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Research has reported that increased levels of plasma TC are directly related, while 

low levels of plasma HDL-C are inversely related, to coronary heart disease. Reg1Jlar 

physicai exercise has been suggested as a method for reducing plasma TC and in~reas:ng 

plasma HDL-C. Thirty-one healthy, sedentary women (ages 18-30) were studied to 

deterrTiine the effects of a jogging, weight training, or a combined jogging and weight 

t:.raini.'1g program on plasma total cholesterol, high-density lipoproteins, rilld body 

composition. Experimental subjects were randomly assigned to th~ trf'.;a~en: c::r..ditions. 

The subjects trained three days a \veek for nine weeks. The R group ran for 30 r~1i1rnt~s ci. 

session at 75% predicted maximum h1R. The \V group trained "vitn weights utilizing 

exe!'cises to strengthen ail major muscle groups for one hour at 60% one re-petition 

maximum the first 3 weeks and 75% one repetition maximum weeks 4 - 9. The R~N group 

r'.l.l1for25 minutes a session at 75% predic~ed rn.axirrmm HR, then lifted weights using ~he 

kg-strengthening exercises for 30 minutes, similar to the W group. Preceding and 

following the treatment period, plasma TC, HDL-C. body weight. a.rid percent body fat 

•.vas a~sessed for all four groups. Piasma TC wc.s not signific:mdy altered, although a 

downward trend was observed for :ill three treatment groups. Plasma HDL-C did net 

change ove::.· the r:-earment period for any group. The plasma TC/HDL-C ratio changed 

significantly among groups over the treatment period, with the R group decreasing therr 

r:u10 frcm 3.5 to 2.9 (p < .05). No changes were noted Jn perce:it body fat, fat-frc~ mass, 



or body weight for any of the groups. The Pe:.1rson product-moment correlations performed 

between the changes in blood lipids and the changes in body composition found no 

significant relationships. The results of this study indicate that an exercise program 

consisting of endurance training for 30 minutes, 3 times per week, or weight training for 

one hour, 3 tin1es per week, or a combination aerobic/weight training program 3 times per 

week is not adequate to significantly improve plasma TC or HDL-C in young females over 

a nine week period. However, significant improvements may be made in the plasma 

TC/HDL-C ratio which may decrease the risk for CHD. 
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CHAPTER I 

Introduction 

Cardiovascular disease (CVD) has been the leading cause of death in the United 

States during the past 3 decades. Annually, it accounts for approxima:ely one million 

deaths (Hutchinson, 1985). Coronary heart disease (CED), a major form of CVD, is 

responsible for over 50% of these cardiovascular deaths and 30% of all deaths (Pollock, 

\Villmore, & Fox, 1984). Approximateiy 5.3 minion peopie have CHD, while l.5 million 

coronary events occur annually (McCunney, 1987). 314,000 individuals under 65 have 

their first coronary artack every year, with 45% of these attacks ending in death 

(Passamani, Frommer, & Levy, 1984). Although there has been a recent decline in 

mortality rates, deaths due to CHD continue to remain significantly above those due ro 

cancer, the second leading cause of death. 

In the past decade there has been a 25% decrease in cardiovascular deaths. One 

reason contributing to the decline in CHD is the improved medical care (Brander.burg, 

Fuster, Giuliani, & McGoon, 1987; Feinlab, 1984 ). An even greater factor may be the 

lifestyle changes of the American people with reductions in cigarette smoking, co"'.ltroi -.1f 

high blood pressure, and reduced plasma total cholesterol (TC) ((Kannel, i983). It 

appears that people are beginning to take more of an interest in preventing or at le:!st 

delaying the onset of disease. 

Thr·ee pr.ill1a...ry risk factors have been identified as causing CHD: Cigarette 

smoking, hypertension, and bypercholesterolernia. Any one of these risk factors has the 

chance of doubiing one's CF...D risk (Criqui,1986; Hutchinson, 1985). 

Hypercholesrerolernia, however, will be the issue addressed in this smdy. 

1 
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Statement of the Problem 

The effects of endurance and weight ::raining on plr!sma cholesterol have been 

researched separately by a number of investigators. The general body of literature suggests 

a strong positive correlation between low levels of plasma TC and a low risk of CHO 

(Gordon, Castelli. I~jortland, Kannel, & Dawber. 1977; Brown & Goldstein, 1984). As 

the level of plasma TC decreases, the risk of CHD also decreases. An inverse reI:itionship 

between plasma high density lipoprotein cholesterol (HDL-C) and CHD has also been 

noted. As plasma HDL-C levels increase, the risk of CHD decreases. 

l•. great deal cf resea:ch has focused on the effects of endurance exercise (ie., 

jogging)' on plasma TC and HDL-C. MJ.ny studies have found that this type of exercise 

results in unchanged or slightly lower plasma TC values and increased plasma HDL-C 

levels. 

On the other hand, the few studies looking at the effects of weight traini::Jg on 

plasma TC and HDL-C have been conflicting. Some note significant decreases in plasma 

TC ?.nd increases in plasma HDL-C with weight training while others noted no cha.'1ges in 

either. Reasons for this disparity may be the differences in degree of resistance, number of 

repetitions, and length of rest intervals as well as the total workload used in lTaining 

sessions (Hurley & Kokkinos, 1987). No studies have compared the effects of a 

Gombined program of endurance and weight training on plasma TC and high density 

lipoprotein-cholesterol. 

Various choiesterol studies reported changes in body composition for rhose su~ject3 

involved in experimental treatments. Passible correlations between body composition 

chang·:!s :.md plasma HDL-C changes have been suggested (Moore, Hartung, Wcitchell, 

Kappus, & Hinderlitttr, l 983: Rotkis, Boyden, Stanforth, Pamenter, & \Viimore, 1984; 

Schwartz, 1987). As ~he tl.r:lount of lean body tissue increases, plasma HDL-C levels 
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increase. Many studies have found that with no change in body weight, decreases in fat 

weight, and increases in plasma HDL-C levels were observed after exercise training 

(Goldberg, Elliot, Schutz, & Kloster, 1984). 

Research Hypothesis 

Ho: There was no difference between individuals who did not engage in physical 

exercise, those who trained with weights, those who trained aerobically, and those who 

combined weight training and an aerobic activity in the following variables: 

1. Plasma TC and HDL-C 

2. Percent body fat, fat-free mass, and body weight 

Ho: Tnere was no relationship between the changes in body composition and the 

changes in plasma TC or HDL-C in individuals who did not engage in physical exercise, 

those who trained with weights, those who trained aerobically, and those who combined 

weight training and an aerobic activity. 

Significance of the Study 

Numerous studies have addressed the issue of aerobic activity and its effect on 

plasma TC and HDL-C. Fewer studies have explored the effects of weight training on the 

two variables. The results of these studies are not in agreement. If the results of this study 

demonstrate a decrease in plasma TC and/or an increase in plasma HDL-C with weight 

training, this would suggest that weight training decreases risk of heart disease. 

The purpose of this study was to investigate not only the effects of an aerobic 

activity and the effects of a weight training program, but also the effects of an exercise 

regimen which combined the two activities. Since this combined exercise program has not 

been addressed in the literature, the results of this study will seek to answer some of the 

existing :researc!1 questions, as well as identify additional areas for fllI*Jler research. 
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It is also important to understand th!:: relationship, if any, between body 

composition changes, plasma TC changes, and plasma .HDL-C changes. 

Limitations 

The following limitations of the study were recognized: 

1. Sampling was non-random since the suL~ects volunteered. Thus the results of the study 

are intuitively generalizable onl? to similar samples. 

2. The subjects may have increased or decreased caloric intake during the treatment period 

which could have affected their cholesterol and/or plasma HDL-C levels. 

3. Some of the subjects participating in the study were on birt...h control pills which may 

have had a confounding effect on plasma TC or HDL-C levels. 

4. Diets were not to be monitored or changed during the course of this study. Subjects 

were encouraged to maintain normal dietary patterns. 

5. Those subjects that jogged had to start a jog/walk exercise program at 60% of their age-

predic~ed m:DCimum hea..4: rate in order to work up to a continuous jogging program at 

7 5 - 80% of t..lieir age-predicted maximun~ hea.-r rate. 

Definitions and Symbols 

The following; definitions and symbols will be utilized throughout tris paper: 

1. Atherosclerosis - a form of a.."teriosclerosis in which deposits composed of fatty 

materiais, cholesterol and dead cells form in the large and medium-sized arteries. 

2. Cholesterol - an essential lipid found in all living cells, especially in the brain, liver, 

kidneys, adrenals and myelin sheaths surrounding nerves. It is transported ro the 

tissues in the blood via lipoproteins. 

3. Fat-free wei~ht - total body weight minus fat weight. 
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4. Hi£h-densitv lipoprotein-cholesterol - ,i pbsma lipoprotein containing high levels of 

protein, small amour1ts of triglycerides, r:r:oderate levds of phospholipids and relatively 

litde cholesterol. 

5. Kilocalorie - a measure of heat energy. A calorie represents the amount of heat needed 

to raise one gram of water one degree Ce!.sius. 

6. Lean body mass - body mass composed of muscle, bone, and other tissues. Includes 

an essential amount of lipid as necessary for membrane and nerve as well as other 

physiological functions. 

7. Low-=density lipoprotein-cholesterol - a plasma lipoprotein containing a low percentage 

of triglycerides, high levels of cholesteroi and moderate levels of phospholipids and 

protein. 

8. One repetition maximum (1 RM) - the greatest amount of weight that a subjecr is abie to 

lift only once on a weight-training apparatus. 

9. Percent bodv fat - the portion of the body which consists of fat, as opposed to lean 

muscle tissue, expressed in percentage form. 

10. Serum total cholesterol - cholesterol in the biood serum, also called blood cholesterol. 

The following symbols will be used throughout the text: 

1. BW: body weight 

2. C: control group 

3. FRvf: fat-free mass 

4. g: gram 

5. HDL-C: high-densizy lipoprotein-cholesterol 

6. HR: hea.i.--r :rate 

7. Kcal: kilocalorie 

8. kg: kilogram 
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9. LBM: lean body mass 

10. LDL-C: low-density lipoprotein-chole:~terol 

11. %BF: percent body fat 

12. R: running group 

13. R1v1: repetition maximum 

14. RW: running/weight training group 

15. TC: total cholesterol 

16. VLDL-C: very low-density lipoprotein-cholesterol 

17. W: weight training group 

J?asic Assumptions 

The following assumptions have been met: 

1. The subjects exercised no more or less than their prescribed workouts throughout the 

course of this study. 

2. The subjects consumed a weight maintaining diet throughout the course of the study. 

3. During hydrostatic weighing, the subject expelled all air and layed still enough for <m 

accurate reading. 

4. When testing for lRM, subjects exhibited a maximal performance. 

Surrnnarv 

Cardiovascular diseases have been the number one cause of death since 1950. 

Much has been done to decrease the monality rate, however, many questions remain 

unanswered as to the prevention of CHD. Research repons a decrease in CHD with a 

decreased plasma TC concentration. It has also been suggested that an increased plasma 

HDL-C concentration will decrease CHD. Aerobic activity (ie., running) and weight 

training have demonstrated slight decreases or no changes in plasma TC, as weil as 

incrc~ses plasma F.J)L-C. TI1is study compared the effects of a weight training regimen, an 
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aerobic exercise regimen, and a combined aerobic <.md \Vi;:ight training regimen on plasma 

TC and HDL-C concentrations. This study also locked at rhe relationships between 

changes in these variables: FFM, %BF, BVI, and plasm::i TC, HDL-C, and the 

TC/HDL-C ratio. 



CHAPTER II 

REVIEW OF THE LITERATURE 

Introduction 

For more than 30 years scientists have been searcbng for insight into the complex 

etiology of coronary heart disease (CHD). CHD has been the leading cause of death in the 

United States during this time (Ross, 1986), causing 1.5 million myocardial infarctions an.d 

claiming over 500,000 lives annually (McCunney, 1987). The exact cause of 

atherosclerosis is still unknown, but numerous risk factors, especially smoking, 

hypenension, and hypercholesterolemia play significant roles in its development (Francis, 

1980; Patsch & Patsch, 1984; McCunney, 1987). 

A decline in CHD has occurred over the past several years. fncreased medical care 

and technology have been important factors, but the healthy changes in ttle lifes~yles of the 

American population which help to control the major risk factors may be more ffi1porrant in 

explaining this decline (Thom, Kannel, & Feinlab,1985). 

Parhoirenesis of Atherosc1erosis 

CHD results largely from the slow formation of plaques (deposition of c:mlesterol 

and cellular debris) on the arterial wall. This process of plaque fonnation is known as 

atherosclerosis. According to Brown and Goldstein's theoretical model (1984), it is 

da.t-nage to the thin layer of endothelial cells that lines an anery wl:iich initiates plaque 

fom:ation. The damaged endothelium is injured at some point, allowing low-density 

lipopmtein-cholesterol (LDL-C) particles and blocd platelets to penetrate tJ1e cell wail. 

Hormones (ie., platelet-deiived growth factor, PDGF) are released, causing smooth-

muscie cells in the layer below the ~ndothelium to multiply and migrate into ~he damaged 

<Jrea. The smooth-muscle cells and macrophages are overwhelmed by the high levels of 

cholesterol, hence they begin to ingest and degrade LDL-C thereby forrning cholesterol-

8 
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filled foam cells. High leveis of LDL-C i!l r.hc plasrr:a cause excess cholesterol from the 

LDL-C to accumulate in ai.1.d among the fofu-n cells. The accumulated cholesterol, cells, and 

debris constitute an atheroma, which in time can narrow the channel of the artery. This 

results in a restriction of the blood flow m the body, which, in specific areas may cause a 

heart attack (heart) or stroke (brain). 

Ross (1986) refined the concept of endothelial injury by proposing two pathways 

of proliferative lesions. The first pathway has been observed in experimentally induced 

hypercholesterolemia, and is similar to the theory of Brown and Goldstein (1984). Injury 

to the endothelium induces release of growth factors. 1/Ionocytes attach to the er.dothelium, 

thereby continuing the release of more growth factors. These monocytes migrate to the 

subendothelium, resulting in fatty streak formation and further growth factor secretion. 

Macrophages may stimulate or: injure the overlying endotheliu..'11 and may even lose their 

covering, causin.g platelet attachment. Thus, three sources of growth factor are possibie -

platelets, macrophages, or endothelium. Another possible source of growth factor may be 

smooth-muscle cells which form in the proliferative lesion itself. 

An alte::.i1ate pathway for development of ath.erosclerosis involves injury to m~ 

endothelium \Vhich nevertheiess remains intact. Increased endothelial turnover results in 

growth factor formation. This stirr.ulates migration of smooth-muscle cells from the media 

to the intima accompanied by endogenous production of growth factor (PDGF) from the 

smooth muscles. This could cause fibrous-plaque fom1ation and further progr~ssion of :he 

atherosclerotic process (Ross, 1986). 

Fun:ier research is needed in this are:i of growth factor production and lesion 

formation. Continued testing of these hypolbeses may enable :researchers tv detemiine 

which C;!lls in lesions and adjacent tissues are releasing growth factors or inhibitors ~h<:.t 

may regulate .!esion formation, progression'. and regression. 
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Pathway of Cholesterol 

Contrary to lay opinion, cholesterol is an essential c0mponent in the human body. 

It is not only an important building block for cell membrane (Dufaux, Assmann, & 

Hollimann, 1982; Patsch & Patsch, 1984), but also a necessary precursor for the 

manufacture of digestive bile acids and steroid hormones. This substance can be supplied 

by either exogenous (diet) or endogenous (produced within the body) sources. The liver 

produces about 80% of the body's cholesterol while the diet supplies the remaining 20%. 

Synthesized from acetic acid, cholesterol is found in greatest concentration in nervous 

tissue, the liver, a.rid fat deposits (Garman, 1978). 

The exogenous pathway begins as dietary cholesterol is absorbed in the intestine 

and packaged with triglyceride in the form of chylomicrons (Brown & Goldstein, 1984; 

Grundy, 1986). Lipoprotein lipase (LPL) aids in the removal of fatty acids as the 

chylomicrons travel through the capillaries. Upon reaching the liver, the cholesterot-rich 

remnants bind ro specific receptors and are absorbed. The cholesterol is then either 

reabsorbed into the intestine (as bile acids) or repackaged with. triglyceride to form very 

low-density lipoprotein (VLDL-C) particles and secreted back into the circulation to l::egin 

the endogenous cycle. Triglyceride is once again cleaved from the VLDL··C, leaving an 

intermedia!e-density lipoprotein (IDL-C) rich in cholesterol, which can be removed by the 

liver or converted to LDL-C. TI1e latter is absorbed into th.e liver via LDL receptors or 

cleaved by the extrahepatic tissues. Some cholesterol is bound to high-density lipoprotein 

(HDL-C) and esterified by the enzyme lecithin cholesterol acyltransferase (LCAT), which 

allows it to be recycled back to IDL-C and LDL-C for uptake into the liver or other cells. 

The remaining cholesterol is carried out of the bloodstream and voided in the feces. 

Choiesterol is transported through the plasma in combination with protein, 

triglyceride and phospholipids. 'These macromolecules are knovm as lipoproteins and 
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classified according to size and density. The higher the :atio of lipid to protein, the lower 

the density; the lower the density, the larger the pa...rticle (Eder, 1984). The major classes of 

lipoproteins are chylomicrons and VLDL-C, the principle component of both being 

triglycerides; LDL-C, composed mctinly of cholesterol esters; and high-density iipoproteins 

(HDL-C), which contain primarily phosphoiipids and the highest amount of protein .lffiong 

the lipoprotein classes. HDL-C appears to play a critical role in the transport of cholescerol 

from the peripheral cells to the liver for catabolism and eventual excretion (Garman, 1978; 

Brandenberg et al., 1987). 

Relationship b~tween Plasma TC and CHD 

It has been shown that increased levels of plasma total cholesterol (TC) and LDL-C 

are positively related to CHD (Castelli, 1983; Goldberg et al., 1984; Hartung, 1984). 

Plasma LDL-C, which accounts for approximately 50-70% of plasma TC (Francis, 1980). 

piays a major role in t.i-ie transport of cholesterol from plasma to the peripheral cells for 

intracellular metabolism. Evidence suggests (Eder, 1984; Goldberg & Elliot, 1985) that 

LDL-C causes damage directly to the arterial endoth.elium, thus causing <h-rteriai smooth 

muscle to proliferate and accumuhte large amounts of lipids, prin:arily cholesterol. 

According to Goldberg :md Elliot (i985), th:i.s accumulation may be the mechanism which 

leads to formation of atherosckrotic plaques. 

In the Framingham Heart Study, 2,253 men and 2.818 women were studied :.md 37 

variables indic:iting high risk for CHD were detemiined. One of rhe top 3 factors was 

elevated blood choleste.ml (\\7ood, Haskeil, Blair, \Villiams, Krauss, Lindgren, Albe;s, 

Ping, & Farquhar, i 983). This study suggested that rates of CHD are relatively constant 

for plasrna TC icveis up to 200 to 220 mg/dl, but as levels above this range inc~eased, the 

risk of CHD also increased. A common interpretation of these results suggests that little is 

to be gained by having plasma TC levels below 200 mg/dl. However, a curvilinear 

/ 
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relationship between plasma TC and CHD was seen in the Multiple Risk Factor 

Intervention Trial (MRFIT) (Stamle:r, ·wemworth, & Neaton, 1986). A study of 356,222 

men between the ages of 35 an.d 57 shm.ved a continuous and graded relationship between 

plasma TC and CHD. When plasma TC levels were below 180 mg/dl, risk seemed 

unchanged; at higher levels of piasma TC, rbe risk fac!or for CHD was compounded. Of 

all CHD deaths, 46% were estimated to be excess deaths attributable to plasma TC levels 

above 180 mg/dl. Conversely, a 20 mg/dl decrease in plasma TC was found to decrease 

CHD mon:ality by 16%. The results of th~ Lioid Research Clinics Coronary Primary 

Prevention Trial (1984) yielded a similar report. It was suggested that on the average, each 

1 % decrease (approximately 2 - 3 mg/dl) ill plasma TC results in an appropriate 2% 

decrease in the incidence of CHD. 

Because of the positive correlation between plasma TC levels and risk of CHD, 

many L.1vestigators believe that the plasma TC levels should be as low as possible. 

