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ABSTRACT 

ACUTE HIGH DENSITY LIPOPROTEIN CHANGES 
WITH EXERCISE AT DIFFERENT INTENSITIES 

It is known that endurance-trained athletes possess 

higher levels of high density lipoprotein cholesterol 

(HDL-C) than sedentary controls, and it has been shown in 

previous studies that acute exercise may elevate these 

levels even further. The purpose of this study was to 

investigate the acute exercise response of the plasma HDL's 

and to determine if the magnitude of the acute response 

would be affected by the intensity of the exercise. Twelve 

men (19-41 yrs) ran an equivalent distance (9-12 km) on a 

treadmill on two separate occasions. On one occasion the 

exercise was performed at a speed corresponding to 60% of 

the subject • s vo2 rna~, and on the other occasion at a 

speed corresponding to 90% of vo2 max. Changes in total 

cholesterol (TC), triglycerides (TG), HDL-C, HDL Apoprotein 

A (HDL-A), HDL Saturation (HDL-C/HDL-A), lactate (LA) and 

free fatty acids ( FFA) were measured, and all values were 

corrected for changes in plasma volume. There were 

significant increases (p<.Ol) in HDL-C, HDL-A, and HDL 

saturation with exercise at both intensities, but greater 

increases in HDL-C (25% vs 14%) and HDL-A (18% vs 8%) were 

observed with the higher intensity exercise. Plasma FFA and 

TG were no different between conditions, although LA 
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concentration rose significantly during the high intensity 

exercise. The results indicate that increases in HDL 

components can occur with a relatively moderate exercise 

session, and that these increases are directly related to 

the intensity of the exercise. 
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CHAPTER I 

INTRODUCTION 

I.l. Description of High-Density Lipoproteins 

Cholesterol and triglycerides are transported in the 

plasma by specific complexes called lipoproteins. There are 

four classes of lipoproteins, the very low density lipo-

proteins (VLDL), the low density lipoproteins (LDL), the 

high density lipoproteins (HDL), and the chylomicrons, each 

differing in their specific composition and relative 

densities. 

The high density lipoproteins are lipid-protein 

complexes which can be defined by a density of 1.063 - 1.21 

• gm/ml, and a size of 75-100 A (Tall & Small, 1978; Levy & 

Rifkind, 1980; Mahley, 1982). Compared to the other 

lipoprotein classes, the HDL's have a greater protein 

content and less lipid, which is reflected by their greater 

density. About 50% by weight of HDL is protein, 30% 

phospholipid, 5% triglyceride, and 20% cholesterol 

(Fredrickson, et al, 1967; Tall & Small, 1978; Levy & 

Rifkind, 1980). Approximately 90% of the protein component 

is represented by the A apoproteins (AI and AII) , which 

serve to solubilize the normally insoluble cholesterol and 

1 
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phospholipids so that they can be transported (Tall & Small, 

1978; Levy & Rifkind, 1980). The ratio between the 

cholesterol and protein content in HDL is not invariant, as 

it has been demonstrated that HDL can solubilize 

considerable amounts of exogenous cholesterol in addition to 

its original cholesterol content (Hsia, et al, 1975). 

Therefore, the degree of saturation of the HDL complex with 

cholesterol can be described by the ratio of HDL cholesterol 

(HDL-C) to HDL Apoprotein A (HDL-A). 

I.2. Anti-atherogenic Role of High Density Lipoproteins 

As early as 1951, Barr and co-workers discovered a 

negative relationship between the incidence of coronary 

heart disease ( CHD) and the concentrations of HDL-C and 

HDL-A. A great deal of epidemiological evidence has 

accumulated since then, supporting this relationship (Miller 

& Miller, 1975; Gordon, et al, 1977; Pearson, et al, 1979). 

The suggested mechanism behind this relationship is that 

HDL-A, in combination with the enzyme lecithin: cholesterol 

acyl transferase ( LCAT) , removes free cholesterol from 

peripheral tissues and artery walls and converts it to 

cholesterol ester which is then transported by the HDL 

particle system to the liver for further catabolism and 

excretion ( Glomset, 1970; Miller & f.liller, 197 5; Tall & 
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Small, 1978). This unique function of HDL has been referred 

to as reverse cholesterol transport. 

I.3 Factors Affecting High 
Density Lipoprotein Concentration 

In light of the consistent epidemiological evidence 

demonstrating an association between HDL concentration and 

risk of CHD, recent interest has focussed on those factors 

which can influence the plasma concentrations of HDL. 

Cigarette smoking appears to have an inverse relationship 

with HDL-C (Enger, et al, 1977; Morrison, et al, 1979), as 

does increased intake. of dietary carbohydrates (Ernst, et 

al, 1980; Krauss, et al, 1982). On the other hand, moderate 

alcohol intake, female sex, oral contraceptives, and 

endurance exercise are all positively associated with 

concentrations of HDL-C (Wood, et al, 1976; Gordon, et al, 

1977; Enger, et al, 1977; Morrison, et al, 1979; Ernst, et 

al, 1980; Hartung, et al, 1980; Beaglehole, et al, 1980). 

The relationship between physical 

concentration will be examined 

investigation •. 

I.4. Relationship Between Exercise 
and High Density Lipoproteins 

exercise and HDL 

in the present 

Reports from numerous cross-sectional studies have 

revealed high HDL-C concentrations in endurance-trained 
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athletes when compared with sedentary controls (Wood, et al, 

1976; Enger, et al, 1977; Lehtonen & Viikari, 1978; Hartung, 

et al, 1980). The evidence is not so clear with respect to 

the effect of exercise on the protein component in HDL. 

Higher levels of HDL-AI have been reported in endurance 

athletes (Lehtonen, et al, 1979; Krauss, et al, 1977) but 

there is.almost no data available on the effect of exercise 

on the total apoprotein A content in HDL. Results from a 

recent pilot study revealed no significant difference in 

HDL-A between male distance runners and sedentary controls 

(Appendix 3). 

Results from longitudinal training studies have 

been quite inconsistent, possibly due to differences in the 

intensity and duration of the training programs, and the 

relatively small sample sizes used. Increases in HDL-C 

after relatively moderate training programs have been 

reported several times (Erkelens, et al, 1978; Huttunen, et 

al, 1979; Peltonen, et al, 1981; Hartung, et al, 1981; 

Myhre, et al, 1981), whereas no change in HDL-C after 

similar training programs have also been reported (Lipson, 

et al, 1980; Allison, et al, 1981; Dufaux, et al, 1982a). A 

possible contributor to these discrepancies might be the 

lack of control for initial HDL-C concentration, before 

training begins. It may be that the ability of exercise to 
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increase HDL-C levels depends on the initial level, a 

possibility that will be explored in the present investiga-

tion. 

Reports of changes in HDL-A after chronic training 

have been equally conflicting. Both increases in HDL-AI 

(Kiens, et al, 1980) and no change in HDL-AI or HDL-AII 

(Huttunen, et al, 1979) have been reported after moderate 

conditioning. 
•. ~. 

The effects of a single exercise session on HDL 

concentrations has been explored in several studies. 

Significant increases in HDL-C have been found immediately 

after a 42 km marathon (Thompson, et al, 1980), 3 hours of 

continuous running (Dufaux, et al, 1982a), and a 70 km 

cross-country ski race (Enger, et al, 1980). Conversely, no 

change in HDL-C was found after 30 minutes of cycling at an 
• 

intensity corresponding to 65% of V02 max (Cullinane, et 

al, 1980). Only one of these studies also measured HDL-AI, 

which was found to be elevated after completion of a 

marathon (Thompson, et al, 1980). 

Evidently, the intensity and/or duration of the 

exercise could be important factors determining both whether 

an acute response will occur, and how long it will last. 

The pilot study (Appendix 4) revealed that even a routine 

training run ( 9-12 km completed in 45-60 min) can 
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significantly elevate both HDL-C and the HDL saturation 

(HDL-C/HDL-A), in the absence of any plasma volume shifts. 

Pre-exercise values in this particular study were 

re-established within 18 hours. 

Much of the literature seems to suggest a 

dose-response relationship between the amount of exercise 

training and the degree of change in the plasma lipopro-

teins, as long as the exercise is of the endurance variety. 

