and male sub-groups. The proportions do not vary between the sexes or the f iméss
classif ilcati'ons (p>.05). '

There ‘appeared to be more non-smokers (including ex- mokers) in the high fitness



Table 13 : Smoking History by Sex

Non-Smokers
Smokers

Ex-Smokérs

( ) percentage of subjects

Total Sample
107
(62)

22
(13)

44
(23)

group regardless of sex (Table 14).

Table 14: Smoking History by Fitness Classification

Low.

Fit

Non-Smokers 4]
(55)

Smokers - 13
(18)

Ex-Smokers .20
(27)

( ) percentage of subjects

However, - these differences -in porportions were not statistically significant. The greatest
proportion of subjects was in the non-smoking group regardless of fitness level, and the
proportion of non-smokers was equal for both fitness classifications regardless of sex. There

tended to be a greater proportion of smokers in the low fit groups for both sexes. However, the

High
Fit

62
(65)

(10)

(25)

‘

Low
Fit

- 33
(53)

10

(16) |

19
(31)

Males
73
(61)

‘14
(12)

33
(28) .

Males

High
Fit

38
. (68)
(D)

14
(25)

Low
Fit

8
(67)

3
(25)

1
(8)

Females

34
(64)

8
(15)

11
(21)

Females

High
Fit

24
(6§D
(13)

10
(26)

L
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females tended to have a greater proportion of the ex-smoké;s in the ‘high fit group, whereas
the males tended to have more ex-smokers in the low fit grouﬁ. 'I'hé; were very few smokers in
the high fit groups for either sex which indicates a healthy lifestyle of phyéical activity and
avoidance of cigarette smoking. .‘

The smoking trends in this study, despite the lack of statistical significance, are
coﬁsistém with thev work of Erjkssen et al. (1‘981) and Gibbons_et ‘al.. (1983) who foun.d an
inverse relationship betwe¢n p‘hysical fitness and cigarette smokin-g in both’ men and wbmen.
Hickey et al. (1975) also found signif’ ican_tly fewer smokers-in his group w1th heavy leisure time
activity levels. |

Only 13% of the sample population were smokers which is well below the réported
. national percentage of 31% ( Fitness and Amateur Sport #21,1983). This gives an mdxcanon
‘Lhal our population was not representative ot' a normal Canadian populauon yel it may be
representative of the Canadian population who seek advice about the level of fimess and are

more health conscious. Perhaps as ones level of awareness toward personal fitness rises one

. begins to make changes by alteririg smoking habits.

EXERCISE

With régard to exercise habits, each exercise group was well represented but the greateét
number of ‘subjects appeared.in the aerobic exercise 3 Lin:nes a week group (Table 15 and 16).
This was encouraging to see because it'meaﬁs that. many people are making ‘the effort to be
physically active. o

There was a significant difference in remﬁed exercise levels between the 2 fitness
groups, with Lhe aerobically actlve individual being cla351fxed into the hlgh fitness category. Yet
as can be seen Table 16, several sedentary and low active people were cla551f ied in the high fit
group and several very aciive people fell into the lpw fit group. This discrepancy probably

resulted from 2 major factors:

1)the classification into the various fitness levels ‘was found on questioning of the

i
-~



Table 15 : Exeréise Level by Sex
Total Sample
Sedentary 42
' (24)
< 3 times 33
per week (19)
3 times per 69
week (40)
>3 times per 29
- week (17)
(‘ ) percentage of subjects

Males
31
(26)

21
(18)

45
(37)

23
(19)

Table 16: Exercise Level by Fitness Classiﬁcatio'n

Low

Fit

Sedentary 3

- (42)

< 3 Times - 2

Per Week ' (30)
3 Times . 19! .
Per Week (26) '

>3 Times 2!

Per Week ; (2)
() percentage of subjects

High
Fit
8

. (8)

10
(11)

50
(53)

27
(28)

' p<0.01 low 'to high fit comparison
* p<0.01 males, low to high fit comparison
* p<0.0]1 females, low to high fit comparison

Low

“Fit
26°

(42)

16’
(26)

192
(31)

12
(1

Males
‘High
Fit
3
(5)

S
9)

26
{(47)

22
(39)

42

»
Females
4
11
(21)

12
(23)

24
(45)

6
(11)

'F emales

Low
Fit

53
(42)

63
(50)
03
(0)
13
(8)

High
Fit

5
(13)

5
(13)

24
(61)

5
(13)
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various subjects by the'testers. This leaves room for error in interpretatic- -f activity level by
both the subject and the tester.
2)the classification into fitness Jevels may be incorrect. Submaximal testing is not one-

hundred percent accurate and this leaves room for error. This very topic,will be-discussed later

