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CHAPTER I 

INTRODUCTION 

The argument that exercise does not cause changes in 

cholesterol lipoprotein profiles has been documented in 

various studies. There have also been studies which reveal 

abundant information about the preventive benefits of exer

cise on the lipoprotein profile. 

To what extent will exercise affect primary risk fac

tors for cardiovascular diseases is not well understood in 

the present body of knowledge. The benefits of exercise 

should be considered in respect to the prevention and the 

treatment of coronary arterial diseases. 

The hypothesis that exercise reduces total cholesterol 

(TC), and increases high density lipoprotein cholesterol 

(HDL-C) in humans is difficult to assess because of the many 

variables, such as diet, stress, and drugs (e.g., smoking, 

alcohol, caffeine, etc.) which are difficult to control in a 

long term study. 

Since the literature (Bloom and Soper, 1986; Paffenber-

ger and Hyde, 1984) has shown an inverse relationship 

between weight loss and HDL levels in men, Tran and Weltman 

(1985) performed a meta analysis of ninety five studies 

between September 1955 and October 1984, where changes in 



human serum lipid and lipoprotein levels were measured in 

response to exercise training. The result suggested that 

reductions in cholesterol and low density lipoprotein cho

lesterol (LDL-C) levels were greatest when exercise training 

was combined with body weight losses. 

The Framingham Study (Gordon et al., 1977) provided 

evidence that among the various lipid risk factors con

sidered, HDL cholesterol appeared to have the strongest re

lationship to coronary heart disease even at very young 

ages. From these studies two questions seem to warrant fur

ther analysis: 

1-What level of physical activity leads to a rise of 

the HDL cholesterol level? 

2-Does weight loss lead to a rise in the HDL cholester

ol level? 

The theory that there is an individual aerobic thres

hold which produces the changes on cholesterol lipoprotein 

profiles emerges because of the high HDL levels documented 

among trained marathon runners. It is important to mention 

the Houston study (Hartung et al., 1983) where differences 

in the cholesterol lipoprotein profiles were observed among 

marathon runners, joggers, and inactive subjects. The 

analyses demonstrated that the groups differed significantly 

in terms of total cholesterol, triglycerides and high 

density lipoprotein cholesterol levels. 



Berg and Keul (1985) studied the influence of maximum 

aerobic capacity (MAC), and relative body weight (BW) on the 

lipoprotein profile in athletes and concluded that only the 

TC/HDL ratio was significantly related to both variables. 

In view of these results it is assumed that in healthy young 

men potentially preventive benefits in the lipoprotein cho

lesterol profile can be expected only if the aerobic train

ing leads to an improvement on the maximal aerobic capacity 

above 50 mililiters of oxygen per minute per kilogram of 

body weight (mL/min/Kg). Below this level the influence of 

environmental determinants on the individual lipoprotein 

profile seems to increase steadily. 

Many fire departments are turning to physical fitness 

programs and evaluations in an attempt to reduce fire 

fighter deaths, injuries and illnesses and improve job per

formance. While there are many important factors in decid

ing whether to start a fitness program, such as availability 

of time, equipment and facilities, a key issue is whether 

the program should be voluntary or mandatory, supervised or 

unsupervised. (Bahrke, 1982.) 

The question here is whether an unsupervised prescribed 

exercise program that leads to reduction in body weight, 

reduction in percent of body fat, and improvement in maximal 

aerobic capacity is effective enough as to produce changes 



in the cholesterol lipoprotein profile after six months of 

unsupervised physical activity on healthy middle aged fire

men. 

Just ification 

The justification of this research is based on data 

which show that arterial diseases accounts for more deaths 

than any other disease in this country. Even though the 

treatments of this epidemiological disease have shown to be 

effective, more studies concerning lifestyles behaviors 

(e.g., sedentary, active, etc.) are imperative (Criqui, 

1986). According to the Center for Disease Control (1979), 

only 12 percent of all factors that cause death are treata

ble by traditional medicine and 48 percent of all deaths to

day can be traced to unhealthy lifestyles. 

Since physiological benefits have been documented as a 

result of physical activity and cardiovascular disease is 

the largest cause of death among fire fighters; a good rea

son to propose this investigation is to know what popula

tions of lipoproteins (e.g., HDL, LDL, TC/HDL, LDL/HDL) 

change with exercise, and if this change is correlated with 

body composition and/or aerobic capacity. 



statement of the Purpose 

The purpose of this research is to study the effect and 

relationship of a six-month period of unsupervised exercise 

training program on body composition, aerobic capacity, and 

cholesterol lipoprotein profile among healthy non-smoking 

middle aged firemen. 

Limitations 

It was assumed that the individual exercise training 

program prescribed for the subjects was adhered to and that 

diet modification of some extent took place. It was also 

assumed that the subjects actually performed the amount of 

work indicated by them on their self report. 

Hypotheses 

1. The percent of body fat of the post-test group will 

be significantly lower than the pre-test group. 

2. The maximal aerobic capacity of the post-test group 

will be significantly greater than the pre-test 

group. 

3. The relative body weight of the post-test group will 

be significantly lower than the pre-test group. 

4. The resting heart rate of the post-test group will be 

significantly lower than the pre-test group. 



5. The total cholesterol of the post-test group will be 

significantly lower than the pre-test group. 

6. The high density lipoprotein cholesterol levels of 

the post-test group will be significantly greater 

than the pre-test group. 

7. The low density lipoprotein cholesterol levels of the 

post-test group will be significantly lower than the 

pre-test group. 

8. The triglycerides content of the post-test group will 

be significantly lower than the pre-test group. 

9. The TC/HDL ratio of the post-test group will be sig

nificantly lower than the pre-test group. 

10. The LDL/HDL ratio of the post-test group will be sig

nificantly lower than the pre-test group. 

Definitions 

1. Body Composition--estimate of the proportion of lean 

body weight and body fat tissue. 

2. Cholesterol--Fatlike chemical found in all animal 

tissues. 

3. High Density Lipoprotein--Lipoprotein responsible for 

the removal of cholesterol from cells and its 

transport back to the liver. 
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4. Low Density Lipoprotein—Lipoprotein molecule which 

is fifty to sixty percent cholesterol and is the 

prime carrier of cholesterol 

5. Maximal Aerobic Capacity--Maximum amount of oxygen 

that can be consumed per minute per kilogram of body 

weight. 

6. Percent Body Fat—The percentage of body weight which 

is fat. 

7. Resting Heart Rate--Nervous and chemical impulses in

volved in the regulation of the heart to contract 

rhythmically (beats per minute, bpm) during rest. 

8. Triglycerides--The major storage form of lipids which 

provide the chemical fuel that can be used by animal 

cells for energy. 

9. Atherogenic Ratio--The relationship between the lipo

protein particles and cholesterol in the human plas

ma. 



CHAPTER II 

RELATED LITERATURE 

Metabolism of Cholesterol and 
Lipoproteins 

Introduction 

To understand the specific effect of exercise on cho

lesterol it is important to understand the actual knowledge 

concerning the metabolism of cholesterol and the lipopro

teins involved in its transportation. The metabolism of 

cholesterol has been studied very carefully in the past 

years and the importance of these studies are in respect 

to the treatment and prevention of coronary artery disease. 

Cholesterol, a fatlike chemical found in all animal 

tissue, is an essential lipid for cell membranes, steroid 

hormones, and bile acids. The biosynthesis of cholesterol 

occurs in nearly all cell types, but the primary organs pro

ducing cholesterol are the liver and the small intestine. 

The cholesterol content of blood varies greatly with diet, 

age, sex, and regular vigorous aerobic activity. Most serum 

cholesterol is carried by the low density lipoprotein (LDL), 

which delivers the cholesteryl esters directly to the cells 

that need cholesterol (Goldstein and Brown, 1977). 

8 



Lipoproteins are complex molecules composed of various 

apoproteins (e.g., apo-1, apo-2, apo-B), and lipids. The 

apoproteins, which are the protein fractions of lipopro

teins, are responsible for solubilizing phospholipids, cho

lesterol, and triglyceride in blood. It is also believed 

that apoproteins provide the mechanism for transporting 

plasma lipids from absorptive to storage sites throughout 

the body (Goldstein and Brown, 1986). Lipoproteins are now 

classified by weight, as determined by ultracentrifugation, 

and are referred as very low density lipoprotein (VLDL), 

intermediate density lipoprotein (IDL), low density lipopro

tein (LDL), and high density lipoprotein (HDL) (Krause and 

Hartman, 1984). 

Fat is absorbed as chylomicrons and pass to the li

ver, where it is converted by enzyme lipoprotein lipase 

into very low density lipoprotein. Later, VLDL is trans

formed to IDL, which gives origin to LDL or HDL, depending 

on the environmental factors surrounding the biochemical re

actions on the metabolism of cholesterol (Suckling and 

Stange, 1985). 

The activity of LDL, main carrier of cholesterol is 

affected by the enzyme lecithin cholesterol acyl transferase 

(LCAT), which aids high density lipoprotein in the transport 

of cholesterol to the liver, where metabolic breakdown and 

excretion occur (Glatter, 1984). 
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Goldstein and Brown revolutionized the knowledge about 

the regulation of cholesterol metabolism and the treatment 

of disease caused by abnormally elevated cholesterol levels. 

The key to their work, which made them recipient of the 

Nobel prize last year, was the discovery in 1973 that cells 

have surface receptors that trap and absorb LDL, which is 

broken down to obtain cholesterol metabolism in cell mem

branes, hormones and bile acids. They also discovered that 

the number of LDL receptors is controlled by cholesterol me

tabolism but may be limited by genetics. Thus, the m.ore LDL 

receptors a person has, the more cholesterol is pulled out 

of the bloodstream. 

Synthesis 

In the pathogenesis of atherosclerosis the accumulation 

of cholesterol in smooth muscle cells is the result of three 

processes: synthesis, deposition, and removal. Synthesis of 

cholesterol in the cells is thought to contribute little to 

cholesterol accumulation in the arterial walls. Goldstein 

and Brown (1977) showed that cholesterol synthesis in car

diac smooth muscle cells is blocked when its receptors are 

occupied by LDL. Since only 25 mg/dL of LDL in blood is 

required to suppress synthesis, and the mean level of LDL 

of Western man is 120 mg/dL, it is clear that synthesis of 
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cholesterol is not the main contributor to atherosclerosis 

plaques. 