However, this position does not specify desirable ranges or levels afid thus, the qll:.!stion of 

what constitutes an ideal plasma TC level has arisen. The National Institutes of HeaJ!h 

CNIH) (1985) and American Heart Association (AHA) (1984) have sought to ai1s\ver :his 

question recently. Bor.h groups suggeste~ guidelines for safe levels of plasma TC. 111.e 

AHA recommended that plasma TC levels be contained below 200 mg/dl, ·.,vhile further 

suggesting that an ideal range falls between 130 and 190 mg/dl. The Nrtl conference 

arrived at a similar recommendation that plasma TC levels remain below 2C{) mg/dl. 

fa a 21-mon~l: study of the progressic-n of atherosclerosis, 106 patients 

demonstrated angiographic evidence of atheroscierotic progression, while 13 patients 

showed Gone (Nash, Gensini, Simon, Arno, & Nash, 1977). Fifty-one percent of those 

3howing arherosclerotic progre~.sion had plasma TC levels above 250, while 15% had 

values less than 200 mg/dl. Of those with no progression, no patients had values over 250 



1 3 

and 69% had values under 200 mg/dl. In light of rhis evidence, along with epidemiologic 

studies (Stamler, et al., 1986; Riflcind. 1984; Castelli. 1983) and recommendations of the 

AHA and NIH, it appears that plasma TC levels beJmv 200 mg/dl are desirnble and should 

be widely recommended, with levels below 180 mg/dl being optimal for reduced risk of 

CHD. 

The Effect of Aerobic Exercise on Plasma TC 

A variety of personal characteristics and environmental factors have been 

documented which influence che composition of plasma TC, including gender, age, body 

composition, dietary intake of fats, medications, family history, and exercise (Haskell. 

1984; Carey, 1984). The effects of each of these factors interact with one another in a 

variety of ways, making a definitive statement regarding the independent effect of any one 

factor difficult, but not impossible. Many studies have controlled for dietary intake, age, 

gender, and medications while investigating the independent effect of exerci~e on plasma 

TC, thus, enabling the researcher to suggest strong correlations between exercise and 

plasma TC. 

Observational studies of exercise effects on plasma TC have generally demonstrated 

that people who regularly perform vigorous, large-muscle, dynaniJc exer~ise for extended 

periods (endurance training) have similar or only slightly different pl::t.sma TC 

concentrations than less active people of surilar ages. For exampie, some studies cf long-

dista.'1.ce runners report no differences in plasma TC (Lehtonen & Viikari, 1978; 

Thompson, Lazarus. Cuilinane, Henderson, Muslin.er, Eshleman, & Herbert. 1983; Hagan 

& Gettr.nan, 1983; Moore et al., 1983; Morgan, Cmise, Girardin, Lutz-Xchneider, 

Morgan., & Qi, 1986), while sintifar studies report either slightly lower (Wood, Haskell, 

Klein, Lewis, Ste::-n, & Farquhar, 1976; Clarkson. Hintermister, Fillyaw, & Stylos, 1981) 

or higher (Lehtonen & VHkari, 1980; Ha.."'i::mg, Jackson, North, Reeves, & Foreyt, 1985) 
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values for endurance-trained athletes. No differences between trained athletes and 

sedentary controls have been reported for tennis players (Vodak:, Wood, Haskell, & 

\Villiams, 1980), soccer pls.yers (Lehtonen & Viika.:.."'i, i 980), or skaters (Farrell, Maksud, 

Pollack, Foster, Anholm, Hare & Leon, 1982). 

Findings from prospective analyses of ex~rci~:;e and plasma TC levels have also 

been inconsistent. Lopez, Vial, Balart, and Arroyave (1974) studied plasma TC values on 

13 medical students (mean age = 22 years) who participated in a 7 week training program. 

Treatment consisted of four 30-minute sessions per week of intense physical exercise 

(approximately 7 METS) involving 10 - 15 minutes of jogging, 10 - 15 minutes of 

bicycling, and 5 - 10 minutes of calisthenics. These tasks were performed to the subject's 

maximal tolerance. Plasma TC concentrations decreased significantly from 169 - 162 

mg/dl (p ::;; .03). Although this change was statistically significant, it was not clinically 

significant, due to the fact that the pretraining value was well within normal values. Dietw.-y 

intake was individually adjusted to maintain caloric balance and body weight, but no 

control group was used, nor were other variables controlled, such as smoking or alcohol 

consumption. 

In a study yielding similar results with 15 oarsmen and 21 controls, matched for 

age, smoking, and drinking habits (Danner, Wieling, Havekes, Leuren, Sz:riJt, & Dunning, 

1984), plasma TC levels decreased significantly from 166 - 145 mg/dl during the 7 month 

trainin.g ser~son (p$.05). In fact, after 2 weeks, plasma TC levels had fallen significantly 

below initial values to 155 mg/dl. Months 1 to 3 consisted of endurance training. months 4 

to 6 involved interval training, and months 6 and 7 consisted entirely of rowing. Subjects 

trained 10 hours per week the fir~t four weeks, and 14 hours per week thereafter, but the 

frequency, intensity aDd duration of each session were not discussed. Body weight 

remained constant in this stt:dy also, although skinfold thickness decreased significantly 
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from 30.7 - 22.2 mm (p:::::; 0.01). These results si:ggested that diet did not influence 

plasma TC values. Although the frequency and inte;-isity of each session was not 

discussed, plasma TC changes may have r~suited from the number of hours spent 

exercising each week. 

Other studies however, have failed to si1ow a decrease in plasma TC after 

endurance training lasting several weeks or months. A study comparing a low intensity to 

a high intensity aerobic training program yielded no change in plasma TC values in either 

group after 18 weeks (Gaesser & Rich, 1984). Seventeen sedentai-y healthy, non-smoking 

males between 20 - 30 years participated in either a high intensity (H; n = 7) or low-

intensity (L; n - 9) exercise training program. Both groups pedaled at 50 rpm 3 days per 

week on a cycle ergometer. H exercised 25 min/session at 80 - 85% measured V02 max, 

while L exercised for 50 min at 45% measured V02 max. The lack of change in plasma 

TC was expected by this researcher, due to the initially low values (H - 183 mg/dl; L - 182 

mg/dl). Gaesser and Rich (1984) suggested that exercise training is unlikely to induce 

changes in plasma TC values which are low at the 'Jeginning of the study, however, the 

two previous studies which demonstrated significant decreases in plasma TC also had low 

initial values. Lack of change in this study may have been due to the duration of each 

session, rather than the low pre-training values. Dietary intake was not controlled, which 

may have confounded the results, also. 

Blessing, Stone, Byrd, ·wilson, Rozenek, Pushparani, & Lipner (1987) elicited 

similar results in plasma TC when they compared 11 subjects who jogged with 13 controls. 

The exercise progra..-n was conducted 3 times per week for 12 weeks. Joggers 

walked/jogged for 20 minutes at 60 - 75% of their predicted maximum heart rate (HR) for 

we~ks 1-3, increas1ng to a 25 minute jog at 75 - 80% weeks 4-6, increasing still to 80 -

85% for 25 minutes, weeks 7-12. Plasma TC remained unchanged (231 - 232 mg/dl) 
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which may have been due to the low intensity and duration of the treatment of the first three 

weeks. 

One of the few studies investigating the effects of endurance exercise on plasma TC 

in women also failed to induce a decrease in plasma TC (Rotkis et al., 1984). Nineteen 

healthy women who were already running between 15 and 25 miles per week participated 

in this study. Testing was performed when each subject had run 30 miles per week more 

than her baseline average weekly mileage (~30) for 2 consecutive weeks and 50 miles per 

week more than her baseline average weekly mileage (~50) for 2 consecutive weeks. The 

total length of the training time was 14.8 months (range= 13 -15 months). Plasma TC 

remained constant at each testing time (baseline= 185; ~30 = 183; ~50 = 185 mg/dl). 

Once again, initial plasma TC values were already low, which may in part explain the lack 

of change. There was however, a shift in the relative contribution of plasma HDL-C and 

LD L-C to plasma TC. 

T'nus far the effect of exercise on plasma TC concentration appears to be variable 

and inconsistent. Investigators have not always controlled for dietary intake and body 

weight in their analyses, both of which influence lipoprotein values. Seasonal variation, 

use of medication, and intensity and duration of training have also influenced the lipid and 

lipoprotein values. Another factor in the unchanged plasma TC values may be the 

concomitant increase in plasma HDL-C and decrease in LDL-C and VLDL-C (Wood & 

Haskell, 1979). This would cause plasma TC to remain relatively constant, yet decrease 

the plasma TC/HDL-C ratio, thus decreasing the risk of CHD (Gordon et al., 1977). 

The Effect of Resistance Weight Training on Plasma TC 

Exercise studies have primarily researched the effect of endurance training on 

lipoprotein levels. Few investigations have considered the consequence of exercise using 

resistance to muscular movement, despite evidence suggesting that periodic, intense 
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exercise of the heavy work occupations may reduce the incidence of CHD (Cassel, 

Heyden, Bartel, Tyroler, Cornoni, & Hames, 1971; Paffenbarger & Hale, 1975; Blessing 

et al., 1987). A longitudinal study by Paffenbarger & Hale (1975) assessed the role of 

physical activity in reducing coronary mortality among longshoremen. Cargo handlers, 

whose major duties included "repeated bursts o:f high-·energy resistance exercise of lifting, 

pulling, and pushing cargo", similar to weight lifting, were the only group which showed a 

reduced mortality rate. Another group demonstrating a lower incidence of CHD were 

heavy-working farm laborers (Cassel et al., 1971). Both authors conciuded that a critical 

threshold level of exercise intensity appeared to have been the most important factor in 

reducing CHD. 

Body builders and powerlifters were compared to runners to examine the 

relationship between lipid profiles and type of weight training (Hurley, Seals, Hagberg, 

Goldberg, Ostrove, Holloszy, Wiest, & Goldberg, 1984). The powerlifters (PL) trained 

using heavy-resistance exercises with few repetitions, while the body builders (BB) trained 

using a moderate-resistance, high-repetition exercise regimen. When compared to the 

plasma TC of runners who trained 5 days a week and averaged 8 to 11 ldlometers per 40 to 

45-minute session (170 mg/dl), the BB had similar plasma TC values (172 mg/dl). while 

the PL had plasma TC values similar to sedentary controls (195 and 192 mg/dl, 

respectively). The data suggest that the intensity of a weight training program may be an 

important factor in lipoprotein alterations. Similar results were observed by Elliot, 

Goldberg, Kuehl, and Catlin (1987). They compared blood lipids in fem::ile bodybuHders 

and runners, finding that plasma TC values were lower for bodybuilders than runners (166 

to 183 mg/dl, respectively). Both studies suggested that the effects of bodybuilding on 

lipid levels may be comparable with the effects of regular proionged aerobic exercise. 
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Johnson, Stone, Byrd, & Lopez ( 1983) sn.iclied the effects of a 12-week weight 

tTaining program on middle-aged men. The 24 subjects exercised 3 days per week for 45 -

60 minutes per session. Each session consisted of five sets of 10 repetitions at the 

following resistance: one set= light; one set= mcderate; and three sets= heavy. The 

results showed a significant decrease in plasma TC (201 mg/dl - 192 mg/dl) for the 

experimental group with no decrease for the control group (188 - 185 mg/dl; p < .05). 

Goldberg et al. (1984) studied a group of young, healthy males (mean age= 33) and 

females (mean age = 27). Training consisted of three sets of repetitions for each of the 

seven or eight individual exercises on the Universal apparatus. Each exercise set was 

continued until a subject could not complete an additional repetition. No more th.an 8 or 

less than 3 repetitionss were allowed for each training set. After 16 weeks of progressive 

weight training (3 days per week, 45 - 60 minutes), females demonstrated a 9.5% 

reduction (198 - 179 mg/dl) (p < .05) in plasma TC, while males demonstrated a 6.8% 

reduction (209 - 194 mg/dl) (p < .07) in plasma TC. No dietary changes were repmted 

among the subjects and body weight remained constant, however, skinfold measures 

decreased significantly for both males and females. Other variables, such as alcohol 

consumption, smoking, and medications were controlled, thus allowing the author to 

suggest that exercise was the factor which caused the reduction in plasma TC. It is 

interesting to note that although females had a lower initial plasma TC value, they 

nevertheless reduced those values to a greater extent than males. The mean age of the 

females was 27, whereas the mean age for males was 33 years of age. Age has been 

known to affect cholesterol levels (Haskell, 1984) and may have been a limiting factor in 

this study. 

Contrary to the previous studies, Blessing et al. ( 1987) found no change in plasma 

TC after 12 weeks on a weight lifting regimen. The noncircuit resistive trllinjng program 
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included three sets of 10 reps with the maximum v;eight possible for the first 6 weeks, then 

decreased the repetitions but kept sets an.d weight constant. Plasma TC levels for the 

weight lifters decreased slightly, but nonsignificantiy, from 229 - 227 mg/dl. The decrease 

in intensity may have been a factor in these nonsignificant results. Another study by 

Ullrich, Reid, and Yeater (1987), compared the effect of four constant resistance weight 

lifting pmgrams: Endurance group - two sets of 15 ~1\1, explosive group - one set of 15 

R.t\1, as quickly as possible, strength I - three sets of 6 RM, and strength II - one set of 10 

R}.11 2 days per week and one set of 3 RM one day per week. Plasma TC did not change 

for any group after 8 weeks of training. Similarly, Kokkinos, Hurley, Vaccaro, Goldberg, 

and Ostrove (1986) found no significance after 10 weeks of weight lifting, however, 

plasma TC values were within normal limits before training began. 

According to Johnson, Stone, Lopez, Herbert, Kilgore, & Byrd (1982), it appeared 

that the greatest changes in plasma TC occurred during the highest volume of training. It 

has also been suggested (Gaesser & Rich, 1984) that subjects having a low plasma TC 

level (below 180 mg/dl) at the onset of a training program would be the least li.lcely to show 

any changes in plasma TC levels, due to the low initial values. 

Differences Between Males and Females 

There are differences in lipoprotein concentrations of males and females. Research 

support~ the view that premenopausal females tend to have a slightly lower or similar 

plasma TC (Goldberg, 1984; Elliot et al., 1987) and a higher plasma HDL-C concentration 

than males of the same age (Gordon, et al., 1977; Carey, 1984). In fact, plasma HDL-C 

levels of sedentary females do not differ significantly from those of active males of similar 

age (Carey, 1984). 

Kannel (1983) noted that excessive cholesterol concentrations contributed only 

slightly to increased risk among women when compared to men. However, Gordon et al., 
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(1977) found low plasma HDL-C values to be a sigr..ifi~ant risk factor in females when 

associated with diabetes and obesity, raising the level of risk to that of males of similar age. 

Plasma HDL-C consists of two subfractions: Plasma HDLi and HDL3. The 

plasma HDLi are larger in size and contain more lipids than plasma HDL3, tlms allowing 

them to carry about twice as much cholesterol per anit as plasma HDL3. Physical exercise 

predominantly increases plasma HDL2 (Patsch & Patsch,1984). The major difference in 

lipoprotein levels bet'.veen females and males lies in the plasma HDL:z levels, which are 

three times higher in women. Having such a high percentage of plasma HDL-C carried by 

t.li.e plasma HDL2 subfraction is one reason why women have a lower incidence of CHD 

than men. 

Most researchers have found plasma TC levels to be similar in both sexes, 

however, plasma HDL-C levels are about 10 mg/dl higher in women (Moore et al., 1983; 

EUiot et al., 1987). Elliot measured the plasma P....DL-C levels of male and female 

bodybuiiders against similar runners. Both female bodybuilders and runners had plasma 

HDL-C values approximately 10 mg/dl higher than their matched male counterpar..s. 

Data from studies looking at endurance exercise find that female as well as male 

endurance atb.letes h~ve higher plasma HDL-C concentrations than their sedentary 

counterparts. The study by Wood et al., (1976) reported that plasma HDL-C values from 

m~le runners and sedentary controls were 64 and 43 mg/dl, respectively. Female runners 

and controls had plasma HDL-C values of 75 and 56 mg/dl, respectively. 

TI1e dose-response relationship between plasma HDL-C and exercise in active 

women is similar to that of men (Smith, Mendez, Druckenmiller, & Kdsetherton,1982; 

Moore et al., 1983; Goldberg et al., 1984). Moore compared the average plasma HDL-C 

cholesterol concentration of inactive women, joggers, and long-distance runners with 

ldlometers run per week. There was a moderate correlation between distance run per week 
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and plasma I-IDL-C values (r = 0.408). Along wi:h these results were presented the 

findings of a previous study on men (()ordon et <U .• 1977). Females elicited plasma HDL-

C values of 62, 70, and 73 mg/dl. !lt 0, 2Q, and 50 km/week,respectively. A siillilar 

pattern was seen in the results of the men vvith the exception of an average 10 mg/dl 

decrease in plasma HDL-C values at the s~une :iist:.:.1ce. As distance per week incTeased, 

plasma HDL-C values also increased, similar for both men and women. Goldberg ct al., 

(1984) elicited the same response from males and females after a 16-week, progressive 

weight trair1ing program. Beginning piasma HDL-C values were 51and77 mg/dl for men 

and women, respectively, increasing in similar fashion to 59 and 81 mg/dl. Albeir, the 

changes after training were non-significant, the direction of change was sirnilar for both 

groups. 

Lipoprotein lipase (LPL), an enzyme necessary in the degradatior. of rriglyceridc-

rich lipoproteins (VLDL-C) has been shown to increase after exercise training in fer:nales 

(Goldberg & Elliot, 1985). Females carry a greater amount of adipose tissue, plus, 

adipose tissue LPL activity is higher in females than males. Therefore, the higher plasma 

BDL-C levels in women may be due to increased LPL activi~y (Goldberg and Elliot, i985). 

Moll, Sanders. \Villiams, Lester, Quarfordt and Wallace (1979) suggested two 

possibili:ies: (i) t(:at exercise in m:.>.les activates a pathway toward plasma HDL-C 

formation which is already maximally activated in females, or (2) exercise in mai~s jnhibits 

a pathway degrading plasma HDL-C that is already inhibited in females. 

RelarionshiD Between Plasma HDL-C and CHD 

Plasma lipoproteins have long been considered a major factor in tli.e pathogenesis of 

CHD. Plasma HDL-C ha:; received considerable attention in recent yc:irs due to its 

potentially protective effect against :he developme:1t of CHD. Plasma HDL-C is thought to 

mobiiize 1i·ee cholesterol both from the bioodstream and from at11erosc1erotic piaques for 



metabolism by the liver (Eder, i91?-+; McCum:ey, 1987; Brandenberg ·~t al., 1987). In this 

system called reverse 'uansport, L-CA '"!:', -;vhich is loosely associated wirb IJlasma HDL-C, 

funccions to esterifv free cholesterol on t.}1e surface c:f plasma HDL-C oarticles (Dufaux et . ' ... 

al., i982>. The cholesterol becomes hydrophooic a.rid migrates to the neutral core of the 

plasma F..DL-C pai.-ticle (Patsch & Patsch, 1984; Brandtnberg et al., 1987). This action 

frees Lhe cholesterol bjnding sites on the smface of the piasma HDL-C panicle a11d thl.4s 

pennits them to pick up additional free cholesterol from the tissues or vessel walls and 

blood stream and transport them back to the liver for catabolism and excretion. It is 

proposed that tr.is function of plasma HDL-C contributes to its property of bei~1g a negative 

risk factor for CI-ID. 

An inverse relationship between plasma I-IDL-C a.rid CfID was first observed ln the 

early 50's (Barr, Russ, & Eder, 1951), and later confi ... '111ed in 1966 (Mills & \Vilidnson, 

1966). In 1975, Miller and Ivliller suggested the hypothesis that plasma HDL-C may play a 

protective role against the development of CHD and m2.y well be a better predictor of CHD 

t...1-ia.'1 plasma TC. Following that observation, epidemiologic'.11 data weri! reexamined and it 

was found that patients with low levels of plasma HDL-C had consider:!bly higher risk of 

CHD than patients with high levels of plasma HDL-C (Eder, 1984). In the Framingham 

study, for example, it <•.ppeared that for every 10 mg/dl decrease in plasma huL-C. tr,e 

CHD risk was increased twofold (Eder, 1984). 

In a controlled srudy of 6,854 men and women of biack, white, :ind Japane~e. 

descent (over 40 years old), from populations in Albany (:0f':{), Frarninghn.n1 (Mass.), 

Evans Co. (GA), Honolulu, and San Francisco, t!1e mean leveis of plasma HDL-C in each 

m1dy were lower in those with CHD tha.11 wir11out Li-ie disease (Castelli, Doyle, 1Jordon, 

Ha.i.-nes, r1jortl:md, Hulley, Kagan, & Zukel, 1977). Studies have shown that patienB who 

sustained a myocardial infarct also had sigrufic(lntly lower leveis of phsma FDL-C than 



controls (Enger, Hjermann. Foss, Helgeland, Holme. Leren & Norum, 1979; Havel, 

1979). Among 104 patients with coronary angiogr:~pi1y, those without CHD had average 

plasma HDL-C levels of 53.9 n;.g!lOOmi, which was 30% greater than those patients with 

abnormal coronary arteries (Tan, Mcintosh, & \Veldon, 1980). Similariy, an investigation 

involving 483 men and women showed that !he plasma HDL-C ievel was iI1versely reiated 

ro the degree of stenosis and the number of vesseis affected (Pearson, Bulkley, & Achuff, 

1979). 