1

‘inthepaper. _ . Co -\

Only 25% of the sample admitted to being totally sedentary ;‘and 56% reported an
activity level consistent with aerobic fitness. This was consistent thh the ‘Canada _F'itness
Survey 'which reported that 56% of Canadians were physically vactiv'eﬂ in théir‘leiﬁure time
(Fitness and Amateur Sport,1983). The difﬁculty with the Canada Fitness Survey data ‘is the’

definition of active; for it leaves considerable room for interpretation on the part of the,

subject. ‘Il would appear from this data that the message of improved -health with fimcss}

-~

getting across 1o many Canadians, however there is still lots of room for improvem\cnf.
The active persons tended to be younger than the non-active ones (Fitness and .
Amateur Sport #5,1983). The current data is consistent with this fact for the high fit group, -

even when subdivided into males and females, was significantly younger t_ﬁan the low fit group.

N

-The Canada Fitness Survey also f ound that fewer active people were screened out of the
fitness tests for medical reasons. Only 26% of the active people v«_/'ere screéned out whereas 39%

of sedéntary people were eliminated (Fitness and Amateur Sport #8,1983). It appéars that the

-

active are more fit and healthier, but one cannot say for certain that activity causes good

- health,.because perhaps the good health allows the increased activity.

FAMILY HISTORY

When comparing males and females, the proportions of persons with positive family

histories were not significantly differenv(Table\ 17). However, when f itness classifications are

w

’ considered, proportionately more people in the low fit category had positive f amily histories fO}z

3 .

coronary heart disease and diabetes mellitus (p<.01). This same relationship _he_ld:'trile for the

males alone when the fitness classifcations were subdivided into sex.




Table 17: Subjects with ‘a Positive "Family History

Males  : - Females

Total.  Males Fefnales Low  High Low. High " Low High'

Sample Fi ~Fit Fit Fit  Fit  Fil

CHD 55 . 34 a3 23 2t T 9 % 14

(32)  (28)  (40) (42)  (24) (40)  (16) (50)  (36)

. Stroke 24 15 9 10 11 7 7 3 4

- 14 13 a7 14 12 1) (13 (25 (10)

Hypertension 59 39 20 22 35 19 19 316

CLGH @B By () () (L) (8 (25) 4D

Diabetes 29 21 18 18 10 16 5 2 5

Mellitus a7n a8y (s (4 (1) (26 (9 A7 (13)
(- ) percentage of subjects i

' p<0.01 low to high fitness comparison
2 p<0.QS males, low to high fitness comparison

It is well documented that a pésitive family histor_v of CHD increases ones risk of
gleveloping CHD, in fact the tisk increases by 2f'5 -times (Rissanen and Nikkila, 1977;
' ’}‘i"‘bbervtson', 1981; Kannel et al., 1984). T‘his b_eing the case it is even more important for pers‘on‘s,
with a ‘sltrong family history to beéome physically activeand nbl congregate in the low fitness
cateéory. This rpremislev assumes- that the benefits in mortality statistics illustrated by Morris et
al. (1966), Paffenbarger and Hale (1975) and Dawber (1980) are in fact reél. There is no
evidehce to suggest that physical activ_ity Will counteract the relationship of family, history and
heart disease, but- therﬁ; is also no evidence-to the contr‘ary. |

“The fact that diabetes mellitus also shows a relationship to io\v fitness 1§:\.'els is not
totally surprisiné. Adult onset diabetes is related to a'- lifestyle of inactivi'ty.v\obesity and
_overindulgenc.e.in large proportion‘ of the popuialion (Kaplan'a‘n'c_i Stamle;,1983). Coronary
heart diséase aI;o has this common lifestyle preSénLaLion in many cases. éhildren growing up in

"an environment, where this lifestyle represents their parental lifestyle, will be significantly
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influenced by this environment (Braun and Linder, 1979). Environmental factors and

iinfluences in childhood play a lafge part in _how one develops as an adult. These familial

fluences can paly a role in ones lifestyle as an adult and in many cases it takes a conscious
decision to change these influences. This is not to downplay the genetic component in these
diseases but -lifestyle influences must also be considered. This is classic example of the

nature/nurture issue.

DIABETES MELLITUS

Very few clients prcéemed with elevated fasting blood sugars (Table 10). This is 10 be

expected since the clients. were PAR-Q negative prior to fitness umit testing. The few who did

v_ show abnormalities were only slightly above normal and could not be classified as having overt

diabetes mellitus, but at best mild hypcrglycemia. The values would have to be repeated with2

~ hour post-prandial sugars before any accurate diagnosis could be made. However, the 3

subjects who did show abnormalities fell into the low fit, male classification. - et

The’ mean values for fasting blood sugar were diff. erem‘between the lovl/ fit and high fit
p'opulations as well As between males and f err-:ales. (p<.05). This information is of little value
accordﬁg to Fuller et -al. (1979) Pvrorala et al. (1979) and Ducimetiere et al. (1979) who
found a non- lmear relauonshlp between blood sugar and mortality rate for CHD. In order for

blood sugar to bé a factor.one must be above the 98th percentile for their age. In addition,

_fasting sugars have shown little relationship to CHD. The main effects oecur with

post-prandial sugars.