Deposition 

Cholesterol deposition in smooth muscle cells of blood 

vessels by circulating lipoproteins has received more at

tention. The cholesterol within atherosclerotic plaque is 

thought to come predominantly from LDL. However, the con

tribution of LDL to atherosclerosis may not be determined 

solely by plasma concentrations (Vega et al., 1985). Circu

lating LDL are derived largely from the metabolism of very 

low density lipoprotein and are removed from the plasma by a 

combination of receptor-dependent and receptor-independent 

uptake in many organs of the body (Spady et al., 1985). 

Vega et al., (1985) studied two types of coronary 

heart disease patients: (a) those with hypertriglyceride

mia, and (b) those with normolipidemia. In this study for

ty-three men were used as subjects; the patients started at 

a metabolic diet, and the majority of them underwent the 

whole study as inpatients at the Veteran Administration Me

dical Center at Dallas. It was observed that most 

hypertriglyceridemic patients with coronary heart disease 

(CHD) had defects in the metabolism of LDL, especially LDL 

with increased production of apoprotein-B (LDL-apoB). The 
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major physiologic function of apo-B is to serve as a 

recognition marker for LDL receptors and play an important 

role in the regulation of peripheral cholesterol metabolism 

(Roheim, 1986). It was also observed that a portion of the 

normolipidemic patients with CHD had defective LDL metabo

lism too. 

According to these results it has been proposed that 

normal LDL must be modified before it can induce the de

velopment of plaques, although their blood values appeared 

to be relatively normal. 

Reverse Cholesterol Transport 

The third stage in the metabolism of cholesterol is 

its removal from cardiac smooth muscle cells. Recent evi

dence like the Framingham Study (Gordon et al., 1977), 

Houston Study (Hartung et al., 1983), and Kannel (1983) 

suggests that cholesterol within smooth muscle cells can be 

removed by HDL. High density lipoprotein has the unique 

ability to bind to a cellular receptor, remove free cho

lesterol from the cell, esterify it, and transport the cho

lesterol ester to the bile (Hooper and Eaton, 1983). These 

finding support the concept that the major determinant of 

net tissue cholesterol accumulation is the removal of 

cholesterol by HDL rather than deposition by LDL. 
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The high density lipoproteins are the smallest of the 

plasma lipoprotein family and are approximately one half 

lipid and one half protein by weight. The major lipid con

stituent is phosphatidylcholine (lecithin), and sphyngomye-

lin second, followed by cholesterol and cholesteryl ester 

(Gotto Jr., 1983). Kinetic exchanges are always occurring, 

but the main quantitative proportion of components approxi

mately are: 50% protein, 25% phospholipid, 20% cholester

ol, and 5% triglycerides. Triglyceride is a molecule with 

one, two or three fatty acid chains added to a glycerol. 

The liver and adipose tissue produce triglycerides mostly 

via ester ification of glycerolphosphate to triacylglycerol 

(triglyceride) (Morales, 1982). 

The apoprotein for HDL are apo-1, apo-2, and C-pep-

tides. The major apoprotein of HDL is apo-1, it initiates 

binding to cellular receptors and may participate in the 

LCAT reaction or "reverse cholesterol transport," where 

cholesterol is transported back to the liver for excretion 

(Roheim, 1986). 

Although many working hypothesis have been proposed to 

explain the protective role of HDL from atherosclerosis, 

the exact mechanism of the mode of action remains obscure. 

However, a great number of clinical and epidemiological 

studies such as Honolulu Heart Program (Curb et al.. 
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1986), San Antonio Study (Haffner et al., 1986), USSR 

and USA Research Clinic Populations (Ingram et al., 1985), 

revealed a negative correlation of HDL constituents with 

incidence of atherosclerotic diseases. 

Besides the many subtractions that have been isolated 

by a variety of experimental techniques it has been sug

gested that HDL consists of two classical subtractions: 

HDL-2 and HDL-3. These two fractions have been defined by 

their flotation characteristics in the analytical ultra-

centrifuge (Dieplinger et al., 1985). The HDL-2 contains 

more lipid-rich particles, whereas HDL-3 is relatively pro

tein-rich, lipid-poor, and dense. The importance of these 

differentiation is that HDL-2 (lipid-rich) is believed to 

have the strongest inverse relationship with coronary artery 

disease (Lewis, 1983). 

Exercise and Cholesterol Lipoprotein 

Profir¥ 

Although exercise has been correlated with changes in 

cholesterol lipoprotein profile, it is very difficult to 

assess what type of exercise is responsible to alter the 

lipoprotein metabolism. Among the review of literature, it 

is found that vigorous and continuous aerobic activity is 

the type of exercise training that produces the greatest 

difference when compared to sedentary subjects. 
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Berg and Keul (1985) studied the influence of maximum 

aerobic capacity and relative body weight on the lipoprotein 

profile in healthy male athletes from 18 to 36 years old. 

The 120 subjects studied were divided in three groups. 

Group A: n=60, aerobically trained, e.g., marathoners, 

middle and long distance runners, cross-country skiiers, and 

cyclists. Group B: n=36, anaerobically trained, e.g., 

decathletes, wrestlers, and sprinters. Groups C: n=24 

power-exercise trained, e.g., weight-lifters and hammer-

throwers. Among the variables analyzed were: training time 

(hrs/week), V02max (mL/min/kg), relative body weight (kg/ 

cm-100), heart volume (mL/kg), and lipoprotein profile. The 

lipoprotein profile included: triglycerides, free fatty 

acids, total cholesterol, HDL, LDL, HDL/TC, and VLDL. There 

was found statistical difference between the maximal aerobic 

capacity (MAC) between the three groups: group A = 69.5 (mL/ 

min/Kg), group B = 52.3 mL/min/Kg), and group C = 42.6 (mL/ 

min/Kg). 

The significant correlations between lipid parameters 

and MAC or body weight (BW) were influenced by the relation

ship between individual aerobic performance and relative 

body weight. In this study total cholesterol, 

triglycerides, and LDL were significantly dependent on the 

relative body weight, where the HDL can be primarily related 
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to maximum aerobic capacity. Only HDL/TC ratio was 

significantly dependent on both variables, MAC and BW 

(n=120, r=0.567, p<0.001). 

From this study it was assumed that in healthy young 

men potentially preventive benefits in lipoprotein choles

terol concentrations may be expected after aerobic training 

only, leading to an improved MAC above a V02max of 50 mL/ 

min/Kg of body weight threshold. 

Romero et al., (1985) investigated the chronic and 

acute modifications of HDL in relation to physical exercise 

among normal subjects, coronary patients, and athletes. Even 

though the type of physical exercise used for each group was 

not explained, it was found that the basal values of HDL 

among the subjects who trained regularly were significantly 

higher than normal subjects or cardiac patients. Therefore, 

exercise training might increase HDL. Another conclusion 

from this study was that after an acute and maximum effort 

the HDL increases significantly in trained subjects and 

coronary patients, whereas in normal subjects the same exer

cise produced a light increase in HDL, which was not statis

tically significant. 

Gaesser and Rich (1984) performed a study in which the 

intensity of exercise training was carefully monitored with 

respect to the changes produced on aerobic capacity and 
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blood lipids. They evaluated the effect of high intensity 

(80-85% V02max, n=7), and low intensity exercise training 

(45% V02max, n=9). Their results demonstrated that both 

groups improved their aerobic capacity during the 18-week 

training program. Although high intensity training program 

improved MAC more than the low intensity group, the differ

ences between high and low intensity with respect to changes 

in V02max were not statistically significant. A very impor

tant finding with respect to body composition was that body 

weight did not change significantly in either group during 

the training program; however, significant reductions 

(p<0.05) in percent body fat were demonstrated for both 

groups. 

In this study it was found that no statistical signifi

cant changes were observed in the blood lipids nor the lipo

protein data obtained in pre and post training for either 

group. There was slight increases in HDL and slight de

creases in total cholesterol, LDL, and TG in both groups, 

however, neither of them were statistically significant 

(p>0.05). It is important to mention that a larger sample 

is necessary to clarify the issue, however this is one of 

the few studies where intensity of an exercise training has 

been carefully monitored. 
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According to Savage et al., (1986) it may be prudent to 

begin preventive medicine measures early in life, since evi

dence indicates that the origins of the atherosclerotic pro

cesses are in childhood. The purpose of this study was to 

investigate the effect of exercise training on serum lipids 

among prepubescent boys and adult men. The subjects were 

selected based on the following criteria: a--prepubescent 

boys (no pubic hair as confirmed by the child's parent), and 

adult males (30-45 yr old); b--no regular aerobic exercise 

program within the last three months; c--no medical con

traindication; d--medical examination and clearance by a 

physician; and e--nonsmokers. The subjects were randomly 

divided in high intensity training (75% V02max, n=14 chil-

drens, n=14 adults), low intensity training (40% V02max, 

n=10 childrens, n=10 adults), and a control groups (n=10 

childrens, n=10 adults) who were requested to maintain their 

current activity pattern throughout the study. Specific 

training consisted of walking, jogging, or running three 

times per week for 10 weeks. The distance covered per 

session was identical for the high and low intensity groups. 

The intensity of the exercise was monitored by taking the 

heart rate 10 seconds post-exercise, at the halfway point, 

and at the end of each session. 
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It was concluded that boys and men did not differ in 

the changes in serum lipids and lipoproteins and cardiores

piratory fitness from 10 wk of exercise training. V02max 

only increased in the high intensity training groups, and 

the only statistically significant change (p<0.05) occurred 

in HDL and total cholesterol for the high groups. It is in

teresting to note that for the men the sum of skinfold meas

urements for the training groups decreased even though there 

was no change in body weight or body density as determined 

by hydrostatic measurements. 