The ability of plasma HDL-C to predict the development of Ch"'D has been 

e:;timated to be four times greater than plasma TC (Gordon et al., 1977). T»vo possible 

mechanisms for the connection between plasma HDL-C and CHD have been pr~semed: i) 

plasma HDL-C acts as a "scavenger'' by transpmting cholesterol from the peripherai ceils to 

t'1e liver for degradation and eli..'11ination, and 2) plasma HDL-C interferes with the uptake 

and degradation of LDL-C at extrahepatic tissue sites (Carew, Hayes, & 

Koschinsky,1976; Dufaux et al., 1982). 

'T'l:e Effect of Aerobic Training on Plasma HDL-C 

BecJ.use high levels of plasma HDL-C are associated vii th 10\v levels of CHD a...11d 

the notion that plasma HDL-C may play a protective role in the prevention of CHD, 

researchers have investigated potential factors which may increase or decrease plasma 

HDL-C. Increased concentrations of plasma HDL-C have been associated with low hody 

weight ind~x .. ethanol consumption, nicotinic acid, estrogen, various medications, and 

exercise (Fennan, Alaupavic, & Howard, 1967; Avogaro, Cazzdato, Bittolo, 1973; Ernst, 

Fisher. & Smith, 1980; \V aliace, Hunnir:ohake, Reiland, 1980; Dufaux et al., 1982; 

Haskell. 1934; Gcla.b~rg & Elliot, 1985; McCua11ey, 1987). Reduced leveis of plasma 

HDL-C have been associated with high rx1dy weight index, high carbohydrate diets, 

wdrogens, cigarette smoking, ir1creasing age, male gender, and physical inactivity (Dufa.ux 
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et al., 1982; Stuobe, Esldlsson, & i'-iiisson-Ehk, l 9g:2; Haskell, 1984; Goldberg & Elliot, 

l QC)I'\) 
_.. (. -! • 

Recently, a great deal of ·interest has centered around the potential effects of 

physical activity (more specifically, aerobis exercise) upon phsma HDL-C levels. 

Generally, most studies have found an increase in plasma HDL-C leveis following various 

training programs, although no definitive conclusions have been drawn regarding i:he 

intensity, frequency, or duration necessal"'J for exercise to positively i:u1uence phsml! 

HDL-C levels. 

Cross-sectional Studies on Plasma HDL-C 

Cross-sectional studies performed on previously active individuals appear t0 a~Tee 

on one important factor: active individuals had higher plasma HDL-C levels than inactive 

subjects. Plasma HDL-C levels in a group of runners were compared to those in a group 

of professional golfers and inactive mea (Hartur:.g et al., 1985). The runners :1ad 

significantly higher plasma I-IDL-C concentrations than both the golfers or controls. 

Plasma TC in the runners was slightly higher, but a greater percentage 1..)f plasma TC was 

ca...rried by HDL-C. Sitnilariy, Farrell et al. (1982) compared the biood levels of plasma 

HDL-C in 11 candidates for the 1980 U.S. Olympic speed skating team, and 11 untrained 

men. The speed skaters had significantly higher plasma HDL-C k.:els (53.7 mg/dl) than 

the control group (47 mg/dl), further supporting the hypothesis that those who train 

aerobically tend to have higher plasma HDL-C ievels. 

Clarkson et al.(1981) compared 6 trained dismnce runners (involved in competitive 

running for several years, averaging 70 miles/week), and 17 untrained subjects who were 

uninvolved in any type of exercise pro5'Tam. Ko significant differences in plasma HDL-C 

were found bet\"Y'een the 2 groups, although the percenrag,; of plasma HDL-C was 

significantly higher in runners ( 43. 7%) than conn·ols (32.0% ). Since the nmners had :iuch 
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low plasma TC levels (126 mg/dl) compared to the controls (165 mg/d.l), it is not 

surprising that the plasma HDL-C levels were about the same. What is impommt is that 

the runners had an increased prcportion of their piasma TC carried in the plasma HDL-C 

fraction. 

Seven female competitive swimmers, 11 synchronized swimmers, and 6 sedentary 

females were studied for possible differences between plasma HDL-C levels (Smith et al., 

1982). Plasma TC was not significantly different, although plasma HDL-C levels of the 

competitive swimmers were 17% and 22% higher than those of the synchronized 

swimmers and controls, respectively. In 1983, Moore et al., measured plasma HDL-C in 

45 long-distance runners (at least 26 miles per week), 49 joggers (6 miles per week) and 47 

inactive women (no activity for at least 6 months preceding the study). Pairwise 

comparisons revealed significant differences between all groups, with the plasma HDL-C 

in women running 31 miles per week being 16 mg/dl higher than average control levels. 

Elevated plasma HDL-C levels were associated with increased exercise leveis. The plasma 

HDL-C ievels increased as the weekly mileage increased. A study by H:i...rtung and Squires 

in 1980 on men demorlstrated a similar increase in plasma HDL-C concentration with 

increased mileage, although the levels for women were higher than men for all distances. 

Numerous other cross-sectional studies have demonstrated increased plasma HDL-

C levels in those involved in endurance exercise such as cross country skiing (Enger, 

1977), endurance running (Adner & Castelli, 1980; Lehtonen & Viikari, 1978; 'Wood et 

al., 1976, \Vcod, Haskeli, Stern, Lewis, & Perry, 1977; Morgan et al., 1986), soccer 

players (Lehtonen & Viikari. 1980); and tennis players (Vodak et ai., 1980). 

Longitudinal Studies on Plasma HDL-C 

The general consensus of longitudinal studies has demonstrated un increase in 

plasma .HDL-C with endurance exercise. Those individuals not revealing an increase in 



26 

plasma HDL-C were generally t...11.ose •.vith the highesr initi3.l values (Haskell, 1984; 

Goldberg & Elliot, 1985; Biessing et al., 1987). For the cost pai.-r, changes in plasma 

HDL-C have been dependent up0n levels prior to excr:::ise conditioning. Subjects with 

lower initial plasma HDL-C values sii.o'.ved the greatest increases after training. 

A group of 19 \vomen pru.t:icipated in an c;,d1..lrance training program for 15 months 

(Rotkis et al., 1984). Traii-i.ing consisted of an individualized, progressive running 

program in which each woman ran S - 6 days per week and was to slowly increase her 

mileage without regard to speed. Plasma HDL-C was measured prior to training, after each 

woman had run 30 miles per week more than her baseline average weeldy mileage (ii30) 

for 2 consecutive weeks, and 50 miles per week more than her baseline average weekly 

mileage (~50) for 2 consecutive weeks. No changes were seen in plasma TC ( 185 mg/dl, 

184 mg/dl, and 185 mg/d1) or BW (56.8 kg), however plasma HDL-C progressively 

increased from 59.6 mg/dl (baseline) to 63.7 mg/dl (L130), and 69.4 mg/dl (~50). Lean 

weight also increased from 42.5 to 43.8 to 44.6 kg (p:::; .001). The authors suggested that 

training duration and/or frequency resulted in the elevated plasma HDL-C levels. But it.is 

improbable that the average jogger would care to invest this much time an.d effort in 

exercise in order to elicit more desirable plasma HDL-C values. It is more realistic that <l 

minimum number of miles per week and days per week be determined so as not to 

discourage potential exercisers before they even begin. 

It was interesting to see plasma HDL-C levels increase when they were high 

initially (59.6 mg/dl). It appears th.at the number of miles ran per week influenced even 

these hiish plasma HDL-C levels. These individuals with the lowest baseline plasma HDL-

C values had the largest increases both at 630 and L\50. 

Gaesse-r & Rich (1984) were unable to elicit any change in plasma HDL-C levels 

after an 18 wk high- (H) and !ow-intensity (L) training program. Subjects pedaled on a 
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cycle ergometer 3 days per week ar 80 - 85% for 25 minutes (H) or at 45% for 50 minutes 

(L). There was no dietary control, however, BW did not change. %BF decreased 

significantly (p ~ .05), for both groups. Pretraining plasma HDL-C values were relatively 

high for men (42 and 45 mg/dl) and r.herefore, not expected to change significantly. Tne 

plasma TC levels were also low (182 - 183 mg/dl), resulting in a high percentage of 

cholesterol carried by plasma HDL-C. According to Gaesser, when initial plasma TC 

values are low and plasma HDL-C values are high, rarely does any treatment change this. 

An exception to this theory was seen in a study by Rotkis et al., (1984). Subjects 

increased running mileage by 30 miles per week after 7.5 months, arid further increased 

mileage per week to 50 miles above average baseline values. Plasma TC remained stable 

while significant increases in plasma HDL-C were seen from 59.6 - 63.7 - 69.4 mg/dl (p < 

.05). There was no change in body weight, yet a significant decreases in %BF, thus 

demonstrating that body weight did not influence the plasma HDL-C increase. 

A group of 48 previously sedentary males participated in a running progra...'ll lasting 

one year (Williams et al., 1982). Initially, the tra.i..-1ing program met 3 days per week and 

ra.n 20 minutes with a 5-rnin warm-up and cool-down period. After 2 - 3 weeks, subjer.ts 

added an additional day, and by wk 10 were running 5 days per week. Gradually, duration 

increased aiso, up to 45 minutes of running. An intensity of 70 -85% was maintained 

during the entire training period. A slight decrease was seen in plasma TC at 9 - 13 miles; 

increases were seen in plasma HDL-C values at 10 miles per week. According to the 

researcher, failure to ac.hieve a significant decrease in plasma HDL-C was due to the large 

proportion of the exercise group (> 50%) that failed to reach and/or maintain the necessary 

level of exercise (> 10 miles per week). Nonetheless, this study showed that number of 

miles run and duration of exercise training were directly related to changes in plasma HDL-
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C (r = .48). Plasma HDL-C did not increase until. ;:m average exercise training level of 10 

miles per week for nine months of trai;-iing was achieved. 

In a 7-month study of 15 oursmen and 21 controls matched for age, smoking, and 

drinking habits, a significant increase in plasma fIDL-C and decrease in plasma TC was 

seen (Danner et al., 1984). During the first four months, non-specific endurance training 

was prescribed for 10 hours per week; the last 2 - 3 months involved rowing for 14 hours a 

week. Plasma HDL-C values increased significantly (p ~ .05) from 47.7 - 51 mg/dl in the 

oarsmen compared to a nonsignificant drop in controls from 50 - 49.6 mg/dl. An 

unexpected interruption in the training program during the third and fourth month caused 

plasma HDL-C values to return to their pre-training levels, although they increased 

significantly during the last 3 months. This may suggest that either rowing itself is more 

beneficial in affecting plasma HDL-C values or the time involved exercising caused the 

significant increase. 

Recently, a 12-week study comparing 11 joggers and 13 controls found an increase 

in plasma HDL-C without a concomitant change in plasma TC (Blessing, et al., 1987). 

Training for the joggers consisted of a 20 min walk/jog at 70 - 75% predicted max HR for 

weeks 1-3. The level increased to 75 - 80% during the second 3 weeks (duration= 25 

minute jog) and 80 - 85% for 25 minutes for weeks 7 - 12. While plasma TC remained 

stable for joggers (23i - 232 mg/dl), plasma HDL-C levels increased from 38 - 44 mg/dl 

(no change for control group). The results did not indicate whether the post-training values 

differed significantly from pre-training values. However, it was noted that post-training 

values for the joggers were significantly different from those in the C group, suggesting 

that exercise was responsible for the change in plasma HDL-C. Body weight did not 

change, which was a function of increased LBM and decreased %BF. Once again, the 
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author did not indicate whether the post-rrainii1g ch:.mges were significant from pretest 

values. 

It does appear that increased. levels of physical exercise have positive effects on 

plasma HDL-C, which in turn, may slow the progres.sion of CHD. Several aspects of the 

training program are necessary in order to achieve this effect. The length of a training 

program is an important factor in affecting lipoprctein values. Moll et al., (1979) failed w 

achieve an increase in plasma HDL-C after 6 weeks of endurance training, while Farrell 

and Barboriak (1980) were able to see significant changes in plasma HDL-C following an 8 

week exercise training program. Likewise, Ullrich et al.(1987) likewise saw a significant 

increase in plasma HDL-C after 8 weeks of endurance training. However, Viilliams et al., 

(1982) exercised their subjects for a year and did not begin to see changes in plasma HDL-

C until 9 months of exercise training. Conversely, because two studies demonstrated a 

return to baseline plasma HD L-C values after terminating their exercise programs, it may 

be suggested that a lifetime fitness prof:,Tam be i:icorporated in order to consistently conttoi 

levels of plasma TC and HDL-C. 

Not only is the length of the study important, but also the frequency, inte!1sity, and 

duration of each exercise session. While Williams et al., (1982), Wood et al., (1983), and 

Rotkis et al., (1984) suggested training 5 days per week, Blessing et al., (1987), utilizing 

only 3 days per week, saw an increase (NS) in piasma HDL-C from 38 - 44 mg/dl, which 

improved the plasma TC/HDL-C ratio from 6.1 - 5.5. Dufaux et al. (1982), Patsch & 

Patsch (1984), and Brandenburg et al., (1987) likewise suggested 3 - 4 days per week. 

The duration or miles run during each session are interrelared with the intensity, or 

percentage of maximum heart rate. The Ame!ican College of Sports Medicine (1985) 

suggests at least 30 - 60 minutes at 70 - 85% of maximal HR. Myhre, Mjos, Bjorsvik, & 

Strorrm1e (1981), Dufaux et al., (1982), Putsch & Patsch (i 984), and Brandenburg et al., 
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(1987) suggested a lower limit of 30 minutes ai: 70 - 80% r:lax HR was adequate to achieve 

improved lipoprotein levels. Paffcnberger, \Ving, ~d Hyde (1978) investigated the 

number of kcaJories expended and sugg:~sted that greater tha.1 2000 kcal per week above 

normal levels of activity be incorporated. This approximates 20 rriles per week, which is 

in agreement with Superko ,\Vood, & Haskell tl985). However, Kavanaugh, Shephard, 

Lindley, & Pieper (1983) induced sign!ficant increases in plasma HDL-C levels at 12.4 

miles per week, and Wood et al., (1983) and \Villiams et al., (1982) ir1dicated that if an 

average of 10 miles per week were maintained, increases in plasma HDL-C might result. 

The amount of exercise necessary to result in increased plasma HDL-C levels is an 

important "dose-response" issue. The above investigations show ::hat exact guidelines have 

not been agreed upon, however they have shown that before a beneficiai effect on flasma 

HDL-C can be achieved from exercise, a threshold needs to be surpassed that may be 

defined by type, frequency, intensity, and duration of activity as well as kcalories 

expended. It has also been suggested that the changes in lipoprotein concentrations lasted 

cnly 3.S long as the training period (Danner et al., 1984). Therefore, a lifetime program of 

physical activity is ;ecommended. 

·Most of the studies that did not induce changes in plasma HDL-C levels studied 

young, healthy men or women whose plasma HDL-C values were initially high 2nd 

therefore, not subject to a great deal of change (Gaesser & Rich,19.34; Schwa.rtz, 1987). 

Goldberg and Elliot (1985) suggested that char.ges in plasma HDL-C were dependent upon 

ievels prior to exercise conditioning. It would appear reasonable to investigate the effects 

cf exercise on those subjects to whom an increase in plasma HDL-C would be benefid2J as 

a risk factor of CHD, such as those with hypercholesterolerr..ia. 
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The Effect of \Veight Training on Pla'.;ma HDL-C 

Previous studies on the effecrs of exercise on plasma HDL-C levels have been 

largely confined to investigations of .;ncurance exercise. Little attention has been directed 

toward the possibility that weight training could improve lipoprotein levels. Weight 

training is one of the fastest growing p'.1ysical activities (Stone & Wilson,1985) and is 

widely used to enhance various aspects of physical fimess as well as a training component 

for many sports. Because a large segment of the population engages in this activity, it 

would appear that more extensive research on the effects of weight training on a broad 

sample of measures would be beneficial. 

What little research that has been done on weight lifting has resulted in controversy. 

Cross-sectional studies of young adult male weight lifters revealed no differences in lipid 

profiles between weight lifters and sedentary subjects (Clarkson et al., 1981; Farrell et al., 

1982). Neither study reported training volumes or intensities, nor did they describe the 

type of exercises performed. Additionally, they did not control for androgen usage, which 

is common among weight lifters and is known to depress plasma HDL-C levels (Stone & 

Vv'ilson, 1985). 

Beneficial effects of weight training on plasma HDL-C levels suggested by 

longitudinal studies have shown more promisi.1g results. Ullrich et al., (1987) studied the 

effects of weight training on plasma HDL-C in 4 different groups: endurance - two sets of 

15 RM; explosive group - one set of 15 Rrvf, as quickly as possible; strength I - 3three sets 

of 6 RM; and strength II - one set of 10 RNI 2 days per week and one set of 3 RM one day 

per week. Training continued for 8 weeks. A significant improvement in plasma HDL-C 

(38.8 - 44.0 mg/dl) occurred in all subjects, alt.hough plasma TC did not improve. 

Similarly, Kokkinos et al., (1986) studied 29 healthy, untrained college males for 10 

weeks. A low repetition group trained using 4 - 6 R,.\11 and a high repetition group trained 
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using 14 - 16 RM. Kokkinos et al., found no significant difference in plasma HDL-C after 

training, but attributed it to the already high plasma HDL-C values. 

By weight training young men and women for 16 weeks, Goldberg et al., (1984) 

found a non-significant increase in plasma HDL-C levels for both men (50.6 - 58.6) and 

women (77.4 - 81.1 mg/dl). It should be noted that plasma TC was relatively low for both 

groups initially, thus keeping the ratio of plasma TC to plasma HDL-C low (4.2 - 3.3 for 

men; 2.6 - 2.2 for women; p > .05). Blessing et al., (1987) compared weight training to a 

jogging program in middle-aged males. Plasma HDL-C values increased for both treatment 

groups (38 - 42 mg/dl for weight trainers; 38 - 44 mg/dl for runners), while the control 

group remained the same. Statistical analyses revealed significant differences in the 

posttest plasma HDL-C values between the experimental and control groups. He reported 

that the plasma HDL-C changes were "meaningful because the alterations were significant 

and in directions connected to lower risk for CVD". However, he did not report whether 

the changes from pre- to posttest were significant in the treatment groups. 

Though it seems that weight training may not cause as great a change in plasma 

HDL-C as endurance-type activities, the direction of change is favorable. Resistance 

exercise may, therefore, be an important measure in the reduction of CHD, although more 

extensive research is necessary in order to determine the specific exercise prescription and 

length of time necessary to effect a change in blood lipids. 

The Relationshio Between HDL-C and Bodv Composition 

Recent research has investigated the relationship between body composition and 

plasma :Fp)L-C. Several questions surface in this area: Does an. increase in LBM or a 

decrease in %BF cause a concomitant increase in plasma HDL-C or are these 2 variables 

unrelated? At what point does the increase/decrease of one affect the other and do the initial 

values of either variable affect their ability to improve? 
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Percent body fat is that part of the body composed only of fatty tissue, while LBM 

consists of muscle, bone, and other tissue, as weli as an essential amount of lipid that is 

necessary for nerve, membrane, and other physiological functions (Buskirk & Mendez, 

1984). Fat-free mas is total body weight minus fat weight Most analytical techniques 

used to assess body composition (i.e., hydrostatic weighing and skinfold measures) are 

measuring FFM rather than LBM. However, researchers continue to use the incorrect term 

- LBM. In this review, the same terms will be utilized as the individual researchers. 

While %BF is normally expressed in percentage form, LBM is usually expressed in 

kilograms in the cholesterol literature. When %BF decreases, LBM increases if body 

weight is held constant. Throughout the current literature, both LBM and %BF are used 

frequently. The general trend seen in cholesterol and CHD research is a decrease in %BF 

and an increase in LBM while BW is held constant. A change in body weight will affect 

cholesterol levels, thus researchers attempt to control for that variable in order not to 

confound the results. 

In a cross-sectional study by Moore et al., (1983), she measured %BF and plasma 

HDL-C in three groups of women ages 24 - 58 years: inactive women, joggers (at least 6 

miles per week), and long distance runners (at least 26 miles per week). Pearson 

correlation showed %BF to be the variable most highly correlated to plasma HDL-C (r = -
0.491). Distance run per week was also related to plasma HDL-C (r = 0.408). It appears 

from these results that for these women the further one ran, the leaner she was, and the 

higher the plasma HDL-C levels. Tnerefore, the author suggested a probable relationship 

between plasma F.J)L-C and LBM. 

