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Association of Aerctoic Capacity with Selected CHD Risk Factors
in Males Ages 16-18 Years (55 pp.)_
Director: Brian J. Shark^/C^
The purpose of this study was to detect whether total
cholesterol (TC), high density lipoprotein (HDL), low density
lipoprotein (IDL), body weight, aid percent body fat were
different between the aerobically fit and aerctoically less fit
groups in males ages 16-18 years. A second purpose of this
study was to determine the relationship of aer<±>ic fitness to
TC levels, HDL levels, IDL levels, body weight and percait body
fat. A final purpose was to detect which factors correlated to
the greatest amount of variation in VO^nax (ml/kg.min), HDL and
IDL amaig the subjects tested. To obtain a VO-max, each
subject did a maximal graded exercise test. Performance in the
test along with the subject’s current activity level were used
as the criteria in placing the subject in either the
aerobically fit or aerobically less fit group. Percent body
fat of each subject was estimated from their individual weights
under water and their residual volume. Blood samples were
drawn from the subjects and analyzed for TC, HDL and IDL levels
at the Western Montana Clinic. Correlation coefficients were
computed to assess associations. Stepwise multiple regression
equations were used to predict variation among selected
variables.
The results of this study showed a significant (p<0.05)
difference between the aerobically fit group and aer&)ically
less fit group in percent body fat, VD.max, TC level, IDL
level, TCrHDL ratio and the IDL:HDL ratio.
VOjinax was
significantly correlated to HDL percent body fat, body weight,
TC:HDL ratio and the IDL:HDL ratio. T3ne factor correlated with
the greatest variation in VO^max was percent body fat followed
by IDL level. Body weight was the only factor to significantly
correlate to the variation in HDL while TC was the only factor
to significantly correlate to variation in the IDL level.
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CHAPTER 1
Introduction
Cardiovascular heart disease (CHD), which accounts for more than
600,000 deaths a year, is the leading cause of death in the United
States

(5).

Risk factors for CHD

in

the

adult

established by the American Heart Association ares
pressure, increased total cholesterol

population
high blood

(TC), increased low dmsity

lipoprotein (IDL) levels, lowered high density lipoprotein

(HDL)

levels, cigarette smoking, elevated uric acid levels, inactivity,
excessive emotional stress, obesity and heredity.
The

prcbability

of

manifestation

of

CHD

exponentially with additive nunbers of risk factors

is

increased

(11, 14). - In

the past, research on CHD and CHD risk factors has been aimed at the
adult population with the primary focus being middle-aged men. The
population for

which CHD risk factors have not been established is

young adults under the age of eighteen years.

Researchers have

hypothesized that CHD begins in early childhood.

In order to catch

the disease at its earliest stages, scientists need to establish
risk factors for the pediatric population.

Critt^en supported

childhood screening of CHD risk because:
the genesis of the atherosclerotic lesion appears
to begin in childhood. Efforts to prevent this
process should therefore be directed at children
since substantial and potentially irreversible
damage may already exist by the third or fourth
decade of life before any symptoms have occurred

(11).
It was the purpose of this investigation to study the relationship
of serum cholesterol, HDL, IDL and percent body fat to the aerobic
fitness of males between the ages of 16-18 years.
1
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Exercise
Exercise has been postulated in the literature for years as an
effective mode of decreasing CHD risk factors.

One method of

evaluating how the body has responded to regular exercise is to
examine the individual's aerobic fitness level. A common measure of
aerobic fitness is VD max in ml/kg.min.

The correlation between

2

aercdoic fitness, expressed as VO max, and decreased CHD risk factors
2
is significantly high (23,25). In an investigation by Hartung, et
al., eighteen coronary patients showed a baieficial increase in
serum HDL with an increase in VO max as a result of exercise
2
(13,20). Similarly, Cooper, et al., found a decrease in TC, LDL,
and perceit body fat and a beneficial increase in HDL vAiich was
positively correlated to an increase in VO max following an exercise
2

training program (10). In the preceding experiments, an increase in
the activity level of the subject resulted in an increased aerobic
fitness level or VO max.

"Rnere is little research which has tried

2

to use the VO max of adolescents, without a training regime, as a
2

reflection of blood lipid levels.

mL
Exercise tânds to have the greatest impact on raising HDL
levels.

HDL is a carrier lipoprotein of cholesterol. Although the

role of HDL is not thoroughly understood, evidence suggests HDL
carries

cholesterol

from the arterial wall to the liver for

catabolism and excretion (40). Epidemiological data indicates that

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

individuals with increased levels of BDL have a decreased incidence
of CHD (7), Sane researchers believe fDL levels to be the most
powerful indicator of risk for CHD (2,17,39). The lower the serum
HDL level, the greater the severity of CHD lesions

(50).

Although

there is disagreement in the literature as to whether diet or
exercise is more effective in lowering serum TC levels,

researchers

tend to agree exercise is more effective than diet in raising HDL
levels (20,24). Hartung, et al., suggested that a high correlation
betweai H)L and VO max indicated the possibility of a direct fitness
2
related mechanism in elevation of HDL levels (7). Exercise also
appears to decrease serum IDL levels.

IDL
As mentioned earlier, an increased level of IDL is considered a
risk factor for CHD. IDL is a carrier lipoprotein for cholesterol.
Unlike HDL, IDL carries cholesterol to the atherosclerotic process
(63). Exercise and a corresponding increase in aerobic fitness has
bem

positively

correlated

to

lower serum IDL levels

(36).

Conversely, caloric restriction has not beei characteristic of lower
IDL levels

(62), Sinpson, however, found that obesity was inversely

related to HDL levels.

He suggested

fatness

may

contribute

independently to the lowering of HDL levels beyond the effect of
activity and dietary saturated fat in the subjects (56).
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Obesity
Although obesity is considered a risk factor for CHD, obesity is
not always indicative of increased serum TC levels, weitman, et
al., noticed no decrease in serum
weight

due

IDL in si±>jects Wio had

aitirely to caloric restriction.

decrease in HDL in the caloric restricted subjects

lost

He did notice a
(62).

A similar

respcxise to caloric restriction and body conposition change was
recognized

other researchers (12,66).

The previously mentioned Œ D

risk factors have been clearly

established and studied in the adult population. Mults vAo have
low fat diets, low percent body fat, decreased TC levels,

increased

HDL levels and regular exercise have a lower risk of CHD (10).
Currently, the literature has very little information on CHD related
risk factors

in young adults 18 years and younger. There iseven

less research

on the effect exercise or diet intervention has on the

possible

risk factors for CHD in the

young population. Several

articles

have postulated the need for

CHD related research on

children, but few studies have been r^x>rted (10,37,46,49,51).
The proposed research examined 16-18 year old males from the
Missoula

Area School District and three subjects from Browning,

Montana. Aerobic fitness was correlated with percent body fat,
serum TC, HDL and IDL levels to determine vâiether the relationships
in young adults are similar to those in the adult population.
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The American Heart Association and related health organizations
are focusing attention on prevention and intervention in the CHD
disease process. Because of the age related increase in IDL and TC
levels and decrease in IDL levels, the medical profession should
research the feasibility of early intervention in young adults.

If

scientific procedures can identify CHD risk factors in young adults,
there is a high probability that the disease process can

be

interrupted in successive geierations before the disease becomes a
serious problem for the individual.

The purpose of this study was to
body

weight

and

detect

whetherTC, HDL, LDL,

percent body fat are different between the

aerobically fit and aerobically less fit groups in males ages 16-18
years.