Cowan (1983) studied the effect of an intensive reha

bilitation course on plasma high density lipoprotein levels 

in 40 men, from 29 to 56 years old with ischemic heart dis

ease. The exercise consisted of aerobic activities that in

duced up to 80% of the maximal heart rate (HR max = 220 -

age) during three 20-minute periods of daily exercise for 5 

days/wk; the program lasted 3 weeks. Significant increases 

were found in the levels of HDL and HDL-2 and their ratios 

to total plasma cholesterol. These changes were similar in 

non-smokers and in men who gave up or reduced smoking. How

ever, those who continued smoking during the course showed 

negligible changes in their cholesterol lipoprotein levels. 

Thomas et al., (1985) examined the effects of interval 

and continuous running in relation to changes on HDL, 
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apoproteins A-1 and B, and LCAT. Forty-eight males, ages 

18-25 years, active college students, volunteered to be as

signed to one of four groups: group (1) five mile continuous 

running (5 mile group), group (2) four minute interval (4 

min. group) 1:1 work:rest, group (3) two minute interval (2 

min. interval group) 1:1-1/2 work:rest, and group (4) con

trol group. All exercise groups utilized approximately 

500-550 kcal per exercise session three times per week, and 

heart rates were monitored by radial artery palpation. 

Heart rates demonstrated that the continuous exercise 

elicited intensities between 75 and 85%, and the interval 

work bouts 90-100% of individual maximal heart rates. 

Therefore, although the total caloric expenditure of the 

groups was equal, the exercise intensity was not. The 

training program lasted for 11 weeks. 

Results suggested that short-term long interval or con

tinuous running programs do not alter plasma cholesterol, 

HDL, apoproteins A-1 and B, or LCAT in active young men. 

Thus, the use of high intensity interval exercise is no more 

effective than mild continuous exercise in altering plasma 

lipoproteins over a short time period. It was observed that 

LCAT activity was affected in all groups combined pre to 

post: group (1): 6.0 to 6.1%; group (2): 5.7 to 6.1%; 

group (3): 6.4 to 7.2%; and the control group: 6.5 to 
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7.4%. However, post analyses failed to link these changes to 

exercise participation, per se, since the exercise groups 

were not different from the control group. It is possible 

that changes in environmental temperature, stress of final 

exams, etc., caused changes in LCAT in all groups during the 

study. 

Heath et al., (1983) performed a long term (29 weeks) 

exercise training program for 10 patients with coronary ar

tery disease. Exercise was of endurance type (walking/jog

ging/stationary bicycling). Training sessions during the 

first 12 weeks consisted of 30 to 40 minutes of intermittent 

and continuous aerobic exercise three times per week at an 

intensity of 50 to 70% of V02max. Patients maintained body 

weight, health related behaviors, and stable diets through

out the program. When patients adapted to training ex

hibited by an increase in maximal aerobic capacity and a de

crease in heart rate without adverse symptoms such as 

fatigue, or chest pain, training sessions were increased to 

four or five times per week for a minimum of one hour at an 

intensity of 70 to 85% of V02max. Also two or three inter

vals of exercise, requiring 85 to 90% of V02max and lasting 

2 to 5 minutes, were included in these sessions. One of the 

most important factor in this study was the supervised 

nature of the exercise training program. 
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After three months of training there were improvements 

in V02max levels in all patients, but significant changes 

had occurred only in plasma total cholesterol and HDL/LDL 

ratios. By the end of the program, V02max levels had in

creased an additional 9%. The reductions in plasma concen

trations of total cholesterol, triglyceride, and LDL was 

statistically significant (p<0.01). The increases in plasma 

HDL (p<0.05), and HDL/LDL ratio (p<0.01), had also reached 

statistical significance. Thus, pretraining levels of 

physical fitness and lipid profiles seem to affect the car

diovascular and metabolic responses of lipid after a super

vised endurance exercise training program. 

Skinner et al., (1985) studied the acute effect of run

ning a 42.2 km marathon race on the concentration and comipo-

sition of the plasma lipoproteins in 56 men of varying fit

ness, training experience, age and physical characteristics. 

The subjects were between 21 and 62 years of age and were of 

varying athletic ability, ranging from the casual jogger to 

long-distance runners of international standard. The 

finishing times ranged from 144 to 307 min. 

The results suggested that there was no change in the 

mean concentration of total serum cholesterol, but a 10.9% 

increase (p<0.001) in the mean concentrations of high 

density lipoprotein cholesterol was observed in response to 
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a bout of endurance exercise. The composition of HDL, in 

terms of esterified (HDL-CE) and unesterified (HDL-UC) cho

lesterol were also measured in order to understand the ac

tivities of the enzymes that catalyse these processes. A 

large part of the increase in HDL was due to an increase in 

the concentration of HDL-CE (85%), while the concentration 

of HDL-UC contributed to a smaller absolute increase (15%); 

however, the increase in the concentrations of HDL-CE and 

HDL-UC during the race were highly significant (p<0.001) in 

both fractions. Another important conclusion that was ob

tained from this study is that a greater significant in

crease in HDL (p<0.02) was found in faster than in slower 

runners. 

The Institute of Constitutional Medicine in Japan per

formed a comparison of serum apoproteins between physically 

active and inactive groups. In this study Nagao et al., 

(1984) compared middle-aged and older male group (ages 28-69 

years, n=26) who did 30-60 minutes of running (5-10 km) on a 

regular basis more than 4 times a week for 2-20 years, with 

a control inactive group. It was implied from the results 

that vigorous physical activity seemed to cause an increase 

in both HDL and apoprotein A-1, and a decrease in the TC/HDL 

ratio (p<0.05). 
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Ninety-five studies conducted between September 1955 

and October 1983 measuring changes in human serum lipid and 

lipoprotein levels in response to exercise training were 

analyzed by Tran and Weltman (1985). A meta analysis 

methodology was used to statistically integrate the research 

findings on the relationships between exercise training, 

changes in body weight, and cholesterol lipoprotein profile. 

Pearson's product-moment correlation coefficients were used 

to indicate the magnitude and direction of relationships be

tween variables. The correlations between exercise time 

(hours in total program) and changes in serum lipid and 

lipoprotein levels were clearer when the data was divided 

into the three body-weight change categories, either body-

weight gain, no change, or weight loss. Decreases in total 

cholesterol, LDL, triglyceride, and TC/HDL ratio levels were 

significantly correlated (p<0.05) with decreases in body 

weight. However, desirable lipid and lipoprotein level 

changes occurred in both the no change and weight loss 

groups. No statistically significant change was observed in 

the weight gain group. Another statistically significant 

correlation was between changes in the LDL level and length 

of exercise training. 

Williams et al., (1985) examined the relationship of 

resting heart rate to plasma concentration of HDL, LDL, 
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VLDL, apoprotein A-1 and A-2, and serum concentrations of 

lipoprotein subtractions in sedentary middle-aged men 

(n=81). The groups average percent body fat was 21.6%, and 

they were habitually sedentary as evidenced by their rela

tively high heart rates after 3 min of exercise testing, low 

aerobic power (V02max of 34.9 mL/min Kg), and the short du

ration of their treadmill tests. The more important conclu

sion in this study is that the associations between resting 

heart rate and CHD-related lipoprotein concentrations do not 

appear to be the consequence of physical fitness as measured 

by the maximal aerobic power or submaximal heart rate during 

a graded exercise test. A partial correlation (r=0.27) for 

LDL vs resting heart rate was significant when adjusted for 

age, diet, body fat, cigarette use, and either V02max or 

submaximal heart rate after 3 min of exercise. 

Schneider et al., (1985) related the free fatty acid 

responses to prolonged walking of moderately obese middle 

aged persons. In this study plasma free fatty acids and 

glycerol concentration were examined in untrained, middle 

aged subjects during 90 minutes of walking. Twelve subjects 

were selected, six moderately obese and six of average body 

fat. There were three males and three females in each of the 

two groups. The moderately obese subjects were 

approximately 25% body fat for the men and 35% for the 



26 

women, whereas the average body fat subjects were 

approximately 20% for men and 30% for women. A multi-stage, 

continuous treadmill test was selected for the measurement 

of maximal aerobic capacity. A week or more after the 

treadmill test, the subjets engaged in the prolonged sub-

maximal test of walking for 90 minutes at a treadmill speed 

and elevation that required 35% of their determined maximal 

aerobic capacity. 

The pre-exercise resting and recovery values for free 

fatty acid were slightly higher in moderately obese subjects 

than in average body fat subjects; however, the differences 

were not found to be significant. These data propose that 

prolonged walking at moderate intensity is an effective 

means to enhance fat oxidation in untrained, middle-aged in

dividuals. It is suggested that a somewhat larger sample 

size would have differentiated significantly the moderately 

obese group from the average obese group. 

Exercise Training among Firefighters 

It has been observed that the fireman does sedentary 

work around the station, waiting for the alarm. When the 

bell does ring, he goes from a complete rest to maximum 

effort with no warm-up. It was also observed that fire 

fighters were at particularly high risk for heart and lower 

back problems (Cooper and Vartebedian, 1986). 
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Mealy (1979) reported several fitness programs among 

the Los Angeles Fire Department, Dallas Police Department, 

and the smaller Alexandria (Virginia) Fire Department. It 

was pointed out that a firemen wears a 25 Lbs rubber-lined 

suit plus a 30 Lbs air mask. He works at maximum aerobic 

capacity in a carbon monoxide environment with his body's 

temperature over 105 F. The noise levels exceed the safe 

limits recommended by the Occupational Safety and Health Ad

ministration. These factors among other suggest that fire 

fighters should be in extremely good physical conditions for 

their safety and the safety of the people relying on their 

performance. Moreover heart attacks killed 45% of the fire 

fighters who died on duty in 1980, 6% more than in 1979 

(Bahrke, 1982). 