Another cross-sectional study of 7,338 males and 6,768 females found an inverse 

relationship between body mass index (Bl\11) an.d plasma HDL-C (Forde, Thelle, Arnesen, 

& Mjos.1986). Both variables demonstrated a linear relationship; plasma HDL-C being 
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higher in those with lower relative body weight and lower plasma HDL-C levels in those 

subjects with a higher relative body weight. 

Rotkis et al., (1984) found a significant correlation between the changes in plasma 

HDL-C and LBM (r = 0.65; p < 0.002), after femaie subjects had increased running 

distance by 50 miles per week. There was no change in BW, although a decrease in %BF 

was noted, as well as a progressive increase in plasma HDL-C levels. Goldberg et al., 

(1984) found similar results in a study of males and females who weight trained for 16 

weeks. Although there was no change in BW, a significant decrease in skinfold thickness 

(p < 0.05) suggests that LBM increased. Males increased plasma HDL-C levels from 50.6 

mg/ell to 58.6 mg/ell (p > 0.05; 15.8% increase) and females demonstrated a 4.8% increase 

in plasma HDL-C values (77.4 - 81.1mg/ell;p>0.05). Although nonsignificant for both 

genders, the direction of change in plasma HDL-C values along with stable weight and loss 

of body fat indicated a relationship between LBM and plasma HDL-C. Had a greater 

number of subjects participated (females, n = 8; males, n = 6) or a longer exercise training 

period been utilized, a greater rise in plasma HDL-C may have occurred (Goldberg et al., 

1984). -

Similarly, Blessing et al., (1987) studied 33 males who jogged or weight-trained 

for 12 weeks. He found no change in BW, a decrease in %BF, and an increase in plasma 

HDL-C from 38 - 44 mg/ell and 38 - 42 mg/ell for joggers and weight-trainers, respectively. 

Thompson, Cullinane, & Eshleman (1984) studied the effect of exercise cessation on 

plasma HDL-C in trained individuals and concluded that exercise not weight, adiposity, or 

caloric intake was the most important determinant of the high plasma HDL-C seen in 

endurance athletes. 

fa contrast to these studies, Weitman, Matter, & Stamford (1980) reported that a 

10-week program of mild aerobic exercise resulted in a substantial drop in the plasma 
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TC/HDL-C ratio, but incurred little change in WN or %BF. In addition, a 10-week 

program of caloric restriction by Weltman et al., (1980) resulted in a substantial loss in fat 

but little change in the plasma TC/HDL-C ratio. Thus, exercise rather than body fatness 

was suggested to be a key factor in alterations of plasma TC/HDL-C levels. Weitman, et 

al., (1980) and Clarkson et al., (1981) observed no relationship between BW and plasma 

TC or HDL-C; likewise, Ullrich, et al., (1987) and Schwartz (1987) found no relationship 

between plasma HDL-C and %BF. 

Gaesser & Rich (1984) also failed to find a relationship between %BF and plasma 

HDL-C. He had males, ages 20 - 30 years train for 18 weeks on a bicycle ergometer (one 

group at a high intensity of 75 - 80%, one group at a lower intensity of 45% ). There was 

no change in BW or plasma HDL-C levels, but significant decreases were seen in %BF. 

No correlational analyses were run between these variables, but Gaesser and Rich 

suggested that exercise training induced changes in plasma HDL-C were dependent upon 

pre-rraining levels rather than any losses in body fat 

Since a relationship between plasma HDL-C and LBM or %BF has been noted by 

many researchers (Rotkis et al., 1984; Moore et al., 1983; Goldberg et al., 1984; Blessing 

et al., 1987), it would be helpful to know the mechanism behind this linear, inverse 

relationship. However, little research has addressed this issue. Ni.kkila, Taskinen, 

Rehunen, & Harkonen (1978) found an increased level of lipoprotein lipase (LPL) activity 

in the skeletal muscle and adipose tissue of endurance-trained athletes. LPL has been 

found to degrade the triglyceride-rich lipoproteins (VLDL-C, LDL-C, and chylomicrons) 

(Goldberg & Elliot,1985). During exercise, the increase in blood flow causes large 

amounts of VLDL-C, LDL-C, and chylomicrons to mesh with LPL. Theoretically, more 

trigiyceride could be hydrolyzed, thus breaking down LDL-C and forming more plasma 
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HDL-C (Defaux et al., 1982). It has be~a suggested rhat this may be a key mechanism in 

w.bJch exercise affects lipoprotein values. 

VI eight loss or reduced body fat may also be responsible for elevated levels of LPL 

in endurance-trained athletes (Goldberg & Elliot, 1985). LPL in adipose tissue has been 

found to increase after weight loss, a finding also associated with increased plasma HDL-C 

values (Schwartz, 1987). It is still unclear, however, if exercise alone induces increased 

enzyme activity. 

Summary 

Cholesterol has been documented as one of the major risk factors of CHD. A 

positive relationship has been reported between plasma TC and CHD and a negative 

correlation reported between plasma HDL-C and CHD. Therefore, efforts to decrease 

plasma TC and increase HDL-C concentrations have been investigated. It appears that 

exercise can usually increase plasma F..DL-C if the duration of training and the intensity is 

high enough, however, plasma TC, for the most part is difficult to decrease. J\;Iost studies 

have found that if the plasma HDL-C increases, that may be adequate in itself, since it is 

believed that a lower (below 5.0) plasma TC/HDL-C ratio contributes to a lower CHD 

risk. 
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THE EFFECT OF AN ENDURANCE A~~D V/EIGHT TRAINING PROGRAM 

ON PLASMA TOTAL CHOLESTEROL A1'-.TI HIGH-DENSITY LIPOPROTEIN 

CHOLESTEROL 

bv .,, 

Kelsie R. Webb 

(ABSTR.>\CT) 

Research has reported that increased levels of plasma total cholesterol (TC) are 

directly related, while low levels of plasma high-density lipoprotein-cholesterol (HDL-C) 

are inversely related, to coronary heart disease. Regular physical exercise has been 

suggested as a method for reducing plasma TC and increasing plasma HDL-C. Tnirty-one 

healthy, sedentary women (ages 18-30) were studied to determine the effects of a jogging, 

\\'eight training, or a combined jogging and weight training program on plasma TC, l:-IDL-

C, and body composition. Experimental subjects were randomly assigned to the treatment 

conditions. The subjects trained three days a week for nine weeks. The R group ran for 

30 minutes a session at 75% predicted maximum HR. The W group trained with weights 

utilizing exercises to strengthen all major muscle groups for one hour at 60% one repetition 

maximum the first 3 weeks and 75% one repetition maximum weeks 4- 9. The RW group 

ran for 25 minutes a session at 75% predicted maximum HR, then lifted weights using the 

leg-strengthening exercises for 30 minutes, similar to the W group. Preceding and 

following the treatment period, plasma TC, HDL-C, body weight, and percent body fat 

was assessed for all four groups. Plasma TC was not significantly &ltered, although a 

downward trend was observed for all three treatment groups. Plasma HDL-C did not 

change over the treatment period for any group. The plasma TC/HDL-C ratio changed 

significantly among groups over the treatment period, with the R group decreasing their 

ratio from 3.5 to 2.9 (p < .05). No changes were noted in percent body fat, fat-free mass, 
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or body 'vveight for any of the groups. The Pearson pmduct-moment correlations performed 

between the changes in blood lipids and the ch:mges in body composition found no 

significant relationships. The results of this study indicate that an exercise program 

consisting of endurance training for 30 minutes, 3 times per week, or weight training for 

one hour, 3 times per week, or a combination aerobic/weight training program 3 times per 

week is not adequate to significantly improve plasma TC or HDL-C in young females over 

a nine week period. However, significant improvements may be made in the plasma 

TC/HDL-C ratio which may decrease the risk for CHD. 
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Introduction 

Coronary heart disease (CHD) has become the leading cause of death among the 

American population in this generation. Recentiy. there has been a decline in CHD 

mortality rates, however, deaths due to CHD continue to remain significantly above those 

due to cancer, the second leading cause of death. One of the primary risk factors 

contributing to this disease is hypercholesterolemia Evidence from epidemiologic studies 

and the Lipid Research Clinics Coronary Primary Prevention Trial (1) indicate that the risk 

for CHD is directly related to plasma levels of total cholesterol (TC) and inversely to high-

density lipoprotein-cholesterol (HDL-C) concentrations (2,3). 

Research has indicated that the manner in which cholesterol is transported in the 

blood may be more critical in the development of CHD than plasma TC ( 4). Populations 

having higher levels of plasma HDL-C seem to have a lower incidence of CHD, whereas 

elevated levels of plasma low-density lipoprotein-cholesterol (LDL-C) seem to be related to 

a higher incidence of CI-ID (5, 6) While the exact mechanisms of action remain unclear, 

plasma LDL-C may contribute to CHD by its ability to infiltrate the arterial inti.ma (7). 

Conversely, plasma HDL-C may exert its protective effect by transporting cholesterol away 

from the arterial wall to the liver for catabolism and excretion (7). 

Physical activity has been proposed to have a possible protective effect against the 

development of coronary heart disease by lowering plasma TC and increasing 

concentrations of plasma HDL-C (8). Cross-sectional studies of the effects of exercise on 

plasma TC have generally demonstrated that people who regularly exercise aerobically have 

similar or only slightly lower plasma TC concentrations than less active people of similar 

ages (9, 10, 11), although others have reported significantly lower differences bet\veen 

active and inactive people (12). Power-rrained athletes have demonstrated similar 

variations, in that some ::rained studies reported no significant differences in plasma TC 
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(13, 14), while other studies showed somewh~t higher plasma TC values in the power-

trained athlete (15, 16). 

The effects of exercise on plasma HDL-C is also inconclusive. Increased plasma 

HDL-C levels have been seen in many studies when endurance- or weight-trained subjects 

were compared with inactive controls (10, 11, 12, 15, 17). However, other studies have 

reported no changes in plasma HDL-C (18, 19, 20, 21, 22) 

This study sought to investigate not only the effects of an aerobic exercise program 

and the effects of a weight-training program on plasma TC and HDL-C, but also the effects 

of an exercise regimen which combined the two activities. 

Methodology 

Subjects. Prior to subject selection, permission to conduct the study was obtained 

from the Institutional Review Board for Research Involving Human Subjects. The 26 

experimental subjects who agreeed to participate in this study were among volunteers who 

registered for a physical fitness class entitled "Bodybuilding and Fitness". The 5 subjects 

in the Control (C) group were volunteers from leisure sports activity classes, i.e., bowling 

and golf, and fitting the same criteria as the experimental subjects. Selection criteria 

included the following: (1) females, 18 - 30 years, (2) generally healthy, without any 

known health-related diseases, (3) sedentary for past 6 months, (4) non-smokers, (5) on 

no medication known to alter lipoprotein-cholesterols and (6) on no weight-loss program 

during participation in this study. 

All subjects were asked to complete a detailed questionaire concerning medical 

history, fa1"Ilily history, demographic information, cigarette smoking, alcohol consumption 

and physical activity. From the screening questionaire, it was determined that alcohol use 

was moderate, no subject was taking anabolic steriods, and none were smokers. Some 

were taking oral contraceptives. Diet was not assessed; however, subjects were asked to 
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'Neight. The twenty-six subjects participating in the experimental treatments were randomly 

assigned to one of three groups and each group 'N:iS ra.11dorrJy assigned to a treatment: 

running (R; n=8), weight training (\V; n=8), or a combination of running and weight 

training (RW; n=lO). 

Laboratorv procedures. All subjects were given both a written and an oral 

explanation of the study, including its risks, benefits, and procedures, prior to any testing. 

During the initial visit, height, weight, percent body fat (%BF) via hydrostatic weighing, 

and blood pressure were measured on each participant. 

Pre-treatment values were obtained on each subject for the following variables: 

plasma TC, HDL-·C, TC/HDL-C ratio, %BF via hydrostatic weighing, body weight (B\V) 

and fat-free mass (FFM). Values for fat-free mass (FFM) were calculated using the %BF 

criterion score from hydrostatic weighing. 

Blood samples were drawn from subjects prior to the treatment period and 48 hours 

following the last workout of week 9. Subjects were instructed not to eat for at least 3 

hours prior to blood sampling. They were also given written instructions specifying 

recommended meals (i.e., whole-grain breads, fresh fruit and vegetables, low-fat milk, 

cheese, yogurt, etc.,) as well as foods to avoid (fried foods, fatty meats, mayonnaise, 

etc.). None of the subjects had been engaged in physical activity during the 12 hours 

immediately prior to blood sampling. Blood was drawn into vacutr.iners containing dry 

sodium ethylenediaJT1ine tetraacetic acid (EDTA). Blood was separated within 1 hour of 

collection by centrifugation. Plasma TC and HDL-C were detennined according to 

enzymatic methods (23); plasma .BDL-C was measured in the superr..atant after precipitation 

of VLDL-C and LDL-C with a heparin and manganese-chloride solution (24). All analyses 

were performed in duplicate; additional assc.ys were performed if values differed by more 
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than 5% for plasma TC and 10% for plasma HDL-C. Reliability estimates between 

duplicate pretest measures were performed for plasma TC and HDL-C (plasma TC - r = 
.99; plasma HDL-C r = .97). A known external standard control (Sigma) was utilized with 

each assay run to ensure reliability of measures (r = .89). 

Subjects were weighed weekly to the nearest .25 kg on a calibrated scale. 

Hydrostatic weighing to detennine body composition was performed as described by Katch 

and McArdle (26) in a rectangular, stainless steel tank. Underwater weight was measured 

while supine on a basket which was supported in the water by four load cells. Correction 

was made for residual volume as determined by the oxygen rebreathing technique of 

Wilmore, Vodak, Parr, Girandola, and Billing (27). 

Exercise protocol. Workouts for the experimental groups were performed at the 

same time three days per week. Subjects assigned to R trained aerobically using a jogging 

program under direct supervision. Subjects began with a 20 minute jog, progressing to 25 

minutes during the third week and 30 minutes for weeks 4 - 9. Due to low initial fitness 

levels, approximately 50% of the subjects walked during the first 3 weeks. Two subjects 

continued to walk/jog until they were continuously jogging by the fifth week. To keep 

subjects in a target heart range of 70 - 80%, heart rate was taken three times during exercise 

at ten-minute intervals, as well as before and after each exercise session. 

The W and RW groups performed the first two out of four phases of Stone and 

O'Bryant's (28) periodization model on the Universal and Nautilus weight lifting 

apparatus. Only two phases were utilized (hypertrophy and basic-strength) in order to 

avoid undue variation in the exercise routine during the 9-week treatment period. The 

hypertrophy or adaption phase consisted of a program of high volume and low intensity 

(high repetitions and low weights). The basic-strength phase involved moderate volume 

and high intensity (fewer repetitions at a greater workload). One repetition maximum ( 1 
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RJv1) on the leg extension and leg press machir.cs were taken on the W, RW, and C groups 

prior to and immediately following the treatment period. Biweekly measures were taken on 

t..11.e Rand RW groups in order to assess changes in strength during the treatment period. 

The W group lifted weights on the Universal and Nautilus machines for 50 - 60 

minutes. 'Neeks 1 and 2 consisted of two to three sets of 8 - 12 repetitions of 60% of one 

repetition maximum for each of the exercises. Weeks 4 - 9 included three to four sets of 4 -

6 repetitions at 75% lRM for each exercise. Microcycles were incorporated into the 

treatment program. On Mondays and Fridays of the adaption phase, subjects performed 

three sets of eight to twelve repetitions on the leg apparatus (Table 1) and two sets of eight 

to twelve repetitions on the arm apparatus. Wednesdays consisted of two sets on the leg 

apparatus and three sets on the arm apparatus. Weeks 3 - 9, subjects decreased repetitions 

to four to six and performed four sets on the leg apparatus and three sets on the arm 

apparatus on Mondays and Fridays, while lifting three sets on the legs and four sets on the 

arms on Wednesdays. 

Subjects in the RW group ran during the first half of each exercise session. 

Progression from a 20 minute walk/jog to a 25 minute jog was similar to the R group. 

Subjects then lifted weights during the second half of each session. They performed the 

same leg strengthening exercises as the W group and 4 pieces of ann apparatus of their 

choice to complete 30 minutes of weight training. Attendance for all groups was greater 

than 90%. 

Statistical procedures. All data were assessed using a two-factor (group and time) 

analysis of variance (ANOVA) with repeated measures. When statistical significant F 

values were noted, the appropriate Tukey post hoc test was utilized to identify which 

groups differed across time. A Pearson product-moment correlation analysis was 

perfonned on the changes in plasma TC, HDL-C, TC/HDL-C and the changes in BW, 
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%BF, and FFM to determine the relationship between variables. Statistical significance 

was set apriori at the 0.05 level. All data was analyzed using the Statistical Analysis 

System (SAS). 

Results 

Physical characteristics of age and height, and the dependent variables are presented 

in Tables 2 and 3. One-way analysis of variance (ANOV A) was performed on the pretest 

values for all dependent measures and indicated that the groups were similar except for 

plasma HDL-C. The Tu.key post-hoc test revealed that the C group had a significantly 

greater plasma HDL-C than the R group at pre-test (p < .05). 

There was a wide variation in plasma HDL-C (82 - 27 mg/dl). Oniy four of the 31 

subjects had plasma HDL-C values below 50 mg/dl, while only two subjects had plasma 

TC values above 200 mg/dl. Subject 16 had a plasma TC level of 216 mg/dl, but she had a 

plasma HDL-C value of 74 mg/dl, which resulted in a low plasma TC/HDL-C ratio (2.9). 

Subject 21 had a plasma TC value of 226 mg/dl and a plasma HDL-C value of 50.5 mg/dl, 

which resulted in a plasma TC/HDL-C ratio of 4.5. This was the highest ratio seen in any 

group. It is evident from the data that these subjects were at a low-risk for CHD when 

considering plalima cholesterol. 

Table 3 shows the means for %BF, FFM, and BW. There were no significant 

changes across time for any group and no significant interaction between treatment groups 

across time. 

The averages for plasma HDL-C before and after the experimental period are shown 

in Figure 1. Two-way ANOVA (Table S) indicated that a significant group effect was seen 

for plasma HDL-C. A follow-up test using the Tu.key procedure indicated that the R group 

was significantly lower than the other 3 groups (p <.OS) attributable to pre-test differences. 
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No significant differences were found among the !"emaining 3 groups, nor did ANOVA 

indicate significant group interaction across time during the treatment period. 

The pre- to posttest mean cha.'1ges for plasma TC are shown in Figure 2. The 

decrease in plasma TC for all groups ciJmbined \vas significant over time (p < .05). 

Exploring the differences between pretest to posuest for the individual groups via the 

Tukey post hoc test resulted in no significant differences. It was noted that while the 

Tukey test demonstrated no significance, a downward trend was seen for the experimental 

groups. The plasma TC changes from pre- to posttest were 8.2% for the R group, 7.3% 

for the \V group and 4.2% for the RW group. There was no significant group interaction 

across time d1ffing the treatment period. 

Group means for the plasma TC/HDL-C ratio are presented in Figure 3. A 

significant interaction among groups over time was noted (p < .05). Further testing by 

means of the Tukey procedure revealed significant differences in the response of plasma 

TC to treatment in the R group. The ratio for the R group decreased 17% (3.5 - 2.9; p < 

.05), while the ratio for the C group increased 13% (2.3 - 2.6; p > .05). No changes were 

found for the Wand RW groups. 

Correlational analyses were performed between the changes in blood lipids and 

changes in body composition. The change in plasma TC was positively related to the 

change in HDL-C (r = .38; p < .05) and the change in plasma TC/HDL-C ratio (r = .39; p 

< .05). The change in plasma HDL-C was positively related to the change in the ratio (r = 

.60; p < :05). \Vhen FFM changes were related to plasma TC and HDL-C, no significant 

correlations were found. 

Discussion 

The present investigation was designed to detennine (he effect of mnning, weight 

lifti."'1g, and a combination of running and weight lifting on plasma TC and HDL-C , and to 
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investigate the relationship between ch::mges in plasma TC, HDL-C, TC/HDL-C and 

changes in BW, %BF, and FF?vl. Neiiher BW, %BF, nor FFM changed significantly in 

any of the exercising groups in this study. l\'1any studies exami11ing the effects of weight 

training on women have reported a significant decrease in percent body fat and increase in 

FFM with no corresponding changes in body weight (19, 21, 22, 29, 30). These studies 

have suggested that exercise was the factor which affected body composition by increasing 

lean weight and decreasing fat weight. It does not appear that the exercise treatments in the 

present study had any effect on body composition. 

Neither epidemiologic nor prospective studies have produced a clear consensus as 

to a direct relationship between plasma TC and exercise (3,8,18, 21, 31). Although plasma 

TC of the treatment groups exhibited a downward trend, there were no significant 

differences at the posttest between the three experimental groups and the C group, which 

was in agreement with other longitudinal studies (17, 19, 21, 29). 