A positive relationship between distance run per 

week and HDL-C levels has been reported in two different 

studies (Lehtonen & Viikari, 1978; Hartung, et al, 1980), 

which seems to imply that duration of· exercise may be the 

important factor. However, Huttunen and co-workers (1979) 

found a greater increase in HDL-C after a moderate ( 60% 
• 
V02 max) exercise training program versus a relatively 

. 
mild (30% vo2 max) program, with duration being kept 

constant, which suggests intensity to be a key factor as 

well. In a training program that varied both the intensity 

and the duration, a greater increase in HDL-C was found 

' after the low intensity ( 70-80% vo2 max), long duration 

period than after the high intensity (80-95% vo2 ·max), 

short duration period (Myhre, et al, 1981), which implicates 

both intensity and duration to be involved in the 

exercise-related increases in HDL-C. These factors will be 

explored further in the present study. 
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While the exact mechanisms behind the exercise-

related increases in HDL-C and/or HDL-A are unknown, some 

relationships between HDL and certain enzymes have been 

identified. Increased levels of lipoprotein lipase (LPL), 

the enzyme which catalyzes the hydrolysis of triglycerides 

in the VLDL and chylomicrons, have been reported in 

endurance athletes versus sedentary controls (Nikkila, et 

al, 1978; Krauss, et al, · 1979; Pel tonen, et al, 1981). The 

catabolism of VLDL and chylomicron triglyceride by LPL not 

only releases free fatty acids, but also the surface 

components of these lipoproteins (unesterified cholesterol, 

phospholipids, and A and C apoproteins) can now enter the 

plasma pool as HDL precursors • These precursor particles 

are then transformed into spherical HDL by the LCAT reaction 

previously mentioned (Tall & Small, 1978). It has also been 

suggested that during the transformation of these precursor 

particles into spherical HDL there is likely a large influx 

of cholesterol into the HDL fraction, since the relative 

deficiency of cholesterol in the HDL precursors would result 

in a chemical gradient favouring the movement of cholesterol 

into HDL (Tall & Small, 1978). 
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Therefore, if LPL activity is indeed important in 

the exercise-related increases in HDL-C, one should see a 

positive relationship between the breakdown of serum 

triglyceride (or the level of plasma free fatty acids) and 

the level of HDL-C, which has been supported in the litera

ture (Wood, et al, 1976: Sauer, et al, 1980). However, the 

activity of LCAT must be an important part of this mechanism 

as well, since LCAT transforms the HDL precursors into 

cholesterol ester, which is then transported inside the 

HDL particle. Increases in LCAT have been reported after 

seven weeks of exercise conditioning, which supports the 

involvement of this enzyme (Lopez, et al, 1974). 

As the intensity of exercise increases, the propor

tion of energy supplied by free fatty acids (FFA) decreases, 

due to increased utilization of carbohydrates (Fox, 1979) • 

Therefore, if one supports the activity of LPL as being an 

important factor in inducing the higher HDL-C concentrations 

in endurance athletes, one should find the greatest acute 

increase in HDL-C at the exercise intensity in which FFA 

turnover is maximum, ie., when LPL activity is the 

greatest. 

1.6 Hypothesis 

The hypothesis for this study is that prolonged 

sub-maximal exercise, through the activity of LPL and LCAT, 
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results in an increase in the cholesterol content in HDL, 

which is proportional to the degree of utilization of FFA as 

as a fuel source. Furthermore, it is being proposed that 

the acute increases in HDL-C immediately following endurance 

exercise .are most likely the result of a greater influx of 

cholesterol into the existing HDL particle system, and not 

the result of an increase in total HDL macromolecule 

concentration. Consequently, it is expected that increased 

saturations of HDL-A with cholesterol will be found after an 

endurance exercise session. 

Based on this hypothesis, this study will attempt to 

answer the following questions: 

( 1) Will the acute exercise response of plasma HDL 

differ between a prolonged period of sub-maximal exercise 
• 

( 60-65% V02 max) and a series of high intensity intervals 

• 
( 90-95% V02 max), given that the same total amount .of 

exercise is being done in the two conditions? 

( 2) Will the acute response occur independently of 

the initial baseline level of HDL-C? 



CHAPTER II 

REVIEW OF LITERATURE 

II.l. Lipids 

Lipids comprise a chemically heterogeneous group of 

substances which have the common property of being· insoluble 

in water, but soluble in fat solvents, such as chloroform, 

alcohols, or hydrocarbons. Another common feature of most 

lipids is that they commonly exist in the form of esters of 

fatty acids. Based on these properties, three ·distinct 

classes of lipids can be identified: neutral lipids, 

phospholipids, and glycolipids. 

The term neutral lipid is used to describe the group 

of compounds having non-polar esters of fatty acids with 

alcohol, cholesterol, glycerol, Vitamin A, and other long 

chain alcohols ( Gurr & James, 1980). The glycerides and 

cholesterol are the most common neutral lipids found in man. 

The phospholipids comprise those compounds which contain 

mixed esters of fatty acids and phosphoric acid with either 

glycerol or sphingosine, with the group derived from 

glycerol being the most common (Gurr & James, 1980). 

Lecithin is the most abundant phospholipid in the plasma, 

and it is derived primarily from th.e liver (Masoro, 1968). 

The glycolipids are compounds which contain a sugar moiety, 

but have the solubility properties of a lipid, such as 
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cerebroside sulphates, glycosyl ceremides, and gangliosides 

(Masoro, 1968; Gurr & James, 1980). 

II.l(l). Glycerides 

Glycerides are the main components of natural fats 

and oils, and are comprised of fatty acid esters of 

glycerol. The most abundant glyceride in mammals are the 

triglycerides, in which there are fatty acyl groups 

esterified to each of the three alcohols of glycerol. The 

triglycerides are a very convenient storage form of fatty 

acids in adipose tissue which can be easily broken down for 

the purposes of energy production. This breakdown is 

catalyzed by hormonally-controlled lipases, which hydrolyze 

the bond between the glycerol and fatty acids. The 

triglycerides are the most variable of the plasma lipids, as 

their concentration can be dramatically affected by the 

ingestion of a fatty meal (Masoro, 1968; Gurr & James, 

1980) • . 

II.l(2). Cholesterol 

Cholesterol is an important structural component of 

all cell membranes. It is the most abundant sterol found in 

mammals, and it can be present in either a free or esteri

fied form. The metabolism of cholesterol esters involves 

enzyme systems in the liver, 

intestine, and the blood plasma. 

adrenal cortex, pancreas, 

The liver is a key organ 

in the regulation of the plasma cholesterol ester level, as 

it is capable of both synthesizing cholesterol esters from 
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fatty acids and free cholesterol, and also hydrolyzing these 

esters back to free cholesterol. The total plama 

cholesterol concentration (both free and esterified) in the 

normal adult male ranges from about 140 to 260 mg/100 ml 

plasma, with the greater proportion of this cholesterol 

being in the esterified form (Masoro, 1968). 

Cholesterol-is synthesized endogenously, primarily in 

the liver, and can also be obtained exogenously from the 

diet. The total cholesterol concentration in the blood 

however, remains relatively constant due to very sensitive 

regulatory mechanisms. Cholesterol is continuously being 

degraded and resynthesized in order to keep the total 

concentration in a relatively steady state. One of the main 

factors behind this natural homeostasis is man 1 s limited 

capacity ·for absorbtion of cholesterol, thus, ingesting 

large amounts of cholesterol will increase the total plasma 

concentration by only a small extent. Additional factors 

which help in maintaining cholesterol equilibrium are the 

reduction of endogenously synthesized cholesterol in 

response to increased cholesterol absorbtion, and increased 

degradation of cholesterol into bile· acids when increased 

amounts of cholesterol are absorbed (Masoro, 1968). 

II.2. Normal Lipid Transport 

The plasma lipids rarely exist in a 1 free 1 form, 

rather, they are transported through the plasma in 
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combination with proteins as lipoproteins. The plasma 

lipoproteins are specific complexes of lipid and protein, 

comprised of an inner hydrophobic core of non-polar lipids 

surrounded by an outer coat of protein and polar lipids. 

Such a structure protects the hydrophobic non-polar lipids 

from direct exposure to the plasma during transport 

(McMurray, 1982). 

The protein components of the plasma lipoproteins 

are represented by a family of peptides called apoproteins 

or apolipoproteins. These apoproteins play critical roles 

in both the maintenance of lipoprotein structure and in the 

regulation of their metabolism. Three distinct classes of 

apoproteins have been identified, Apo-A, Apo-B, and Apo-C, 

with the concentrations of these specific classes being 

different in the different lipoproteins. Further divisions 

of these classes into subclasses ( eg. Apo-AI or Apo-AII) , 

and other minor apoproteins (eg. Apo-o, Apo-E) have also 

been described. 

The ratio of lipid to protein varies between the 

different classes of lipoproteins, as does the particular 

lipid or protein moiety. Four main classes of lipoproteins 

have been identified, based on their specific components, 

size, and relative densities. The structure of each of the 

lipoprotein classes however is basically similar, with 

non-polar lipids occupying the central hydrophobic core, 

surrounded by an outer interface of apoproteins and polar 

lipids (McMurray, 1982). 
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II.2(1). Chylomicrons 

Chylomicrons are the largest of the blood-borne 

lipoproteins, having a diameter of 120-1100 nm (Miller, 

1979). These particles have the highest content of lipid 

relative to protein, being composed primarily (90%) of 

triglyceride of exogenous origin. The remaining 10% of the 

chylomicron is comprised of 5% cholesterol, 4% phospholipid, 

and 1% protein (Miller, 1979; Levy & Rifkind, 1980; Rifkind, 

1982). The relatively minute content of protein in the 

chylomicrons makes them the lightest of the four lipoprotein 

classes, having a density of less than 0.95 gm/ml (Rifkind, 

1982). All three families of apoproteins (A, B, and C) have 

been detected in the protein component of chylomicrons, with 

apoprotein C being the most predominant (McMurray, 1982). 

The chylomicrons transport dietary glycerides absorb

ed from the intestines in the plasma to the liver or adipose 

tissue, and thus, are normally absent in fasting plasma. 

With a half-life of only ·10 minutes, chylomicrons rapidly 

disappear from the bloodstream, primarily due to hydrolysis 

of the triglyceride component by lipoprotein lipase 

(McMurray, 1982). 