The Los Angeles Fire Department (LAFD) program, which 

was adopted in 1971, is mandatory for all personnel and in

cludes regular medical checkups. Every firemen reporting 

for duty exercises at the start of his 24-hour shift for at 

least 30 minutes. The program was sequenced, starting with 

warm-up movements and progressing to a session of exercises 

designed to improve cardiovascular and respiratory systems, 

then concluding with muscle conditioning exercises. When 

the program began, the LAFD found that 394 firemen, or 

roughly 12% of the force, were unable to meet the parameters 
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for full participation. Today, however, only 3% are 

excluded. Since the program began, the average cholesterol 

level has dropped from 242 to 220 mg/dL and diastolic pres

sure from 81.2 to 72.4 mm Hg among 300 men in a sample group 

that has been followed. LAFD officials say a sharp drop in 

injuries was also at least partly attributed to better con

ditioning . 

A three-year study is currently in progress at the 

Alexandria Fire Department (AFD) in Virginia. It was per

formed an entry workup on every member of the department, 

e.g., response to exercise, blood work, and motor fitness. 

These same tests were repeated annually. A compulsory exer

cise program was instituted, comprising ten minutes of 

flexibility and warm-up exercises, 30 minutes of cardiovas

cular endurance exercise, and 20 minutes of strength-build

ing exercises on each duty day. At the same time, the AFD 

established a hiring ban on smokers. The results implied 

that there has been improvement in overall neuromuscular 

strength and coordination. Sick leave has dropped, with 

most of the sick leave going to the remaining smokers. It 

was also observed a marked reduction in the fat content 

among the firemen involved in the program. 

Bahrke (1982) examined the effectiveness of voluntary 

and mandatory fitness programs for fire fighters. 
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Physiological studies were done on 50 fire fighters before 

and after they participated in successive year-long volun

tary and mandatory physical fitness programs. Although nei

ther program produced impressive fitness changes or was more 

cost-effective, mean aerobic capacity increased by 13% fol

lowing the mandatory program, compared with a 3% increase 

after the voluntary program. These results suggest that a 

mandatory program could more effectively improve fitness 

levels. It was also recommended that fire fighters which 

maintained acceptable fitness standards be rewarded in some 

manner. 

Rogers (1984) compared some fitness programs which have 

been already established for fire fighters. The comparison 

of these programs revealed that they are in various stages 

of development, and that they are affected by budget cuts 

and lack of interest among the rank and file of the depart

ment. It was observed that although 20% to 25% of fire 

fighters are estimated to be unfit for arduous work, ques

tions about cost-effectiveness slow the acceptance of fit

ness programs. It was implied that the biggest difficulty 

why fitness programs haven't been uniformly accepted 

throughout the nation is the establishment of fair standards 

for evaluating fitness. How can a 20 year-old be judged 

next to a 50 year-old? It was suggested that mandatory 
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program adopt age-based standards, or that the programs set 

individualize standards for each employee. 

Other Factors and Cholesterol 
Lipoprotein Profile 

For the past years there has been continuing study of 

the determinants of atherosclerosis. Epidemiologic evidence 

linked risk factors such as cigarette smoking, hyperten

sion, hypercholesterolemia, alcohol, gender, and advance 

age. In this review of literature an outline of some of the 

studies which influenced delimitations of certain variables 

(e.g., coffee, drugs, alcohol, etc.) are discussed. 

Diet 

The Council on Scientific Affairs (1983) of the Ameri

can Medical Association studied the dietary and pharmacolo

gical aspects of lipid risk factors. Their dietary recom

mendations suggest that the proportion of polyunsaturated 

fat in the diet, relative to saturated and monounsaturated 

fats, is important in selecting dietary fats. In practical 

terms, this means that Americans should be instructed to 

limit the intake of all animal fats derived from meat and 

dairy products and to use vegetable oils whenever possible. 
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Sidney and Farquhar (1983) performed a review of the 

prospective cardiovascular epidemiological studies comparing 

serum cholesterol and cancer mortality. Among their review 

of studies of communities with distinctive lifestyles were 

that of the California Seventh Day Adventists, approximate

ly half of whom consume a lacto-ovo-vegetarian diet. This 

diet has considerably less fat than the average nonvegetari-

an diet. The total cancer mortality and colon cancer mor

tality rates were substantially lower than the mortality 

rates of the general California population, as is the coro

nary heart disease mortality rate. It was also found that 

the median serum cholesterol level of this group was sub

stantially lower than that of a comparable sample of the 

general United States population. Yet, they concluded that 

within some populations, there was evidence that low serum 

cholesterol was associated with increased cancer risk, with 

the colon being the most common site. 

Schlierf et al., (1983) performed a cross-sectional 

study, where data from a survey of 20 to 40 year-old Heidel

berg men and women was obtained. Significant positive cor

relations with HDL were found for dietary energy, probably 

mediated by energy expenditure, and for alcohol. An inverse 

negative relation was noted for sugar intake, and plant fat 

intake. It was suggested from this study that LDL and HDL 
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are low on a low fat diet, and this factor appears to be 

related to a low cardiovascular risk. 

Schaefer et al., (1981) studied the effects of low cho

lesterol, high polyunsaturated fat, and low fat diets on 

plasma lipid and lipoprotein cholesterol levels in normal 

and hypercholesterolemic subjects. In this study also it 

was suggested that a low cholesterol diet may cause de

creases in both LDL and HDL. When using a high polyunsatu

rated, low cholesterol diet a significant decreases in plas

ma, LDL, and HDL was observed in both normal and 

hypercholesterolemic subjects. Normal and hypercholestero

lemic males appeared to have greater reductions in HDL than 

did females. 

Steroids, Alcohol, and Coffee 

In this section a review of the literature of some 

toxicological substances are examined with respect to their 

effect on cholesterol and the lipoprotein content. 

A study which related the negative effects of androgen 

use among high density lipoprotein in bodybuilders and 

powerlifter was carried out by Hurley et al., (1984). To 

determine the relationship between lipid profile and the 

type of weight training, and to assess the effect of 

anabolic androgenic steroid on lipid profile of bodybuilders 
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and powerlifters the subjects were tested for lipids, body 

fat, and testosterone levels before and after androgen use. 

Results indicated that strength-trained athletes who 

train using moderate-resistance, high-repetition exercises 

with short rest intervals (bodybuilders), have lipoprotein 

lipid profiles that could potentially be protective (i.e., 

high HDL and low LDL) against coronary heart disease. Con

versely, those who trained using heavy-resistance, low-rep

etition exercises with long rest intervals between lifts 

(powerlifters) do not appear to have a favorable lipoprotein 

lipid profile. The use of anabolic-androgenic steroid by 

these strength trained athletes was observed to be detrimen

tal to their lipoprotein lipid profiles. It was suggested 

that the lack of a potentially beneficial effect of power-

lifting on lipoprotein profiles could be related to the 

anaerobic nature of this training and the low V02max levels 

achieved. 

Hartung et al., (1983) examined HDL levels before and 

after alcohol abstinence, and after resumption of a control

led alcohol dose in 16 marathoners, 15 joggers, and 13 inac

tive men. The main purpose of this study was to manipulate 

alcohol intake experimentally in men of different levels of 

physical activity to determine its effects on HDL level 

between exerciser and nonexercisers. The subjects were 
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between 27 to 59 years. Blood samples were drawn and 

subjects were asked to abstain from alcohol consumption for 

three weeks. They were to record all food and drinks, and 

all exercise done during this period. Following these three 

weeks blood samples were drawn and subjects met with the 

dietitian again. Sixty-three cans of beers (12 oz/ea) were 

distributed to each subject, and they were asked to drink 

only three cans each day for the last three weeks of the ex

periment. At the final visit three weeks later, subjects 

again had blood samples drawn and saw the dietitian, who 

collected their food and exercise diaries. 

From this study it was strongly implied that alcohol 

consumption did not influence HDL levels in runners and jog

gers, whereas it did have a significant impact on HDL levels 

of nonexerciser. It is very important to mention that the 

HDL baseline values differed among the three groups, with 

the marathon runners having the highest values and the jog

gers and nonexerciser showing essentially similar baseline 

values. The subjects in the inactive group showed a 

striking decrease in HDL levels when alcohol was removed and 

a subsequent increase in HDL level when alcohol was 

reintroduced. These finding raise the possibility that the 

mechanism that causes the exercise-mediated increase in HDL 

level might be the same one that causes the alcohol-mediated 

r ise. 



35 

Masarei et al., (1986) also assessed the effect of 

alcohol consumption on serum lipoprotein and apolipoprotein 

concentration among healthy subjects (n=48). During a 

2-week familiarization period subjects were stratified and 

matched as closely as possible for age, and alcohol consump

tion; then, they were randomly assigned to one of two ex

perimental groups. Subjects from group 1 were asked to 

cease their normal drinking habits and consume a low alcohol 

content beer (0.9% v/v) for six weeks. For the second six 

weeks period the content of alcohol consumption increased to 

5% v/v. During both periods they were provided with 750 mL 

bottles of beer/week and advised to drink as little or as 

much of it as they wished, but no other alcoholic beverage 

was permitted. Group 2 participated in a reverse design 

with their drinking habits unchanged for the first 6 weeks 

and substituting to low alcohol beer only for the second 6 

weeks. At the end of the 2-weeks familiarization period and 

at weeks 6 and 12 subsequently, subjects reported to labora

tory for cholesterol lipoprotein profile analysis. They 

were asked to abstain from coffee, tea and tobacco. Other 

dietary and behavioural variables were kept constant too. 

The results showed mean levels of triglyceride, HDL, 

HDL-2, HDL-3, apolipoproteins A-1, and A-2, to be higher at 

the end of normal (5% v/v) compared than at low alcohol 
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periods, whereas levels of LDL were lower. Body weight was 

greater at the end of the normal alcohol period (5% v/v) 

than at the end of the period of low alcohol (0.09% v/v). 

However, multiple regression analysis suggested that the 

changes in lipoprotein and apolipoprotein levels were due 

primarily to the change in alcohol consumption rather than 

concomitant changes in body weight. This study confirms an 

effect of alcohol on both major subtractions of HDL and on 

its major apolipoproteins. 