Some cross-sectional studies have noted a lower plasma TC in individuals who are 

physically active as compared to inactive people. \Vood et al., (12) demonstrated 

significantly lower. although not marked, plasma TC values for runners (200 mg/dl) when 

compared to matched sedentary controls (210 mg/dl, p < .05). Clarkson et al., (13), 

Hartung & Squires (32), and Manin, Haskell, & Wood (33) also noted significa.i'1tly lower 

plasma TC values for physically active people involved in endurance exercise when 

compared to sedentary controls. However, these results were confounded by controls who 

were more obese (32, 33) or had dissimilar dietary habits (32) from the groups who 11:ere 

physically active. In another study, plasma TC was compared in runners and body 

builders matched for age and %BF to that of controls (14). lt was shown that the two 

exercising groups had lower plasma TC values than the controls. On the other hand, others 
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have failed tc show a significant cJjffen'!nce in plasma TC concentration between matched 

sedentary and physically active grcups (10, 14). 

Findings fror.-i prospective studies h:;.v,"! also generated varied results. While some 

have reported significant decreases in plasma TC after exercise (15, 22, 34, 35), others 

have noted little or no changes in plas:na TC (14, 17, 20, 21, 29, 30, 36, 37). The present 

study demonstrated similar results to that of the latter studies, with no significant 

differences between pre- and posttest plasma TC values for any of the exercising groups. 

Although there were no significant decreases in plasma TC, a downward trend was 

seen for all three experimental groups (a decrease of 8.2%, 7.3%, and 4.2% for R, W, and 

RW groups, respectively). It has been suggested that the decreases in the lipoprotein-

cholesterol values are partly due to weight or fat loss (38). The Zutphen Study (38) 

concluded that every 1 kg change in body weight is accompanied by a 2 mg/dl change in 

the plasma TC level. However.neither body weight nor body fat changed for any of the 

groups in the present study. 

An issue in this study not addressed i.n previous studies involves the RW group. 

No research has combined the 2 exercise regimens while investigating plasma TC and 

HDL-C. Many studies have seen decreases in plasma TC while exercising aerobically and 

many haye seen plasma TC decreas.e after weight lifting. In agreement with, and in 

addition to these studies. the present study noted an apparent decrease in plasma TC with 

the combined exercise regimen. Because the decrease (4.2%) was less than the decrease 

seen for the R group ( 8.2%) or the 'vV group (7 .3% ), it appears that the addition of aerobic 

activity to a weight training program would not enhance the possibility of lowering plasma 

TC values. Like•;,rise, it appears that incorporating a weight training program into an 

aerobic workout could diminish the posidve effect of aerobic activity on plasma TC. 
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A lack of change seen in the plasma B.DL-C values may be attributed to several 

factors. Recently, total plasma HDL-C has been divided into two major subclasses: 

plasma HDLi and HDL3. Plasma HDL2 has been shown to be strongly correlated to 

reduced CHD incidence and coronary occlusion (39), \vhereas plasma HDL3 seems to have 

no relation to CHD. Evidence suggests that physkal activity alters the plasma HDLi, but 

not plasma HDL3 as seen in studies by Ballantyne, Clark, Simpson, and Ballantyne ( 40) 

and Wood et al., (20). Increased plasma HDLi values were seen after exercise training in 

both healthy (20) and CHD patients ( 40). Hence, it is possible that changes occcrred in 

this study in the subclasses of plasma HDL-C which were not reflected in the total plasma 

HDL-C value. This lack of change is consistent with another study which reported plasma 

HDL-C subfraction changes for 17 sedentary, middle-aged men who exercised for l 0 

weeks without change in concentrations of total plasma HDL-C (41). 

Plasma HDL-C values remained constant for all three treatment groups while 

decreasing for the C group. Most prospective studies have noted significant increases ( 15, 

17, 19, 29) or slight increases (20, 21, 22) in plasma HDL-C after exercise. The 

experimental groups differed significantly from the C group, which can be atiributed to 

significant pretest differences. The C group began the study with unusually high values of 

plasma HDL-C (69 mg/dl) for sedentary individuals, while the R group began with much 

lower values (49 mg/dl) than similar studies using young, sedentary females (18, 22, 29). 

By the end of the sn1dy, plasma HDL-C values for the C group had apparently dropped 

from 69 mg/dl to 58 mg/dl, no longer significantly different from the experimental groups. 

Similarly, other studies have demonstr:ued stable plasma HDL-C values throughout the 

duration of an exercise progra..11 (20, 21, 22). However, none of these studies have seen a 

decrease of plasma HDL-C in the C group, with. no change in the experimental groups. 

Recently, researchers have suggested that the plasma TC;HDL-C ratio is a better 
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indicator of CHD -:isk than ph1sma. TC (2). The ratio was calculated in the present study 

and significant differences were seen between rhe R group and all other groups. While the 

ratio significantly decreased for the R t:,rroup (p < .05), no changes were seen in the RW, 

W, and C groups. This decrease in the ratio was due primarily to the decrease in plasma 

TC rather than any improvement in plr:sma HDL-C, a result seen in other studies (22, 36). 

Many studies have seen an increase in plasma HDL-C with a concornitant increase 

in muscle mass and no change in BW (15, 19, 29, 30). Nikkila (42) found an increase in 

LPL activity in skeletal muscle tissue in enduraI1ce-trained athletes. It appears that when 

muscle mass increases with physical activity, there is also an increase in LPL activity, 

which enhances catabolism of VLDL-C (10, 43). During VLDL-C catabolism, there is a 

"release of surface components (unesterified cholesterol, phospholipids, and C 

apolipoproteins) which enter the plasma HDL-C density range and by association with 

plasma HDL-C3 or with plasma HDL-C precursors secreted by the liver and intestine, form 

plasma HDL-C2" (43). These processes are mediated by lecithin cholesterol 

a~yltransferase (LCAT) although the exact detJ.ils of the reaction are unknown. 11 the 

present study, no change was seen i.n muscle mass for any group, which may have lirr.ited 

any increase in skeletal muscle LPL activity. Consequently, there was not the increased 

catabolism of triglyceride lipoprotein-cholesterols and the subsequent formation of 

additional plasma HDL-C (42, 44). 

It has been suggested that changes in cholesterol concentrations are dependent upon 

initial pre-test values (19). In other words, those individuals exhibiting initially low plasma 

TC values usually fail to change significantly. It is not clear whether the reciprocal 

suggestion stands for plasma HDL-C. If sc, since plasma 1-IDL-C values were already 

high in the present study, fu.."1her increases may not have been observed. 
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The present study demonstrated decreases in plasma TC for the exercise groups, 

while plasma HDL-C levels remained the same. According to Wood et al (20), when 

exercise groups exceeded 4 rn:iles per week. decreases were seen in plasma TC. It was not 

until the subjects ran between 8 and 13 miles per week that increases in plasma HDL-C 

were seen. However, these changes were reported after subjects had been exercising for 

one year. The Rand RW groups in the present study were estimated to run approximately 

9 and 7 1/2 miles per week for nine weeks, respectively. Significant increases in plasma 

HDL-C may have been demonstra:ed had both groups been able to either increase weekly 

mileage or increase the length of the training program. Another factor may have been the 

fact that these subjects had low initial fitness levels and were therefore, unable to run 

continuously for 30 and 25 minutes until the fourth week. Therefore, they ran at tiiis 

weekly mileage for only 6 weeks. Moll et al., (18) also failed to induce significant changes 

in female runners after 6 weeks of running 5 days per week for 30 - 45 minutes. Farrell & 

Barboriak (19) induced significant increases in plasma HDL-C in female runners after 8 

weeks of training. They ran 4 days per we;;;k for 30 minutes per day, which added at least 

3 rr..iles per week to the training regimen. This increase in mileage, plus the two extra 

weeks of training may explain the differences in the results between the two studies. 

Results from studies by Williams et al., ( 45) de!'Ilonstrated the need for long-term exercise 

in order to induce changes in plasma HDL-C cholesterol. 

Forty-eight previously sedentary men (30 - 55 years) participated in a running 

program lasting one year. Initially, subjects jogged for 20 minutes at 70- 85% max HR 

achieved during a baseline treadmill test. Dudng the third week, subjects added a fourth 

day , and then increased to 5 days per week around the sevemh week. At approximately 

six weeks, the exercise group was encouraged to increase the duration of running gradually 
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until each session reached 45 minutes. Approximateiy nine months were required before 

significant increases in plasma HDL-C were: observed .. 

Although statistical significance was not observed between groups, it is important 

to note the apparent effectiveness of the exercise prograrns in increasing strength and 

aerobic capacity. Strength increases \Vere r.oted in both the Wand RW groups; the W 

group increasing leg strength via the leg press by 56% and the RW group increasing leg 

strength by 67%. Likewise, improvements in aerobic capacity were noted in the Rand RW 

groups by means of a 12-minute run performed prior to and following the 9 week exercise 

program. The R group increased the distance run by 40% and the RW group increased by 

51 %. Because of these changes in leg strength and aerobic capacity, it would seem 

apparent that these programs, while not finding statistical significance for blood lipids or 

body composition, were nevertheless, rigorous enough to bring about changes in the 

parameters to which each exercise program was intended. 

Researchers examining the relationship between blood lipids and body composition 

have noted varied results. Weltman et al., (46) found that a 10-week program of mild 

aerobic exercise resulted in a substantial drop in the plasma TC1HDL-C ratio, but incurred 

little change in BW or %BF. In addition, a 10-week program of caloric restriction resulted 

in a substantial loss in fat but little change in the plasma TC/HDL-C ratio ( 46). Thus, 

exercise rather than body fatness was suggested to be a key factor in alterations of plasma 

TCfdDL-C levels. ·weltman et al., (46) and Clarkson, et ai., (13) observed no relationship 

between B\V and plasma TC or HDL-C, which was in agreement with the present study. 

Likewise, Ullrich, et al., (30) and Schwartz (47) found no relationship between plasma 

HDL-C-and %BF. However, many studies did observe significantly positive correlations 

between plasma TC and %BF and negative correlations between plasma HDL-C and %BF 

(10, 20, 29). Thompson, Cullinane, & Eshleman (48) studied the effect of exercise 
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cessation on plasma HDL-C in trained indivi.du:.lls and concluded that exercise not weight, 

adiposity, or caloric intake was the most important determinant of the high plasma HD L-C 

seen in endurance athletes. 

In summary, the results of the present study suggest that the three training 

programs tended to decrease plasma TC, though non-significantly. No changes in plasma 

HDL-C were noted among the three training groups, while the C group decreased over the 

experimental period The plasma TC/HDL-C ratio indicated significant differences between 

the R and all other groups across time. The ratio for the R group decreased while no 

changes were noted for the the W, RW, and C groups. There were no significant 

differences over time for BW, %BF, or FFM. In the present study, it could not be shown 

that aerobic exercise was any more or less effective than the weight training program. The 

relationship between blood lipids and body composition remains speculative, with further 

research necessary to clarify the relationship between these variables. 
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Table 1. Weight training Appnratus utilized for \V ~nd RW groups 

Universal Apparatus 

Lower Body 

Leg press 
Leg extension 
Leg curls 
Calf-raises 

Upper Body 

Ann Curls 
Bench press 
Tricep press 
Shoulder shrugs 
Latissimus dorsi pulldowns 
·Military press 

Nautilus Apparatus 

Lower Body 

Calf raises 

Upper Body 

Chest flies 
Chest press 
Shoulder flies 
l'v'Witary press 
Abdominals 
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Table 2. Subject characteristics. 

Variable R w RW c 
n 8 8 10 5 

Age (yrs) 21.1 21.0 20.1 24.3 

(1.0) (0.5) (0.3) (1.5) 

Height (cm) 165.4 164.7 165.5 162.0 

(2.8) (2.5) (2.2) (2.2) 

Values expressed as group means with SEM in parentheses 
R =Running; W =Weight training; RW =Running/Weight training; C =Control group 



TabJe 3. Group means for plasma TC, HDL-C, TC/HDL-C, %BF, FFM, and BW. 

---···-----------------------

Variable R \V 
pre post pre post 

-·--·---------------------·--------

Plasma TC 158.3 144.9 172.7 160.1 
(mg/dl) (10.8) (11.8) (4.6) (6.2) 

Plasma l lD L-C 49.la 50.6 63.1 63.0 
(mg/dl) (4.4) (4.5) (3.7) (2.8) 

Plasma TC/HDL ratio 3.5 2.9+ 2.8 2.6 
(mg/di) (.41) (.26) (.19) (.09) 

%BF 25.7 24.1 25.4 25.6 
Hydrostatic (%) (2.4) (3.1) (3.5) (3.5) 

FFM 48.4 49.1 42.9 43.6 
(kg) ( l .0) (1.1) (1.3) (l.3) 

BW 64.4 64.4 58.7 59.7 
(kg) (1.7) (1.9) (3.7) (3.4) 

----------------------------------· 
Vaiucs c-xpn.:ssed as group means with SEM in parenthesis 
*p < .05 b1;'.tw..;en HDL pretest score:> across groups 
apretest values in same row wiih same letter arc significantly different 
+indicates significanc change from pre- to posttcst 

RW 
pre 

165.6 
(10.7) 

61.5 
(3.1) 

2.7 
(.19) 

24.5 
(1.9) 

46.5 
(1.6) 

62.0 
(2.9) 

c 
post pre post 

---------

158.7 147.7 148.3 
(9.7) (9.6) (12.6) 

63.9 68. 5a 58.4 
(3.0) (6.3) (2.7) 

2.6 2.3 2.6 
(.24) (.25) (.23) 

24.8 22.8 22.4 
(1.5) (3.9) ,,~ 6) (_ . ) 

46.8 44.2 44.3 
(1.5) (3.0) (2.9) 

62.7 57.7 57.6 
(2.9) (1.7) (1.6) 

R =running group; \V =weight trairdng group; RW '-'"' nrnning/weigl1t tniining group; C =control group 
TC= total cholesterol, HDL-C:::: high··dCiiSity lipoprl1tein--d1olestcrol; TC/HDL-C ==total cholcsterol/high-deosity lipoprotein-
cholesterol; %,Iff =percent body fa1; FFfyl =-=fat-free muss; BW :-..:: body weight 

\.Jl 
--...; 



Table 4. Statistical Summary of Analysis of Variance 
---------------·-----

Variable TC HDL-C TC/HDL-C 
----------

Source df ms 111$ ms 
--· 

Group 3 1058.7 680.8* 1.55 

Effor1 27 1335.5 180.2 6.9 

Time 1 947.7* 36.9 0.33 

Group/rime 3 126.0 95.9 0.36* 

Error2 27 201.9 43.2 0.088 

*p < .05 
TC == total cholesterol; 
HDL-C =high-density lipoprotein cholesterol 
TC/HDL-C = total cholesterol/high-density lipoprotein cholesterol ratio 
%BF= percent body fat 
FFM =fat-free mass 
BW =body weight 

%Br FFM BW 

ms ms ms 

19.18 91.6 126.7 

120.01 37.9 152.2 

1.78 2.95 2.36 
Ul 
(X; 

3.47 0.26 0.92 

4.25 2.6 1.09 
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Figure 1. Group means and SEM for plasma high-density lipoprotein cholesterol 

for the Running, 'Neight Training, Running/Weight Training and Control groups. 



--"O -e.o 
E ..._, 

? 
ii ..... 
[/) 
~ -0 .:: u -:: ..... 
0 

E-

180 

170 

160 

140 

130 

so 

-0- Weight Training 

-+- Running 

• Runningl'lleight Training 

1 

Pretest Post test 

Time 

Figure 2. Group means and SEM for plasma total cholesterol for the Running, 

Weight Training, Running/Weight Training, and Control groups. 
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Figure 3. Group means and SEM for plasma total cholesterol I 
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\Veight Training, Running/Weight Training, and Control groups. 
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Chapter IV 

Summary and Research Recommendations 

Su mm £1CL 

Coronary heart disease has become the leading cause of death among the American 

population in this generation. There has been a decline in CHD mortality rates, however, 

deaths due to CHD continue to remain signjficantly above those due to cancer, the second 

leading cause of death. One of the primary risk factors contributing to this disease is 

hypercholesterolemia. Evidence from epidemiologic studies and the Lipid Research Clinics 

Coronary Primary Prevention Trial (1984) indicate that the risk for CHD is directly related 

to plasma levels of total cholesterol (TC) and inversely to high-density lipoprotein -

cholesterol (HDL-C) concentrations (Lipinska & Gurewich, 1982; McCunney, 1987). 

Research has indicated that the manner in which cholesterol is transported in the 

blood may be more critical in the development of CHD than plasma TC (l\tliller & Miller, 

1975). Populations having higher levels of plasma HDL-C seem to have a lower incidence 

of CHD, whereas elevated levels of low-density lipoprotein-cholesterol (LDL-C) seem to 

be related to a higher incidence of CHD (Gordon et al., 1977; Enger et al., 1979;) -while 

the exact mechanisms remain unclear, plasma LDL-C may contribute to CHD by its ability 

to infiltrate the arterial intima (Ross, 1986). Conversely, plasma HDL-C may exert its 

protective effect by transporting cholesterol away from the arterial wall to rhe liver for 

catabolisrn and excretion (Ross, 1986). 

Physical activity has been proposed to have a possible protective effect against the 

development of coronary heart disease by lowering plasma TC and increasing 

cm1centrations of plasma HDL-C (Goldberg & Elliot, 1985). Cross-sectional studies of the 

effects of exercise on plasma TC have generally demonstrated that people who regularly 

exercise aerobically have similar or only slightly lower plasma TC concentrations than less 

active people of similar ages (Adner & Castelli, 1980; Moore et al., 1983; Morgan et aL, 
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1986), although others have reported significant differences between active and inactive 

people (Wood et al., 1976). Power-rrained athletes have demonstrated similar variations, 

in that some studies reported no significant differences in plasma TC (Clarkson et al., 

1981; Hurley et al., 1984), while ether studies showed somewhat higher plasma TC values 

in the power-trained athlete (Johnson et al., 1983; Farrell et al., 1982). 

The effects of exercise on plasma HDL-C are also inconclusive. Increased plasma 

HDL-C levels have been seen in many studies when previously sedentary endurance- or 

weight-trained subjects were compared with inactive controls (Wood et al., 1976; Johnson 

et ai., 1983; Moore et al., 1983; Morgan et al., 1986; Blessing et al., 1987). However, 

other studies have reported no changes in plasma HDL-C (Moll et al., 1979; Farrell & 

Barboriak, 1980; Vlood et al., 1983; Gaesser & Rich, 1984; Goldberg et al., 1984) 

The purpose of this study was to investigate not only the effects of an aerobic 

exercise program and the effects of a weight-training program on plasma TC and HDL-C, 

but also the effects of an exercise regimen which combined the two activities. Four groups 

of females, 18-30 years of age, participated in a nine week exercise program. The four 

groups were as follows: 1) running (R), 2) weight training (yV), 3) running/weight 

training (RW), and 4) control (C). The three treatment groups exercised three times per 

week. The R group ran for 30 minutes at an intensity corresponding to 75% of their 

predicted maximum HR. Five HRs were taken during each training session: pre-, post-

exercise, and three times during the session, approxi.111ately 10 minutes apart. The W 

group lifted weights for one hour at 60% of their 1-RM for the first two weeks of the 

study, and 75% of their 1-RM for weeks three through nine. They performed various leg 

and arm exercises on the Universal and Nautilus apparatus. The RW group ran for 25 

minutes at a HR of 75% of their predicted maximum HR. The second half of their workout 

consisted of weight training at t'1e same percentages as the W group using the same 
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exercises. However, they performed all the leg exercises and oniy enough arm exercises to 

fill the 30 minute time period. Attendance for the experimental groups was greater than 

90%. 

A two factor (group and tin1e) repeated measures analysis of variance CANOVA) 

was conducted to measure pre- and post-test differences on plasma TC, HDL-C, TC/HDL-

C, percent body fat (%BF), fat-free mass (FFM), and body weight (BW) for R, W, RW, 

and C. ANOV A was also computed for weekly BW measures for the three treatment 

groups. Differences between the groups over time were assessed using a two-factor 

(group and time) analysis of variance (ANOV A) with repeated measures. When 

statistically significant F values were noted, the appropriate Tukey post hoc test was 

utilized to identify which groups differed across time. A Pearson product-moment 

correlational analysis was performed on changes in plasma TC, HDL-C, and TC/HDL-C 

ratio and changes in %BF, FFM, and B\V. Statistical significance was set apriori at the 

0.05 level. All data were analyzed using the Statistical Analysis System (SAS). 

One-way (ANOV A) performed on the pre-test values for all dependent measures 

indicated that the groups were similar except for plasma HDL-C. The Tukey post-hoc test 

revealed that the C group had a significantly greater plasma HDL-C than the R group (p < 

.05). Percent body fat, FFM, and BW demonstrated no significant changes across time for 

any group a.11d no significant interaction between treatment groups across time. 