OBLsSITY.

o
¥

Ar-roximately 26% of the total sample was categorized as obese and this percentiage

wz same for b~ ~. However, there were proportionately rnofe obese pebple (46%) in
“the low fit grour o =h fit group (10%) (p<.01). This difference became even more

"distinctive when the ... ..ss groups were divided into the sexes. This phenomenon is well -



demonstrated in Table 18.
Table 18: Anlhropome;!rlc Ddta

Males, Females .

Total Males. Females Low High  Low High Low High

Sample ° Fit ‘Fit Fit Fit Fit Fut
- Height 173 178 164 173¢ 172 177 176 166 163
~(cm.) =9 6 et et =10 =6 =6 =10 =8
Waight rZ I CONS S 5 T S SRS X SRR /SR U
(kg =14 =11 =13 =14 =11 =13 =18 =19 =7
% Body Fat 24 n 26 27 22 26 18 s 27
=7 =6 o =7 =7 =3 =5 =7 =35
Obese 46 32 14 0 7 ; - 6
Subjects (27) (27 (26) (46) (10) (44) (3 (58) (15)

{ ) percentage of subjects

! p<0.05 low to high fitness comparison~

* p<0.01 low to high fitness comparison

* p<0.01 males, low to high fitness comparison

* p<0.01 females, low to high fitness comparison

‘The classification system utilized was very liberal, so that one's percent body fat had to be well

above average before one was classificd as obese. The cut-off point wés the 30th percentile.or

below for one's age and sex based on the Canadian norms for 1981. This result is not entirely .

unexpected since inactivity and obesity tend to go together (McDonough et alﬁlQ?O).
Table 18 also demonstrates the results of the anthropometric data. The mean heights,

weights and percem;body-‘_falt were different between the fitness classifications (p<<.01). The

o T

fact that the height was signifiéamly lower i the high fit group was due to a greater proportion

of women in this group than in the low fit group. When the data is broken down by sex and

fitness classification the low fit group is significantly heavier and fatter than the high fit group.

Obesity is linked to lifestvle diseases such as CHD, hypertension and diabetes mellitus

(James,1977). Among the obese with no other medical impairment, it ‘was_ found that the
\ ; .

e
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number of deaths from cardiovascular disease was 50% more than those expected on the basis
_ of normal mortalitv. In addition obese persons were 4 times more likely to be diabetic. More
importantly a 20% reduction in weight in the obese can result in a .40% reduction in the chances
of developing CHD. This is especially true for the young adult |

Previous work b\ Hickey et al. (1975), Cooper et al. (1976) and Glbbon< et al. (1983)
supports the results demonstrated in this study. They all found significantly lower body weight
and percent body fat in lhé fitter subjects regardless of sex. V

The importance of .lhis data is that improved cardiovascular fimesé through regular
exercise is one of Lﬁc best wayvs 1o control one’s body weight and body fat. .Acc‘ording 10 the
- Canada Filness Survey oﬁl}' 61% of adults (52% of. men and 71% of women) ‘sa_\' that weight
con'LrOI is important for personal health (I-;iméss,and Amaleubr Sport #23,1984). Sixtv-five
percent of men and 54% of women whq think weight“control is impoil.'tam' also feel regular
exern;ise is‘ imponam. Neither percentage is very high and the connection between weight
control and exercise is not clear in the general public.

‘Too many fad diets are used to control weight when a modera[e reducuon in caloric
intake plus moderate exercise will result in a far better and more permanent approz;;:h to weight :
comrol.‘ A combination Qf exercise and dictary restrictions is a more effective approach to
weight reduction than diet or exercise alone. In addition w:ighl'loss by diet alone causes
significam loss of muscle mass. whereas, diet and exercise PINLETS against loss of body fat '
(Katch and McArdle, 1983}. |

Gwimup (1975) found an a‘veragé weight loss of 22 Ibs. ir obesc wor2n who éxercised
by walking for more than 30 minutes a day. This weight loss occurred ovi. a one year period
without any dietary restrictions on the part of the women on the study. In addition, the women
commemed that they did not hke the exercise, but they did like the wexghl loss results and Lhe

N

feelmg of well-being. The\ also did not fe°l weak or nervous; and Lhe\ had grealer strength and

relaxation compared to dieting. _ , S ' g

)
“
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ALCOHOL

As can be seen in Jable 19, males consﬁmed on average more alcohol per day than
females (p<.01). Tﬁe actual ;;moum consumed proved to be statistically significant only when
one considers the fitness unit data; for, when one considers the hospital alcohol consumption
statistics. the males did not consur‘nc 'significamly more alcéhol than the females. Thé reverse