Another epidemiological study which dealed with alcohol 

consumption was performed by Siscovick et al., (1986) where 

moderate alcohol consumption was correlated with primary 

cardiac arrest. The purpose of this study was to determine 

if light to moderate consumption of alcohol influences the 

risk of primary cardiac arrest. Siscovick et al., investi

gated 152 cases, 25-75 years of age, without prior heart 

disease or co-morbidity, in whom a primary cardiac arrest 

occured during a 14-month period in King County, Washington 

state. After each case was identified, a control subject 

matched for age, sex, marital status, and urban or suburban 

residence was selected. Subjects were classified into three 

groups: less than one drink per month, i.e., nondrinkers; 

greater than or equal to one drink per month but less than 

one drink per day, i.e., light drinkers; and from one to 
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three drinks per day, i.e., moderate drinkers. After 

adjusting for hypertension, smoking, and physical activity, 

light to moderate alcohol consumption was associated with a 

reduced risk of primary cardiac arrest. Therefore, this 

data is consistent with the hypothesis that light to moder

ate alcohol consumption reduces the risk of primary cardiac 

arrest (95% confidence interval) compared to persons who 

were nondrinkers. 

Curb et al., (1986) studied the relationship between 

coffee consumption and serum cholesterol among 5,858 Japa

nese males born in 1900-1919 and living in Hawaii in 1965. 

The data collected at that time was correlated with data 

collected six years later. The mean coffee and tea consump

tion was 3.4 and 1.8 cups/day, respectively. Those consum

ing no coffee had a mean serum cholesterol of 210 mg/dL, 

while that of those drinking 9 or plus cups/day was 220 mg/ 

dL (no such relationship was found with tea or cola). The 

relationship of coffee consumption and serum cholesterol 

with potentially confounding variables including body mass 

index, cigarette smoking, diastolic blood pressure, alcohol 

consumption, physical activity index, serum glucose, serum 

uric acid, education, age, and fat consumption was examined. 

When these variables were entered into a multiple regression 

equation with coffee consumption, a significant relationship 
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between coffee consumption and serum cholesterol (p<0.001) 

persisted, as did that between baseline coffee consumption 

and serum cholesterol six years later (p<0.001). There was 

no significant relationship between tea or cola. Thus, this 

analysis indicates a significant positive relationship be

tween coffee consumption and serum cholesterol which is not 

present with other sources of caffeine. 

Summary of the Review of Literature 

The actual knowledge of the metabolism of cholesterol 

and the lipoproteins is still obscured in the present body 

of literature. Recently Goldstein and Brown (1986) dis

covered that cells have surface receptors that trap and ab

sorb LDL, which is used to obtain cholesterol in cell mem

branes, hormones, and bile acids. From here it was thought 

that cholesterol within atherosclerotic plaque comes predom

inantly from LDL. However, Vega et al., (1985) suggested 

that the contribution of LDL to atherosclerosis may not be 

determined solely by plasma concentration, but the LDL with 

increased production of apoprotein-B (LDL-apoB), who's major 

physiological function is to recognize cholesterol. 

Another important stage in the metabolism of 

cholesterol is its removal from cardiac smooth muscle cells. 

High density lipoprotein has the unique ability of removing 
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free cholesterol back to the liver for excretion "reverse 

cholesterol transport." This finding support the concept 

that the major determinant of net tissue cholesterol accumu

lation is the removal of cholesterol by HDL rather than 

deposition by LDL. 

Exercise has been found to affect the metabolism of 

cholesterol by influencing the lipoproteins mechanism of ac

tion. Concomitant changes have been observed with changes 

in body composition and maximal aerobic capacity. Very few 

studies have compared the relationship between body composi

tion, aerobic capacity, and cholesterol lipoprotein profile. 

Berg and Keul (1985) found that TC, LDL, and triglycerides 

were significantly dependent on the relative body weight, 

whereas HDL is primarily related to maximal aerobic capaci

ty. Only TC/HDL ratio was significantly dependent to both 

variables. 

Other studies (Gaesser and Rich, 1984; Savage et al., 

1986; Thomas et al., 1985) which revealed that exercise does 

not influence changes in the cholesterol lipoprotein profile 

of the subjects studied. On the other hand Heath et al., 

(1983) found favorable changes (i.e., low TC, LDL, and 

Triglycerides; and high HDL and HDL/LDL ratios) as a result 

of a supervised endurance exercise training among 10 

coronary artery patients. Another important study by Tran 
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and Weltman (1985) in which the effect of exercise was 

evaluated in relation to the changes in body weight and lip

id profile among 95 studies conducted between 1955 and 1985. 

It was concluded from their review of literature and data 

that in order to obtain desirable lipid and lipoprotein pro

file weight loss, or no change in relative body weight has 

to occur as a result of the exercise training. 

A review of literature concerning the establishment of 

fitness programs for fire fighters suggested that mandatory 

fitness programs are more effective than voluntary. It was 

also observed that heart attack is the number one killer of 

fire fighters on duty, and therefore, improvement in the 

cardiovascular system of fire fighters should be achieved 

and maintained. 

Other literature with regard to drugs, alcohol, and 

coffee was reviewed with respect to the effect on cholester

ol. Diet was found to influence cholesterol lipoprotein 

profile, with low fat, vegetarian, and high polyunsaturated 

fat having the best favorable effects among TC, LDL, and 

triglycerides. Studies about the effect of alcohol on lipo

proteins revealed that HDL is the most affected by ethanol 

consumption. Caffeine, tobacco, and androgenic anabolic 

steroids showed to have a negative influence on the 

cholesterol lipoprotein profile. 
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It could be summarized from the review of literature 

that in order to observe favorables changes in the choles

terol lipoprotein profile a consistent exercise training 

should be followed. High intensity exercise was found to 

have an effect on maximal aerobic capacity and also increas

es HDL. Low intensity exercise training program are more 

likely to reduce total cholesterol, triglycerides, and LDL, 

with a concomitant reduction in relative body weight. It 

could also be concluded from the review of literature that 

fire fighters are to benefit from a mandatory fitness pro

gram with regular checkup of diet and lifestyles behavior. 



CHAPTER III 

DESIGN 

Introduction 

This chapter contains a description of the experiment, 

the equipment used, and the subjects. The purpose of this 

study was to assess the changes on body composition, aerobic 

capacity, and cholesterol lipoprotein profile after a six 

month period of unsupervised-prescribed exercise training 

among middle aged firemen. 

Description of the Subjects 

The subjects for this study were 53 healthy middle aged 

firemen from twenty-nine to fifty-five years old, with no 

history of heart disease, non-smokers, non-heavy alcohol 

drinkers, and were not taking medications that might affect 

their cholesterol lipoprotein profile. 

Table 1 shows mean values of the subject's age, weight, 

and height before the six-month period of unsupervised 

training program. 

42 
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TABLE 1 

Description of the Subjects 

I Mean Standard I 
I Variable Values Deviation I 
+ 1 
I I 
I Age 39.75 yrs. 8.09 I 
I ! 
1 Weight 193.29 Lbs. 26.78 I 
I I 
I Height 68.75 in. 3.23 I 
I i 

Description of the Data 

The analysis of the data considered factors of the body 

composition such as; percent of body fat by hydrostatic 

measurements, fat weight, and body weight. In the category 

of aerobic capacity, factors like maximal aerobic capacity, 

and resting heart rate were examined. Finally, in the cho

lesterol lipoprotein profile the variables analyzed were: 

total cholesterol, high density lipoprotein (HDL), low den

sity lipoprotein (LDL), triglycerides, TC/HDL ratio, TC/TG 

ratio, and LDL/HDL ratio. 

An analysis of variance was performed as to determine 

significant difference between the pre-test and the 

post-test data. Pearson's correlation was used as to assess 
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positive or negative correlation between the variables in 

the post-training data. 

The experiment consisted of a series of tests which in

cluded; underwater weight, submaximal exercise test, and 

blood analysis. 

Prescription of Exercise 

All subjects were prescribed with an individual exer

cise training program. Subjects filled out a questionnaire 

(see appendix A) where information about current types of 

exercise (e.g., basketball, volleyball, walking, etc.), and 

other personal data was collected. In the prescription of 

exercise three training programs were presented to obtain 

their respective body weight, and to improve their aerobic 

capacity. The suggestion according to previous research is 

that 1000 calories per day deficit of diet and exercise is 

the most succesful way to lose weight (see appendix B). Be

sides their regular physical activities subjects were pro

vided with ergonomic bicycles at the fire stations in order 

to achieve the exercise training program goals. 

The subjects were scheduled to come to the Human 

Performance and Exercise Science Laboratory at Texas Tech 

University, after completing a physical examination, and a 

diagnostic 12 lead EKG stress test if over 35 year of age. 
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The testing sessions consisted of various tests carried out 

in a sequential order. First they were to fill a question

naire and other medical information. Resting heart rate 

(RHR), blood pressure (BP), and body weight (BW) were taken 

before any other test was performed. Subsequently, the next 

tests were carried out: flexibility, grip strength, skin

fold measurements, submaximal exercise stress test, vital 

capacity, and finally, underwater weight. 

The analysis of blood was performed at the Medical 

Laboratory of the Texas Tech Health Science Center following 

the procedures documented by Allain et al., (1974) for cho

lesterol; and Bucolo and David (1973), for triglycerides. 

The analysis of HDL was performed by Smith Kline Labora

tories in Dallas, following a magnesium chloride precipita

tion spectrophotometric analysis. 

Body Composition 

When doing the hydrostatic test or underwater weight, 

the subject was first weighed to obtain weight in air, and 

then was tested to determine his vital capacity. Vital ca

pacity was determined through the use of a Collins 9 Liter 

Spirometer and each subject was given three attempts. These 

scores were averaged to obtain the vital capacity which was 

used in predicting residual volume (Yarbrough, 1980). 
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After vital capacity was determined, the subject 

showered and entered the underwater weighing tank. Once in 

the tank the subject went underwater to get rid of any ex

cess air bubbles on his skin, hair and bathing suit, and 

then got into the chair for the weights to be taken. The 

chair was suspended in the center of the tank from a scale. 