!!.2(2). Very Low Density Lipoproteins (VLDL) 

The predominant lipid in VLDL, like the chylomicrons, 

is triglyceride, but whereas the glyceride in chylomicrons 

is exogenous in origin, VLDL carry only endogenous trigly

ceride which is synthesized in the liver. Sixty-five percent 
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(by weight) of VLDL is composed of triglyceride, 13% 

cholesterol, 12% phospholipid, and 10% protein (Levy & 

Rifkind, 1980i Rifkind, 1982). The latter component 

contains equal portions of apoprotein B and c, and also 

small traces of apoprotein A. VLDL are smaller in diameter 

than the chylomicrons (30-90 nm) but they are slightly 

denser particles, in the range of 0.95-1.006 gm/ml (Miller, 

1979). 

II.2(3). Low Density Lipoproteins (LDL) 

LDL particles are the major cholesterol-carrying 

vehicles in blood, accounting for 60-70% of the total plasma 

cholesterol (Rifkind, 1982). They are composed of 43% 

cholesterol, primarily in the esterified form, 22% phos-

pholipid, 10% triglyceride, and 25% protein (Rifkind, 1982). 

The protein component is almost entirely in the form of 

apoprotein B, with some small traces of apoprotein c. LDL 

in man arises primarily from catabolism and modification of 

VLDL, but LDL are denser particles than VLDL, having a 

density in the range of 1.006-1.063 gm/ml (Rifkind, 1982). 

II.2(4) High Density Lipoproteins (HDL) 

HDL particles are the smallest but densest of the 
0 

four lipoprotein classes, having a diameter of 75-100 A and 

a density of 1.063-1.21 gm/ml (Tall & Small, 1978; Levy & 

Rifkind, 1980). They have the highest protein content 

relative to lipid, which is reflected by their greater 

density. Approximately 50% by weight of HDL is protein, 
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represented primarily (90%) by the A apoproteins. The ratio 

between apoprotein AI and AII in the HDL is approximately 3 

: 1 (Tall & Small, 1978). The remaining few percent of the 

protein component is represented by apoprotein c. The HDL 

contains about 20% cholesterol, with a cholesterol ester : 

free cholesterol ratio of approximately 3 . . 1 (Levy & 

Rifkind, 1980). HDL normally accounts for about 20-25% of 

the total plasma cholesterol. Phospholipid and triglyceride 

are the remaining components of the HDL particle, accounting 

for 30% and 5% of the total mass respectively (Levy & 

Rifkind, 1980). 

The heterogeneity of HDL particles is well 

established, dating back to 1954 when Gofman and co-workers 

reported that HDL actually contained three components: 

HDL1 with a density of 1.05 gm/ml; HDL2 with a density 

of 1.075 gm/ml; and HDL3 with a density of 1.145 gm/ml. 

The ratio of lipid to protein is greatest in the HDL1 

subclass and least in HDL3 • Considerable evidence exists 

which suggests that HDL2 is the most variable of the three 

subclasses and that changes in total HDL concentration in 

both health and qisease are due largely to changes in the 

HDL2 subfraction (Gofman, et al, 1954; Krauss, et al, 

1977; Anderson, et al, 1978; Shepherd, et al, 1980). 

II.3(1) Origin of High Density Lipoproteins 

There is good evidence to suggest that the spherical 

HDL particles in plasma are produced from precursor HDL 
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particles that have a different structure and chemical 

composition. These HDL precursors appear to arise from two 

sources: through secretion by the liver or small intestine, 

and through the lipolysis of triglyceride-rich lipoproteins, 

namely VLDL and chylomicrons (Nikkila, 1978a; Miller, 1979; 

Tall & Small, 1980). 

The nascent form of HDL secreted by the liver is 

discoidal is shape, consisting of a bilayer of phospholipid 

and unesterified cholesterol, with apoprotein E as the main 

peptide and with virtually no cholesterol ester (Miller, 

1979; Nicholl, et al, 1980; Tall & Small, 1980). The 

transformation of this nascent form of HDL to plasma HDL 

requires the action of two important enzymes, lipoprotein 

lipase (LPL) and lecithin: cholesterol acyltransferase 

(LCAT). LPL catalyses the catabolism of chylomicron and 

VLDL triglyceride and it is activated by apoprotein C-II. 

The products of this breakdown (fatty acids and glycerol) 

are rapidly removed and and the surface components that are 

left (phospholipids, free cholesterol, and apoproteins A and 

C) are transferred into the HDL fraction as HDL precursors. 

The Apo-A then activates the enzyme LCAT in the presence of 

free cholesterol to produce cholesterol esters. LCAT takes 

a fatty acid from lecithin (the phospholipid) and by 

transferring it to free cholesterol produces a cholesterol 

ester which is drawn inside the HDL particle away from the 

aqueous interface on the surface. The other bi-product of 
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this reaction, lysolecithin, is removed from the HDL 

particle surface by albumin (Glomset, 1968; Tall & Small, 

1978). 

As the LCAT reaction continues, the discoidal HDL 

particle gradually .becomes a sphere, with a ·core of 

cholesterol ester. Some of the cholesterol ester produced 

is transferred back to the triglyceride-rich lipoproteins, 

probably in association with apoprotein E (Miller, 1979). 

II.3(2). Concept of HDL Saturation 

Human serum must have the capacity to solubilize 

additional cholesterol beyond its own cholesterol content if 

one is to accept the idea of reverse cholesterol transport. 

A study by Hsia and co-workers (1975) demonstrated that the 

cholesterol content of human serum is normally below the 

maximum capacity of the lipoproteins for binding and 

transporting cholesterol, and that specific subfractions in 

the VLDL and HDL are capable of solubilizing considerable 

amounts of additional cholesterol. It was also found that 

this capacity for additional cholesterol binding is reduced 

in patients with coronary heart disease, since these 

patients appear to be deficient in the specific HDL and. VLDL 

subfractions which are capable of additional cholesterol 

binding (Hsia, et al, 1975). Jonas and co-workers ( 1978) 

also provided evidence that human HDL has a high capacity 

for binding excess cholesterol, and that the rate of 
. 

exogenous cholesterol uptake is inversely related to the 

initial content of free cholesterol in HDL. 
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Therefore, it appears that the ratio between. the 

cholesterol and apoprotein content in HDL (and VLDL) is not 

invariant, and that by determination of the ratio between 

HDL-C and HDL-A the degree of saturation of the 

HDL-cholesterol complex or, inversely, the cholesterol 

binding reserve, can be assessed. Furthermore, this 

cholesterol binding reserve is apparently deficient in 

patients with CHD (Hsia, et al, 1975), or on chronic 

hemodialysis who have developed severe atherosclerosis 

(Rapoport, et al, 1978). 

II.3(3). Relationship Between HDL and 
Coronary Heart Disease 

A relationship between HDL concentration and the 

incidence of CHD has been recognized for some time. As 

early as 1951, Barr and co-workers observed reduced levels 

of both HDL~C and HDL-A in the presence of atherosclerosis. 

Since then, various case-control studies in the USA 

(Castelli, et al, 1977; Pearson, et al, 1979), Scandinavia 

(Nikkila, 1953), and Israel (Goldbourt & Medallie, 1979; 

Brook, et al, 1982) have confirmed this relationship. 

Furthermore, several prospective studies have also given 

support to a concept of an anti-atherogenic role of HDL. In 

the Framingham study (Gordon, et al, 1977), a four-year 

follow-up of 2,815 men and women revealed that HDL-C was the 

most potent lipid risk factor studied for the development of 

CHD, showing a striking negative relationship in both men 

and women. Similarly, a 25-year follow-up in the Minnesota 
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Prospective Study (Keys, 1980) revealed that men who died 

from CHD had a mean HDL-C concentration that was 4. 42 mg% 

lower than those who died from other causes. 

The average HDL cholesterol level for adult males is 

approximately 45 mg% and 55 mg% for females (Gordon, et al, 

1977; Keys, 1980). A significantly high risk of developing 

CHD is evident if one's HDL-C is 35 mg% or lower, and there 

appears to be an. almost linear relationship between HDL-C 

concentration and risk of CHD in both men and women. 

Furthermore; Jenkins and associates ( 1978) found that the 

number and severity of atherosclerotic lesions in the 

coronary circulation in patients with documented CHD were 

inversely related to the concentration of HDL-C. 

In addition to the low cholesterol content in HDL, 

the apoprotein composition also appears to be altered in 

patients with CHD. Barr and workers (1951) observed reduced 

levels of both· HDL-C and HDL-A in their sample of CHD 

patients, 

reported 

whereas Rapoport and his collegues 

abnormalities in the apoprotein C 

( 1978) have 

content in 

patients with atherosclerosis. Apoprotein C activates LPL, 

thus, any defect in this enzyme's activation will affect the 

catabolism of the triglyceride-rich lipoproteins, and 

subsequently, the availability of HDL precursors. 

There have been two main mechanisms suggested to 

explain the apparent protective role of HDL in reducing the 

risk of CHD. The work of Miller & Miller (1975) revealed 
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that the HDL concentration is inversely related to the total 

cholesterol pool. In reference to the work of Glomset 

(1970), which described the role of LCAT, Miller and Miller 

(1975) proposed that the activation of LCAT by HDL-A removes 

free cholesterol from the peripheral tissues and artery 

walls and converts it to cholesterol ester. The cholesterol 

ester is then drawn inside the HDL particle and is 

transported to the liver for catabolism and excretion. This 

whole process has been referred to as reverse cholesterol 

transport. 

A second mechanism explaining the anti-atherogenic 

role of HDL was proposed by Carew and associates in 1976. 

These authors suggested that HDL may block the entrance of 

LDL cholesterol into cells by competitively binding to the 

LDL receptor sites. By interfering with these specific 

binding sites on cell membranes, HDL can prevent the 

deposition of cholesterol esters which presumably would 

prevent the formation of atherosclerotic lesions. 