A two-way ANOV A indicated a significant group effect for plasma HDL-C. A 

follow-up test using the Tukey procedure indicated that the C group was significantly 

higher than the other 3 groups (p < .05) attributable to pretest differences. No significant 

differences were found among the remaining 3 groups, nor did ANOV A indicate significant 
,,. 

group interaction across time during the treatment period. 
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The decrease in plasma TC for all groups combined was significant over time (p < 

.05). Exploring the differences between precest to posttest for the individual groups via the 

Tukey post hoc test resulted in no significant differences. It was noted that while the 

Tukey test demonstrated no significance, a downward trend was seen for the experimental 

groups. The plasma TC changes from pre- to posttest were 8.2% for the R group, 7.3% 

for the W group and 4.2% for the R\V group. There was no significant group interaction 

across ti..111e during the treatment period. 

A significant interaction among groups over time was noted for plasma TC/BDL-C 

ratio (p < .05). Further testing by means of the Tukey procedure revealed significant 

differences in the response of plasma TC to treatment in the R group. The ratio for the R 

group decreased 17% (3.5 - 2.9; p < .05), while the ratio for the C group increased 13% 

(2.3 - 2.6; p < .05). No changes were found for the W, RW, or C groups. 

Correlational analyses were perf onned between the changes in blood lipids and the 

changes in body composition. The change in plasma TC was positively related to the 

change in plasma HDL-C (r = .38; p < .05) and the change in plasma TC/HDL-C ratio (r = 

.39; p < .05). The change in plasma HDL-C was positively related to the change in the 

ratio (r = .60; p < .05). When FFM changes were related to lipoprotein-cholesterol 

changes, no significant correlations were found. 

It is interesting to look at the individual changes from the beginning to the end of 

the treatment period. Five of eight subjects in the R group decreased plasma TC, while five 

increased plasma HDL-C levels. The plasma TC/HDL-C ratio decreased for six subjects. 

The W group demonstrated similar changes. Seven of eight subjects decreased plasma TC, 

while four subjects increased plasma HDL-C. Five of the eight decreased their plasma 

TC/HDL-C ratio. The RW group noted a decrease in plasma TC in four of ten subjects 

while reporting an increase in plasma HDL-C values in six subjects. On the average, a 
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greater number of subjects improved blood lipid vaiues than those not demonstrating 

changes. Had the treatment period be.en longer o~ more miles run per week, even greater 

changes may have occurred. There ·,t.·ere no changes in %BF, with the exception of 

Subject 13. Her percentage of body fat decreased from 17.6 - 9.8. There was a 

concomitant decrease of 3 kg in B\V; however, it seem unlikely that the subject lost 7.8 

%BF, since L'ie loss of BW was that small. 

Research Implications 

Plasma TC is positively related and HDL-C is negatively related with the incidence 

of atherosclerosis and CHD, therefore, researching methods for decreasing plasma TC 

levels are crucial. If an effective program designed to decrease plasma TC and increase 

plasma HDL-C were determined, the risk of disease could be greatly reduced. 

The results of this study suggest that short-term exercise programs, whether aerobic 

or weight training, are ineffective for inducing statistically significant changes in 

lipoprotein-cholesterol values in young females. However, an apparent trend for lower 

plasma TC was observed in all three treatment groups. Plasma HDL-C remained the same, 

but because plasma TC decreased (NS), the plasma TC/HDL-C ratio for the R group 

improved significantly, thereby, decreasing the risk for CHD. 

Although statistical significance was not observed between groups, it is important 

to note the apparent effectiveness of the exercise programs in increasing strength and 

aerobic capacity. Strength increases were noted in both the Wand RW groups; the W 

group increasing leg strength via the leg press by 56% and the RW group increasing leg 

strength by 67%. Likewise, improvements in aerobic capacity were noted in the R and RW 

groups by means of a 12-minute run performed prior to and following the 9 week exercise 

program. The R group increased the distance run by 40% and the RW group increased by 

5 i % . Because of these changes in leg strength and aerobic capacity, it would seem 
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apparent that these programs, while not finding statistical significance for blood lipids or 

body composition, were nevenheless, rigorcus enough to bring about changes in the 

parameters to which each exercise program was intended. 

Although no improvements were seen in %BF, FFM, or BW, there is the 

possibility that improvements would have occurred if the frequency and duration of the 

exercise programs were increased. The amount of exercise necessary to result in increased 

plasma HDL-C levels is an important "dose-response" issue defined by type, frequency, 

intensity, and duration of activity as well as kcalories expended. The research confirms 

that exact guidelines have not been agreed upon, however they have shown that before a 

beneficial effect on plasma HDL-C can be achieved from exercise, a threshold needs to be 

surpassed. A running program of 3-4 days per week at 70-85% intensity would seem 

beneficial in improving lipoprotein values, if mileage exceeded at least 12 miles per week. 

This would approximate 1,200 kcal, which was similar to the lower threshhold suggested 

by Superko et al., (1985). It is difficult to say how long an individual should continue an 

exercise progra.t? before lipoprotein improvements are found. If an individual exercises 

consistantly, changes may be seen after 12 weeks of aerobic training, however, it may take 

as long as nine months (Williams et al., 1982). It has been suggested that the changes in 

lipoprotein concentrations last only as long as the training period (Lopez et al., 1974; 

Danner et al., 1984 ). Therefore, a lifetime program of physical activity is recommended in 

order to hold plasma TC to a lower limit, with an accompanying high plasma HDL-C level. 

Reccmmendarion and Future Research 

This investigation leaves many unanswered questions about the effects of exercise 

on plasma TC and HDL-C. The following recommendations for further study have been 

made to supplement the results of this investigation: 
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1. Determination of other lipoprotein-cholesterols such as LDL-C, VLDL-C, and the 

subfractions plasma HDLi and HDL3 would give greater insight into the details of changes 

occurring within the lipoproteins. 

2. A great deal of research has looked at endurance exercise and cholesterol. However, 

conclusive evidence on the frequency, intensity, and duration of exercise necessary to 

induce improvements in lipoprotein-cholesterol levels is still lacking. A study using groups 

which ran different miles per week (i.e., group 1 = 8 miles per week; group 2 = 16 miles 

per week; group 3 = 20 miles per week) may be able to better define the lower limits for 

inducing changes in cholesterol values. Further research on duration of an exercise 

program would also be beneficial. A follow-up of this study investigating how lipoprotein-

cholesterol reacts to the termination of an exercise program would be beneficial in 

supporting a lifetime exercise program as a means for decreasing cholesterol levels. 

3. More research is necessary regarding the effects of changes in plasma HDL-C to 

determine if risk of disease is actually reduced as plasma HDL-C levels increase. 

4. Research on weight training versus plasma lipoprotein-cholesterol has produced varied 

results. Continued research on the type, intensity, frequenc, and duration of a weight-

training regimen is needed to further define the benefits to lipoprotein-cholesterols. 

5. The majority of current literature has focused on individuals with normal levels of 

cholesterol. Since individuals with abnormal levels of cholesterol are at a higher risk for 

CHD, investigation of the effect of exercise on those people would be beneficial. 

6. The present study attempted to keep the caloric expenditure constant. Similar plasma 

TC and HDL-C changes were seen in all of the treatment groups. However, those who 

weight trained had to work out for one hour, while the R group only exercised for 30 

minutes. Would any differences be noted in plasma TC and HDL-C between Rand W if 

runners exercised for one hour, also? 
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7. Prior to this experiment, no 1·e$carch had been done on the effects of a combined 

running/weight training program on plasrr.a 1-IDL-C. Looking at the physiological benefits 

of this training program as compared to either program alone may uncover additional 

benefits to lipoprotein cholesterol levels and patterns not observed v.'ith the either of the 

separate programs (i.e., runners induding weight training might expect strength gains; 

likewise, weight trainers adding a running segment to their exercise routine might increase 

cardiovascular parameters). 
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?vfETHODOLOGY 

Plasma total cholesterol (TC) and high-density lipoprotein-cholesterol (HDL-C) 

levels were measured at the begiirning and end of a nine week treatment period. During 

this period, the subjects p3.1ticipated in one of t~ree treatments: weight lifting CW), running 

(R), or running and weight lifting (RW). The control group (C) was composed of 

volunteers from the university family which met the specified criteria. 

SELECTION OF SUBJECTS 

Prior to the selection of subjects, permission from the Institutional Review Board 

for Research Involving Human Subjects was obtained to conduct this study (Appendix B). 

The 26 students participating in the three treatment groups were vounteers who registered 

for a university physical education course (Bodybuilding and Fitness for Beginners). The 

subjects were selected according to the following criteria: 

1. Females, ages 18-30; 

2. Generally healthy individuals without any known health-related problems 

such as CHD, diabetes, hypertension (> 140/90), gout, or orthopedic 

problems; 

3. Uninvolved in a weight training program for at least the previous 6 

months; 

4. Uninvolved in a strenuous aerobic conditioning program for at least 6 

months (ie., no more than 2 times per week and 20 minutes in duration); 

5. Nonsmokers (ie., never smoked or refrained from any type of smoking 

(cigarettes, cigar, pipe, chew) for 6 months or more (Stubbe, Eskilsson, 

& :Nilsson-Ehle, 1982); 

6. On no medication known to alter plasma concentrations of lipoproteins 

(Glueck. 1985); 
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7. On no type of active weight-loss program during their participation in the 

study; 

SAMPLING PROCEDURES 

All students were given an oral expianation of the testing and the treatment 

procedures. Those students consenting to participate completed a general medical 

questionaire (Appendix C) describing their present health status, and a time was arranged 

when pretest, baseline measures could be taken. All potential subjects were given written 

instructions (Appendix E) concerning pretesting measures (ie., appropriate attire, fasting 

time for blood, etc). Eligible subjects were randomly assigned to one of the three groups 

which were randomly assigned to three treatments: weight lifting, running, or weight 

lifting and running. 

The control group consisted of 5 females who fit the same criteria as the 

experimental groups. The same pre- and post-test measures were also administered to both 

control and experimental groups. 

A pilot study was conducted in order to allow the researcher and assistants to 

become familiar with the testing procedures. Blood samples were tested for plasma TC and 

HDL-C the final week of the pilot study to establish technique and a reasonable level of 

consistency in data collection and analysis. 

EXPERIMENTAL PROCEDURES 

Subjects came to the testing site (Human Performance Lab, War Memorial Gym) 

where they first read and signed an informed consent form (Appendix D). Baseline 

measures were taken at this time which included height, weight, blood pressure (using a 

stethoscope and a mercurial sphygmomanometer), %BF (via hydrostatic weighing), and 

lRM: on the Universal leg press and leg extension apparatus. Blood was drawn in order to 

measure plasma TC and HDL-C levels. To test reliability, subjects were retested on leg 
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strength approximately 72 hours after initial measures. Test administrators remained the 

same between pre- and posttest measures. 

Percent body fat was estimated by means of hydrostatic weighing (Karch & 

McArdle, 1983), using a water-filled stainiess steel weighing tank. Calibration within the 

tank was measured by means of placing a known weight ( 4.21 kg) in the basket and 

turning on the recorder. The calibration line was recorded and used to determine scores. 

Subjects were first weighed dry in only a swimsuit, then weighed wet by laying in a supine 

position on the basket which was suspended in the tank by 4 load cells. Underwater 

weight was recorded on a recorder and by digital display. After the subject had expelled all 

her air and was laying still in a supine position, the readings were recorded and the trial 

was completed. Eight trials were recorded. The 3 highest scores were averaged and used 

as the criterion score. Body weight underwater was calculated using the recorder 

displacement from the calibration weight in a ratio to calculate kilograms and then converted 

to pounds. The following equation was utilized: BD = BW /BW - UWW /H20 density -

RL V. (BD =body density; BW =body weight; UWW =underwater weight; H20 

density=water density; and RL V=residual lung volume) (Keys and Brozek, 1953). Percent 

BF was calculated using the Siri (1961) equation where %BF= (4.95/BD - 4.50) x 100. 

To comple~e the equation for %BF, residual volume was measured (Wilmore, 

Vodak, Parr, Girandola, & Billing,1980). Vital capacity was first measured in order to 

estimate maximal exhalation. Three trials were taken, with the highest value being utilized. 

This value was multiplied by .85, which indicated the volume of 02 that was needed to fill 

(he anesthesia bag. In a prone position, each subject was fit with a mouthpiece attached to 

an anesthesia bag. A metronome was set at 60 and used to maintain the breathing rhythm 

equivalent to l breath/2 seconds. After approximately one minute of breathing room air, 

the subject exhaled as much air from the lungs as possible. She then signaled to tlie 
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technician who switched to a 1:Jag filled with 100% oxygen. Again, the subject was to 

breathe normally for abom: 6-7 breaths, followed by another maximal exhalation after 

which the technician switched the air in the bag back to room air. Oxygen and carbon 

dioxide percentages of the air in the anesthesia bag were analyzed and used to calculate 

residual volume. 

Seven milliliters of blood were drawn into vacutainers containing dry 

ethylenedirunine tetracetic acid (EDTA). Vacutainers were inverted for thorough mixing, 

and refrigerated until spun in an IEC HN-S Centrifuge for 20 minutes (speed= 1/2) to 

separate the plasma from the red blood cells. Plasma was placed into a 12 x 75mm capped 

culture tube, labeled, and refrigerated. Assays were run within one week of collection. 

plasma TC was detennined by enzymatic methods using Sigma Cholesterol Kit #351-50 

(Allain, Poon, Chan, Richmond, & Fu,1974); the cholesterol component of plasma HDL-

C \vas determined from the supernatant obtained after precipitation of VLDL-C and LDL-C 

by a heparinized manganese-chloride solution, according to the method of Albers, 

Warnick, and Chenng (1978). Duplicate assays were run for each subject on plasma TC 

and HDL-C; additional assays were performed if the values were more than 5% or 10%, 

respectively. 

DETER..WNATION OF PLASMA TOTAL CHOLESTEROL 

1. To BLANK test tube, add 0.02 ml distilled water. 

2. To STANDARD test_ tubes, add 0.02 ml each of 100, 200 and 400 mg/ell 

cholesterol calibrator. (These were used for thl! TC standard curve.) Run 

duplicates. 

3. To TEST te~t tube, add 0.02 ml plasma. Run duplicates. 

4. To each test tube, add 1.0 ml cholesterol reagent*. Cover with parafilm 

and invert several times to mix well. 
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5. Incubate samples at 37 de gees C for 15 minutes. 

6. Add LO ml physiological $aline to all samples, mixing well. 

7. Read and record absorbancc of STANDARD AND TEST vs. BLANK as 

reference at 500 + 15 nm. Complete readings within 30 minutes. 

8. Calculate plasma TC as follows: 

Plasma TC (mg/dl) = TEST X 100 
STMTIARD 

*Reagent contains phosphate buffer, 0.1 mol/L, 4-aminoa.11tipyrine, 0.8 mmol/L, p-

hydroxybenzenesulfonate, 20 mmol/L, cholesterol oxidase (microbial), >200 U/L, esterase 

(microbial), > 150 U/L, and peroxidase (horseradish), >25,000 U/L, with stabilizers and 

fillers. 

DETERMINATION OF PLASMA HDL-C 

Reagents: 

1. Manganese chloride solution 1.06M: (MNCL2 4H20 - MVV = 197.91) 

Weigh out 209.78 g MnC12 H20 and dissolve in a small amount of 

distilled water. Dilute to 1 liter volume with distilled water. This solution 

is thought to be stable indefinitely. Invert. Place in opaque storage 

container. 

2. Sodium chloride 0.15M (physiological saline): \Veigh out 8.77 g NaCl 

and dissolve in about 500 ml distilled water. Bring up to 1 liter volume 

with distilled water. Place in opaque storage container. 

3. Heparin 40,000 units/ml: Weigh out 0.280 g heparin and dissolve in 1 ml 

0.15 M saline. Use a very small glass vial to prepare solution, since 

volume is so slight. Vortex vigorously. Let set in order to ensure all the 

heparin is in solution. PREPARE FRESH FOR EACH RUN. 
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4. Combined heparin-manga.nes~ reagent: Add 0.6 ml 40,000 units 

heparin/rrJ to 10 ml 1.061-'I lVfaC12 4H20. PREPARE FRESH FOR 

EACH RUN. 

PLASMA HDL-C PROCEDlJRE 

1. Warm plasma samples to room temperature. 

2. Mix plasma samples well. Using a caiibrated Eppendorf macropipet, 

transfer 1 ml plasma into small disposable test tubes. Run duplicates. 

3. Mix combined heparin-manganese reagent (See #3 and 4 above). Vonex 

well. Using a calibrated Eppendorf micropipet, transfer 0.1 ml combined 

reagent into each tube. A precipitate will form immediately. 

4. Vortex each sample lightly and cover with Parafilm. 

5. Allow the samples to stand at room temperature for 10 minutes. 

6. Centrifuge samples in the Sorvall RT6000 refreigerated centrifuge for 30 

minutes (speed= 3100 rpm; temperature= 15 degrees C). A hard pellet 

will form on the bottom of the tube. 

7. Transfer most of the supernatant with a disposable pipet into a 7 ml test 

tube. Label and cover with Parafilm. 

8. Treat supernatant like unfractionated plasma to determine HDL-C 

concentration. EXCEPTION: Add EDTA to cholesterol reagent as 

follows: 1.) Add 5.844 g EDTA per 100 ml distilled water, 2.) add 40 

microliters EDTA solution per 1 ml of reagent 

EXPERIMENTAL PROCEDURES 

Subjects assigned to the W group participated in a 9-week exercise program of 

progressive weight training using Universal and Nautilus machines. Subjects exercised 

three days per week for approximately 50 - 60 minutes each session. Training on the 
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Universal apparatus included leg curls, leg press. leg extension, bench press, bicep curls, 

lat pulls, and tricep press, whiie chest curls. chest press, shoulder flies, military press, calf 

raises, and abdominals were performed on the Nautilus. Weeks 1 - 3 consisted of two -

three sets of 8 - 12 repetitions at 60% 1 RM for each of the exercises. Weeks 4 - 9 

included three - four sets of four - six repetitions at 75% lRM for each of the exercises. A 

ma"(imum rest period of 2 minutes was allowed between sets. 1 RM measures were taken 

pretreatment, bi-weekly (leg press and leg extension only), and posttreatment. 

Subjects assigned to the R group ran three times per week. During the first five 

sessions, the runners jogged (or jog/walked, according to their initial fitness level) for 20 

minutes at 70% age-predicted maximum HR. Each of the following sessions included a 

progressively longer jogging period of 1 - 2 minutes until the subjects were jogging (or 

jog/walking) 30 minutes at 75 - 80% age-predicted maximum HR by the fourth week. Five 

heart rates (HR) were taken and recorded by each subject during each exercise session: one 

at rest, one at cooldown, and one every 6 - 8 minutes during the run. 

Those subjects randomly assigned to the R'N group ran during the first half of each 

session. They progressed from an initial 20-minute jog (jog/walk, if necessary) to a 25-

minute continuous jog, similar to the R group. Five heart rates were also taken at the same 

time as the R group. After the run, Lhe remaining 30 minutes were spent lifting weights. 

The same apparatus and techniques were utilized by the RW group as by the W group. 

Subjects in the RW group were to perform all of the leg exercises during the available time, 

and with the time left, they could work out on the other apparatus. 

During the frrst session, subjects in the Rand RW groups were instructed on 

correct techniques for assessing heart rate (HR) via radial or carotid pulse. All subjects 

were given the chance to practice during rest and exercise. Target HR was estimated by 
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means of the Karvonen method ( ( 220 - rige} - RHR X 100 + RHR) (Karvonen, Kentala, 

& Musta,1957). 

Maximal strength for each subject in the \V and R W groups was assessed for each 

piece of equipment. After an initial warmup, each subject was instructed to lift the given 

weight one time. \Veight was increased until the subject could no longer lift it. The 

greatest weight lifted for each muscle mass \Vas determined as the criterion score. Three 

trials were given to determine the ma,'Ximal repetition, with a short rest between each lift. A 

percentage of thel RM then functioned as the daily weight lifted. 

ST A TISTICAL PROCEDURES 

Reliability Estimate 

To estimate the consistency of the measurement techniques designed to assess the 

subject's initial pre-test values, a correlation coefficient was computed on the data from the 

subject's two pre-treatment scores on %BF, plasma TC and HDL-C. The measures were 

reliable if the r value was 0.70 or greater. The calculated r values were: %BF= 0.97; 

plasma TC= 0 .. 99; and plasma HDL-C = 0.97. 

Validity Estimates 

External Validity. The characteristics of the subjects (sedentary females 18 - 30, 

non-smoking, etc.) limited the results of this study to populations possessing similar 

characteristics. 