When the subject was seated he was instructed to slide to 

the back of the chair with his feet extended off the end of 

the chair. The subject was asked to submerge and to exhale 

as much air as possible, then wait 3-5 sec while the re

searcher read the scale. To facilitate a more accurate 

reading the scale was the steadied by the researcher while 

the subject was exhaling. When the subject felt comfortable 

with the procedure, three underwater weights were recorded. 

The average of these three weights was recorded as the true 

underwater weight and used in the calculation of percent 

body fat. All the data were put into a Radio Shack TRS/80 

computer for the percent body fat to be calculated. Body 

density was first determined using the input information 

(see appendix C), then the percent body fat was calculated 

using Brozek's formula, percent fat = (4.570/body density -

4.142) X 100. This formula can be found in Fox et al., 

(1981). Figures 1 and 2 depict testing of vital capacity and 

underwater weighing, including apparatus. 
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Figure 1: Vital Capacity Test 
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Figure 2: Hydrostatic Test and Apparatus 
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Predicted Maximal Aerobic Capacity 

Predicted maximal aerobic capacity (MAC) or V02max was 

obtained by performing a submaximal exercise stress test 

consisting of three workloads, which did not exceed 85% of 

the subjects respective maximum heart rate ( HR max = 220 -

age ) . 

The exercise test consisted of three workload in which 

the overload principle was followed by increasing the speed 

and the percent of elevation of the treadmill in each work

load. The subjects were instructed as how to step on and 

off the treadmill, and practice sessions were facilitated to 

acquaint them with the apparatus. Specific instructions as 

how to step off in case of experimenting any discomfort 

during the test were provided to each subject. Subjects 

were periodically informed of any change in workload, and of 

the time remaining in that stage of the stress test. Heart 

rate was regularly monitored by using an Amerex 150 Sport 

Tester Pulse Transmiter. Data was collected at the begin

ning of the last minute of each workload, and at the end of 

each workload. The data collected at that moment was heart 

rate (HR), and V02 (mL/min/kg). Oxygen consumption was 

analyzed by using a Hans Rudolph non-rebreathing valve, in 

which the exhaled air was introduced into a Beckman MMC 

Horizon System Gas Analyzer. Among the information obtained 
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from this instrument was the volume of oxygen consumed per 

minute per kilogram of body weight (mL/min/Kg), and respira

tory exchange ratio (RER). 

The protocol of the exercise consisted of three work

load of three minutes each. Workload #1 was at a speed of 

1.97 mph and there was no degree of elevation on the tread

mill. This workload permitted the subject to adapt to the 

treadmill, mouthpiece, and other equipment involved in the 

test. The second workload was at a speed of 3.4 mph, which 

is similar to regular walking speed, and the elevation of 

the treadmill was increased to 4%. For the last workload 

the speed was increased to 4,5 mph and the elevation raised 

to 6%. At this stage the subjects were instructed to walk 

fast or jog if they felt more comfortable. A careful 

assessment of the heart rate was followed by the researcher 

in this workload because of the intensity of the exercise. 

After minute #9, or after the subject had reached his target 

heart rate (85% HR max), the speed and elevation of the 

treadmill were gradually reduced and the subjects were ad

vised to recover from exercise by walking at a slower pace. 

The predicted maximum V02 was obtained indirectly by 

linear correlation regression analysis. The average heart 

rates of each workload, and the highest V02 (mL/min/Kg) of 

each workload were introduced to the Radio Shack TRS/80 
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computer with an advanced statistic program. Using the 

linear correlation regression analysis, three pairs of data 

were put (HR,V02) in the computer. Then, according with the 

theoretical maximum heart rate ( HR max = 220 - age), a 

maximum V02 was predicted (V02max). 

Following collection of the raw data, exercise pre

scriptions were given to all subjects and following approxi

mately six months all tests were repeated. 

In figure 3 a picture of the Beckman MMC Horizon used 

to obtain the aerobic capacity data (e.g., V02, RER, etc.) 

is shown. Figure 4 is a picture of a subject performing a 

submaximal exercise test. 
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Figure 3: Beckman MMC Horizon Gas Analyzer 
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Figure 4: Submaximal Exercise Stress Test 



CHAPTER IV 

ANALYSIS OF THE DATA AND DISCUSSION 
OF THE FINDINGS 

Introduction 

This chapter contains the analysis of the data and a 

discussion of the findings. The purpose of this research 

was to study the effect and relationship of an unsupervised 

exercise training program on body composition, aerobic ca

pacity, and cholesterol lipoprotein profile. Tests on these 

areas were conducted among middle aged firemen after six 

month of an unsupervised-prescribed exercise training pro

gram. 

An analysis of variance was followed to determine sta

tistical difference, if any, between pre and post training 

results of body composition, aerobic capacity, and choles

terol lipoprotein levels. A Pearson's product-moment corre

lation was also conducted to assess any relationship between 

the variables analyzed. The level of significance for this 

study was set at the 0.05 level. 

54 
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Organization of the Data 

The raw data for this study was collected from 53 non-

smokers, non-heavy alcohol drinkers, and middle aged fire

men. The data was divided in two groups; pre-training and 

post-training. The areas among which the firemen were test

ed included: body composition, aerobic capacity, and choles-

terol-lipoprotein levels. 

For body composition the physiological characteristics 

to be compared were: body weight, total fat weight, and per

cent of body fat obtained by the hydrostatic procedure. 

Changes in aerobic capacity was assessed by comparing 

predicted maximum aerobic capacity (V02max mL/min/Kg) and 

resting heart rate (bpm). 

In the category of cholesterol lipoprotein profile the 

blood constituents to be tested were: 

1. Total Cholesterol (TC). 

2. High Density Lipoprotein. 

3. Triglyceride (TG). 

Low density lipoprotein was deducted from the formula: LDL = 

TC - HDL -(TG/5), obtained from Glatter (1984). Also the 

atherogenic ratios: TC/HDL, TC/TG, and LDL/HDL were 

compared. 
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Method of Analysis 

The data were analyzed by following an Analysis of Var

iance (ANOVA) between pre and post training results. The 

following analysis were made: 

1. A comparison of the body weight between pre and post 

training. 

2. A comparison of the percent of body fat by the hyd

rostatic method among the pre and post training re

sults. 

3. A comparison of the total fat weight obtained from 

the pre and post training data. 

4. A comparison of the predicted maximum aerobic capaci

ty between the pre and post training results after 

six month of unsupervised activity. 

5. A comparison between resting heart rate after six 

month of unsupervised exercise training. 

6. A comparison of the total cholesterol levels after 

six month of an unsupervised exercise training pro

gram. 

7. A comparison of the high density lipoprotein choles

terol levels between pre and post training. 

8. A comparison between triglyceride levels obtained 

from pre and post training data. 



57 

9. A comparison of the low density lipoprotein 

cholesterol levels of the pre and post training data. 

10. A comparison of the atherogenic ratios; TC/HDL, 

TC/TG, and LDL/HDL of the pre and post training re

sults. 

These tests were followed with a Pearson's product-mo

ment correlation to assess any relationship among the vari

ables analyzed. 

Findings 

Table 2 shows the result of the statistical test using 

body weight means for the pre and post training data. 

The mean value of the pre test analysis for body weight 

was 193.29 Lbs., and the mean value of the post test analy

sis was 192.98 Lbs. There was no significant difference 

found between these means (p = 0.750). 

Table 3 shows the result of the statistical test using 

percent of body fat values before and after the unsupervised 

exercise training. 
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TABLE 2 

Analysis of Variance for Body Weight 

I Source of Sum of Mean I 
I Variation Squares DF Square I 
I 1 
1 I 
I Main Effects I 
I Pre and Post 68.955 I 
I Between 69.000 1 69.000 ! 
I Within 69496.813 103 674.726 I 
I Total 69565.813 104 668.902 I 
I F-Ratio = 0.102 I 
I Degrees of Freedom = 1 & 103 I 
I Probability of Chance = 0.750 ! 

TABLE 3 

Analysis of Variance for Percent of Body Fat 

Source of Sum of Mean I 
Variation Squares DF Square I 

I + 
Main Effects I 

Pre and Post 20.135 I 
Between 20.137 120.137 I 
Within 4260.738 103 41.366 I 
Total 4280.875 104 41.162 I 

F-Ratio = 0.487 | 
Degrees of Freedom = 1 & 103 I 
Probability of Chance = 0.487 | 
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The mean value of the pre test analysis for percent of 

body fat obtained by the hydrostatic method was 25.64%, 

whereas the mean percent of body fat for the post test anal

ysis was 26.31%. There was no significant difference be

tween these means (p = 0.487). 

Table 4 shows the result of the statistical test com

paring total fat weight values for the pre and post test 

data. 

TABLE 4 

Analysis of Variance for Total Fat Weight 

+ • 

Source of Sum of Mean 
Variation Squares DF Square 

Main Effects 
Pre and Post 41.406 

Between 41.406 1 41.406 
Within 21102.582 76 277.666 
Total 21143.988 77 274.597 

F-Ratio = 0.149 
Degrees of Freedom = 1 & 76 
Probability of Chance = 0.700 
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The mean value of the pre test analysis for total fat 

weight was 50.35 Lbs and the mean value of the post test 

analysis was 49.73 Lbs. There was no significant difference 

found between these means (p = 0.700). 

Table 5 shows the result of the statistical test com

paring the different mean values of maximum aerobic capacity 

between pre and post test results. 

TABLE 5 

Analysis of Variance for Maximum Aerobic Capacity 

I Source of Sum of Mean I 
I Variation Squares DF Square I 
.̂ + 
I I 
I Main Effects I 
I Pre and Post 189.605 I 
I Between 189.605 1 189.605 I 
I Within 7057.371 100 70.574 I 
I Total 7246.977 101 71.752 I 
I F-Ratio = 2.687 I 
I Degrees of Freedom = 1 & 100 I 
I Probability of Chance = 0.104 I 

The mean value of the pre test analysis for maximum ae

robic capacity was 37.96 mL/min/Kg, whereas after six month 
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of unsupervised exercise training activity the mean value 

was 35.46 mL/min/Kg. Although there is a marked reduction, 

it was not statistically significant (p = 0.104). 