Considerable evidence has accumulated suggesting 

that the protective effect of HDL with respect to 

atherosclerosis lies with only a specific HDL subclass. It 

appears that of the three subfactions, HDL2 is the most· 

variable, with its concentration differing more dramatically 

than total HDL in various pathologic and physiologic 

conditions. In fact, the high levels of HDL found in women 
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and athletes, and the low levels found in diabetics and 

cardiac patients seem to be almost entirely due to 

differences in the HDL2 component (Krauss, et al, 1977; 

Shepherd, et al, 1980; Eder & Gidez, 1982). Anderson and 

collegues ( 1979) have even suggested that measuring HDL2 

is 1.5 times more sensitive than measurement of total HDL-C 

with respect to predicting risk from CHD. It appears 

the major therefore, that the HDL2 subfraction is 

contributor to the anti-atherogenic role of plasma HDL. 

II.3(4). Factors Affecting Plasma HDL Concentration 

A number of factors have been identified as having 

either a direct or indirect association with plasma HDL-C 

concentrations. Some of these factors are listed in ·Table 

1, and a brief discussion of each will follow. 

Factors Associated With 
High HDL-C Levels 

Female Gender 
Familial Hyperalpha-

lipoproteinemia 
Estrogenic Hormones 
Alcohol 
High Physical Activity 
Terbutaline 

II.3(4)a. Gender 

TABLE 1 

Factors Associated With 
Low HDL-C Levels 

Male Gender 
Familial LCAT Deficiency 

High-Carbohydrate Diet 
Cigarette Smoking 
Beta-blocking Drugs 
Insulin Deficiency 
Obesity 

Gender is a major factor which has been shown to 

have an effect on plasma HDL concentrations. At all ages 
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following puberty, women have higher HDL cholesterol levels 

than males (Gordon, et al, 1977; Nikkila, 1978a; Beaglehole, 

et al, 1980). The hormone estrogen appears to play a role 

in this relationship, since exogenous administration of 

estrogens to males has been shown to cause increases in HDL 

concentration to the levels normally found in women (Krauss, 

et al, 1979). ~dditionally, Nikkila (1978a) suggested that 

part of the sex difference in plasma HDL-C concentrations 

may be explained by the higher activity of adipose tissue 

LPL that has been observed in women versus men. 

II.3(4)b. Genetics 

Genetics have been shown to play a significant role 

in regulating HDL levels, especially in disease states. 

Tangier disease is a rare genetic disorder in which the 

concentration of HDL is dramatically reduced, whereas 

familial hyperalphalipoproteinemia is characterized by 

elevated HDL-C levels, predominantly in the HDL2 subclass 

(Tall & Small, 1980; Krauss, 1982). Familial LCAT 

deficiency is another inherited condition in which the 

absence of LCAT prevents the esterification of cholesterol. 

The plasma from patients with this disease contains 

discoidal nascent HDL particles which are rich in 

unesterified cholesterol but poor in cholesterol ester 

(Miller, 1979). 

Although it is unknown whether the genetic influences 

controlling HDL levels in disease states are related to 

those in the general population, twin and family studies 



24 

have provided some evidence for the presence of genetic 

regulation of HDL levels. Concordance studies in 40 pairs 

of male adult twins suggested that both HDL-C and HDL-A are 

under some degree of genetic control (B~rg, 1978). 

II.3(4)c. Body Fat 

Concentrations of HDL cholesterol are lower in obese 

individuals than in non-obese controls (Castelli, et al, 

1977). These depressed HDL levels are usually accompanied 

by elevated plasma triglyceride concentrations. Stud~es of 

changes in HDL after weight reduction have revealed 

conflicting results. Both increases in HDL-C (Wilson & 

Lees, 1972) and no change in HDL-C (Widhalm, et al, 1978) 

have been reported after gross weight reduction in obese 

subjects. 

II.3(4)d. Diet 

Several dietary components have been shown to have an 

effect on HDL concentration. Increases in carbohydrate 

intake appear to be negatively associated with HDL-C levels 

(Wilson & Lees, 1972i Ernst, et al, 1980), whereas increased 

dietary cholesterol has been positively associated with 

HDL-C concentration, although this relationship is not 

always evident (Tan & Dickenson, 1977i Mahley, et al, 1978). 

A strong positive association between alcohol intake and 

HDL-C levels has been reported several times (Yano, et al, 

1977i Morrison, et al, 1979i Ernst, et al, 1980). Increased 

adipose tissue LPL activity and/or accelerated hepatic 

synthesis of nascent HDL have been suggested as possible 

mechanisms behind the alcohol-induced increases in HDL-C 

(Nikkila, 1978a). 
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I I • 3 ( 4 ) e • Drugs 

The use of oral contraceptives appears to have a 

positive relationship with HDL-C levels, but this associa

tion seems to be dependent on the relative estrogen and 

progestogen potency. Bradley, et al (1978) reported eleva

ted HDL-C levels only in those women receiving ·exogenous 

estrogens, in fact, decreased HDL-C. levels were found in 

women taking only progestogens. 

A negative relationship between some beta-blocking 

drugs, such as propranolol, and HDL-C concentrations has 

been reported (England, et al, 1980; Wallace, et al, 1980). 

Conversely, it has recently been shown that terbutaline, a 

beta-adrenergic agonist, is associated with significant 

increases in HDL-C concentrations (Hooper, et al, 1981). 

II.3(4)f. Smoking 

A negative relationship between cigarette smoking and 

HDL-C concentration has been consistently reported in a 

number of studies, and has also been shown to be a 

dose-dependent relationship (Bradley, et al, 1978; Morrison, 

et al, 1979; Crique, et al, 1980). However, this relation

ship was not confirmed in a Scandinavian population study 

(Erikssen, & Enger, 1978). 

II.3(4)g. Physical Activity 

A number of cross-sectional studies have found high 

levels of endurance-type'exercise to be positively associa

ted with HDL cholesterol and other HDL measures (Wood, et 
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al, 1976~ Enger, et al, 1977~ Krauss, et al, 1977; Lehtonen 

& Viikari, 1978 ~ Lehtonen, et al, 1979 ~ Hartung, et al, 

1980). This relationship has also held true is some 

(Erkelens, et al, 1978~ Peltonen, et al, 1981), but not all 

(Lipson, et al, 19801 Dufaux, et al, 1982a) longitudinal 

training studies. Discrepancies in the literature reporting 

on the relationship between exercise and HDL are possibly 

due to lack of control for intensity, duration, and amount 

of exercise, plus, any other confounding factors, such as 

diet and cigarette smoking, which are also known to affect 

HDL concentration. 

II.3(4)h. Disease 

Diabetes has received a great deal of research 

attention with respect to its relationship with HDL levels. 

A negative relationship between diabetes and HDL-C levels 

has been observed in some, but not all, diabetic populations 

(Nikkila, 1978). Insulin. plays a role in this relationship, 

but the heterogeneity of the diabetic population makes 

interpretation of this role difficult. It appears that 

insulin-deficient diabetics have both sub-normal HDL-C 

levels and low LPL activities, whereas patients who have 

been successfully treated with insulin for over 5 years have 

normal values for HDL-C and LPL activity (Nikkila, 1978 ~ 

Eder, et al, 1979). Thus, depressed levels of HDL-C in 

diabetic patients are likely the result of an inefficient 

metabolism of VLDL and chylomicrons due to low activities of 

LPL. 
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Before discussing the research dealing with the 

relationship between exercise and high density lipoproteins, 

a brief summary of the effects of physical activity on the 

major plasma lipids will be presented. 

The observation of lower concentrations of fasting 

plasma triglycerides in physically active subjects has been 

a consistent finding in several cross-sectional studies 

(Hurter, et al, 1972; Lehtonen~ Viikari, 1978; Hartung, et 

al, 1980). This appears to be a dose-response relationship, 

as Hartung and co-workers (1980) observed fasting 

triglyceride concentrations of 154 mg%, 105 mg%, and 77 mg% 

in inactive controls, joggers, and marathoners respectively. 

Since VLDL carries the majority of endogenous triglyceride, 

the concentration of this lipoprotein is also lower in 

physically active individuals (Wood, et al, 1977). 

Similarly, a common observation from longitudinal 

training studies has been a decrease in plasma triglycerides 

after training (Lopez, et al, 197 4; Farrell & Barboriak, 

1980; Kiens, et al, 1980; Lipson, et al, 1980). However, a 

number of studies have failed to demonstrate this decrease 

(Altekruse & Wilmore, 1973; Ratcliff, et al, 1978; Hartung, 

et al, 1981). It appears that the effect of chronic 

exercise . conditioning in terms of lowering plasma 

triglycerides is dependent on both the initial triglyceride 
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level, and the intensity of the training program. People 

whose initial plasma triglycerides are high will more likely 

show a beneficial decrease in these levels after a vigorous 

training program than if they initially had low triglyceride 

levels (Wood & Haskell, 1979). 

The effect of exercise on total plasma cholesterol is 

not so clear. A few cross-sectional studies have reported 

lower total cholesterol concentrations in physically trained 

subjects versus sedentary contr'ols (Wood, et al, 1976 i 

Hartung, et al, 1980i Vodak, et al, 1980). However, about 

as many studies have shown no difference in total 

cholesterol between athletes and controls (Hurter, et al, 

1972i Epstein, et al, 1976i Enger, et al, 1977i Lehtonen & 

Viikari, 1978). 