A second purpose of this study was to determine the

relationship of aerobic fitness to TC levels, HDL levels, IDL
levels, weight and percent body fat.

A third purpose was to detect

which

with the greatest

factors

correlated

best

amount of

variability in W max (ml/kg.min), HDL and IDL among the subjects
2

tested.

Limitations of the Study
The number of subjects was limited to 18 male volunteers, ages
16-18 years, from the Missoula Area School District and three
subjects from Browning, Montana. Because of the use

of volunteers
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and

thus

a

lack

of

random sampling, the results

of this

investigation may relate to only these subjects and not to the
universe.

Definitions
Aerobic

fitness-the

ability of an individual

transport and utilize o:^ei.

to take in,

In this study, VO max

in ml/kg.min

2

was used to assess the subjects' aerobic fitness level.
Aerobically fit youth-youth who have a VD max at or above 60
2

mlAg.min and are currently exercising and utilizing

3000 kcal or

more a we^.
Aerobically less fit youth-youth who have a VO max below 60
2

ml/kg.min and are not currently involved in a regular exercise
program.
High density lipoproteins (HDL)-carrier proteins which transport
cholesterol to the liver for catabolism.
Low density lipoproteins fIDLl-carrier proteins which transport
cholesterol to peripheral cells for deposition.
Percent body fat-the fraction of the total body weight that is
fat.
Total serum cholesterol

(TCI-the sum of all the lipoprotein

fractions.
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CHAPTER 2
Review of Related Literature
Cardiovascular heart disease (CHD) is the leading cause of death
in America.

By the

age of sixty, one-^third of the American male

pc^xilation will suffer from CHD. To corrbat the disabling conditions
of CHD, the medical

profession has identified several CHD risk

factors in the adult population.

Such risk

factors

include:

elevated TC levels, elevated lipoprotein levels (LDL and VIDL), low
IDL levels, elevated triglyceride levels, dDesity and hypertension.
In studies dealing with postmortem examinations of servicemen
killed in combat, 45-75% of the men showed aortic fibrous plaques by
the second or third decade of life (37). Atherosclerosis leading to
ŒD

is now believed

to begin early

in life (6,9,31,38,39). Few

extensive studies have been conducted to show whether these same CHD
risk factors appear in the pediatric peculation ages eighteen years
and younger.

Increased total cholesterol levels have a high correlation with
the incidence of CHD (10,11,37,49). As TC levels increase, the risk
for CHD also increases (10,27,29). Excess cholesterol in the blood
can result in cholesterol d^x>sition in the arteries vhich forms
fatty streaks. If cholesterol continues to be deposited in the
arterial walls, the fatty streaks can eventually form the fibrous
plagues of atüierosclerosis.
Lauer, et al., conducted a fourteen month study on 4,329 school
children ages 6-18 years (31). They found the mean TC levels of all
7
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ages and sexes in the stixfy to be 182 mg/dl+ 29. In adults, the
American Heart Association has established a TC level of 220 mg/dl
or greater as being a CHD risk factor. By extrapolating from the
adult CHD risk factor of 220 mg/dl, Lauer, et al., concluded a TC of
180 mg/dl or greater required therapeutic intervention.

It was

concluded fifty percait of the subjects studied were êdready at risk
for future development of CHD (31).
Thorland and Gilliam conducted a study on cholesterol levels in
high and low active pre-adolescent males.

Fift^-five subjects were

evaluated. . The higher active group bad a mean TC level of 148.8+ 3
mg/dl and the lower active group had a mean TC of 155.3+ 5 mg/dl
(60).

Interestingly, the lower active group's diet consisted of

less cholesterol (3.112 mg/dl) than the higher active group
mg/dl).

(324.0

Thorland and Gilliam attributed the difference in dietary

cholesterol to the greater caloric demand in the bodies of active
boys as compared to the inactive boys.
Other studies have shown TC does not significantly correlate
with the level of activity of an individual

(7,33,46,55).

Nataro

found no change in the TC of 16 adolescent boys as a result of an
exercise training program (46).
reviewed

Similarly,

Montoye,

et

al.,

thirteen studies and found no significant correlation

between TC and activity level once body fatness was removed from the
analysis

(43).

To further examine the role cholesterol plays in the

atherosclerotic process,

researchers

have

looked

towards

individual blood lipid fractions as possible indicators of CHD.
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9

Blood Lipoproteins
Lipc^roteins are carrier molecules vAiich transport cholesterol
between the intestine, adipose tissue, the liver and other target
organs. The four major lipoproteins are chylomicr<xis, very low
density lipoproteins

(VIDL), low density lipoproteins (LDL) and high

dmsity lipoproteins (HDL). The concentration of cholesterol is the
largest in IDL

(see Figure 1),

LDL carries cholesterol to the

arterial wall for deposition and thus is believed to ccmtribute to
the atherosclerotic process

(63).

Ccmversely, HDL is believed to

carry cholesterol from peripheral cells to the liver for metabolism
and excretiœ (63).

The

key enzyme in the catabolism of VIDL and

IDL is thought to be lipoprotein lipase (IfL) (26,47,58).
I£L is located in both adipose and skeletal muscle as well as
other body tissues.

The coicentration of LPL is greater in adipose

tissue of womei than of mai. Conversely there are no differences in
the ccxncentration of LPL in skeletal muscle tissue between males and
females. When the catabolicrate of chylomicrons and VIDL
HDL level is increased.

is high,

Nikkila, et al., found plasma HDL levels

and LPL activity correlated in adipose tissue (r=0.66, p 0.001) but
found no correlation between HDL and skeletal nuscle LPL (47).
Nikkila suggested exercise may induce insulin sensitivity in the
tissues, which would enhance LPL activity and result in increased
HDL levels (47).
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Epideniological data jjidicates populations with increased levels
of K)L have a decreased incidence of CHD

(8,53).

Low HDL levels

have beei positively related to increased severity of CHD lesions
(3,7,18,28,50).

Active individuals have higher H)L levels than

inactive pec^le and wcanai have higher a)L levels than men

(47).

Nikkila, et al., suggested the greater LPL concentration in adipose
tissue of wcxmen may account for the known sex difference in HDL
levels (47).
Miller

reported that the size of the total pool of body

cholesterol was unrelated to the mean plasma concentrations of IDL,
VIDL, HDL or triglycerides (41). Pool size of IDL, however, showed
a strong negative correlation with the plasma level of a>L.

Sane

researchers have cdso suggested recently that the ratio of TC to fDL
and the ratio of IDL to HDL may be more important determinants of
the risk for developing CfD than TC, IDL or IDL are independently

(1 ,12).

Effect of Exercise on Blood Lipid Levels
Several investigators have studied the effect of exercise on
risk

factors

associated

with

OD

(5,10,13,20,28,45,50).

Paffenbarger and Hale, in an investigation of 6,351 long shoremen,
found that workers classified in a high-caloric-output-job task had
significantly lower death rates from CH) (48). Morris, et al., who
studied the leisure-time habits of 16,000 men ages 40-64 years
concluded

vigorous exercise apparoitly protected them from CID

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(44), Cooper, et al., conducted a study of 3,000 mai

in an attempt

to quantify the status of cardiorespiratory fitness and risk factor
variables

(10).

Coqper,

et al., si^ports the hypothesis

that

protection from CHD appears to be associated with a higher level of
fitness. Simpson, in his study of 53 male forest service aiployees,
found HDL to be significantly correlated with intense activity
(r=0.37, p<0.01)

(56).