Internal Validitv. Variance was minimized by the following: 1) familiarizing the 

subjects and test administrators with the testing equipment and protocol prior to the initial 

endurance and strength tests, and 2) utilizing identical testing procedures during both the 

pre- and post-training exercise tests. 
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Research Design 

Group differences across time were :Jssessed using a two-factor analysis of 

variance (ANOVA) with repeated measures. The independent variables were group 

(weight lifting, aerobic exercise (jogging), and a combination of both) and time (pretest and 

posttest). The dependent variables were plasma TC, HDL-C, TC/HDL-C ratio, %BF and 

FFM. 

'The Tukey post hoc test was applied to groups with significant differences between 

means. The relationship between plasma concentrations of plasma TC and FFM, plasma 

HDL-C and FFM, and plasma TC/HDL-C and FFM were evaluated using Pearson 

product-moment correlation analysis. The level of significance was 0.05. Ali data were 

analyzed by computer by means of the Statistical Analysis System (SAS). 

Group Pretest Treatment Posttest 

Control (C) 0 0 

Running (R) 0 x 0 

Weight Training ~W) 0 x 0 

Combination (RW) 0 x 0 

Summary ANOVA tables for all the pre- and post-testing measures and weekly 

measures may be found in Appendix F. One-way (ANOV A) performed on the pre-test 

vaiues for all dependent measures indicated that the groups were similar except for plasma 

HDL-C. The Tukey post-hoc test revealed that the C group had a significantly greater 

plasma HDL-C than the R group (p<.05). Percent body fat, FFM, and BW demonstrated 

no significant changes across time for any group and no significant interaction between 

treatment groups across time. 
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Two-way ANOV A indicated that a significant group effect was seen for plasma 

HDL-C. -A follow-up test using the Tukey procedure indicated that the R group was 

significantly lower than the other 3 groups (p<.05) attributable to pre-test differences. No 

significa.·it differences were found among the remaining 3 groups, nor did ANOV A indicate 

significant group interaction across time during the treatment period. 

The pre- to posttest mean changes for plasma TC are shown in Figure 2. The 

decrease in plasma TC for all groups combined was significant over time (p < .05). 

Exploring the differences between pretest to posttest for the individual groups via the 

Tukey post hoc test resulted in no sigrll:ficant differences. It was noted that while the 

Tukey test demonstrated no significance, a downward trend was seen for the experimental 

groups. The plasma TC changes from pre- to posttest were 8.2% for the R group, 7.3% 

for the W group and 4.2% for the RW group. There was no significant group interaction 

across time during the treatment period. 

A significant interaction among groups over time was noted for plasma TC/HDL-C 

ratio (p < .05). Further testing by means of the Tukey procedure revealed significant 

differences in the response of plasma TC to treatment in the R group. The ratio for the R 

group decreased 17% (3.5 - 2.9; p < .05), while the ratio for the C group increased 13% 

(2.3 - 2.6; p<.05). No significant changes were found for the W, RW, and C groups. 

Correlational analyses were performed between the changes in blood lipids and the 

changes in body composition. The change in plasma TC was positively related to the 

change in plasma HDL-C (r = .38; p < .05) and the change in plasma TC/HDL-C ratio (r = 

.39; p < .05). The change in plasma HDL-C was positively related to the change in the 

ratio (r = .60; p < .05). When FFM changes were related to lipoprotein-cholestero! 

changes,_ no significant correlations were found. 
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Conclusions 

Based upon the resuits of this study, the researcher retains the following null 

hypotheses: 

Ho: There is no significant difference between individuals who weight train for one 

hour each session three times a week, individuals who run 30 minutes three times a week, 

and those who combine 25 minutes of running and 30 minutes of weight training in the 

following measures: 

1. Plasma total cholesterol 

2. Plasma high-density lipoprotein-cholesterol 

3. Plasma total cholesterol/high-density lipoprotein cholesterol ratio 

4. Percent body fat 

5. Fat-free mass 

6. Body weight 
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REQUEST FOR APPROVAL OF RESEARCH PROPOSAL 
IN THE DIVISION OF HPER 

Submitted to 

Charles Baffi 
Chairman, Division Huma.ri Subjects Committee and/or 

Chairman, Institutional Review Board 

by 

Janet L. Walberg, Ph.D. and Stella L. Volpe 
Principal Investigator 

TITLE: Effect of endurance running on strength gains and muscle cell damage in women 
pa...'ticipating in a weight lifting program. 

BACKGROUND/SCIENTIFIC JUSTIFICATION: Weight lifters avoid exercise due to 
testimonials that it decreases gains in strength and bulk. Theoretically, endurance exercise 
may increase breakdown of body protein for fuel and/or cause damage to muscle cells (as 
evidenced by and increase in serum creatine kinase, CK). However, aerobic exercise is 
beneficial for overall health plus dramatically enhances fat utilization. The latter would aid 
development of the lean, cut look desired by weight lifters and bodybuilders. There have 
been few scientific investigations to determine the positive or negative effects of aerobic 
exercise on the adaptations caused by resistance weight lifting. 

PURPOSE(S): This study will assess the differences in strength gains, muscle 
hypertrophy, body fat and muscle cell damage in females during weight training alone or 
weight training plus endurance running. 

EXPERIMENTAL :METHODS & PROCEDURES; Subjects will be assigned to either a 
control (C), weight training only (WT), or weight training plus running (WT +RN) group. 
Initial :neasurements will be made of body weight, body composition (hydrostatic and 
skinfold), and exercise-induced muscle cell damage (5 ml blood sample assayed for CK 
immediately before and 24 hours after respective work out). WT subjects will participate in 
a supervised 3 d/wk, 1 hr/d weight training program (legs and upper body). WT +RN will 
participate in a weight training for legs only plus 1/2 hr of continuous running at 75% 
predicted maximal heart rate. All dependent measures will be reassessed at the end of the 
ten wk period. 

STATEMENT DESCRIBING LEVEL OF RISK TO SUBJECTS; Subjects may 
experience muscle soreness due to exercise programs and temporary discomfort during 
blood sampling. 
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PROCEDURES TO MJNIMIZE SUBJECT RISK (IF APPLICABLE): All exercise 
training will be supervised by at least two individuals. Subjects will be instructed on 
proper technique and injury prevention. 

RISK/BENEFIT RA TIO (IF RISK PROJECT): Subjects will be expected to benefit 
physically with an increase in strength and/or endurance exercise, depending on treatment 
group. Their knowledge of their body composition and of exercise principles will also be 
expected to increase .. The risks of participation are minimal due to supervision of the 
training programs and utilization of a trained phlebotomist for the infrequent, small quantity 
blood sampling. 
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The principle investigators in this study were Kelsie R. Webb and Stella L. Volpe. 

Because I (Kelsie R. ·webb) joined the study at a later date than Stella, she had already 

written and submitted the above request. We used the same subjects and many of the same . 
methods and procedures, therefore, the request was adequate without submitting another 

one. 
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LASTNMIE HRST NNvIB INITIAL 

DA TE OF BIRTII SEX H01v1E PHONE 

ADDRESS CITY, STATE ZIP 

SS NUMBER WORK PHONE FAMILY MD 

SECTION A 

1. When was tli.e last time you had a physical examination? 

2. If you are allergic to any medications, foods, or other substances, please name them. 

3. If you have been told that you have any chronic or serious illnesses, please list them. 

4. Give the following information pertaining to the last three times you have been 
hospitalized. C'Nomen: do not list normal pregnancies). 

HOSPITALIZATION 
NUMBER 1 

TYPE OF OPERATION 

HOSPITALIZATION 
NUlvlBER 2 

MONTII AND YEAR HOSPITALIZED 

NA1v1E OF HOS PIT AL 

CITY AND STA TE 

HOS PIT .ALIZA TION 
NUMBER3 
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-------------------------------------------------------------
SECTION B 

DURING THE PAST T'\,VELVE 1\tIONTHS. 

(PLEASE ANSWER YES OR NO) 

1. Has a physicain prescribed any form of medication for you? 
2. Has your weight fluctuated more than a few pounds? 
3. Did you attempt to bring about this weight change through diet and/or exercise? 
4. Have you experienced any faintness, lightgheadedness, or blackouts? 
5. Have you occasionally had trouble sleeping? 
6. Have you experienced any blurred vision? 
7. Have you had any severe headaches/ 
8. Have you ever experienced chronic morning cough? 
9. Have you ever experienced any temporary change in your speech pattern such as 

slurring or loss of speech? 
10. Have you ever felt unusually nervous or anxious for no apparent reason? 
11. Have you ever experienced unusual heartbeats such as skipped beats or palpitations? 
12. Have you ever experienced periods in which your heart felt as though it were racing 

for no apparent reason? 

AT PRESENT ... 

(PLEASE AJ.~SWER YES OR NO) 

1. Do you experience shortness of breath or loss of breath while walking with others your 
own age? 

2. Do you experience sudden tingling, numbenss, or loss off eeling in your anns, hands, 
legs, feet, or face? 

3. Have you ever noticed that your hands and feet sometimes feel cooler than other parts 
of your body? 

4. Do you experience swelling of your feet and ankles? 
5. Do you get pains or cramps in your legs? 
6. Do you experience any pain or discomfort in your chest? 
7. Do you experience any pressure or heaviness in your chest? 
8. Have you ever been told that your blood pressure is abnormal? 
9. Have you ever been told that your serum cholesterol or triglyceride level was high? 
10. Do you have diabetes? 

If yes, how is it controlled? 
_Dietary means _Insulin injection 
_Oral medication _Uncontrolled 

11. How often would you characterize your stress levels as being high? 
_Occasionally _Frequently _Constantly 

12. Have you ever been told that you have any of the following illnesses? 
_Myocardial infarction _Arteriosclerosis _Heart disease 
_Coronary thrombosis _Rheumatic heart _Heart attack 
_Coronary occlusion _Heart failure _Heart murmur 
_Heart block _Aneurysm _Angina 
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SECTION C 

Has any member of your immediate family been treated for or suspect~d to have any of 
these conditions? Please specify relationship to you (father, mother sister, brother, etc.) 

A. Diabetes 
B. Heart Disease 
C. Stroke 
D. High Blood Pressw·e 

SMOKING HABITS 

(PLEASE ANS\VER YES OR NO) 

1. Have you ever smoked cigarettes, cigars, or a pipe? 
2. Do you smoke presently? 

Cigarettes __ per day 
Cigars per day 
Pipefuls per day 

3. At what age did you start smoking? __ years 
4. If you have quit smoking, when did you quit? ____ _ 

DRINKING HABITS 

1. During the past month, how many days did you drink alcoholic beverages? __ days 
2. During the past month, how many times did you have five or more drinks per occasion? 

__ times 
3. On the average, how many glasses of beer, wine, or highballs do you consume per 

week? 
Beer _____ -olasses or cans 
Wine lasses 
Highballs crlasses 
Other glasses 

EXERCISE HABITS 

(PLEASE ANSWER YES OR NO) 

1. Do you exercise vigorously on a regular basis? 
2. What activities do you engage in on a regular basis? 
3. If you walk, run, or jog, what is the average number of miles you cover per week? 

__ miles 
4. How many minutes on the average is each of your workouts? __ minutes. 
5. How many workouts per week do you participate in on the average? __ workouts 



110 

6. Is your occupation: 
__ Inactive (e.g., desk job) 
__ Light work (e.g., housework, light carpentry) 
__ Heavy work (e.g., heavy carpentry, lifting) 

7. Check those activities that you would prefer on a regular exercise program for yourself: 
__ Walking/running/jogging __ HandbalVracquetbalVsquash 
__ Stationary running __ Basketball 
__ Rope jumping __ Swimming 
__ Bicycling __ Tennis 
__ ._Stationary cycling __ Aerobic dance 
__ Other (specify)----------------

DIET ARY HABITS 

1. What is your current weight? __ lb height? __ in 
2. What would you like to weigh? __ lb 
3. What is the most you ever weighed as an adult? __ lb 
4. What is the least you ever weighed as an adult? __ lb 
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HUMAN PERFORMANCE LABORATORY 

Division of Health, Physical Education and Recreation 
Virginia Polytechnic Institute and State University 

IN'FORMED CONSENT 

I, , do hereby voluntuily agree and consent to participate in 
a testing program conducted by the personnel of the Human Perfonnance Laboratory of the 
Division of Health, Physical Education and Recreation of Virginia Polytechnic Institute and 
State University. 

Title of Study: Effect of endurance nmning on strength gains and muscle cell damage in 
women paiticipating in a weight lifting program. 

The purposes of this experiment include: This study will assess the differences in strength 
gains, muscle growth, body and muscle cell damage in females during weight training 
alone or weight training plus running. 

I voluntarily agree to panicipate in this testing program. It is my understanding that my 
panicipation will include: A weight training program or a weight training plus running 
program. Pretesting will include measurement of body fat (under water weighing), thigh 
girth (tape measure), and leg strength (Universal equipment), and muscle cell damage 
(blood sample taken immediately before and 24 hours after one exercise session). Training 
will take place three times per week for approximately one hour per session. Leg strength 
gains will be measured biweekly. Body fat, girt.h, and muscle cell damage measurements 
will be repeated at the end of the ten week training period. 

I understand that participation in this experiment may produce certain discomforts and 
risks. These discomforts and risks include: Temporary muscle soreness may be a 
consequence to strength testing and training. Slight discomfort may be experienced during 
blood sampling. 

Certain personal benefits may be expected from panicipation in this experiment. These 
include: Subjects may expect to increase their fitness plus acquire increased knowledge of 
their body fat, and exercise training principles. 

Appropriate alternative procedures that might be advantageous to you include: 

I understand that any data of personal nature will be held confidential and will be used for 
research purposes only. I also understand that these data may only be used when not 
identifiable with me. 

I understand that I may abstain from panicipation in any part of the experiment or withdraw 
from the experiment should I feel the activities might be injurious to my health. The 
experimenter may also terminate my participation should he feel the activities might be 
injurious to my health. 

I understand that it is my personal responsibility to advise the researchers of any 
preexisting medical problem that my affect my participation or of any medical problems that 
might arise in the course of this experiment and that no medical treatment or compensation 
is available if injmy is suffered as a result of this research. A telephone is available which 
would be used to call the local hospital for emergency service. 
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I have read the above statement and have had the opportunity to ask questions. I 
understand that the researchers will, at any time, answer my inquiries concerning the 
procedures used in this experiment. 

Scientific inquiry is indispensable to the adva..11cement of knowledge. Your participation in 
this experiment provides the investigator the opportunity to conduct meaningful scientific 
observations designed to make significant educational contribution. 

If you would like to receive the results of this investigation, please indicate this choice by 
marking in the appropriate space provided below. A copy will then be distributed to you as 
soon as the results are made available by the investigator. Thank you for making this 
important contribution. 

__ I request a copy of the results of this study. 

Participant Signature------------------------

·witness 
-----------------------------~ 

Project Director _______________ Telephone _____ _ 

HPER Human Subjects Chairman Dr. Charles Baffi Telephone _____ _ 

Dr. Charles \V aring, Chairman, International Review Board for Research Involving 
Human Subjects. Phone 961-5283. 
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INSTRUCTIONS: WITHDRAWING BLOOD 

Seven milliliters of blood \Vill be drawn on Friday, 4/3/87. This is a small amount, 

therefore, yqu will not feel faint, dizzy, or light-headed. However, it is important that you 

refrain from eating anything within 3 hours of your drawing. A nourishing breakfast or 

brunch would be advisable before 12:00 noon. 

Please avoid food that has been fried, coated in a batter, or highly processed since 

they will contain a high percentage of fat Carbohydrates are good choices. Sample menu 

ideas follow: 

*whole-grain bread 

*fruit juices 

*fresh fruit a.11d vegetables 

*low-fat milk, cheese, yogurt 

*high-fiber, low-sugar cereal 

*low-fat salads 

AVOID: 

*mayonnaise 

*fried foods 

*ice cream 

*butter or margarine 

*redmeat 

Whatever you eat, please keep it low in fat content and calories. You may get 

hungry before class. Bear with it. It is imperative that you do not eat, otherwise you may 

confound the results of the study. 

Blood will be drawn in Room 230, Human Performance Lab. Please arrive a few 

minutes ahead of your scheduled time to ensure smooth flew of so many people. Blood 

will be drawn from the left arm. Wear clothing which will allow easy access to the elbow 

area. 
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Thank you for your cooperation. The phlebotomist is very good at her job. We 

have done all that is possible to make this as painless as possible. 

INSTRUCTIONS FOR HYDROSTATIC WEIGHING 

Arrive at the Human Performance Lab, Gym 230, at the assigned time and check in 

with the technician. Be sure that you have :fasted for at least 2 hours prior to the weighing. 

You will be weighed in you bathing suit, so bring one to change into or wear one under 

your street clothes. 

The following list is what you will be asked to do: 1. First, your residual volume 

will be measured. This is used in the calculation cf your percent fat. It measures the 

amount of air that is remaining in your lungs after a maximum expiration. You will be 

asked to blow out as much air as you can into a blue tank (spirometer). This measures 

your vital capacity, which is the maximum amount of air you can blow out of your lungs 

after a maximal inspiration. In a prone position on the cot, a noseclip will be fitted and an 

anesthesia bag with a mouthpiece attached will be placed in the mouth. Always keep a tight 

seal around the mouthpiece. After about one minute of breathing room air, you will be 

asked to exhale as much air from your lungs as possible. Signal the technician when you 

have done this, and the valve will be switched to the bag filled with 100% oxygen. Again, 

you will breathe nonnally for about a minute. Once again, you will be asked to breathe out 

as much air as possible into the bag. Your oxygen and carbon dioxide will be analyzed, 

and then you will be set to get into the water tank. 

2. First, you will be weighed. Next, you will be asked to gently get into the tank. 

Remove all air bubbles from your suit and hair. Next, you will place small weights around 

your ankles and on your chest. The test ac:hninistrator will ask you to slowly lay back and 

breathe out as you go down. Remain as still as possible for a few seconds. An 

administrator will tap on the side of the tank to signal you to come up. Be sure you come 

up sooner if you have to do so. This exercise will be performed 7 - 8 times. (If you would 

feel more comfortable with a noseclip or holding your nose, tell tlie technician). 
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3. After you are dried, change into dry clothes, shons and a short-sleeved shirt, a test 

ad..'llinistrator will measure your percent fat 'Nith the skin calipers. All measurements will 

be taken on the right side of your body at the back of the ann, above the hip, and the thigh. 

INSTRUCTIONS FOR IVtEASUREMENT OF 1-RM 

When being measured for 1-repetition maximum (1-Rlvl), which is the maximum 

amount of weight you can lift once on each weight training apparatus, be sure that you 

arrive at the weight training room in War Memorial Gym at the assigned time. Report to 

the technician. Wear clothing that you can move easily in (i.e., shorts, sweatpants, t-shirt, 

etc.). You will be asked to warm up on the specified piece of equipment at very low 

weights. Following this, you will perform three trials of lifting weights. The third trial 

will be your 1-RJ.\tl. A fourth trial will be performed only in 1-Rlvl was not achieved by the 

third trial. 