Reports from longitudinal studies have also yielded 

conflicting results with respect to changes in total 

cholesterol before and after training. · Some studies have 

demonstrated decreased total cholesterol concentrations 

after a long-term physical conditioning program (Altekruse & 

Wilmore, 1973i Lopez, et al, 1974i Kiens, et al, 1980), but 

just as many have reported no change in total cholesterol 

after conditioning (Farrell & Barboriak, 1980i Hartung, et 

al, 198li Myhre, et al, 1981). This inconsistency is 

perhaps not surprising, since total cholesterol change 

reflects the resultant of changes in HDL, LDL, and VLDL, and 

each of these may show exercise-induced alterations which 

differ not only in degree but a·lso in direction. 
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The relationship between physical activity and HDL 

levels has received a great deal of research attention ever 

since the suggestion was made that high concentrations of 

HDL may offer some protection against CHD. Reports from 

various cross-sectional and longitudinal studies have 

revealed that endurance-trained athletes possess a 

characteristic lipoprotein profile which appears to occur 

independently of the effect of other factors which are known 

to influence HDL concentration. 

II.S(l). Cross-Sectional Studies 

As early as 1964, Carlson and Mossfeldt reported that 

male Swedish skiers had higher HDL cholesterol 

concentrations than the general population. Numerous 

cross-sectional studies since then have also found higher 

HDL-C levels in various groups of physically active 

individuals, such as runners (Wood, et al, 1977; Lehtonen & 

Viikari, 1978; Hartung, et al, 1980), cross-country skiers 

(Lehtonen & Viikari, 1978), tennis players (Vodak, et al, 

1980), and soccer players (Lehtonen & Viikari, 1980). 

The concentrations of apoproteins AI and AII have 

also been investigated in endurance-trained athletes. 

Krauss and co-workers (1977) found no difference in Apo-AII 

between runners and controls, however, higher concentrations 

of Apo-AI in athletes have been reported in a number of 
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studies (Krauss, et al, 1977; Lehtonen, et al, 1979; Miller, 

et al, 1979). This seems to be a significant finding, since 

one of the main functions of Apo-AI is to activate LCAT 

which esterifies cholesterol and thus facilitates its 

transport in HDL back to the liver (Glomset, 1970; Fielding, 

e t al , 19 7 2) • 

The effect of exercise on major enzymes involved in 

lipoprotein metabolism has also been investigated. 

Endurance-trained athletes have been found to have increased 

activities of lipoprotein lipase (LPL) in both adipose 

tissue and skeletal muscle (Nikkila, et al, 1978c; Taskinen, 

et al, 1980). These enzyme changes appear to be dependent 

on the type of training employed, since the LPL activity in 

sprinters, who train more anaerobically than endurance 

athletes, has been found to be no different than that of 

sedentary controls (Nikkila, et al, 1978c). 

Miller and co-workers (1979) observed a strong corre

lation (r=O.Sl, p<O.Ol) between maximal aerobic capacity and 

HDL-C in eleven males who participated in varying degrees of 

habitual physical activity. They did not find a significant 

correlation between maximal aerobic capacity and the 

concentration of HDL-AI. However, after calculating the 

ratio of HDL-C to HDL-AI in each ·subject, the strongest 

correlation (r=0.88, p<O.OOl) was found between this ratio 

and maximal aerobic capacity. This ratio of cholesterol to 

Apo-AI in HDL has been suggested by Cheung and Albers (1977) 

to be directly related to the ratio of HDL2 to HDL3r 
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providing evidence that the higher HDL-C levels and higher 

ratios of cholesterol to protein observed in both athletes 

and women are due primarily to differences in the relative 

proportions of the HDL subclasses, rather than differences 

in actual HDL structure. 

There is no doubt that the type of physical activity 

one engages in is an important factor determining whether 

the lipoprotein profile will differ from that of the average 

sedentary control. Most studies which have demonstrated the 

typical high HDL-C levels have been based on a sample of 
. 

athletes who engage in prolonged endurance-type training, 

however, relatively little is known about the effects of 

short duration, high intensity training on plasma 

lipoprotein concentrations. Lopez and associates (1980) 

reported a significant increase in HDL-C in 14 males after 

12 weeks of resistive (anaerobic) training. On the other 

hand, the HDL-C concentrations of 8 sprinters, whose 

training consisted primarily of short duration exercises 

like weight-lifting, were no different than those of 

sedentary controls in a study conducted by Nikkila, et al 

(1978). In another study which compared the lipid profiles 

of soccer players, ice hockey players, and sedentary 

controls, the lowest HDL-C concentrations were found in the 

ice hockey players, whose training consisted primarily of 

anaerobic exercise (Lehtonen & Viikari, 1980). Evidently, 

more research is needed in the area of anaerobic training in 
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order to understand its effect, if any, on plasma lipopro-

tein metabolism. 

II.5(2). Longitudinal Studies 

Changes in HDL concentration have been assessed 

during numerous types of exercise conditioning. However, a 

problem in comparing the results of these studies is the 

wide range in the intensity and duration of the different 

training programs, and the relatively small sample sizes 

employed. Increases in HDL-C have been reported after 

relatively moderate training programs, such as 3-4 months of 

mild to moderate exercise, 3 times per week (Huttunen, et 

al, 1979; Peltonen, et al, 1981). On the other hand, no 

changes in HDL-C after similar training programs were 

observed by Lipson, et al, 1980, and Allison, et al, 1981. 

Intensity of the exercise in a training program 

appears to be an important factor, since Myhre and associa-

tes ( 1981) observed a greater increase in HDL-C after the 

• 
low intensity ( 70-80% V02 max), long duration portion of 

their training program than after the high intensity (80-95% 
• 
V02 max), short duration period. However, Huttunen and 

co-workers (1979) observed a greater increase in HDL-C after 
. 

moderate ( 60% vo2 max) exercise conditioning versus 

• 
relatively mild ( 30% vo2 max) conditioning, with duration 

being kept constant. Therefore, it appears that the great-

est increase in HDL-C will occur when the exercise intensity 

• is in the range of 60-80% of vo2 max. 
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Another study, while failing to demonstrate an 

absolute increase in HDL-C after a 10-week moderate condi

tioning program, did show a significant rise in the HDL2 

subfraction, with corresponding decreases in HDL3 (Nye, et 

al, 1981). Therefore, even a very moderate activity program 

may have beneficial effects on the distribution of the HDL 

subfractions, in the absence of any absolute change in HDL-C 

concentration. 

Changes in the major HDL apoproteins after chronic 

exercise has received far less attention. After a 12-week 

moderate intenstiy training program, Kiens and workers 

(1980) reported significant increases in both HDL-C and 

HDL-AI in their experimental group. These parallel increas

es in HDL-C and HDL-AI, with no change in the ratio, led the 

authors to believe that their subjects had actually increas

ed their HDL macromolecule concentration. In direct 

contrast to this, Huttunen and associates (1979) reported no 

changes in HDL-AI after a 4-month moderate conditioning 

program. In this study, there was ·a significant increase in 

HDL-C after the training, but the lack of any change in 

HDL-AI resulted in an increase in the HDL-C to HDL-AI 

ratio. 

Much more dramatic changes in HDL-AI were reported by 

Nestel and collegues (1979) in 13 male mountaineers after 8 

weeks of intensive mountain climbing. These authors found 

that after only 3 weeks into the climb, the HDL-AI concen

tration had almost doubled, and persisted at this elevated 

level for the remaining period of the climb. However, there 
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is the possibility that other factors might also have 

contributed to this dramatic increase, such as chronic 

hypoxia and changes in plasma volume. 

The effect of chronic exercise on some of the major 

enzymes involved in lipoprotein metabolism has also received 

some attention. A 56% increase in adipose tissue LPL 

. activity was reported by Peltonen and workers (1981) after 

15 weeks of moderate physical training, but the significance 

of this finding is debatable since similar increases were 

observed in a control group. Costill and associates (1979) 

reported elevated skeletal muscle LPL activity in juvenile 

diabetics after approximately 4 months of physical 

training. 

Only one study has investigated the possible role 

that the enzyme LCAT might play in the exercise-mediated 

changes in HDL after training. Lopez and associates (1974) 

reported increased LCAT activity in four subjects following 

7 weeks of physical conditioning. 

There are only a few reports on the effect of 

exercise conditioning on HDL concentration in people with 

coronary heart disease. There is evidence that a moderate 

conditioning program of 3 months duration is sufficient to 

significantly elevate HDL-C in middle-aged cardiac patients 

( Erkelens, et al, 1978; Streja & Mymin, 1979; Hartung, et 

al, 1981). Two of these studies (Erkelens, et al, 1978; 

Hartung, et al, 1981) reported that an increase in the 

HDL-C/total cholesterol ratio accompanied this increase in 

HDL-C, and in a cross-sectional analysis, Erkelens and 
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co-workers (1978) reported that HDL-C was significantly 

higher in exercising versus non-exercising survivors of 

myocardial infarction. Nevertheless , whether or not an 

alteration in the lipoprotein profile through physical 

conditioning is a useful and safe means of secondary 

prevention of CHD remains to be determined. 

II.S(3). Acute Changes in HDL After 
a Single Exposure To Exercise 

It is not known whether a single exposure to exercise 

will acutely elevate HDL-C, or if the influence of exercise 

is more chronic in nature which takes several months to 

develop. It is also not known what quantity and intensity 

of exercise is necessary to induce a change in HDL 

concentration, and how long any such changes remain after 

the exercise is completed. The discrepancies in the 

literature can be explained, at least in part, by both 

inconsistencies in the intensity and duration of the single 

exercise session, and the lack of control for plasma volume 

shifts. 