The body's use of more than 7 kcal/min is

defined by Simpson as intense activity.
Numerous investigators have found a beneficial

rise in HDL and

decrease in IDL levels following an aerobic exercise training regime
(26,35,45,59).

Huttunen, et al.,

investigated the

effects

of

exercise on the HDL and IDL levels of 110 men ages 40-45 years
(26). one group participated in a four month exercise program and
the other group was used as the control.

Huttunen, et al., found an

increase in HDL and decrease in IDL in the exercise group
Figures 2, 3).

(see

Lopez, et al., found significant reductions in VIDL

and IDL and increased BDL in a study involving 13 men

in a seven

week ^ercise training program (35). Hartung, et al., found a high
post training correlation between HDL and VD max

in 18 coronary

2

patients

following

an

aerobic

researchers have found similar
result of exercise

training program

results

(13,23,57).

(19).

Other

in coronary patients as a

Hx>rland and Gilliam studied the

activity level of 55 adolescent males. They found the higher active
group had a characteristically higher HDL level (48.4 mg/dl) than
the lower active group (42.9 mg/dl) (60).
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concentration in the
exercise and in the control
group during the trial.
The shaded area represents
the time period before the
beginning of the exercise
intervention (26).

FIGURE 3. Fasting serum
Œ>L concentration in the
exercise and in the ccmtrol
group during the trial. The
shaded area r^resents the
time period before the
beginning of the acercise
intervention (26).
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Although cross sectional studies do
effect relationship,

not provide a

cause and

exercise has been shown to be a positive

correlate to an improved lipc^rotein profile.

Similar research

needs to be done on individuals 18 years and younger. After all,
Americans tend to be lower than other countries in physical fitness
and at a higher risk for CHD (49).

QH-BlQOd LiBOBCQtiaua t^vels
Obese individuals

(greater than 25% fat for man and 30% fat for

women), tend to exhibit more CHD risk factors than their non-obese
counterparts

(4).

Thompson,

et al., found percent body fat to be

inversely prc^rtional to HDL levels

(59).

Several other studies

have also shown a strong inverse correlation between HDL and percent
body fat

(15,16,21,35,42,52,61).

(greater than 20% fat)

Research on childhood

obesity

shows obese children have higher TC levels

than their non-obese ccxmterparts (30,31,60).

Although obesity has

not been proven to be a cause of C3©, obese individuals often suffer
from CHD

(5).

Exercise and diet are two means of controlling

c*>esity.
Dietary restriction has been used
c^Desil^.

Dietary

therapeutic

means

modification
of

improving

has
the

as a means of
also

been

blood

combating

considered a

lipid

profile.

Modifications in diet such as decreased assumption of fat and
cholesterol have been shown to lower
(15,61).

total plasma

choJestercl

Reports using only total serum cholesterol changes are
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limited since they do not reveal changes in

the

lipoprotein

cholesterol fracticms (62).
Several studies have shown that diet is less important than the
amount of acercise in determining IDL levels
et al., studied the t m
runners and 14

(21,24,59).

Thonpson,

day dietary records of 20 male distance

sedentary

controls

significantly higher BDL levels

(59).

The

(66+12 mg/dl)

runners

had

as conpared to the

sedentary group (46+10 mg/dl) despite the fact that the runners
consumed 20 percent more calories including more fat than the
sedeatary group.

Hartung, et al., studied the effect of diet to HDL

levels in marathon runners, joggers and inactive men
were

(21).

There

no major dietary differences among the marathon runners,

joggers and sedmtary men:

however, the marathon runners

and

joggers had higher IDL levels (20). tertung also noted LDL levels
were lower in the marathon runners, but IDL levels did not differ
between the joggers and sedaitary msn, Weitman, et al., placed 58
sedentary men into four groups in order to study the relationship
between caloric restriction, mild exercise and lipoprotein levels
(62). For the ten week session, they placed the men into either a
caloric restriction group (CR), mild exercise group (ME), mild
exercise and caloric restrictif group (CR4ME) and a control group.
Their data shows ME and CR-fME

as

effective

treatments

lipoprotein alteratim (see Figure 4).
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FIGURE 4
Total cholesterol and lipoprotein changes during
the ten week experimental period (62).
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The literature indicates that there is conflicting infomation
as to whether a low fat diet alone increases or decreases HDL
levels.

Hartung, et aa., found no change in HDL levels following a

low fat diet interveition program in his subjects after a tai wedc
diet interventicsi period (21). weltman, et al,, found a decrease in
HDL levels following caloric restriction in eight subjects tested
(62),

Other r^rts

suggest weight loss mist acccmpany dietary

restriction for there to be an increase in HDL levels (23,20),
The effects of alcohol on H)L levels is also a cmtroversial
topic.

Several investigators have found moderate amounts of alcohol

elevate 5)L levels (8,25,64), Others have found alcohol consunption
does not modify HDL levels (4,16,53).

gumam
Increased TC levels, increased IDL levels, decreased HDL levels
and obesity have all been idaitified as CHD risk factors.

Although

the effect of exercise on blood lipid levels remains unclear,
exercise and a correspondingly increased aerobic fitness level has
been shown to beneficially alter the lipoprotein fractions in the
adult

male

population.

Few

studies have been done on the

relationship of aerobic fitness and TC, HDL and IDL on the under 18
age groi^.
Khoury, et al,, found cA)esity to be an indication of a lower HDL
level when compared to the non-obese child
Gilliam

observed

a

similar

(30),

iSiorland and

phenomena among the more active
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subjects of Üieir study (60). The more active children had a mean
HDL level of 46.4 mg/dl while the ncoi-active subjects had a mean HDL
value of 42.9 mg/dl.

They also found obesity (20% or more in

children) to be positively correlated to decreased H)L levels (60).
Research or the effects of alcohol on HDL remains unclear;
however, most studies have shown alcohol ccnsuirption raises HDL
levels in adults. Because of the possible legal inplications,

there

is no research on the effects alcohol has on the HDL levels of
minors.
Research indicates that exercise appears to
effective

be

the

means of altering the blood lipid profile.

most

Dietary

modificatim alcme does not appear to have as much of an impact on
altering blood lipid levels as does exercise. Several researchers
have found aerobic fitness to be the single best indicator of HDL
levels and possibly IDL levels.

Therefore, the preseit study was

undertaJcai to determine if CHD cheuracteristics, normally shown in an
adult

male

pcpulaticm, were also observdale in an adolescent

peculation.
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CmPTER 3
Methodology
I investigated the relationship of aerobic fitness with selected
CHD risk factors. Aerobically fit and aerdDically less fit were the
two subcategories of the aerobic fitness category. The subjects
consisted of thirteen males ages 16-18 years. Eight of the subjects
were from Missoula, Mmtana,

and five subjects were from Browning,

Montana.
The first two purposes of the study were to test the proposed
hypothesis.

Ihe main hypothesis was that one or more of the

variables of VO max, TC, HDL, £DL, percent body fat and body weight
2

would be significantly different between the two groups.

A second

hypothesis was that VO max would be significantly correlated to HDL;
2
and VO max would be inversely, but significantly correlated to TC,
2

IDL, percent bocfy fat and body weight. A third purpose of the study
was to determine vrtiich variables correlated with the greatest amount
of variation in VO max, HDL and IDL. % e ratios of TC to H)L and
2

IDL to HDL were clLso used in the statistical analysis of data.

The

ratios are hypothesized by Heath, et al., as being an inportant
indication of coronary risk since the delivery, deposition and
clearance of cholesterol from the tissues is modulated by these
lipoproteins (23).