Table 6 shows the result of the statistical test com

paring the resting heart rate values before and after the 

exercise training. 

TABLE 6 

Analysis of Variance for Resting Heart Rate 

I Source of Sum of Mean I 
I Variation Squares DF Square I 
I 1 
I I 
I Main Effects I 
I Pre and Post 88.697 I 
I Between 88.699 188.699 I 
I Within 11489.898 100 114.899 I 
I Total 11578.598 101 114.640 I 
I F-Ratio = 0.772 I 
I Degrees of Freedom = 1 & 100 I 
I Probability of Chance = 0.382 I 

The mean value of the pre test analysis for resting 

heart rate obtained before the prescribed exercise training 

program was 75.02 bpm, where as the resting heart rate after 
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the training was 75.78 bpm. There was no significant 

difference between these means (p = 0.382). 

Table 7 shows the result of the statistical test com

paring total cholesterol content between the pre and post 

test analysis. 

TABLE 7 

Analysis of Variance for Total Cholesterol 

I Source of Sum of Mean I 
I Variation Squares DF Square I 
4. 1 
I I 
I Main Effects I 
I Pre and Post 41725.184 I 
I Between 41725.184 1 41725.188 I 
I Within 220714.250 100 2207.142 I 
I Total 262439.438 101 2598.410 I 
I F-Ratio = 18.905 I 
I Degrees of Freedom = 1 & 100 I 
I Probability of Chance = 0.001 I 

The mean value of the pre test analysis for the total 

cholesterol content was 192.78 mg/dL, and the mean value for 

the post test analysis was 230.53 mg/dL. It is observed a 

statistically significant increase (p < 0.01). 
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Table 8 compared the result of the statistical test of 

the high density lipoprotein between pre and post training 

analysis. 

TABLE 8 

Analysis of Variance for High Density Lipoprotein 

I Source of Sum of Mean I 
I Variation Squares DF Square I 
I 1 
I I 
I Main Effects I 
I Pre and Post 6.127 I 
I Between 6.129 1 6.129 I 
I Within 7357.313 100 73.573 I 
I Total 7363.441 101 72.905 I 
I F-Ratio = 0.083 I 
I Degrees of Freedom = 1 & 100 I 
I Probability of Chance = 0.773 ' 

The mean value of the pre test analysis for high densi

ty lipoprotein was 41.84 mg/dL, whereas the mean value for 

the post test analysis was 41.09 mg/dL. There was no 

statistical difference between these means (p = 0.773). 

Table 9 shows the result of the statistical test 

comparing the different mean values of triglyceride between 

pre and post test results. 
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TABLE 9 

Analysis of Variance for Triglyceride 

I Source of Sum of Mean I 
I Variation Squares DF Square I 
I ^ 
I I 
I Main Effects I 
I Pre and Post 38.912 I 
I Between 38.912 1 38.938 1 
I Within 461937.750 100 4619.375 i 
I Total 461976.688 101 4574.023 ! 
I F-Ratio = 0.008 I 
I Degrees of Freedom = 1 & 100 I 
I Probability of Chance = 0.927 I 

The mean value of the pre test analysis for triglycer

ide was 135.78 mg/dL, whereas after six month of unsuper

vised exercise training activity the mean value was 144.57 

mg/dL. Although there is an increase, it was not statisti

cally significant (p = 0.927). 

Table 10 shows the result of the statistical test using 

low density lipoprotein means for the pre and post test 

data. 
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TABLE 10 

Analysis of Variance for Low Density Lipoprotein 

Source of Sum of Mean I 
Variation Squares DF Square I 

4. + 
Main Effects I 
Pre and Post 42578.977 I 

Between 42579.000 1 42579.000 i 
Within 182721.813 100 1827.218 I 
Total 225300.813 101 2230.701 I 

F-Ratio = 23.303 I 
Degrees of Freedom = 1 & 100 I 
Probability of Chance = 0.001 I 

The mean value of the pre test analysis for low density 

lipoprotein was 125.02 mg/dL, and the mean value of the post 

test analysis was 165.46 mg/dL. There was significant dif

ference between these means (p < 0.001). 

Table 11 shows the result of the statistical test using 

ratios of TC/HDL before and after the unsupervised exercise 

training. 

The mean value of the pre test analysis for TC/HDL ath

erogenic ratio was 4.83, whereas the mean ratio for the post 

test analysis was 5.92. There was a significant change be

tween these means p < 0.01). 
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TABLE 11 

Analysis of Variance for TC/HDL Ratio 

1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

Source of 
Variation 

Main Effects 
Pre and Post 

Between 
Within 
Total 

F-Ratio 
Degrees of 
Probabi 1 it; 

Sum of 
Squares 

29.409 
29.409 
302.860 
332.089 

Freedom 
Y of Chance 

DF 

99 
100 

= 

= 

Mean 
Square 

129.409 
3.057 
3.321 

9.619 
1 & 99 
0.003 

1 
1 
1 
1 
1 

1 1 
1 
! 

i 

1 
i 

Table 12 shows the result of the statistical test com

paring TC/TG ratio between the pre and post test analysis. 

The mean value of the pre test analysis for TC/TG ath

erogenic ratio was 1.88, whereas the mean value of the post 

test analysis was 2.04. There was no significant difference 

between these means (p = 0.300). 

Table 13 shows the result of the statistical test 

comparing the lipoprotein ratios LDL/HDL of the pre and post 

test data. 
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TABLE 12 

Analysis of Variance for TC/TG Ratio 

Source of Sum of Mean I 
Variation Squares DF Square I 

+ + 
Main Effects I 
Pre and Post 0.824 I 

Between 0.824 1 0.824 I 
Within 75.192 99 0.760 I 
Total 76.016 100 0.760 I 

F-Ratio = 1.085 I 
Degrees of Freedom = 1 & 99 I 
Probability of Chance = 0.300 I 

TABLE 13 

Analysis of Variance for LDL/HDL Ratio 

+ • 

Source of Sum of Mean 
Variation Squares DF Square 

Main Effects 
Pre and Post 29.434 

Between 29.434 1 29.434 
Within 208.333 99 2.104 
Total 237.767 100 2.378 

F-Ratio = 13.987 
Degrees of Freedom = 1 & 99 
Probability of Chance = 0.001 

4 
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The mean value of the pre test analysis for the lipo

protein ratio LDL/HDL was 3.14, whereas the mean value for 

the post test analysis was 4.22. There was found a signifi

cant difference between these means (p < 0.001). Table 14 

shows a summary of the tables with the respective standard 

deviations and probabilities of chance. 

TABLE 14 

Summary of Tables 

PRE-TEST POST-TEST 
MEAN SD MEAN SD P 

I 1 

Body Weight 193.29 26.64 192.26 26.48 0.750 

Percent Body Fat 25.64 6.49 26.31 6.21 0.487 

Total Fat Weight 50.35 16.86 25.41 16.44 0.700 

Predicted V02max 37.96 8.32 35.47 8.31 0.104 

Resting Heart Rate 75.02 12.34 75.78 9.51 0.382 

Total Cholesterol 192.78 43.27 230.53 50.55 0.001 

HDL 41.84 8.29 41.09 9.07 0.773 

Triglycerides 135.78 90.67 144.57 114.76 0.927 

LDL 125.02 37.64 165.46 48.21 0.001 

TC/HDL 4.83 1.65 5.92 1.85 0.003 

TC/TG 1.88 0.95 2.09 0.86 0.300 

LDL/HDL 3.14 1.31 4.22 1.60 0.001 
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Summary of Pre and Post Comparisons 

As a result of the analysis of variance of the data 

collected in this study, the following conclusions seems 

justified. 

1. There was no signficant difference found in body 

weight between pre and post training mean values. 

2. There was no significant difference found in the per 

cent of body fat by the hydrostatic method between 

pre and post training. 

3. There was no significant difference found in total 

fat weight between pre and post training. 

4. There was no significant difference found in maximal 

aerobic capacity between pre and post training mean 

values. 

5. There was no significant change observed in resting 

heart rate between pre and post training. 

6. There was a significant difference found in total 

cholesterol, with post training mean values being 

statistically greater than pre training. 

7. There was no statistical difference found in high 

density lipoprotein between pre and post training 

mean values. 

8. There was no significant difference found in 

triglycerides between pre and post training mean 

values. 



70 

9. There was a significant difference found in mean 

values of low density lipoprotein, with post training 

values being greater than pre training. 

10. There was a significant increase in the atherogenic 

ratio TC/HDL after the unsupervised exercise training 

program. 

11. There was no significant difference found in TC/TG 

ratio between pre and post training mean values. 

12. There was a statistical significant difference found 

in the lipoprotein ratio of LDL/HDL, with post train

ing values being greater than the pre training. 