Significant increases in HDL-C have been found 

immediately after a 42 km'marathon (Thompson, et al, 1980), 

3 hours of continuous running ( Dufaux, et al, 1982a) , and· a 

70 km cross-country ski race (Enger, et al, 1980). The 

degree of this increase however, is inconsistent. Enger et 

al (1980) reported a 12% increase in HDL-C immediately 

following a 70 km cross-country ski race in 20 well-trained 

men, with accompanying decreases in LDL-C and triglycerides. 

Thompson et al (1980) however, observed only a 6% increase 
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in HDL-C in 12 men immediately after completing a 42 km 

marathon, but their values were not corrected for the slight 

hemodilution which was evident after the race. A small 

increase in HDL-AI immediately following the marathon was 

also reported in this particular study, baseline levels 

being re-established within one hour post-exercise. An 

approximate 8% increase in HDL-C after 3 hours of continuous 

running was reported by Dufaux and co-workers (1982a) in 

their sample of 15 untrained men. No values were reported 

for plasma volume shifts in this particular study. 

Both the intensity and duration of the exercise 

appear to affect this acute response since no change in 

HDL-C was found after 30 minutes of cycling on a bicycle 
• 

ergometer at an intensity of 65% V02 max (Cullinane, et 

al, 1980), nor after a 20 km run in which the intensity was 

not controlled (Taskinen, et al, 1980). 

Reports on the duration of the acute exercise 

response are quite inconsistent. In Enger's (1980) study of 

the cross-country skiers, a 4-day follow-up revealed a very 

gradual decline in HDL-C, with concentrations still signifi-

cantly higher than pre-race values 4 days after the race. 

·Conversely, pre-exercise HDL-C levels were re-established 

within 24 hours following the 3 hours of continuous running 

in Dufaux's (1982) study. Thompson's (1980) data on the 

marathoners is more difficult to interpret. Pre-exercise 
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HDL-C concentrations appeared to be re-established within 4 

hours after completion of the marathon, but they were 

significantly higher again 18 hours post-exercise. Despite 

the added complication of the expanded plasma volume in this 

particular study, it appeared as if the acute response only 

lasted a few days at the most. 

Dressendorfer and workers ( 1982) found changes in 

HDL-C during a 20-day road race (500 km) which supported the 

contention that the acute response is short-lived. HDL-C 

concentrations increased during the days of running, but a 

3-day rest period in the middle of the race reversed these 

changes. 

Evidently, the intensity and/or duration of the 

exercise are important factors determining both whether an 

acute response will occur, and how long it will last. 

Furthermore, control for any acute changes in blood plasma 

volume is essential before attempting to assess the 

magnitude of any change in the lipoprotein profile as a 

result of a single exercise session. 

In view of previous work by Nikkila and co-workers. 

( 1978c) which had demonstrated higher skeletal muscle and 

adipose tissue LPL activity in trained endurance athletes, 

Taskinen and associates (1980) conducted a study to 

determine if LPL activity would increase acutely following a 

single exercise session. Tissue biopsies and venous blood 

samples were taken from 10 trained male distance runners 
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before and after a 20 km run. A two-fold increase in 

skeletal muscle LPL activity was reported, accompanied by a 

smaller increase in adipose tissue LPL activity. The 

dramatic increase in muscle LPL activity suggests that the 

intramuscular triglycerides must be undergoing a very rapid 

turnover, and that circulating VLDL triglycerides must 

supply free fatty acids for both oxidation and restoration 

of muscle triglycerides during and after a prolonged 

exercise session. Surprisingly, no significant change in 

any of the lipoproteins was observed after the exercise 

(Taskinen, et al, 1980). 

A recent study by Kantor and associates ( 1983) also 

provides evidence that acute exercise can result in 

increased LPL activity. These authors reported a two-fold 

increase in LPL acti.vi ty one day after completion of a 42 km 

marathon, which was also accompanied by a 9% incre.ase in 

HDL-C and a 39% decrease in triglycerides. It was suggested 

that the increase in LPL activity mediated both the fall in 

triglycerides and the increase in HDL cholesterol (Kantor, 

et al, 1983) • 

II.5(4). Possible Mechanisms Behind 
the Exercise-Related Changes in HDL 

While searching for underlying mechanisms respon-

sible for the exercise-related increases in HDL, it is 

important to control for the possible influence of factors 

other than physical activity which could also be influencing 

HDL concentration. For example, athletes tend to differ 
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from non-athletes not only in activity level, but also in 

diet and relative body weight, two factors which are known 

to exert specific effects on HDL concentration. 

Furthermore, the possibility can not be ruled out that the 

same factors which may pre-dispose an individual for a high 

exercise capacity may also pre-dispose one for high HDL 

levels. 

A few studies have addressed these possibilities. 

In a cross-sectional investigation of marathon runners, 

joggers, and sedentary controls, Hartung and workers (1980) 

reported no difference in dietary habits between the three 

groups, although HDL-C was still found to be positively 

related with activity level. Similarly, Lehtonen and 

Viikari (1978) found no difference in relative weights 

between two groups of subjects differing in activity level, 

but significantly higher HDL-C levels were observed in the 

trained group. Thus, it does appear that physical activity 

per se plays a specific role in raising HDL-C 

concentrations. 

Although the precise mechanisms behind the 

exercise-mediated increases in HDL are unknown, evidence 

suggests that changes in LPL activity play an important role 

in changing the concentration of HDL. In support of this 

association between HDL concentration and LPL activity are 

the consistent observations of a negative relationship 

between VLDL and HDL concentration (Altekruse & Wilmore, 

19731 Lopez, et al, 19741 Nikkila, 1978b). Catabolism of 

VLDL and chylomicron triglyceride by LPL not only releases 



40 

free fatty acids for oxidation, but also the surface 

components of these lipoproteins (unesterified cholesterol, 

phospholipids, and A and C apoproteins) to enter the plasma 

pool as HDL precursors. Transformation of these precursors 

into spherical HDL follows upon esterification of the free 

cholesterol by LCAT, an enzyme which is activated by apopro

tein AI (Tall & Small, 1978). 

Tall and Small (1978).have also proposed a mechanism 

which might explain the higher cholesterol content in the 

HDL of endurance-trained athletes. They suggest that during 

the transformation of HDL precursors into spherical HDL 

there is likely a large influx of cholesterol into the HDL 

fraction, since the relative deficiency of cholesterol in 

the precursor particles would result in a chemical gradient 

favouring the movement of cholesterol into HDL. Since 

endurance-trained athletes have higher LPL activities 

( Nikkila, 1978c) and thus a faster rate of catabolism of 

VLDL and chylomicrons, one would assume that they would also 

have a more active transformation of HDL precursors into 

spherical HDL, and thus, a greater influx of cholesterol 

into the HDL particle. 

The consistent observation of a negative relation

ship between the concentration of serum triglycerides and 

the levels of HDL-C provides further support for the role 

played by LPL in mediating the exercise-related increases in 

HDL (Hurter, et al, 1972; Wood, et al, 1976; Lehtonen & 

Viikari, 1978). Evidence suggests that endurance athletes 
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have a more active adipose tissue lipolysis than their 

sedentary counterparts even in the resting state, which 

suggests that physical training may enhance one's capacity 

to mobilize and utilize fat as a fuel source (Hurter, et al, 

1972; Astrand & Rodahl, 1977). 

Whether or not changes in LCAT activity also play a 

role in the exercise-related increases in HDL concentration 

is difficult to determine. Only one study is available 
.·. 

which has measured LCAT in subjects before and after 

exercise conditioning (Lopez, et al, 1974), but the results 

did demonstrate a slight increase in the activity of this 

enzyme in 4 subjects after 7 weeks of training. 

II.6. Substrate Utilization in Exercise 

Of the three available fuel sources (protein, fat, 

carbohydrate), carbohydrate and fat serve as the two major 

fuels during exercise. Proteins have previously been 

considered as not being particularly important for providing 

energy during exercise, but recently it has been suggested 

that protein catabolism might contribute more to exercise 

metabolism than had been assumed. It now appears that 

during exercise in which glycogen stores are depleted, 

protein may contribute 10-15% to the total energy supply 

(Lemon & Mullin, 1980; Rennie, et al, 1980). 

Nevertheless, the predominant foodstuffs used for ATP 

production during exercise are fat and carbohydrate. The 
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percentage participation of these two fuels in energy 

metabolism is determined by a variety of factors, such as 

the intensity and duration of the exercise, and the diet 

(Astrand & Rodahl, 1977; Fox, 1979). 

Muscle glycogen and blood glucose are the two forms 

of carbohydrate that are used as metabolic fuel, both 

serving as substrates for the glycolytic pathway. Free 

fatty a~ids (FFA) are the usable form of fats, and working 

muscles rely on intramuscular triglycerides and plasma FFA 

for this energy source (Fox, 1979). The respiratory . . 
exchange ratio (R = VC02/V02) has been suggested as 

reflecting a good estimate of the relative proportions of 

fat and carbohydrate oxidation in the exercising muscles 

under both normal (Essen, et al, 1977) and extreme (Jansson, 

1982) dietary conditions. An R value of 1.0 suggests 

exclusive utilization of carbohydrates as a fuel source, 

whereas an R value of 0.71 suggests that lipids are being 

oxidized exclusively (Matthews & Fox, 1976). Any value 

between these two extremes will give an indication of the 

relative proportion of fat and carbohydrate being utilized. 