Subjects
Male volunteers

(N=13), 16 to 18 years of age, participated in

the study. Testing occurred frcan May 1984 to July 1984.

The letter

sent to the subjects prior to testing spears in flppaidix B. An
19
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informed consent was signed by the paraits of each subject prior to
testing. The informed consait I read subject prior to testing,

A

sample informed consent appears in ^^partdix A. The subjects were
placed into one of two groups.
The first group

(A) ccmsisted of eight subjects who

were

currently training to ccmpete in distance running events for their
high school trade team.

The second group

(B) consisted of five

subjects who were not currently involved in any type of structured
or supervised training program.

Demographic data of the subjects

appears in Table 1 and Table 2.

Table 1
Physical Characteristics of Group A
(Trained)
Subject

Age (years)

Weight(kg)

A.K.

16
17
18
17
16
16
16
17

55.68
59.09
64.10
70.45
69.55
69.55
59.32
65.00

Means

16.6

64.09

E.M.
D.B.
P.M.
G.C.
M.P.
D.T.
D.J.
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Table 2
Mrysical Characteristics of Group B
(Untrained)
Subject

Age(years)

Weight (kg)

K.K.
D.M.
F.R.
S.W.
E.G.

17
16
17
16
16

64.80
60.45
73.60
70.11
83.63

Means

16.4

70.50

Blood sanples were drawn by a nurse at the Western Pbntana Clinic at
eight a.m. on either May 16, 1984, or June 11, 1984. The subjects
were instructed by the researcher not to eat anything after eight
p.m. the night prior to the blood sampling. Veia punctures frc»n the
cubital fossa provided 5 cc. of blood for analysis at the Western
Montana Clinic.

TC, EDL and IDL were measured in the subjects'

blood sample.
Body dmsitometry was obtained through the hydrostatic weighing
procedure technique described by Siri (1956). A sample of the body
conpositicai worksheet appears in i^ppendix C.

The protocol used in

the underwater weighings was developed by the (Miversity of Mcmtana
Physiology Laboratory. A sample of the instructions given to the
subjects prior to the underwater weight measurement appears in
Appendix D.
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Tfests and Instrumentation
1.

Maximal Graded Exercise Test VO max test results were used as
2

an indicaticHi of the subjects' aerc±»ic fitness level.

The protocol

used in the test was identical to the one used to evaluate the U.S.
Jr. Ski Team inenbers in the fall of 1984.
period consisted

(1) walking

for2.5minutesat a 4% grade and

3.5 nph and (2) running 2.5 minutes

at 8nphat a grade of 4%. If

the subjects'

of

The five minute warm-up

heart rate exceeded 160 bpm, indicating more than 75%

of their age predicted maximal
used.

heartrate, a walking protocol was

If the subjects' heartrate at the conclusion of the warm-up

period did not reach 160 bpm, a running protocol was administered.
The walking protocol was started at a 6% grade and 3.5 irph.
speed

remained

constant throughout

The

the test, «riiile the grade

increased 2% every 2 minutes until the subjects indicated they could
no longer continue.
The running protocol was

started at a 2% grade and 8 nph. The

speed ranained constant throughout the test, while

the

grade

increased 2% every 2 minutes until the subject could no longer
coritinue.
Oiinton Treadmill A motor
exercise

mode

driven treadmill was used as the

for the graded acercise

test. Both speed

elevation were controlled by the ecperimenter.
indoctrinated

and

Each subject was

to the treadmill prior to test initiation.

The

subject was shown, by the experimenter, the proper technique for
getting onto a treadmill set at 3.5 iif^. A thunbs up signal was
used by the subject to indicate he was okay and a thumbs down signal
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was used by the subject to indicate test termination.

The subjects

were also informed th^ could stop the treadmill at any time by
pushing a red button on the treadmill which was in the subjects'
reach at all times.
Beckman Mw-ahni in Measurement System was used to determine the
subjects' expired 0 , CO and the total volume of the acpired air.
2

From

2

these measuremaits, VO max was calculated by the Beckman
2

computer. All VO max values are accurate to ±0.10 ml/kg.min..
2

QH-11 is the oxygei analyzer used by the Beckman metabolic
cart.

After calibration with a known standard, the OM-11 is

accurate to ±5% of full scale. Full scale is 1 to 100%.

the

Medifîai flag Analyzer IB^2 is the 00 analyzer contained in
2
Beckman metabolic cart. After calibration with a known

standard, the IB-2 is accurate to±2% of full scale. Full scale is 1
to 10%.
Turbine meter is a volume meter contained in the Beckman
metWx>lic cart. AFter calibration, the turbine meter is accurate to
+0.04 1/min.
Avionics Stress TestMonitor Model
readout of the

*29008 displayed a digital

subjects' heartrate in beats per minute.

The

heartrate was used at each stage of the test as an indication to the
experimenter, of

how close the subject was to his age related

maximal heartrate.

Astrand has determined that there is a positive,

linear relationship betweei heartrate and VO max

(86).

The age

2

related maximum

heartrate is equal to 220 minus the age of the

subject.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

24

2. Percent Body Fat As mmticmeci previously, hydrostatic weighing
was the technique used to determine the si±>jects* percent body fat.
An autopsy scale was used to record the subjects' weight underwater.
Residual Volume

A dry gas spirometer was used to obtain the

subjects' forced vital capacity.

The moutl^iece on the spirometer

was changed for each subject to insure sanitary conditions.

The

subjects were instructed to take one de^ breath and to then empire
all of their air into the spirometer through the mouthpiece.

The

subjects were given three trials before a final reading was made by
the experimenter. A widely accepted age related correction factor
of 0.25 was used to estimate the subject's residual volume from his
forced vital capacity (65). All values obtained from the spirometer
are accurate to +0.10.

3.

Air Weight Scale

A Detecto-Medic balance scale was used to

obtain the weight of the subjects prior to their underwater weight
test.

Each subject was weighed wearing only a swimsuit.

Tie

Detecto-Medic balance is accurate tot0.50 kg,

4.

Blood Analysis

A 5 ml sample of blood was drawn from each

subject the morning following a 12 hour fast. The blood sample was
analyzed for TC, HDL and IDL content at the Western (fontana Clinic.
The Isolab IDL-Direct An American Monitor Micro KDA cholesterol
audit system which analyzed all of the blood samples. The method of
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analysis is

ion selective chromatogrêçhy.TC, HDL and IDL values

obtained from

theIDL-Direct are accurate to +0.02 ml/dl.

5. Statistical Analysis of Data

The diversity of Montana's Dec

2065 computer was used to analyze all of the data. Ihe SPSS systen
of analysis was the program used. A TI59 hand

calculator was also

used to confirm the means and standard deviations obtained through
the Dec 20-65 ccmputer. Data on each subject appears in T^spendix E.
Means and standard
variable.

Analysis

deviaticms

of

variance

were

calculated

was

Correlation

Coefficiaits

association among the variables.
fitness level

were
The

each

utilized to study the

differences among variables between the two groups.
Marnent

for

Pearson Product

computed to assess the
variables

tested

were:

(VD max in ml/kg.min), HDL, IDL, TC, percent body fat,
2

b0 (fy weight, TC:H)L ratio, and IDL: ratio. The ratios of TC to BDL
and IDL to H)L were included in the analysis because of their
clinical use

in CHD risk factor analysis.

St^iwise

multiple

regressiai equations were computed using fitness level, HDL and IDL
as the dq>endent variables.