.

situation occured when one looks at the alcohol intake with respect to fitness classification.
Significantly more alcohol was consumed by the low fit people thaﬁ the high fit people when
one looks at the hospitah alcohol reportings. This same difference appears in the fitness unit
data but it is not statistically significant. The greatest problem with these results was the large
variability 1n the responses 1o lh;‘\‘. question of alcoho! consumption. The standard deviations
wére.oﬁen larger than the means and this makes drawing reliable conclusions about alcohol
intake difficult.. : ' : 2 |

Table 19: Number of Drinks per Day

Males Females

Total Males Females Low  High LO\’\’ High  Low  High
t

Sample Fit Fit . Fi Fit Fit Fit
Reported at 3.7 4.7 19 4.3 3.2 4.7 4.1 2.3 1.8
Hospital =41 =46 20 =47 =335 =49 =41 =29 £l
Reported at 4.1 47 2.9 5.1 31 52 4.0 4.7 1.9
Fitness Unit *51 =558 =38 =40 =359 =47 =58 2.0

4.0

! p<0.01 male to female comparison
* p<0.05 low to high fitness comparison

The value of alcohol consmption as a protective health influence when consumed in
moderation is still up for debate. If it is protective, then the unfit should gain from this
increased consumption but unfortunately the higher alcohol consumption fits into the pattern

of obesity, inactivity and over indulgence.

g
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| Alcohol has been reported to increase HDL levels (Castelli et al.,1977). If the affect of |
cardiovascular disease pfmection is mediated through higher HDL levels one would expect
higher levels in the unfit group, when in fact they were significantly lower. High alcohol
consumption increasesmhe daily caloric intake and can leéd 10 obesity; which may be a
contributing factor in the unfit.

As previously stated bone of the major problems is to obtain an accurate estimate of
one's alcohol intake. In this study a comparisqn betwec_:n the reported alcoh;)l in;ék¢ at the
fitness unit via a questionnaire, and to a physician by direcl. questic)nnihg was undertaken. The
correlation between the 2 values was .73.,0ne can conclude that only 50% percent of cz;scs give
a valid response to the question of alcohol consumption. This means that the reported alcohol
consumptién b\ an iﬁdividual is variable and can make determining the benefits of moderate

alcohol intake difficult to evaluate.

MULTIPLE RISK
Table 20 illustrates the results of the multiple risk factor analysis using the American

-

Heart Association Coronary Risk Handbook (1973).

Table 20: Means and Standard Deviations for Probability ( per 100) of Developing CHD iné6

Years.
3
Males Females
Low High Low High Low High
Fit - Fit Fit —. Fit Fit Fit
Mean Risk 2.61° 1.08 2.97¢ 1.28 1.050 0.65
(per 100) - ,

4286 +137  +3.00  +1.64 +096  +0.32

! p<0.01 low to high fit comparison
! p<0.01 males, low’to high fit comparison
* p<0.01 females, low to high fit comparison
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" The ld\i’ fit subjects were at significantly greater risk of developing CHD wit_h‘in the next 6
vears than the high fit subjécts. This same trend persisted wﬁen the males and females were
analvzed individually. The unfit persons were at 2.4 times greater risk of developing CHD in
ihe next 6 vears than the fit pcrsons..An.]ong the males the risk was 2.3 Limés greéter for the
unfit, and g'el only 0.7 times greater for Lhév unfit females over the fit. This data lends support
“to thg previous evidence, ‘that the physically -unfit subjects are at significantly greater risk of

1

developing CHD than the physically fit. The importance of this data is that it incorporates

Y

many of the risk factors into one estimate of an individual's risk.

SU.\’IMAR\" OF RISK FACTOR VDATAI

In the pre?iq.us sections. the relationships between fitness and CHD risk factofs were
djséussed. A common Lhemc aﬁpeared throughout the discussion and that was one of lifestyle.
Diseases such as coronary heart disease, diabetes mellitﬁs and hybertension all havé an elen}en.t
of unhealthy lifestyle 'to them. It was evident that the low.f it group from the community ba_serd
fitness appraisal centre e);pressed many of thesé undesirable qualities, such asvhighe.r serum
cholestéro] values, higher resting blood pres;ure, greaier body wcighl and body fat, greater
alcohol consumption and a greater likelihood of having a positive family history for qoroﬁar_v
heart disease and diabetes r.nelli?'tus. | '

" An ﬁnhealthy‘ lifestvle is'knowrll to be related to CHD and irﬁprovemehts in -Lhis lifestyle
can lead to significant decreases in mortality statistics due to CHD (Cooper et al. 1978; Walker,
‘1983; Goldman and Cook, 1‘984). Goldman gnd Cook (1984) attributed greater than'SQ% of the
reduction in monality rate in U.S. from ischemic heart disease to imprové‘ments ih lifestyie.
During the pefiod 1968—1976 there was a decline of 21% in the déath raie from CHD ahd this
percentage was even greater in persons -under the age of 44. This is an important point because
1t means that chénges are occufing in the‘yb’gnger people, and that influen_cing these vounger

adults can lead 10 dramatic results. As noted in the current study, the majority of the subjects

O‘
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werce under the agé of 40, so it is vital to take the'opportunity during the f itness evaluation to
stress thg: importéncc of a healthy lifestyle.