BODY WEIGHT 

Body weight will be measured on a weekly basis. It is preferable that you do not 

eat at least two hours prior to being weighed. Of great importance, is the fact that we do 

not want you to change your diet during this study! 
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Summm-y ANOV A - plasma TC 

Source df SS MS F p 

Group 3 1058.7 31.16 .78 .52 

Error I 27 1335.5 36057.3 

Time 1 947.7 947.7 4.69 .04 

Group* Time 3 126 377.9 ~ ') .b- .61 

Error II 27 201.9 5450.1 

TC =Total cholesterol 

Summary ANOV A - plasma HDL-C 

Source df SS MS F p 

Grcup 3 2042.4 680.8 3.78 .02 

Error I 27 4866.6 180.2 

Time 1 36.9 36.9 0.86 .36 .L 

Group*Time 3 287.6 95.9 2.22 .11 

Error II 27 1166.3 43.2 

HDL-C = High-density lipoprotein-cholesterol 
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Summary A...L"l°OV A - plasma TC/HDL-C Ratio 

Source elf c: " :.;·~' MS F p 

Group ~ 4.64 1.55 1.72 .19 ... 
~ 

Error I 27 24.31 0.9 

Time 1 0.29 0.29 3.25 .08 

Group*Time 3 1.07 0.36 4.03 .02* 

Error II 27 2.38 0.09 

TC/HDL-C Ratio =Total cholesterol/High-density lipoprotein-cholesterol 

*p<.05 

Summary ANOV A - Percent Body Fat 

Source elf SS MS F p 

Group 3 57.53 19.18 0.16 .92 

Error I 27 3240.24 120.01 

Tiine 1 1.78 1.78 0.42 .52 

Group*Time 3 10.41 3.47 0.82 .50 

Error II 27 114.76 4.25 
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Summary ANOVA - Fat-free Mass 

Source df SS MS F p 

Group 3 274.79 91.60 2.42 .09 

Error I 27 1023.68 37.91 

Time 1 ·2.95 2.95 1.13 .30 

Group*Time 3 0.78 0.26 0.10 .96 

Error II 27 70.42 2.61 
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Tukey Procedure for time effect - plasma TC 

Difference between means 

R: pre- to posttest 

W: pre- to posttest 

RW: pre- to posttest 

C: pre- to posttest 

*p < .05, Qcv = 2.91for2 and 27 df 
TC = total cholesterol 

Q 

2.64 

2.48 

1.36 

0.12 

R =running group; \V = weight training group; RW =running/weight training group; 
C = control group 

Tukey Procedure for time effect - plasma HDL-C 

Difference between means 

R: pre- to posttest 

W: pre- to posttest 

RW: pre- to posttest 

C: pre- to posttest 

*p < .05, Qcv == 2.91for2 and 27 df 
HDL-·C =high-density lipoprotein cholesterol 

Q 

0.64 

0.04 

L02 

4.30* 

R =running group; \V = weight n·aining group; RW =running/weight training group; 
C = control group 



Tukey Procedure for time effect - plasma TC/HDL-C ratio 

Difference between means 

R: pre- to posttest 

W: pre- to posttest 

RW: pre- to posttest 

C: pre- to posttest 

*p < .05, Qcv = 2.92 for 2 and 27 df 
TC/HDL-C = total cholesterol I high-density lipoprotein-cholesterol 

Q 

5.64* 

1.88 

0.94 

2.82 

R =running group; W =weight training group; RW =running/weight training group; 
C = control group 

Tukey Procedure for group effect - plasma TC 

Difference between means 

W&RW 

W&R 

W&C 

RW&R 

RW&C 

R&C 

*p < .05, Qcv = 3.88 for 4 and 27 df 
TC = total cholesterol 

Q 

0.83 

2.91 

3.54 

2.09 

2.72 

0.63 

R = running group; W = weight training group; RW = running/weight training group; 
C = control group 
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Tukey Procedure for group effect - plasma HDL-C 

Difference between means 

C&W 

C&RW 

C&R 

W&RW 

W&R 

RW&R 

*p < .05, Qcv = 3.88 for 4 and 27 df 
HDL-C =high-density lipoprotein-cholesterol 

Q 

0.17 

0.34 

5.79* 

0.17 

5.62* 

5.45* 

R =running group; W =weight training group; RW =running/weight training group; 
C = control group 

Tukey Procedure for group effect - plasma TC/HDL-C ratio 

Difference between means Q 

R&\V 4.71 * 

R&RW 5.28* 

R&C 7.45* 

W&KW 0.57 

W&C 2.73 

R\V&C 2.17 

*p < .05, Qcv = 3.88 for 4 and 27 df 
TC/HDL = total cholesterol /high-density lipoprotein-cholesterol 
R =running group; W =weight training group; RW =running/weight training group; 
C = control group 
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Tukey Procedure for plasma HDL-C 

Difference between pretest means 

C&W 

C&RW 

C&R 

W&RW 

W&R 

R\V&R 

*p < .05, Qcv = 3.88 for 4 and 27 df 
HDL-C =high-density lipoprotein-cholesterol 

Q 

1.33 

1.72 

4.77* 

0.39 

3.44 

3.05 

R =running group; W =weight training group; RW =running/weight training group; 
C = control group 
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Table of Pre- and Posttest Plasma Total Cholesterol Measures (mg/dl) 

SUBJECT GROUP PRETEST 

1 w 185.0 
2' w 155.0 
3 \(If 188.0 
4 w 173.5 
5 w 152.5 
6 w 182.5 
7 w 173.5 I 

8 w 171.5 

9 R 164.0 
10 R 151.0 
11 R 159.5 
12 R 142.5 
13 R 193.0 
14 R 107.0 
15 R 144.0 
16 R 205.0 

17 RvV 123.0 
18 RW 158.0 
19 RW 147.0 
20 RW 146.0 
21 RW 249.5 
22 RW 153.5 
23 RW 184.5 
24 RW 169.0 
25 RW 152.5 
26 R\.V 173.0 

"l/ .... c 178.0 
28 c 145.0 
29 c 139.5 
30 c 120.0 
,., 1 :.L c 156.0 

POST"fEST 

163.5 
180.0 
178.5 
161.5 
127.0 
161.0 
165.0 
144.0 

141.0 
162.0 
134.0 
121.0 
145.0 
106.0 
134.0 
216.5 

136.5 
142.5 
145.0 
165.0 
226.0 
122.0 
193.0 
163.5 
154.0 
139.0 

138.0 
161.5 
145.0 
110.5 
186.5 
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Table of Pre- and Posttest Plasma HDL-Choiesterol Measures (mg/dl) 

SUBJECT GROUP PRETEST POSTTEST 

1 ·w 75.0 75.0 
2 \V 55.0 72.5 
3 w 54.5 62.0 
4 \V 54.0 60.0 
5 w 70.5 53.0 
6 w 51.0 53.0 
7 w 76.0 65.0 
8 w 69.0 63.5 

9 R 49.5 49.0 
10 R 50.0 53.5 
11 R 27.5 30.0 
12 R 38.5 40.5 
13 R 50.0 51.5 
14 R 68.5 57.5 
15 R 48.5 49.0 
16 R 60.5 74.0 

17 RW 55.0 54.5 
18 RW 78.0 79.5 
19 RW 49.5 64.0 
20 RW 58.5 69.0 
21 RW 64.0 50.5 
22 RW 63.5 58.0 
23 RW 54.5 63.5 
24 RW 75.0 76.0 
25 RW 50.5 55.5 
26 RW 65.5 68.0 

27 c 78.0 59.0 
28 c 73.0 54.5 
29 c 47.0 50.5 
30 c 82.0 63.0 
31 c 62.5 65.0 
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Table of Pre- and Posttest Plasma TC;HDL Ratio ::vreasures 

SUBJECT GROUP PRETEST POSTIEST 

1 \V 2.5 2.2 
2 ·w 2.8 2.5 
3 w 3.4 2.9 
4 \V 3.2 2.7 
5 'N 2.2 2.4 
6 \V 3.6 3.0 
7 'N 2.3 2.5 
8 w 2.5 2.7 

9 R 3.3 2.9 
10 R 3.0 3.0 
1 • 
il R 5.8 4.5 
1 ') 
J.- R 3.7 3.0 
13 R 3.9 2.8 
14 R 1.6 1.8 
15 R 3.0 2.7 
16 R 3.4 2.9 

17 R\.V 2.2 2.5 
18 RW 2.0 1.8 
19 R\V 3.0 2.3 
20 R'N 2.5 2.4 
21 RW 3.9 4.5 
22 RW 2.4 2.1 
23 RW 3.4 3.0 
24 R"\V 2.3 2.2 
25 R\V 3.0 2.8 
26 RW 2.6 2.0 

27 c ? .... -.:> 2.3 
28 c 2.0 3.0 
29 c 3.0 2.9 
30 c 1.5 1.8 
31 c 2.5 2.9 
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Table of Pre- and Posttest Hydrostatic \Veighing Data (kg) 

SUBJECT GROUP PRETEST POSTTEST 

1 \V 27.6 27.0 
2 \V 16.6 18.2 ,.., 'N 44.6 44.8 j 

4 w 25.9 24.3 
5 \V 22.7 21.2 
6 w 27.1 29.8 
7 w 10.2 11. l 
8 w 28.6 29.6 

0 R 18.7 17.6 ./ 

10 R 23.9 22.3 
11 R 29.4 27.3 
12 R 24.1 22.8 
13 R 17.6 9.8 
14 R 39.3 39.6 
15 R 26.1 22.1 
16 R 26.5 31.1 

17 R'N 25.2 25.l 
18 R\V 25.1 25.1 
19 R\V 31.6 28.9 
20 R\V '),., "7 

""'-~•I 17.9 
21 R\V 26.7 23.6 
22 RW 25.0 29.9 
23 RW 19.0 20.5 
24 RW 17.0 20.4 
25 RW 35.2 33.4 
26 RW 17.2 22.8 

27 c 16.5 13.8 
28 c 33.7 32.4 
29 c 25.4 24.9 
30 c 11.7 14.3 
31 c 26.6 26.5 
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Table of Pre- and Posttest Fat-free Mass Measures (kg) 

SUBJECT GROUP PRETEST POSTTEST 

1 \V 38.7 39.8 
2 V./ 39.2 40.1 
3 w 43.8 43.1 
4 w 45.9 49.9 
5 vV 42.5 44.9 
6 w 48.8 46.3 
7 w 44.9 45.3 
8 w 39.8 39.4 

9 R 47.2 49.4 
10 R 49.1 49.7 
11 R 54.4 49.4 
12 R 47.8 49.4 
13 R 47.8 53.9 
14 R 44.0 43.8 
15 R 48.0 51.4 
16 R 48.5 44.5 

17 R\V 51.6 50.2 
18 RW 42.7 44.2 
19 RW 51.3 52.6 
20 RW 37.9 39.4 
,..., 1 
,t.,~ R\V 44.7 47.4 ,,,..., 
,:.,,t., RW 53.3 51.2 
23 RW 41.3 40.5 
24 RW 50.6 50.5 
25 RW 46.7 48.6 ,...,,.. 
,t.,l) RW 44.7 43.2 

27 c 38.4 39.2 
28 c 38.5 39.1 
29 c 54.8 54.9 
30 c 45.9 45.2 
31 c 43.2 43.1 



Table of Pre- and Posttest Skinfoid 1\!Ieasures (%) 

SUBJECT GROuP PRETEST POSTTEST 

1 \V 20.6 20.6 
2 \V 14.8' 16.0 
3 w 31.7 30.1 
4 w 21.7 25.7 
5 \V 19.5 21.7 
6 w 26.6 26.6 
7 w 17.2 16.0 
8 w 25.7 26.6 

9 R 19.5 22.7 
10 R 26.1 27.5 
11 R 31.6 30.4 
12 R 26.6 26.6 
13 R 21.2 17.2 
14 R 35.0 33.2 
15 R 28.4 29.3 
16 R 24.2 25.7 

17 RW 26.6 26.6 
18 RW 21.1 19.5 
19 RW 25.7 23.7 
20 RW 19.5 18.3 
21 RW 22.2 22.5 
22 RW 27.1 28.4 
23 RW 20.6 19.5 
24 RW 18.3 19.5 
25 RW 29.3 30.1 
26 RW 23.2 23.7 

27 c 18.9 18.3 
28 c 28.5 29.8 
29 c 24.7 22.7 
30 c 17.8 19.5 
31 c 22.5 21.9 
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Tabie of Pre- and Posttest Body \Veight Measures (kg) 

SUBJECT GROUP PRETEST POSTTEST 

1 \V 53.5 54.5 
2 'vV 47.0 49.0 
3 w 79.0 78.0 
4 w 62.0 66.0 
5 vV 55.0 57.0 
6 w 67.0 66.0 
7 w 50.0 51.0 
8 w 56.0 56.0 

9 R 58.0 60.0 
10 R 64.5 64.0 
11 R 68.0 68.0 
12 R 63.0 64.0 
13 R 58.0 55.0 
14 R 72.5 72.5 
15 R 65.0 66.0 
16 R 66.0 66.0 

17 RW 69.0 67.0 
18 R'vV 57.0 59.0 
19 RW 75.0 74.0 
20 RW 49.0 48.0 
21 RW 61.0 62.0 ,., . .., _,._ RW 71.0 73,0 
23 RW 51.0 51.0 
24 RW 61.0 63.5 
25 RW 72.0 73.0 
26 RW 54.0 56.0 

27 c 46.0 45.5 
28 c 58.0 58.0 
29 c 73.5 73.0 
30 c 52.0 53.0 
31 c 59.0 58.5 
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Table of Subjects' Height and Age 

SUBJECT GROUP HEIGHT (cm) AGE (yrs) 

1 w 156.0 . 21 
2 w 164.5 22. 
3 w 158.5 22 
4 'vV 172.0 22 
5 w 173.6 19 
6 w 170.5 19 
7 w 156.0 22 
8 w 166.5 21 

9 R 164.5 19 
10 R 157.5 21 
11 R 172.0 27 
12 R 169.0 20 
13 R 167.0 20 
14 R 150.0 22 
15 R 171.0 18 
16 R 172.5 22 

17 R\V 176.0 19 
18 RW 164.0 19 
19 RW 168.5 20 
20 RW 169.5 21 
21 RW 157.5 20 
22 RW 166.5 21 
23 RW 170.5 20 
24 RW 154.0 19 
25 RW 158.0 20 
26 RW 170.0 22 

27 c 156.5 21 
28 c 163.0 28 
29 c 159.5 22 
30 c 158.3 22 
31 c 163.5 27 



Table of Weekly Body Weight Measures (kg) 
----
SUBJECT GROUP 1 2 3 4 5 6 7 8 9 10 11 

1 \V 53.5 53.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0 54.5 
2 w 47.0 49.0 49.0 49.0 49.0 49.0 50.0 51.0 51.0 51.0 49.0 
3 \/\' 79.0 81.0 81.0 80.0 80.0 81.0 80.0 79.0 78.0 79.0 78.0 
4 w 62.0 63.0 64.0 64.0 64.0 63.0 64.0 64.0 65.0 65.0 66.0 
5 w 55.0 56.0 56.0 56.0 55.0 55.0 56.0 57.0 57.0 58.0 57.0 
6 w 67.0 70.0 68.0 68.0 69.0 69.0 69.0 67.0 68.0 67.0 66.0 
7 w 50.0 52.0 51.0 51.0 51.0 53.0 52.0 53.0 53.0 52.0 51.0 
8 w 56.0 58.0 58.0 57.0 58.0 58.0 58.0 58.0 57.0 57.0 56.0 

9 R 58.0 61.0 61.0 61.0 62.0 60.0 62.0 61.0 61.0 60.0 60.0 
10 R 64.5 65.0 64.5 64.5 64.0 64.5 64.0 65.5 64.5 64.5 64.0 
11 R 68.0 70.0 70.0 70.0 71.0 70.0 69.5 70.0 70.0 68.5 68.0 
12 R 63.0 64.5 64.5 64.0 64.0 65.0 64.0 64.0 64.0 64.5 64.0 f--' 
13 R 58.0 58.5 59.0 59.0 60.0 59.0 57.5 57.5 57.0 56.0 55.0 w 

\.Jl 

14 R 72.5 75.0 75.0 75.0 74.0 73.5 73.5 73.5 73.0 73.0 72.5 
15 R 65.0 67.5 67.0 66.0 68.0 67.5 68.0 68.0 68.0 67.0 66.0 
16 R 66.0 65.5 65.5 65.5 66.0 65.5 65.5 65.5 65.5 65.5 66.0 

17 RW 75.0 77.0 76.0 76.0 77.0 77.0 75.0 74.0 76.0 76.0 74.0 
18 RW 49.0 50.0 50.0 50.0 50.0 49.0 50.0 49.0 50.0 49.0 48.0 
19 RW 61.0 64.0 64.0 64.0 63.5 63.5 64.0 62.0 63.0 63.0 62.0 
20 RW 69.0 70.0 68.0 67.0 68.0 67.0 67.0 67.0 67.0 67.0 67.0 
21 RW 71.0 75.0 74.0 74.0 74.0 75.0 74.0 75.0 73.5 74.0 73.0 
22 RW 57.0 59.0 59.0 59.0 59.0 61.0 59.0 60.0 59.0 60.0 59.0 
23 RW 51.0 53.0 53.0 53.0 53.0 53.0 53.0 52.0 53.0 54.0 51.0 
24 RW 61.0 62.0 62.0 63.0 63.5 63.5 64.0 64.0 64.0 65.0 63.5 
25 RW 72.0 75.0 74.0 73.0 74.0 74.0 73.5 73.0 74.0 75.0 73.0 
26 RV/ 54.0 55.0 55.0 55.0 56.0 56.0 57.0 57.0 56.0 56.0 56.0 

R=mnning; \V=weight n·aining; RW=running/weight training 
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FEl\!IALE SKINFOLD DATA 

SKINFOLD DATA--PRE-EXPERIMENT AL 

SUBJECT: _________________ DATE ___ _ 

AGE: ________ _ 

TEST ADMINISTRATOR: _________________ _ 

TRIAL 1 

TRIAL2 

TRIAL3 

TRIAL4 

TRIALS 

TRICEP SUPRAILIAC 

SUM OF 3 SITES (avg. mm): ______ _ PERCENT FAT: 

SKINFOLD DATA--POST-EXPERIMENTAL 

TEST ADMINISTRATOR: 

THIGH 

--

------------------

TRIAL 1 

TRIAL2 

TRIAL3 

TRIAL4 

TRLi\L5 

TRICEP SUPRAILIAC THIGH 

Sillv1 OF 3 SITES (avg. nun): ______ _ PERCENT FAT: __ 
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HYDROSTATIC WEIGHING DATA 

CIRCLE ONE: PRE-EXPERilvlENT AL POST-EXPERilvlENTAL 

SUBJECT: ______________ _ DATE: ___ _ 

TEST ADMINISTRATOR: _________________ _ 

WEIGHT (Ma): ________ kg 

WATER TEMPERATURE (C): _______ _ 

RESIDUAL VOLUME (RV): _______ _ 

Value of 10 lb. weight in tank (VWT): _____ _ 

TRIALS ( #g) (First line is equal to the # of boxes on the graph, the second line is equal to 
the digital display reading). 

1 ___ _ 5 ___ _ 

2 ___ _ 6 ___ _ 

3 ___ _ 7 ___ _ 

4 ___ _ 8 ___ _ 

{ 4.2 kg/VWT = x/#g} = Mh10 = ------

Dh20 = (look in chart from Katch and McArdle) Dh20 = -------
Body Density (BD) = Ma I [ {Ma - Mh10} I Dh20] - RV 

BD = _____ _,[{ ___ _ ____ }/ ___ ___, 

BD= _____ _ 

% FAT= 4.95 /BD-4.50 

%FAT= % -----
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DAT A FOR 1-Rl\tl LIFTS 

SUBJECT: _____________ _ AGE: ____ _ 

WEIGHT (LB):--------- (kg): ____ _ 

TEST ADMINISTRATORS: ________________ _ 

DATE:._~-----------

CIRCLE ONE: 

BENCH PRESS 

MILITARY PRESS 

ARM CURLS 

TRICEP PRESS 

LAT PULLS 

LEG CURLS 

LEG PRESS 

LEG EXTENSION 

PRE-EXPERIMENTAL 

WEEK2 

WEEK4 

WEEK6· 

WEEKS 

POST-EXPERIMENT AL 

TRIAL 1 TRIAL 2 TRIAL 3 
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CALCULATIONS FOR RESIDUAL VOLUME 

SUBJECT: _____________ _ DATE: _____ _ 

TEST ADMINISTRATOR: _________________ _ 

CIRCLE ONE: PRE-EXPERIMEI\TTAL POST-EXPERIMENTAL 

VITAL CAPACITY VALUES (VC) (LITERS): 

TRIAL 1 

1RIAL2 

TRIAL3 

************TAKE GREATEST VITAL CAPACITY*********************** 

AMOUNT OF OXYGEN TO PUT IN ANESTHESIA BAG: 

85% X (VC) = LITERS 

REBREA THING VALUES: 

OXYGEN:. ________ % C02: ________ _ 

RESIDUAL VOLUME (RV)= V02 (L) x (b - a) I (c - d) 

WHERE: · 
V02 = Volume of 02 in bag 

a=0% 

b = 100 - total = % N2 (total = 02 + C02) 

c=80% 

d = .2% +value of b 

RV= _____ L x ( ____ _ ____ )/( __ _ 
RV= L 

_____ ) 
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RESULTS OF THE STUDY 
Thank you for participating in this study. \Ve hope that the training and educational 

sessions wer_e beneficial to you. The following are your personal results. Thanks again! 

SUBJECT'S NAME ____________ _ 

PRE-EXPERIMENT AL RESULTS 

PERCENT FAT 

HYDROSTATIC WEIGHING: _____ % CALIPERS ____ _ 

GIRTH MEASUREMENTS 

RIGHT THIGH (midpoint): ______ inches 

RIGHT THIGH (3" above knee): ____ .inches 

LEG STRENGTH 

LEG PRESS: _______ lbs. TC: _____ mg/dl 

LEG EXTENSION: _____ lbs. HDL-C: mg/dl 

POST-EXPERIMENT AL RESULTS 

PERCENT FAT 

HYDROSTATIC WEIGHING: _____ % CALIPERS ____ _ 

GIRTH MEASUREl\tlENTS 

RIGHT THIGH (midpoint): ______ inches 

RIGHT THIGH (3" above knee ): ____ inches 

LEG STRENGTH 

LEG PRESS: _______ lbs. TC: _____ mg/dl 

LEG EXTENSION: _____ lbs. HDL-C: mg/dl 
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