Ind^>endent variables used in the

regression equations were selected based on the results from the
Pearson

Product

Momeit

Correlations.

regression egiation, a variable

had

To be included in the
to

show

a

significant

correlation with the criterecn variable.
The 0.05 level was selected as the minimum level of significance
for all statistical results.
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CHAPTER 4
Analysis and Discussion of Data

Introduction
This ch^er presets the data on the various tests performed;
means and standard deviations of all variables sampled; Pearson
Product Momeit Correlations among all

variables

with

special

emphasis on the VD max variable; analysis of variance between the
2
aerobically fit group and aerobically less fit group; and st^jwise
multiple regression equations with aerobic capacity, HDL and IDL as
the dependent variables.

Sanple_Population Means,and, Standard_Deviationa
The population means and standard deviations appear in Table 3.
Means and standard deviations for the aerobically fit group and the
aerobically less fit group appear in Table
respectively.

4

and

Table

5

The pcpulati<xi mean percent body fat is 2 to 3

percmt lower than the age related norm of 16 percent body fat in
males 16-18 years.

Mean total serum cholesterol levels are all

within the normal range. Subject E.G. was the only subject to reach
the upper limits of the normal HDL and LDL level ranges.

26
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Table 3

Subject Means and Standard Deviations (N=13)
Means
Age (years)
Weight (kg)
Percent body fat
VO^mx (ml/kg.min)
Total serum cholesterol (mg/dl)
High density lipoprotein (mg/dl)
Low density lipoprotein (mg/dl)
TC:H>L ratio
IDL;BDL ratio

16.60
66.30
10.63
63.40
128.01
42.26
85.75
3.05
2.10

0.80
7.26
3.99
4.27
24.34
8.18
24.50
1.04
0.99

Table 4
Aerobically Fit Means and Standard Deviations (N=8)

Age (years)
Weight (kg)
Perceit body fat
VD^max (ml/kg.roin)
Total serum cholesterol (mg/dl)
High density lipoprotein (mg/dl)
Low density lipoprotein (mg/dl)
TC:HDL ratio
LDL:HDL ratio

16.60
63.66
8.91
69.75
116.10
44.55
71.55
2.48
1.56

0.74
6.14
3.34
4.27
15.92
6.60
11.98
0.42
0.30
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Table 5

Aerdsically Less Fit Means and Standard Deviations (N=5)

Age (years)
Weight (kg)
Percent bocty fat
VD^max (mlAg*min)
Total serum cholesterol (mg/dl)
High density lipoprotein (mg/dl)
Low density lipc^rotein (mg/dl)
TCiHDL ratio
IDL:HDL ratio

Means

S.D.

16.60
70,50
13.40
53.30
147.10
38.60
108.50
3.96
2.96

0.77
8.88
3.61
9.35
24.44
9.86
22.38
1.13
1.13

Aerobically Fit versus Aerobically Less Fit
The rœults of the analysis of variance for the difference among
means obtained from the aer<±>ically fit and aerobically less fit
groups are found in Table 6.

These results indicate there was a

significant difference in VO max(l/min) and percent body fat at the
2

0.05 level of confidence. VO max (ml/kg.min), TC, LDL, TC:HDL ratio
2

and IDL:HDL ratio were significantly different at the 0,01 level of
confidence.

Age, HDL and weight were not significantly different

between the two groups.

%e

results srçiport that two distinct

groups did exist with regard to aerobic capacity.
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Table 6

Analysis of Variance Between the Tvo Grot^
Variables
Age
weight (kg)
Percent body fat
VD^max (ml/kg.min)
VD^max(I/min)
Total cholesterol (mg/dl)
HDL (mg/dl)
IDL (mg/dl)
Total cholesterol:HDL
IDL:HDL

* Mean Square

p**

MS*
0.002
144.451
61.143
836.677
2.104
2953.109
108.931
273.603
6.672
6.009

SIG.***

0.003
2.743
5.168
43.275
5.659
7.806
1.728
15.338
11.430
11.415

0.9574
0.1259
0.0440
0.0000
0.0366
0.0175
0.2154
0.0024
0.0061
0.0062

*** Significance

** F-ratio

«Correlations Among Variables Measured
Correlation coefficients for aerobic capacity (VD max (ml/kg,min)
2

with selected variables are given

in

Table

7,

Significant

correlations were found with all variables except TC (p=0.19) and
IDL (p=0.059). All significant correlations were negative except
for the correlaticxi with HDL vMch was positive (p=0.02).
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Table 7

Correlations Between VO^max (ml/kg.min)
and Other Variables (N=13)

HDL
IDL
TC
TC:HDL
IDL:HDL
Pat
Weight

0.600
— 0.476
-0.269
-0.702
-0.724
-0.743
-0.975

0.020
0.059
0.199
0.005
0.004
0.003
0.000

Correlation coefficieits between serum cholesterol and other
variables

are

given in Table 8.

No significant correlations

involving TC were found. Negative, significant correlations betwem
IDL and percent body fat (p=0.03) and weight (p=0.01) are evident.
IDL was significantly correlated with only one variable vdnich was
weight.

The correlation was positive and significant at the 0.01

level of significance.
Correlation coefficients between the cholesterol ratios
other variables appear in Table 9.

and

Both the TC:HDL ratio and

IDL:IDL ratio were significantly correlated with VO max (nd/kg.min)
2

(p=0.01) and weight

(pH).01).

The TC:HDL ratio and IDL:IDL ratio

were positive correlates with weight, while VO max(mlAg.min)
2

negatively correlated with the TC:HDL ratio and the IDL;IDL ratio.
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Table 8

Correlations Between Plasma Cholesterol
and Other Variables (N=13)
Cholesterol (mg/dl)
IDL

Total
V02 max (ml/kg.min)

-0.269
(0.199)

0.600
(0.020)

-0.476
(0.059)

Percent bo^ fat

-0.114
(0,365)

-0.657
(0.027)

0.087
(0.393)

Weight (kg)

0.158
(0.312)

-0.657
(0.010)

0.386
(0.010)

V02max(l/min)

-0.3005
(0.159)

-0.0084
(0.489)

-0.2955
(0.163)

NOTE:

( ) = significance

Table 9
Correlations Between Cholesterol Ratios
and Other Variables (1#13)
TC:tPL
V02 inax(ml/kg.min)

-0.7022
(0.005)

-0.7246
(0.004)

V02max(I/roin)

-0.4954
(0.051)

-0.4577
(0.067)

Percent bo^ fat

0.3640
(0.122)

0.436
(0,078)

weight (kg)

0.6816
(0.007)

0.713
(0.005)

NOTE:

( ) = significance
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M u ltip ls Rfi9XSSSiiL0n BOMAtlOnS

Multiple regression coefficients with VD max (ml/kg.min) as the
2

dependent variable are given in Tet>le 10 and Table 11.