Improved lifestyle thrpugh decreasing dietary fats, cessation of smoking and increasing
physical activity all can significantly' affect CHD risk factors (Wiley and Camacho, 1980;
Taylor’, 1983; Doll, 1983; Kannel and Schatzkin 1984). Dietziry modifications lead to lowering
of serum cholesterol and ‘reduct_iqns in obesity. Physjcal activity plays a greai role vin reduction
of serum cholesterol, obesity and blood pres§ure, and increasing sémm HDL leveis (Doll, 1983:
Taylor 1983). Kdrnitzer (1984) recommends' a lifestyle of maintenance of ideal body weight,
regular exercise, reduéu’on fn dietary fat, a¥oidance of cigaréue smoking and moderate alcohol
intake. | o

Among the many roles of the fitness counsellor is the requirgmcm to make people
awa're‘ 61“ these problems and their solutions. Wﬁen a berson has come to be fitness tested they
are interested in their health or ihey would not be there. They are concerned 'aboul these
important issues and it is an excellent xrnomem which the couns'ellor must seizé upon 1o
.influence the subject’s lifestylé. This can be done through individual couﬁsel]ing and general .
education of the public él large. As p“reviousl’y mentioned greater than 50% of the population
are not aware of the benefits of ex_ercisé ahd weight control, so it is very likely that they know
even less about the relalidnships of e>-(ercise to these other risk factors (Fitness and Amateur
Sport . #23,1984). This is a great .opporlunity 1o make’ some .changes and the

o ' L R
appraiser/counsellor must be prepared to direc. these changes.

The Canada Fitness Survey indicatt;d. that people generally behave acci)rding 1o whaft
they perceive to be imp_orta_ht and what they find to be fun (Fitness and Amatehr Sport,1983)'.
Therefore, it is cr.ucial to point out the importance of a health); lifestyle and the 'benef-i_ts bf
exercise. Equally as important is to make the expgrience of exercise participation enjoyable.

The Canada F itness Survey also demonstrated that Canadians perceive 'f eeling better',

weight control and stress reduction as greater contributors to one's well-being than physical

activity (Fitness and Amateur Sport,1983). The fitness counselling session is an enormous



52

opportunity to link all of these thfngs vtogether, becaﬁse physical ébtiviiy can contribute to
weight con£ro] and stress reduction aﬁd ultimately to a sense of 'feeling beuer’». It is imperative
that the emphasis on activity will reinforce good heal.th practices.

Badura (1984) stated that "no one can den}"that the excessive consumption of alcohol

a

~ and nicotine, overeating and faulty nutrition, the lack of exercise and the misuse of drugs have

I

considerablgﬁ{ influence on well being and health status™. However. he pointed out that it takes
R : . o : A , 7,

more than just stating the facts to influence people to change. Pressure must be applied to

intcrcsted persons during their fitness testing sessions. through “mass.media, petizr‘ group
. pressure, social stress and working environment (Lawson and Blatch. _1981.'; Badﬁra, 1984).
'vMan_\' of .Ihc lifestyle habits-are. formed through adolescence and -_\'ouné adullﬁood (Badura.
" 1984). The vounger pcrsons'in the c_ufrcm study may then be more easily influcnccd. to make
changes in their lifestvle. A

Shéphard et al. (1982a and b) demonstrated the benf:fits of emplovee fitness
programmes both finaﬁcially. and ‘in terms of one's health. The program involved regular
fitness tesu'ng,Aphysical activity, educational ciassés and ind_ividual corresponden_ce through
newsletters and mail-listings. Theyv lnoted signif icant n'educ_tions in health risk when assessed
through the health” hazard appr;isal questionnaire: Tﬁe improvements were in Lhe aréas of

increased /activity, decreased smoking, decreased alcohol consumption and decreased blood

pressure. They estimated the savings in total health care costs to be $%4.500 per vear for a
company of 1,000 emplovees. This far outweighs the costs of the emplc;y'ee fitness programme
itself.