An R value greater than 1. 0 is an indication of 

hyperventilation, in which more C02 is being blown off 

than oxygen is being consumed. 

Given normal dietary conditions, the choice of fuel 

for the exercising muscles is primarily determined by the 

relative intensity of the activity in relation to the 

individual's maximal oxygen uptake, since fat utilization 
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depends on an adequate supply of oxygen (Astrand & Rodahl, 

1977). At high exercise intensities, increases in anaerobic 

glycolysis must accompany aerobic metabolism in order to 

sustain adequate levels of ATP regeneration. The accelera

tion in glycolysis leads to an increased rate of lactic acid 

production and this in turn suppresses FFA mobilization 

(Issekutz, et al, 1975; Paul, 1975). It has been suggested 

that there is an increased re-esterification of FFA in the 

presence of lactate, which would explain why FFA mobiliza

tion appears to be inhibited once lactate starts 

accumulating (Issekutz, et al, 1975). 

During prolonged sub-maximal bouts of exercise in 

which lactate levels are not elevated, plasma FFA concen

trations gradually increase as the exercise progresses 

(Nagle, et al, 1970; Pruett, 1970; Jones, et al, 1980). At 

intensities in which lactate concentrations start 

increasing, the plasma FFA concentration drops. The degree 

of decline in FFA levels appears to be a direct function of 

the degree of rise in lactate (Pruett, 1970). 

After completion of exercise, there is a dramatic 

increase in plasma FFA levels to above those seen before or 

during exercise. Friedberg and associates ( 1960) ascribed 

this rise in FFA during recovery from exercise to a 

decreased removal of plasma. FFA by the muscle while the rate 

of FFA mobilization remains at an accelerated rate. 

However, Hagenfeldt and Wahren ( 1975) concluded that the 
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post-exercise rise in plasma FFA was more the result of an 

increase in the rate of FFA release from adipose tissue than 

a decreased removal from the plasma. 

The duration of this post-exercise increase in plasma 

FFA is unclear, but seems to depend on the severity of the 

exercise. Plasma FFA concentrations have been shown to 

remain elevated for about one hour after completion of 40 

minutes of cycle ergometry at an intensity corresponding to 
. 

57% vo2 max (Hagenfeldt & Wahren, 1975), whereas they 

remained elevated for more than 5 hours after completion of 

two exercise bouts to exhaustion at an intensity of 85-90% 
. vo2 max (Pruett, 1970). Thus, it appears that FFA mobili-

zation during and after exercise depends more upon the in

tensity of the exercise than the total energy expenditure. 

II.?. Plasma Volume Changes in Response To Exercise 

In quantifying acute changes in the concentrations 

of the plasma lipids in response to exercise, correction 

must be made for any changes in plasma volume which might 

also have occurred. Such changes are already recognized, 

and whether an acute hemoconcentration or hemodilution 

occurs appears to depend upon the severity of the exercise 

bout • A prolonged period of sub-maximal exercise ( 30-65% 
. vo2 max) results in an increase in total plasma protein 

content, causing an increase in plasma volume, or 

hemodilution (Beaumont, et al, 1972). Conversely, bouts of 
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higher intensity exercise result in a reduction of plasma 

protein content, causing a decrease in plasma volume, or 

hemoconcentration (Nylin, 1947; Beaumont, et al, 1972; 

Cos till & Fink, 1974). The hemoconcentration associated 

with a loss in plasma protein content is due to the 

decreased osmotic pressure which accompanies decreased 

plasma protein concentration. This in turn causes a loss of 

fluid from the capillary and thus, a hemoconcentration. The 

opposite occurs with an increase in plasma protein 

concentration. 

II.8(1). Measurement of HDL Cholesterol 

Ultracentrifugation is a traditional method used for 

measurement of HDL. The cholesterol content in HDL is 

measured in the plasma fraction of density greater than 

1.063 gm/ml (Warnick & Albers, 1978; Eder, 1982). This pro

cedure, however, is technically difficult and time consum

ing, requiring ultracentrifugation for approximately 24 

hours. 

A more practical and therefore widely used method 

for determining HDL-C is to measure the cholesterol content 

of the supernatant following precipitation of the 

apo-B-containing lipoproteins, namely LDL and VLDL 

(Ishikawa, et al, 1976; Warnick & Albers, 1978). The most 

reliable procedure for precipitating LDL and VLDL from 

plasma or serum uses heparin and manganese chloride in 

concentrations of 1.2 2.0 mg% and 0.046 0.092M 
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respectively (Ishikawa, et. al, 1976; Warnick & Albers, 

1978). The cholesterol content in the supernatant is then 

enzymatically assayed by means of a standard cholesterol 

assay. 

!!.8(2). Measurement of HDL Apoprotein A 

There are several immunological methods available for 

estimation of HDL-A, including electroimmunoassay (Farish, 

et al, 1975; Curry, et al, 1976; Kestner, 1979), radial 

immunodiffusion (Albers, et al, 1977; Cheung & Albers, 

1977), and radioimmunoassay (Fainaru, et al, 1975; Karlin, 

et al, 1976; Schonfeld, et al, 1977). These techniques, 

although precise, are relatively expensive and, being manual 

to a degree, are tedious as well. 

II.9. Diurnal variation in Plasma Lipids and Lipoproteins 

Blood levels of both HDL cholesterol and HDL 

Apoprotein A appear not to be affected by recent food 

intake. Numerous studies have failed to find any signifi

cant difference between fasting and non-fasting levels of 

either HDL-C or HDL-A (Farish, et al, 1975; Henderson, et 

al, 1980; Booth & Lacey, 1982). Similarly, evidence indi

cates that total cholesterol concentration is also quite 

stable during the course of a day, and that any small fluc

tuations that do occur do not appear to be related to meals, 

activity, or time· of day (Shapiro, et al, 1959; Henderson, 

et al, 1980; Booth & Lacey, 1982). Triglyceride concen

trations, on the other hand, can vary markedly with recent 



47 

food intake. The lowest levels are usually found after 

fasting overnight, and the highest levels after eating a 

fatty meal (Havel, 1957~ Henderson, et al, 1980). 



CHAPTER III 

METHOD 

III.l. Experimental Design 

It is known that physical activity is associated 

with high levels of HDL cholesterol. This study was 

designed to test the hypothesis that acute increases in 

plasma high density lipoprotein cholesterol, with exercise 

would be affected by the intensity of the exercise. It was 

hypothesized that lower intensity exercise, where lipids 

would be the major fuel source, would result in greater 

changes in HDL-C than high intensity exercise, where the 

major fuel source would be carbohydrate. 

Twelve subjects ran on a treadmill on two separate 

occasions. The total amount of exercise (ie. the equivalent 

distances which were run) was kept the same on each 

occasion, but the intensity of the exercise was different. 

Acute changes in the plasma lipids and lipoproteins were 

analyzed both within and between the two exercise 

conditions. 

III.2. Subjects 

Twelve men, aged 19-41 years, participated· in the 

study. All were above average fitness, with about half 

48 
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TABLE 2 

DESCRIPTION OF SUBJECTS 

SUBJECT AGE WEIGHT vo2 max 
( yrs) (kg) ( m I /kg /min) 

A.S. 23 68 57.7 

T.R. 19 66 65.3 

J.K. 29 70 53.0 

C.H. 26 70 56.2 

S.L. 24 66 7o.2 

G.J. 24 80 59,0 

J.C. 31 78 63.7 

c.w. 34 64 73.2 

M.O. 20 73 72.6 

D. E. 27 62 80.6 

N.O. 41 72 55.8 

D.M. 40 80 51.8 

X± SE 28.2 70.7 63.3 
±2.2 ±1.8 ±2.8 
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being very well trained. A description of the subjects' 

age, weight, and maximal oxygen uptake is provided in Table 

2. 

III.3. Exercise Procedures 

Data was collected on each subject on three separate 

occasions. In the first occasion, maximal oxygen uptak~ was 

directly determined from· a graded ·treadmill run to exhaus

tion, utilizing a protocol recommended for the testing of 

athletes (Thoden, et al, 1983). Minute ventilation was con

stantly recorded by a Hewlett-Packard 4000 VR digital pneu

motachometer, and expired C02 and 02 concentrations were 

measured by a Hew~ett-Packard Capnometer (Model 47210A) and 

a Goddard Rapox oxygen analyzer. All data were continuously 

recorded on a four channel physiograph (PMP-4B). 

During the second and third visits to the laboratory, 

subjects performed two different exercise tasks. Task one 

was a continuous run on the treadmill at a speed calculated 

to correspond to 60% of the subject's maximum V02 (McMiken 

& Daniels, 1976). This continuous run lasted between 54.5 

and 59 minutes, with each subject completing a distance 

equivalent to 9 - 12 km. 

The second exercise conditon involved running on the 

treadmill at a speed calculated to correspond to 90% of the 
• 

subject's vo2 max (McMiken & Daniels, 1976). This was 

done in the form of one-minute exercise intervals alter-

nating with one-minute rest periods, and was continued until 
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the same equivalent distance was completed as in the first 

conditon. On four occasions during task two, subjects main

tained this pace for 3 minutes to ensure steady state condi

tions for measurement of oxygen uptake. The total exercise 

time for this task ranged between 36 - 38 minutes. 