Because

TC:H)L is not independent from HDL, two equations were necessary to
test the relative strength of TC:HDL.
eguaticn

because

VO max(mlAg*min).

it
Uie

did

not

TC was not used in either
correlate

significantly

with

t-ratio is a measure of the relative

2

strength of the independent variable.
Table 10
Regression Coefficients for Specified
Variables on VOginax(nd/kg.min)
B

t-ratio

SIG-t

Fat

-1.57579

-3.016

0.0117

IDL

-0.16669

-2.272

0.0464

HDL

0.05846

0.209

0.8384

Variable

R=0.67279

R2=0.45265

"One equation reached the 0.05 level of significance upcm entry of
both fat and LDL. Adding HDL to the equation exceeded the accepted
level of coifidence and thus HDL cannot be used as an accurate
predictor of VO max in the sample population.
2
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Table 11
Regression Coefficients for Specified
Variables on V02iDax(nd/kg.min)
Variable

B

t-ratio

SIG-t

Pat

-1.57579

-3.016

0.0117

TC:H)L

-0.43801

-2.045

0.0680

IN).67279

The

entry

of

R^=0.4265

TC:HDL to the regression equation made no

significant contribution to the variaticm of

VO max(inlAg.niin).
2
Multiple regression coefficiaits with HDL as the dependent variable
are giv«i in Table 12.
Table 12
Regression Coefficients for ^necified
Variables on HDL
Variable

B

t-ratio

SIG-t

-0.66513

-2.703

0.0205

Fat

— 0.21482

-0.645

0.5335

IDL

-0.01771

-0.070

0.9459

Weight (kg)

R=0.63175

R^=0.39911
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Multiple regression coefficients with IDL as the

dépendait

variable are givai in Table 13.
Table 13
Regressicn Coefficiaits for S^pecified
Variables on IDL
B

T-ratio

SIG-T

0.95004

9.489

0.0000

VOjinax(ml/kg.min)

-0.18542

-1.907

0.0857

Weight (kg)

-0.25755

-1.118

0.2897

Variable
TC

R=0.77320

R^=0.59784

Disfiussion
Although there are some, few studies have bem dene examining
the possibility of aerobic fitness as a critereon in CHD risk factor
analysis in individuals under the age of 18 years. In adults.
Cooper, et al., found a higher level of fitness to be negatively
correlated to risk factors of CID in his study of 3,000 man (10).
Thorland and Gilliam found physical activity levels of

normal

children to be predictive of serum lipid levels (59). Durant and
Linder's study found the relationship between physical activity and
lipoprotein levels to be more pronounced in active adolescents than
among less active adolescents

(34).

In this study I found the

aerobically fit iWividuals to have lower risk for CHD in TC level,
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LDL level, TC to IDL ratio, IDL to a)L ratio and percent body fat.
These findings suggest that CH> risk factors are present in the
adolescmt pc^laticxi and there is less prevalence of CHD risk
factors in the aerobically fit individuals. Therefore, it would be
beneficial for individuals to be £4iysically active during childhood
as well as when they are adults.

fiQBBaLisflp D l-th a.Im .S iP U B S

In

this

study the hypothesis was that there would be a

significant difference in selected CID risk factors between the
aerobically fit groqp and the aerobically less fit groiqp. The
analysis of variance showed there was a significant difference in
TC, IDL, TC:HDL, IDL:BDL and percent body fat between the two
groups.

%e

finding of no significant difference between

the

aerobically fit group and aerobically less fit group in HDL levels
is in agreement with results from both Haskell, et al.,
Heath, et al.,

research

(22,23).

research and

In this study, there are a few

possible reasons vdy HDL did not differ significantly between the
two groups.

First, the sample size was small. It is possible that

the saiple was not indicative of the population as a whole and
therefore the unusual finding with HDL would not be in agreement
with most of the literature. Secondly, the activity level of the
aerobically fit group may not have been high enough to significantly
change their HDL level. Some research has indicated changes in HDL
levels appear to be correlated with the intensity of exercise rather
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than the aerobic capaci^ of the subject (22,43,47). Finally, the
difference in aerdsic c2^>acity between groups

was

not

large

(aerobically less fit mean = 53.30 ml/kg .min versus 69.75 ml/kg.min
for the aerobically fit).

Perhaps a greater range in aerobic

c^>acity would have yielded a significant difference between the two
groups.
Haskell, et al., found that the level of performance achieved
during a treadmill exercise test was not significantly related to
HDL in 2,319 men and 2,036 womsn tested (22).

did not suggest

any reasons for these results. They also did not test any subjects
who were currently following a rigorous training scfiedule.
Heath, et al., collected data on ten coronary artery disease
patients who were participating in an outpatient exercise training
program.

They found IDL, TC:H>L ratio and the IDL:BDL ratio to

significantly correlate inversely to VD max (nd/kg.min),

Although

2

BDL did increase significantly

with

exercise,

HDL

did

not

significantly correlate with VD max.
2

In this study ÎDL did correlate significantly with VD max. The
2

majority of research, however,
are

significantly

(10,12,20,60).

has indicated increased BDL levels

correlated

Therefore,

to

increased

aerobic

capacity

exercise and a correspondingly high

VD max would probably decrease an individual's risk for CHD by
2

maintaining a high HDL level.
Belationship of VD max with Other Variables

Z
As previously mentioned, BDL was significantly correlated to
VD max

(p=0.02).

LDL, cxi the other

hand,

was

significantly

2
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different between the two groins; but, LDL was not significantly
correlated to VO max.

%e

relationship of LDL to VD max is also

2

2

indecisive in the literature.
On one hand. Heath, et

al.,

found

significant,

inverse

correlations between VO max and IDL (23). Conversely, Williams, et
2

al., found significant increases in aerobic capacity were achieved
at lower

zeroise levels than were required to alter IDL levels in

their year Itxig experimmt

involving mai, ages 30-55 years

(64).

Possibly IDL level alteration is dependent on exercise intensity as
is similar to a hypothesis held by some researchers with regard to
HDL level alteration.

They believe the level of exercise intensity

must reach 7 kcetl/min before there will be a beneficial alteration
in HDL level (46,48,54).
The TC:HDL ratio

(p=0.005) and the IDL:BDL ratio (p»0.004) were

both inversely, negatively correlated to VO max.

Hartung, et al.,

2

found

a

similar inverse

correlation in their study involving

marathon runners and sedaitary controls

(21).

The two maitioned

ratios are being used more oftai than in the past as identification
of at risk individuals. This study has indicated two reasŒis w)y
the ratios should be used

in CHD risk factor analysis. The first

reason is in regard to HDL. As menticmed, this study did not show a
significant

difference

betweai the two groups in HDL levels.

However, the study did show a significant difference between the two
groups in

the TC to HDLratio and the IDL to IDL ratio. Both of

these ratios include HDL. Therefore, HDL does show a significant
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differaice between the
ratios.

twogrot^ when it

is included in the

Similarly, IDL does not significantly correlate to VO max
2

by itself; but, when IDL is included in the IDL to Œ>L ratio, it
does significantly correlate to VO max. Therefore the use of ratios
2

may be more indicative of risk for CH) than

the lipoproteins are

alone.
TC was the cxily varicdole that was not even close to having a
significant correlation with VO max vdiich is another indication that
2

the lipoprotein ratios mey be a more accurate means of screening for
CHD than TC level alone.

Once again the use of ratios can be

supported by the findings of TC alone and TC as part of the TC to
HDL ratio. The TC to HDL ratio showed a significant differaice
between the two groups

as well as a significant correlation to

VO max. Therefore, TC can be

more bmeficial

in a CHD screening

2

test if it is used as part of the TC to H)L ratio than if it were
used al(me.
Body fat (p=0.003)

and body

weight

(p=0.001)

were

both

inversely, significantly correlated with VO max. Both percent body
2

fat and bodÿ weight have been recognized by researchers as inverse
correlates to VO max for several years (5,10,16,31). Therefore, a
2

decreased bocÿ weight and decreased percent body fat would seem to
decrease an individual's risk for CHD.
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HDL @nd ÜBIi—3S. Pfi&CfldOltS Ul StfiSWlSC

MaltiplfiLJBeqcessiQn Equations
VCÿBag(mlAg*min)
The factor correlating with the greatest amount of variation in
VO max was percent bocty fat

(p=0.01).