In another papef, Shephard (1983) estimated that health care costs COl:lld be ‘reduced by
$45 million per year in the U.S. if all people between the ages of 20—69.were of average
I;illness.’ The costs for the fitness facilities and instructors would in no way equél this substantial
reductioﬁ in health care costs. Additional benefits of the-emplovee fitness/lifestyle program

i) : .
weTe worker satisfaction, improved lifestyle, decreased costs of cardiovascular disease, cigarette

and- alcohol related disease, decreased costs of physician services, increased productivity and
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decreased abscnteeism. Fitness counsellors can encourage persons to become idvolved in
employee fitness programmes where such programmes exist,

Forty percent of women are members of the work force and therefore, subjected to the
sanre stresses as their male counterparts (Hall and Richardson,1982). In addition, more women
are smoking so that diseases such ”as CHD, which are prominent in rhr's lifestyle will and are‘
‘aﬂ‘ectmg more women and more often. Therefore, women require the same auemron [{0] ﬁmess
and healthyv lifestyle as men. Perhaps the solutron is to encourage working women Lo become
mvolved with an employee funess programme, and the non-working women to parucrpate in

- .
less structured, time restrrctrvc actrvmes

"The 1983 data from the Canada Frmesx Survey reported that only 6% of Canadlans
would become active after receiving information on the bcnefits of phvsica] activity. An
additional 9% said that having a ﬁmess test would mﬂuence them to become active (Flmess and
Amateur Sport,1983). In the current context of fitness testing, fitness counsellors should be
able to positively modify the behaviour of 15% of Canadians. This is not Lhat‘small a number,
when considering the total Canadian population, and one does have to start somewhere.

Forty percent of people surveyed sited the 'lack of time' is as the major stumblmg
block to phvsrdal activity, but they would be active if this problem couid be solved. ‘Again, this
is a greal situation for the counsellor to help people find the time and priorize their activities.

There are great opportunilies f or fitness appraisers/counsellors and ph_vsicali educators
to play a role in modifying one's lifestyle into a more healthy state. This can be done through
per;onal example, individual and group education sessions, public awareness programmes,

, e K ‘ ¢
employee fitness programmes to name a few.

LIMITATIONS
The major limitation in the current research undertaking is the validity of the original
submaximal exercise test for cardiovascular fitness. This test was utilized to categorize the

-Subjects into their fitness classification so that an invalid measure allows serious error to creep
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into the experiment.

Each subject was given‘a classification based on the VO, max prediction from the
treadmill test in addition to the original bicycle test. The same set of norms were used in each
case but ‘both VO, MAX values were predictions and not measuréd valugsr.‘ Thirty -eight percent

of the subjects were re'-clasﬁified into a different fitness level after the treadmill test. There was

a definite regression

e mean with the majority falling in the middle fitness level.
R R e T S ) ‘
Some changes wou 1é to the-fact that the tests were only predictions; plus day to

day individual vaf e exercise. However, 38%.is a. very large percentage and it
- - e ) .

KA

- makes the da’ cl perpret, g
- ¢x-«. - The correlation’beiwRen the two VO, MAX predictions was .70. however the correlation

between fitness classifications waé onlv .59, As can be seen there was considerable error in these

measures., |

The rcasqns'for" these errofs can be broken down into validity: of the ;)rcdiELions and
improper execution of the testing procedure. The yalidity of the cardiov‘asculaf leéts\(ie.
Astrang bicy'cie ergometer test and the Bruce treadmill Les't) will now be discussed.

Vatidation of ‘the As[rand.bicycle test (Astrand and Rhyminé, 1954) wkas carried out by
comparihg the prediction to direct measures of VO MAX . Glassford et al. (1963) fogﬁd a
: L:erelation coel;ficient of .79 between the bike test prediciion and directly mt;aéured VO, MAX.
.;ie\’ries. and Klafs (1965) found a _correlau’on of .736 unde;;" the same circumstances. More
Tecent work ' by K_asph >(1984) found a correlation of only .58. He found the bike Leét

underpredicted one's VO, MAX by 21%, and in up to 80% of people. These statistics point out
the inherent errors in the cardiovascular test o. fitness used to classify the subjects in the
current invesu'gaiion. ' T | ) .
The correlation of .70 between the 2 tests used in this study is a corrc;lation between 2
submaximal tests, both of which have sources of error. Therefore, the error for any one test

may be greater than this value would suggest. Given this correlation, the best one could expect

U .
is to be accurate 50% of the time. N¢:Attempt was made to correlate the submaXximal tests with

N
- -
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a maximal test; for this would have given a better indication of the error in the prédiction’s.