Pearson's Product-Moment 
Correlations 

The Pearson's product-moment correlation was followed 

to assess the relationship between variables analyzed and 

their concomitant changes. For this analysis post test data 

was analyzed as a result of the unsupervised training pro

gram (Tables 15 and 16). 
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TABLE 15 

Pearson's Product-Moment Correlation 

BFH RBW TFW V02 RHR CHO HDL TRI I 
I 

RBW 0.34 I 
( * ) I 

I 
TFW 0.88 0.70 | 

( * ) ( * ) I 
I 

V02 -0.57 -0.23 -0.57 | 
( *) (**) ( *) I 

RHR 0.13 0.09 0.16 -0.24 I 
(**) I 

CHO 0.27 -0.05 0.16 -0.26 0.14 I 
(**) (**) I 

HDL -0.04 -0.23 -0.04 0.02 -0.18 -0.06" 

TRI 

LDL 

0 . 2 5 
( * * ) 

0 . 3 3 
( * ) 

0 . 2 3 
( * • ) 

0 . 0 0 

0 . 3 4 
( * * ) 

0 . 2 4 

- 0 . 2 2 

- 0 . 3 8 
( * ) 

0 . 1 0 

0 . 1 7 

0 . 0 4 

0 . 9 7 
( * ) 

- 0 . 4 9 
( * ) 

- 0 . 1 5 0 . 2 4 
( * * ) 

I + 
* = p<0.01, ** = p< 0.05; BFH—percent of body fat by I 
hydrostatic method; RBW—relative body weight; TFW-totalI 
fat weight; V02--predicted maximal aerobic capacity I 
RHR—resting heart rate; CHO--total cholesterol; I 
HDL—high density lipoprotein; TRI--Triglycerides; I 
and LDL--I0W density lipoprotein. I 
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TABLE 16 

Correlations of Atherogenic Ratios 

TC/HDL TC/TG LDL/HDL 

BFH 0.203 -0.048 0.220 

RBW 0.150 -0.225 0.134 

TFW 0.153 -0.189 0.154 

V02 -0.181 0.003 -0.215 

RHR 0.230 0.189 0.249 

CHO 0.713 -0.043 0.765 
( *) ( *) 

HDL -0.710 0.405 -0.647 
( *) ( M ( *) 

TRI 0.546 -0.705 0.439 
( *) ( *) ( *) 

LDL 0.753 0.100 0.822 
( *) ( *) 

I + 

* = p<0.01, ** = p <0.05 
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Summary of the Correlations 

In the category of body composition it was observed 

that relative body weight was strongly correlated with total 

fat weight. There was also observed a weak relationship 

with triglycerides. Percent body fat was found to be sta

tistically correlated with total fat weight and low density 

lipoprotein. Total fat weight was found to be correlated 

with triglycerides. There was a negative correlation be

tween percent of body fat, relative body weight and total 

fat weight with the predicted maximal aerobic capacity. 

In the physiological parameter of aerobic capacity, as 

already mentioned, predicted maximal aerobic capacity was 

negatively correlated with body composition. Negative cor

relations were also observed with low density lipoprotein, 

total cholesterol, and resting heart rate. 

Total cholesterol was strongly correlated with low den

sity lipoprotein and percent of body fat. High density 

lipoprotein was not found to be statistically correlated to 

any of the variables, except with the triglycerides content. 

Low density lipoprotein was found to be correlated with per

cent of body fat, cholesterol, and triglycerides. 

Significant correlations were also observed between 

triglycerides and percent of body fat, total fat weight, and 

relative body weight. 
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Discussion of the Findings 

There was a significant difference observed in total 

cholesterol values, with post training being statistically 

greater than the pre training, whereas high density lipopro

tein was not significantly different. These changes did not 

coincide with the hypothesis that total cholesterol will re

duce as a result of the unsupervised exercise training pro

gram. Low density lipoprotein was also found to increase 

significantly, supporting the theory that LDL is the main 

carrier of cholesterol. The atherogenic ratios of TC/HDL and 

LDL/HDL were found to increase as a result of the unsuper

vised exercise training. These results can be explained by 

the influence that total cholesterol and low density lipo

protein have on these fractions respectively. 

The findings observed in the correlations suggested 

that there were some statistical correlations between body 

composition, aerobic capacity, and cholesterol lipoprotein 

profile. The percent body fat was found to be weakly corre

lated with low density lipoprotein (r=0.33, p< 0.01), total 

cholesterol (r=0.27, p< 0.05), and triglycerides (r=0.25, p< 

0.05). Negative correlations were also observed between 

body composition and the predicted maximal aerobic capacity. 

The unfavorable changes observed in total cholesterol 

and low density lipoprotein can be explained by the 
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nonobjective nature of a voluntary-unsupervised training 

program. Also, the fact that Christmas holidays were part 

of the six-month period might have had a detrimental effect 

in the lifestyle behavior of the subjects. These results 

match with the review of literature where voluntary fitness 

programs were not as effective as mandatory fitness programs 

improving maximum aerobic capacity and other physiological 

parameters (Bahrke, 1982). 



CHAPTER V 
I 

SUMMARY 

Statement of the Purpose 

The purpose of this research was to study the effect 

and relationship of a six-month period of an unsupervised 

exercise training program on body composition, aerobic ca

pacity, and cholesterol lipoprotein profile among healthy 

middle aged firemen. 

Summary of the Findings 

The result of the experiment suggested that changes in 

cholesterol lipoprotein profile are concomitant with the 

changes observed in body composition. There was a signifi

cant difference found in total cholesterol and low density 

lipoprotein, with post training mean values being greater 

than the pre training (p < 0.001). There was also signifi

cant changes observed among the lipoprotein fractions of 

TC/HDL and LDL/HDL. No statistical change was observed in 

HDL or triglyceride levels. 

The percent body fat was found to be significantly 

correlated with low density lipoprotein, total cholesterol, 

and triglycerides. The predicted maximal aerobic capacity 

6̂ 

.••*•• ^ : r-tm 
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was found to be negatively correlated with body composition. 

Total cholesterol and LDL were found to have the strongest 

relationship among the variables tested (r=0.97, p< 0.001). 

Conclusions 

The conclusions which can be drawn from this study are 

as follows: 

1. Unsupervised exercise training causes no significant 

changes on body composition. 

2. Unsupervised exercise training causes no significant 

changes on aerobic capacity. 

3. Unsupervised exercise training caused a significant 

change in total cholesterol, low density lipoprotein, 

and the lipoprotein fractions of TC/HDL and LDL/HDL. 

These changes were significantly correlated with the 

percent of body fat, except for the LDL/HDL ratio. 

4. Unsupervised exercise training was not efficient 

enough as to produce changes on body composition and 

aerobic capacity, therefore, favorable changes in the 

cholesterol lipoprotein profile were not observed. 
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Recommendations for Subsequent 
Studies 

The specific effect of exercise on the cholesterol 

lipoprotein profile should be studied with respect to the 

prevention and treatment of coronary artery disease. As 

coronary artery disease accounts for more deaths than any 

other disease the finding of the research done will become 

more and more important, and the need for further research 

even greater. Some possible areas for further research 

might be: 

1. Research into the effect of a supervised endurance 

exercise training program on cholesterol lipoprotein 

profile, and its relationship with changes in body 

composition and aerobic capacity. 

2. Further research assessing the changes of lipoprotein 

constituents such as; apoproteins (e.g., LDL-apoB), 

and HDL subtractions (e.g., HDL-2, and HDL-3) as a 

result of an endurance-supervised exercise training 

program. 

3. Research on the psychological benefits of high and 

low intensity exercise training programs on stress, 

and its correlation with lipoprotein constituents. 

4. Research on the activity of the enzyme lecithin 

cholesterol acyl-transterase (LCAT) in response to 

acute and chronic exposure to endurance exercise. 
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APPENDIX A 

QUESTIONNAIRE 

Personal Information 

Name (First, Initial, Last): 

Street: 

City, State, Zip: 

Phone:( ) 

Physical Information 

Age (yrs): Sex (M/F) : Height (inches) 

Weight (Lbs): Measured Desired _ 

Percent Body Fat 

Underwater: 

Skinfold : 

Personal Exercise 

Exercise Mode (None/Swim/Jog/Bike/etc.) 

Exercise Frequency (Sessions/Week): 

Exercise Duration (Minutes/Sessions): 
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APPENDIX B 

EXERCISE PRESCRIPTION 

In order to gain physiological improvement from an 

exercise training program, the three basic criteria which 

follow must be met: 

1. Intensity. The rate or degree of difficulty must be 

sufficient. This intensity is presently determined 

for you as noted below. 

2. Frequency. The minimum number of training sessison 

per week is three, with tour or five preferable. 

3. Duration. Each session must last a minimum of twenty 

minutes. 

In order for you to achieve your goals the minimum cri

teria may be all that is necessary. However, the minimum 

may not be sufficient for some. 

To determine the appropriate exercise intensity we use 

both oxygen consumption and heart rate. The range noted be

low is the most appropriate training range for you, based on 

your present physical capabilities and goals. 

METs are an easier way to express oxygen uptake or 

workload. One MET is 3.5 mililiters of oxygen per kilogram 

of body weight per minute, which is equivalent to our 

resting metabolic rate V02 (mL/min/Kg)/3.5 = MET Value. 
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You will find that as your physical condition improves 

your heart rate decreases for a given amount of work. For 

this reason you will need to increase the intensity of the 

work you are performing. You may also find that a higher 

level of work is more suitable. ' Use the chart on the next 

page for a guide. Remember that you should remain within 

the stipulated heart rate range - if too low, cardiovascular 

adaptation is unlikely to occur, if too high, difficulties 

which may be encountered exceed the benefits. 

Interval training will allow you to work at an intensi

ty above that which has been stipulated, but for shorter 

periods of time. Interval training is best suited tor those 

interested in competing. 
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TABLE 17 

Exercise Prescription Chart 

Percent of Heart Rate METS Cals/Min Jog-pace 
V02max. (bpm) (min/mile) 

50 128 7.94 9.68 11:35 
55 134 8.73 10.65 10:24 
60 140 9.53 11.61 9:26 
65 146 10.32 12.58 8:37 
70 152 11.12 13.55 7:57 
75 158 11.91 14.52 7:22 
80 164 12.70 15.48 6:52 
85 171 13.50 16.45 6:26 
90 177 14.29 17.42 6:03 

For swimming use 4 times the running pace (i.e., a 10 

minute mile running would be a 40 minute mile swimming). 

For bicycling use 2/5 of the running pace (i.e., a 10 minute 

mile running would be a 4 minute mile biking). One Met 

(Metabolic Equivalent) is equal to the amount of energy used 

under resting conditions. An exercise that requires an 

intensity of 4 METs, requires 4 times the amount of energy 

expended during resting conditions. 



Name: 

APPENDIX C 

HYDROSTATIC WEIGHING DATA 

Age: , Sex: , Height 

Date: 

Data 

1. Ma Lbs Ma—mass in air (weight) 

2. Tare Weight Kg Tare—chair and weights 

(weight while in water) 

3. uw Kg UW—underwater weight 

(while submerged) 

4. DW mg/mL DW—density of water 

5. VC Lts VC—vital capacity 

6̂  BP mmHg BP—barometric pressure 

7^ TS C TS—spirometer temperature 

8̂  VP mmHg VP—vapor pressure 
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