Several researchers have

2

suggested the use of percent body fat as a risk factor in CHD
screening procedure (15,17,21,36,43,52). Similarly, this study has
indicated percent body fat may also be used as a predictor in the
VO max level of an individual.

In a practical sense, this means

2

that decreasing an individual's percent body fat could cause an
increased fitness level. As mentioned earlier, a high fitness level
is significantly correlated to a decreased risk for CHD. Therefore,
decreasing an individual's percent boc^ fat would increase his
fitness level and thus decrease his risk for CHD.
IDL was the nect variable correlated with a significant amount
of variation in VO max vdnen entered with percent body fat (p=0.05).
2
This particular finding is not apparent in the research of other
investigators.
None of the other variables correlated with a significant amount
of variation in VO max. In the sample population, percent body fat
2
and IDL could be used as accurate predictors of VO max. Therefore
2

if any of the subjects had a decrease in percent body fat or IDL
level, I would expect a similar increase in VO max.
2

In the regression equation using 9)L as the dependant variable,
body weight correlated with the greatest variation in HDL
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Body weight has been suggested as an accurate predictor of HDL
levels (22,56). As maiticxied earlier, obese individuals are thought
to be more at risk for CHD than their ncxi-obese counterparts. This
studÿ would support the mentioned hypothesis because HDL correlated
with greatest amount of variation in body weight. Therefore the
less extra bod^ weight an individual is carrying, the less at risk
he is for CHD.

Ifili
TC correlated with the greatest variation in LDL (p=0.001).
This was acpected since IDL level is the highest of the lipoprotein
fractions of TC.

Although not significant, VD max (p=0,08) turned
2

out to be a greater correlate to IDL variation than did body weight
(p=0.28).
(p=0.01)

In

the straight correlations analysis, body weight

showed a stronger correlation to IDL than did VO max
2

(p=0.06). This is in support of the idea that strong correlates do
not always act as strong contributors to the variation of a selected
variable.
Although research has failed to demonstrate that an aerobic
exercise program alters serum lipid levels in normal children and
adolescents, several studies have shown that habitual

physical

activity levels of normal childr^ were predictive of serum lipid
leveJs (12,34,60). Although correlaticxial studies do not show a
cause and effect relationship, this study strmgly supports the
continually growing body of evidence which suggests regular exercise
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decreases an individual's risk for CHD.

In particular, aerobic

fitness is correlated to a decreased risk for CHD in adolescmt
bc^.

Therefore,

it

wcxild

be

beneficial for childrw and

adolescents to start a regular exercise program which could have the
possible effect of redkicing their risk for CH).
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CHAPTER 5

Summary, Ccmclusions and Recommendations

&mmarv
The main purpose of the study was to detect whether TC, HDL,
ÏDL, body weight and perçait body fat were different between the two
test groups.

The two studÿ groups were: an aerobically fit group

and an aerobically less fit group. Each group caisisted of males,
ages 16-18 years.

A second purpose of this stu<^ was to determine

the relationship of aerobic capacity

(VO max)

to TJC levels, KDL

2

levels,

UDL levels, body weight and perçait body fat of the

subjects, A final purpose of the study was to identii^ irfiich
variables measured correlated with the greatest amount of variation
in VO max (ml/kg.min), HDL levels and IDL levels in an attempt to
2

predict those levels among the subjects tested. The TC to HDL ratio
and the LDL to HDL ratio were also included in the statistical
analysis of data.
Tai male students from the Missoula, Mcxitana area and three
males from Browning, Montana volunteered for the research project.
Letters ccntaining both an explanation of test procedures and the
purpose of the study were mailed to each paraît.

The paraits were

also sent informed consents which they were required to sign before
their son could participate in the study.
Several différait measuranents were taken from the subjects in
order to obtain the necessary variables needed in the research
project. The variables included: TC level, KDL level, LDL level,
body weight, perçait body fat and VD max.
2

42
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A 5cc blood sanple from each subject was analyzed for TC level,
HDL level and LDL level. Percent bocfy fat was estimated from the
subject's weight underwater and the residual volume in his lungs.
Prior to the imderwater weigh-in the subject was weighed cm dry
land.

A

treadmill

graded

exercise

test to exhaustion was

administered to each subject to determine his VD max.
2

Analysis of.Variance ^tween the TVo Groups
The analysis of variance showed there

was

a

significant

difference in TC, IDL, TC:HDL ratio, IDL:HDL ratio and percent body
fat between the two groups.

An interesting

finding

was

no

significant difference in the BDL levels between the two groups.
This is not in agreement with other r^rts (1,12,20,60).

Aecobig Capacity vs. .Other Variables
Aerobic c^nacity was positively correlated to a )L
level of confidence.

at the 0.02

Aerobic capacity was negatively correlated to

IDL:HDL, TC:B)L, percent body fat and body weight at the 0.01 level
of confidence. TC showed no correlaticm to aerobic capacity.
When ccxrbined with HDL in the TC:HDL ratio, TC did show a
significant correlation to aerobic capacity. This would support the
importance of using the lipoprotein ratios in studies Involving
total serum cholesterol.
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in VD max > HDL and IDL

1
Percent body fat correlated with the
variation in VO max.

greatest

amount

of

The 0.05 level of significance was reached

2

upon addition of IDL to the regression eguaticm.
populati(xi,

both

In the sample

percent body fat and IDL could be used as

predictors of VD max. Although not significant at p=0.068, TC:K)L
2

did aTOOunt for some variaticm in VO max.
2

Body weight correlated with the greatest amount of variation in
ICL. No other variables made a significant contribution to the
variation in HDL.
The variable accounting for the greatest amount of variation in
IDL was TC. % e level of confidence was 0.00 making TC an accurate
predictor of IDL levels in the sanple population. Although body
weight showed a significant correlation with IDL (p=0.01}, weight
did not show a significant contribution to the variation of IDL
(p=0.29).
As previously mmtioned,

this research showed a significant

amount of variation of selected CH) risk factors between the two
test groups.

The only factor that did not show a significant

variation was HDL. Although correlational studies such as this one
do not show a cause and effect relationship, they do lad support to
the current hypothesis with regard to CH).

That is,

regular

exercise and thus an increased aer<±>ic fitness may help reduce the
risk of CHD by reducing the negnitude of CH) risk factors.
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Conclusions
aHtmary of Results
A. Significant differences existed between the aerobically fit
groiJ^ and aerobically less fit group in percent boc^ fat, VO max, TC
2

level, IDL level, TC:HDL and IDL:HDL.
B. IDL level was not significantly different between the two
groups.
C.

VO max was significantly correlated to HDL, percent body
2

fat, body weight, TC:IDL and IDL:HDL.
D. VO max was not significantly correlated to IDL or TC.
2

E. Body fat was the factor correlating to the greatest amount
of variation in W max.

IDL was the next significant factor in

2

VO max variation.
2

F. Body weight was the only factor to significantly correlate
to variation in the HDL level.
G.

TC was the only factor to significantly correlate to

variation in the IDL level.

Conclusions
The results of this study indicate the following conclusions:
This stuc^ showed aerobically fit 16-18 year old boys to be at
less risk for CHD than aerdbically less fit 16-18 year old boys.
The evidence frcan this study and the literature suggest that it
would be beneficial for adolescent boys to increase their aerdbic
fitness level and thus decrease their risk for CHD.
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%is study also indicated that individuals with a lower percent
body fat were less at risk for CHD as indicated by their blood lipid
profile. The study also showed a significant inverse correlation
between aerobic fitness and percent body fat. Therefore, decreasing
percent body fat would also be beieficial in reducing the risk for
CHD.
An important finding of this stuc^ is that young males can be
identified as being at risk for CHD through analysis of the aerdsic
fitness level.