The Bruce treadmill test (1971) also is submaximal and leads to a prediction of VO,
MAX. This protocol was designed with cardiac patients in mind and not for fitness evaluation
(Bruce et al. 1963). Despite thfsf a prediction of VO, MAX can be made based upon the total
Lréadmill time invminuies (Bruce anq Mcp_Donough, 1969; Bruce, 1971). This prediction of VO,
MAX is determined through a regreséion equation based upon sex and total treadmill time as
cag be seen in table 21. ‘

[

Table 21: Regression Equations and Correlation_ Coe fficients for the Bruce Protocol ( ﬁ’ruce,

1971 ).
MEN
VO, MAX
= 8.38 + 2.94([re§dmm time in minutes)
T . 0.936 | |
WOMEN

VO, MAX
= §.05 + 2.74(treadmill time in minutes)

/

r =092

As can be seen above thése correlation coef ficients indicate a minimal amount of
variability. This test is generally, not used for predicting VO, MAX and validation research is
not readily lavailable. Even so thiS‘vtest is far from perfgct and there is some error in its
predictions as can be seen in Table 21. However, when ﬁsing 2 tests with built-in error the.
poteriu'al‘ for large améunis of error is even greater and again makes interpretation of the data
difficult. |

[

The validity of the two submaximal testing procedures has been dicussed.- There are
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three other points about the execution of these procedures that are important to mention.
Firstly, some of the error in predicting \2102 MAX may be due to failure of the tester to stress
the cardiovascular system sufficiently. It is important to raise the heart rate high enough so
that heart rate alonc is responsible for the increases in cardiac outpul.'and stroke volume no
longor olays a role. This makes the relationship of heart rate to VO, MAX rrrore predictable.
_Stroke volume reaches a platcau and f ail< to increase further in the average person at

25—40% VO, MAX (Fox and Mathews, 1981 Brooks and Fahe) 1984). At work loads and

heart rates beiow this level both stroke volume and heart rate contribute to increases in cardiac.

output, and. therefore VO MAX.If a prediction to VO, MAX is based on a heart rate, vrhiclr is
below the plateau level for stroke volume, the prediction will vield a higher Lharr arctual VO,
MAX (ic. over prediction). The reasorr being, thrt if’ the charrges in cardiac outp‘ut were purely
due to heart rate alone the heart rate would have o be higher to give that particular cardiac
output. A higher heart rate for a parucular work load means the person is less fit (1e would

v(

have a lower VQ, MAX). Therefore, it is important 1o elevate the heart rate high enough to

eliminate the effects of stroke volume and make the prediction from the heart rate more

accurate:
Sec_ondly;*measuremem of the heart rate accurately is crucial to the accuracy of the
prediction. Heart .rate measurement Lhroug_hout th'c 11 month 'tesling period was inconsistent
due 1o a variety of measurement JLechniqoes. The -heart ra[\e was genorally measured by
instruments such as a Spori-tester or exer-sensory, but when the iﬁstrumeng\s were not
functioning, rnanual measurement was used. Manual heart rate measurement is diff icult when
the,heart rate is.ra,pi‘d, and it is very easy to miss one or two beats. Missing a few beats over a

v

10 second time period is multiplied by 6 when it is taken over a minute: Such miscal‘culations

~can lead to 1mproper predlcuons for VO, MAX and thus wrongly classifying a person as high or

= &%\A

low fit. For example;“issing 3 beats in a 10 second perrod will lower the heart rate by 18

beats/min. This can result in a person being classified in the high fit group when they should

B 4

-«

have been in the low fit g.roup. Jette et al. (1976) reported a correlation .coefficient of .587

[
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between subject palpation heart rates and ECG heart rates. However, with training this can be

Improved to a correlation coefficient of 94 Shephard et al. (1976) demonstrated that heart

rates measured with an ECG were 7 beats/mm hlgher than manually measured heart rates. As

one can see there is considerable room for error in the prediction of VO7 MAX based on manual

heart rate monitoring.

L4

Thirdly, the 2 testing procedures were different (ie. bike vs. treadmill). The bike test
was a weight supported procedure whereas the treadmill was weight'dependégt. This would
affect the VO,MAX predictions, especially in the obese, unfit subjects; for wa‘lk?ing on the
treadmill would requi're more energy and place a greater stress Qh the cardiovascular éystem
than ridjﬁ'g-a bike. This could help to {urther explain some of the discrepancy between the two

VO,MAX pICdlC[lOI’lS
x

- The end result of this discussion is that the initial procedurc is not without error so -

A ' /
o, o "h) 4

every attempt rﬁust be made to prevem f urther €IToIs. Also when the classifi 1cat10n of subJecLs

s a central part of the investigation another method of evaluating cardiorespiratory fitness

4 should be considered.

.



Chapter A

CONCLUSIONS
The purpose of this study. was lo.in,vesligatc the relationship betwecn the levels of

fitness, as determmed in a umversm or commumt\ based testing fitness fac11m to the nsk

factors for coronary heart disease in adult Canadians. The following sLaustlcall\ sxgmflcam

s
i

' e

relauonshxps were uncovered: ' ' -
Nt ! - h

1. The unflt SUbJeClS were older than the ‘it subjects. ' - X

. v 2. Propo;uonalelw more of the unfit persons illustrated elevated serum mglvcerldes
Al . M “J
,than the fit persons.