The subjects who were in the less fit group were

more at risk for CHD becæse of their greater TC level, LDL level,
percent bo<^ fat, TC:HDL ratio and IDL to HDL ratio. Therefore, a
regular exercise program started at an early age and maintained
throughout a lifetime would help decrease an individual's risk for
cœ.

Recommendations
Based

on

the

results

of

this

study,

the

following

recomnendaticais for further study are proposed.
A complete dietary analysis should be done on each subject so
that the researcher may examine the possible role diet has on the
presence of CH) risk factors.
Informatioi

on family history should be collected on each

subject so that the role heredity plays in CHD may be explored.
Investigators might ccxisider the effect etercise intensity has
on CHD risk factors with special attention being given to HDL levels
and IDL levels.
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The comparison of (Aysical activity and

vigorous

physical

activity (>7.5 cal/min) to the presence of CHD risk factors.
A long-term follow-up stucty to examine the changes in CHD risk
factors with time would be valuable.
A Icmgitudinal study starting in early childhood and focusing on
the effect g*ysical activity and diet have on CHD risk factors would
be beneficial.
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APPENDIX A
INFOPMS) CONSENT
Hie experimait in vAiich you are partaking is being used to
determine whether there is any correlation in your fitness level,
percent body fat and dietary content with the amount of cholesterol
and high density lipoproteins (îDLs ) in your blood. H5L is a
carrier molecule of cholesterol,
A graded exercise test will be used to determine your fitness
level. Hsree electrodes will be applied to your chest so that we
may m^itor your heart rate during the test. Your expired air will
be collected and ai^lyzed by the Becknan Matdx>lic Cart. Prior to
the graded exercise test, a nurse will take a 3.0ml venous sanple of
your blood so that we may determine your blood HDL level and
cholesterol level. You will be underwater weighed and your weight
underwater will be used to calculate your percent body fat. I will
also ask you to fill out a dietary index. The dietary index will
give me an indication of your dietary cholesterol ccmtmt.
Discomforts you may feel will be experienced during the graded
exercise test. Since you will be asked to exercise as hard as
possible, you may experience teiporary shortness of breath at the
aid of the test. Also you may feel a slight pinch in your arm when
the nurse draws your blood sanple.
This study will show you your fitness level, your percent body,
dietary cholesterol, blood cholesterol level and blood HDL level. I
will use your test results along with the other results to determine
whether fitness level, percent body fat and dietary ccxitent is
correlated to blood cholesterol and BDL levels. If you choose to
not participate in the studty you could obtain similar information
from a clinical physician.
All experimental procedures will again be explained to you prior
to testing. If at any time you wish to withdraw from the test you
are free to do so.
Please feel free to ask me any questions you may have with
regard to the experimental procedures or the purpose of this study.
In the event gbysical injury results from biomedical
or behavioral research the human subject should
individually seek ^ropriate medical treatment and
shall be entitled to reinbursement or compensation
consistent with the self insurance program for
Conprehensive General Liability established by the
Department of Administration under authority of MCS
Title 2, Chapter (or by satisfaction of the claim or
judgment by the means provided by MCA, section
2-9-315). In the event of a claim for such physical
injury further information may be obtained from the
University Legal Counsel
I understand the above statement and wish to be a subject in this
study.
DATE.

PARENT (if under 18).
INVESTIGAim______________
54
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APPENDIX B
LETTER TO THE SOBJBCT PRIOR 10 TESTING
Dear
Uiank you for your participation in ny research project.
Enclosed is an infooied conseit form vAiich should be read by you and
your parents. I will go over this information again with you before
the testing session. Please bring the signed informed cca)S«nt form
with you vihâi you come to the field house.
You will need to bring a swimsuit for the underwater weighing. In
order that we get accurate results, it is important that you oat eat
12 hours before the test. If you are scheduled for 8 a.m. then
please do not eat after 8 p.m. the preceding night. Again to insure
accurate results, it is important that the testing be done cm an
empty stcmach.
For the treadmill test you will need shorts and your running shoes.
The field house is located on the university campus. It is where
basketball games and concerts are held. When you eiter the lë), I
will have scmneone there to meet you and he will show you where the
led) is located.
If you have any cmcems or questions, please cedi roe at 549-0568.
You will receive a copy of your results as soon as I have them all
compiled.
Tienk you for your help.
Sincerely,

Kerstin Stoedefalke
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APPENDIX C

Name

Date
BQCY CCMPOSITICN WORKSHEET

Weight Air (Wa)

Residual Vol (RV)

%paratus WT (Aw)

Water T

Weight Water (VA»)

Density W (Dw)

M/P

Aw
Calculate Density:
_Ka_
wa - (WW - Aw) - (RV +.100)
Dw
using the Formula developed by Siri (1956) :
% Fat = (495 - 450)
D

JL

âmDDQSUQf,
% Fat =
Fat =
LEW

Its

Fat =

Kg
Kg

IhS

Comments - (bathing suit, etc.)
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AEPmOIX D

ÜNIVERSITÏ OF MONTANA

HJMAN PERFORMANCE LABORATORY

müDZ
To get an accurate measure of percent body fat and lean body
weight follow these instructions:

* - Past 8 hours before test (water allowed)
* - No etercise or sauna before test
* - Take a soap shower before coining to Lab
* - Wear a brief bathing suit (2 piece for women)

You'll enter the water, sit on seat suspended from scale, exhale
and hold breath 'briefly. Several trials will be necessary. Bring a
towel to dry off after the test.

A lung functiœ test will determine the air remaining in tl.e
lungs after exhale.
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APPEM)IX E

Data
1. Total serum cholesterol (mg/dl)
2. High deisity lipoprotein (mg/dl)
3.

Low dmsity lipoprotein(mg/dl)

4.

Total serum cholesterol:high density lipoprotein ratio.

5.

Low density lipoprotein :high density lipoprotein ratio.

6. VOginax (ml/kg.min).
7. VOgmax (L/min).
8. Percent body fat.
9. Weight.
10. Age.
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9

10

4.81

55.68

16

4.15

10.38

59.09

17

71.8

4.59

10.41

64.10

18

1.35

74.4

5.23

13.54

70.45

17

2.36

1.36

60.1

4.16

12.60

69.55

16

61.0

2.69

1.69

68.8

4.77

9.20

69.58

17

49.0

76.0

2.55

1.55

69.5

4.09

6.38

59.32

16

AK 142.0

55.0

87.0

2.58

1.58

72.2

4.68

9.58

65.00

17

KK 183.0

43.0 140.0

4.26

3.26

58.0

3.75

10.60

64.80

18

DM 118.8

42.0

76.8

2.83

1.83

46.9

2.83

16.40

60.45

16

FR 146.2

36.0 110.2

4.06

3.06

53.3

3.94

15.10

73.60

17

sw 155.4

49.0 106.4

3.16

2.16

57.3

4.00

8.48

70.11

16

EG 132.0

23.0 109.0

5.74

4.74

50.84 4.24

16.29

83.63

18

1

2

3

4

5

6

7

EM 132,8

42.4

90.4

3.13

2.13

70,7

3.91

DB 116.0

49.0

67.0

2.37

1.37

70.5

PM 106.0

36.0

70.0

2.94

1.94

GC 101.0

43.0

58.0

1.74

MP 109.0

46.0

63.0

97.0

36.0

DJ 125.0

DT

8
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