3. The unfll persons posScssed hlgher values for serum triglvcerides, cholesterol lipid
‘ P

A%

ranos and fasung blood sugar, plus lower HDI values than the fit persons.

4 The unfn persona demonstraled hxghcr I ting svsiohic and diastolic blood pressure<

: /
than the f it persons.

N

N
5. Conmderauon should be given io the u:> of 85 mmHg as the cut fgf ‘point. for

B

normal diastolic blood pr_es}ure by all fitness appraisal centres as well as all health

rofessionals.

2

1\1

6. The unfn persons exhlbued a grealer likelihood of havmg a posmve famll\ hnstor\ :

o

f or CHD and diabetes melhtus . i ~ >' N '

e

7 The unfit persons displayed hxgher fasting blood sugar values Lhan the fit persons

8 The unfu persons had a greater percent of body fal and greater body Welghl Lhan Lhe g

~ fit persons. B E o
'~< . o \9 .

9 The unf it persons consumed more alcohol per day than the fi its persans

10 The unfu are at s1gmf1caml) greater risk of developmg CHD when multiple risk

f actors are consxdered

CIN . f
5‘ v ,,x.v AT ‘ '
e Thxs ewdence points to one of an unhea]th\ llfesnle and it is essgnual for ﬁmesc

a

( e <

counse}’lors to be aware of these problems when adnsmg cllems about fi 11nes< and hfestxle

l<, -

' changcs The task of altermg a person’s hfest' rL is a monumental one as thc followmg quote

.7 Lt i .
i A - % . . i . o
J & e PR ) r

0




illustrates.

* Men as a rule find it easier to depend on healers than to attempt the more difficult

task of living wisely. .

»
3

(Dubos, 1961)

D
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APPENDIX A: PAR-Q AND CONSENT FORM

THE UNIVERSITY OF ALBERTA
FITNESS APPRAISAL SCREENING QUESTIONNAIRE

The questionna1re and consent form {is designed to assist in 1dent11y1ng the small
_number of adults from whom this submaximsl fitness test might be 1nappropr1ete.
Please cc-plete all parts of the questionnaire and sign it,

«

1

NAME : . __ ADDRESS: i n

N

éhxsical Activity Readiness Quest1onna1re'“ (PAR-Q) YES ( ) NO ()

-

Has your_doctor ever said you have heart trouble?
Do you frequently'suffer‘from pains in your heart'or.chest?

-Do you often feel faint or have spells of severe diz;iness? Ciaerae
Has a doctor ever said_your blood pressure was too high? - .J
Has yodr doctor ever told you that you have a bone or joint °

problem such as arthritis that has been aggravated by .
exercise, or -19ht be -ade qprse with exercise?

-

1s there a good physical Teason not mentioned here uhy you
should not follow an activity program even {if you. ‘wanted to? R

Al
Are you over age 69 and not accustomed to vigorous exercise? o o . .

Consent for the Standardized Test of Fitness

1, B . authorize the University . Alberta to administer and ;

. conduct an exercise fitness test designed to determine =y physical work capacity’. 1.
u v understand that ] will perforn tests of grip streﬂgth-»sit-ups §push-ups and trunk

flexion. - . ” A

b

I understand that I°will pedal a bicycle ergoaeter !or eﬁght fnutes at a resistance

t identified for my sex and age group. During the pérfornan(g Qf; ‘the test my heart

rate will be.monitored and my blood pressure v1l§;b@‘ieasured pridr to, during, and

at the completion. of the test. The test will be discont1nued when ] reach a .
predetermined heart rate or i{f [ become distressed in any way or develop any. abnormal .
response which ever of the above occurs first, Every effort will be made to conduct §5
the test in such.a way as to minimize discomfort and risk. - However, I understand DR
that just as with other types of fitness tests there are potential risks. ‘These

include episodes of transient lightheadedness, fainting, chest discomfort, -leg cramﬁs

and nausea . ¢
> . 0@ : :

1 understand that 1 can .discontinue. .the test at any time or choose not to perform '
specific items. The test has-been fully described to me and Iuhave had the )
opportunity to satisfy my questions about the tests.

In agreeing to such an exauination -1 watve any lebal recourse against the members of .
the staff of the Uhiversity of A1berta from any and al) claims resultipg from*
personal injuries sustained or death resulting from these tests,  Thé€ wafver shall:
be binding upon my heirs and my personal representatives.

“DATE : ' , SIGNATURE: . : - o

!
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APPENDIX D ASTRAND-RHYMING NOMOGRAM
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APPENDIN 1 AGE CORRECTION FACTOR FOR ASTRAND-RHYMING NOMOGRAM
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APPENDIX F: SWEDISH NORMS FOR CI
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