Oxygen uptake was directly measured every ten 

minutes in both exercise conditions, with ventilation and 

expired gas concentrations being monitored for at least two 

minutes to ensure a steady state condition. Heart rate was 

monitored continuously throughout each exercise condition. 

The order of the two exercise conditions was random

ized between subjects, and the time of day that the exercise 

was done was kept consistent within subjects. 

III.4. Biochemical Analysis 

Venous blood samples ( 49 ml total) were taken by 

venepuncture from the antecubital vein at four times during 

both the continuous and interval exercise sessions: 1) 

immediately before the exercise, 2) halfway through the 

exercise, 3) immediately following the exercise, and 4) at 

the end of a 20 minute rest period following the exercise. 

For sampling during the continuous run, exercise was 

interrupted for 60-90 seconds and immediately resumed. 

Blood was collected into 7 ml Vacutainers containing EDTA, 

and for lactate analysis it was also collected into 

Vacutainers containing Sodium Fluoride and Potassium 
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Oxalate. All samples were immediately refrigerated at 4°C. 

Before· centrifugation, hematocrit was measured in duplicate 

by a microcapillary tube technique. 

A 1 ml aliquot of plasma from each blood sample was 

treated with heparin and manganese chloride, according to 

the procedure recommended by the Lipids Research Clinics 

(1974) N.I.H. publication to produce the supernatant for the 

HDL analysis. For reasons of technical difficulty, 

measurement of the HDL subfractions was not done. All 

plasma samples and supernatants were stored at -70°C and 

were analyzed within 4 months. 

III.4(1). Analysis of Plasma Triglycerides, Total 
Cholesterol, and HDL Cholesterol 

Plasma triglycerides, total cholesterol, and HDL 

cholesterol were quantified enzymatically by a Centrifugal 

Fast Analyzer, using standard assay kits obtained from 

Boehringer (Mannheim, Germany). The fast analyz.er used was 

a "Centrifichem" system no. 400 (Union Carbide Corporation, 

Pleasantville, N.Y.) spectrophotometric analyzer which 

rapidly performs determinations on blanks, standards, and 

controls, and computes the relative concentrations in terms 

of optical density, with digital print-out. Coefficients of 

variation of cholesterol, triglycerides, and HDL-C analysis 

were 4.4%, 5.88%, and 3.3% respectively, as determined in 

preliminary studies. 

III.4(2). Analysis of HDL Apoprotein A 

Measurement of HDL-A was done by a Centrifugal Fast 
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Analyzer Kinetic Nephelometric Immunoassay. The fast 

analyzer measured the rate of change in optical density as a 

function of the rate of antigen-antibody interaction. The 

actual concentration of HDL-A was determined by comparison 

with a standard calibration curve of normal human serum at 

appropriate dilutions. Rabbit antisera, specific to 

Apoprotein A, was used as the antibody, and was diluted in a 

phosphate buffer (ph=7.5, I=.Q7M) with polyethyleneglycol 

(PEG). The antisera dilution chosen was that which yielded 

the fastest reaction rate with the particular antigen 

concentration and thus, specific precautions were taken to 

avoid situations of antigen or antibody excess (Sternberg, 

1977). 

Interassay variation in measurement of either HDL-A 

or HDL-C was avoided by analyzing all samples from an 

individual subject in a single autoanalyzer run, and each 

sample was measured in duplicate. Within-run coefficient of 

variation for HDL-A analysis was previously determined to be 

2.2%. 

III.4(3). Determination of HDL Saturation 

The saturation of HDL with cholesterol was calcu

lated as being the ratio of the concentration of HDL-C to 

the concentration of HDL-A, expressed as a percent. 

III.4(4). Analysis of Lactic Acid and FFA 

Lactic acid was measured spectrophotometrically at 

350 nm, incorportating the procedure outlined in the Sigma 
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Technical Bulletin ( 1968) , using a Turner Model 350 

spectrophotometer. 

The concentration of free fatty acids in the plasma 

was also measured spectrophotometrically at 550 nm, using 

the colorimetric procedure described by Duncombe (1963). 

All samples were done in duplicate. This portion of the 

analysis was performed by the author utilizing the 

laboratory facilities at the University of Waterloo. 

III.S. Statistical Analysis 

Results were analyzed using a subjects (12) by 

condition (2) by time (4) repeated measures analysis of 

variance design. Post-hoc Tukey A tests were then used to 

test selected differences between variables. 

Correlations were 

product-moment formula. 

calculated by the Pearson 
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CHAPTER IV 

RESULTS 

The acute responses of all the dependent variables 

for both exercise conditions are presented in Tables 3 and 

4. The total amount of exercise performed by each subject 

can be found in Appendix 1. 

IV.l. Hematocrit 

Hematocrit decreased slightly during the .low. 

intensity exercise, but not until 20 minutes post-exercise 

was this decrease significant (p<. 05). Conversely, there 

was a significant increase in hematocrit at both sampling 

times during the high intensity exercise (p<.Ol), suggesting 

a slight hemoconcentration. Pre-exercise hematocrit values 

in this condition were re-established by 20 minutes 

post-exercise. To control for these small changes in plasma 

volume, the concentrations of the plasma lipids and 

metabolites were adjusted according to the percent change in 

plasma volume from the baseline measurement in each 

subject. 

IV.2. Total Cholesterol and Triglycerides 

The acute exercise response of total cholesterol 

concentration is illustrated in Figure l(a). There was a 
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Tables 3 and 4: 

Changes in hematocrit, total cholesterol, triglycer
ides, HDL-C, HDL-A, Saturation, HDL-C/total cholesterol, 
lactic acid, and FFA with exercise at low and high inten
sities (N=l2). All concentrations are corrected for 
changes in plasma volume. 



TABLE 3 

CHANGES IN DEPENDENT VARIABLES WITH LOW INTENSITY EXERCISE 

60% V02 MAX (X:!:SE) 

VARIABLE PRE· MID· POST· 20MIN. 
EXERCISE POINT EXERCISE POST·EXER. 

HEMATOCRIT 
44.5:0.75 44.1 :!:0.73 44.25:!:0.71 43.5:tG.9 (%) 

TOTAL CHOLESTEROL 171.2:8.8 174.4:!:9.7 175.1 :!:9.2 174.7:!:10.5 
(mg %) 

TRIGLYCERIDE$ ' 

(mg %) 104.4:19.8 109.11:!: 16.6 110.2:18.5 92.1 :!:15.1 

HDL.C 
48.4 :!:4.1 51.9:4.1 54.h:4.1 54.8:4.7 (mg %) 

HDL-A 
104.3:!:5.4 113.4:6.4 112.2:5.5 113.0:6.2 (mg %) 

SATURATION 46.0:2.4 45.4:1.5 48.1:2.1 48.1 :!:2.2 (%) 

HDL.crTOTAL CHOL. 
28.8:2.5 30.5:2.5 31.8:2.5 32.3:!:2.8 (%) 

LACTIC ACID 
9.94:!:1.8 13.43:!:2.7 11.7:1.6 (mg %) 

FFA 
0.64:0.07 0.65:0.09 0.75:0.06 1.04:!:0.12 (mrnolesll) 

TABLE 4 

CHANGES IN DEPENDENT VARIABLES WITH HIGH INTENSITY EXERCISE 

90% vo2 MAX (X:tSE) 

VARIABLE PRE· MID- POST· 20 MIN. 
EXERCISE PoiNT EXERCISE POST·EXER. 

HEMATOCRIT 44.0:0.77 46.0:0.72 4S.6:D.57 43.7:0.53 (%) 

TOTAL CHOLESTEROL 173.0:9.7 185.9:!: 11.4 184.9:!:10.0 180.4:t1G.3 (mg %) 

TRIGLYCERIDE$ 96.6:15.0 100.2:13.1 96.7:10.1 81.7:7.4 
(mg %) 

HDL.C 47.2:3.5 55.3:!:4.4 58.3:!:3.9 54.5:!:4.2 (mg %) 

HDL·A 
104.3:5.3 118.3:!:5.6 121.7:5.3 117.1 :t&.D (mg •t.) 

SATURATION 
44.8:1.4 46.2:2.D 47.6:!:1.8 46.1 :!:1.6 (%) 

HDL.CITOTAL CHOL. 
28.2:!:2.5 30.9:2.8 32.2:!:2.3 30.6:2.7 (%) 

LACTIC ACID 
9.9:1.8 42.3:!:3.5 40.2:5.1 (mg %) 

FFA 
0.63:0.08 0.54:!:0.07 0.72:0.08 1.D:t0.18 (mrnolesll) - ~ ---- - - .. 
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Figure 1: 

Mean data for total plasma cholesterol and tri
glyceride changes with exercise at low and high intensities 
( N=l2). The variance portrays the standard error of the 
mean difference between conditions. 



FIGURE 1 

(a) 

(b) 

CHANGES IN TOTAL CHOLESTEROL AND 

TRIGL YCERIDES WITH ACUTE EXERCISE (X:tSEM~) 

-';Je 
Q 
E -..... 
0 a: w 
1-
Cl) 
w ..... 
0 
:: 
u 
..... 
< 
1-
0 
1-

-';Je 

= E -Cl) 
w 
c -a: 
w 
u 
> _, 
~ -a: 
1-

++ 
190 

++ 

• ·········~ • •• • 
• ••• • • •• ++ • ···c 180 • • • • ----t----1 *lc • • r -~ --170 

•••••• 90% vo2 max 

160 
--- 60% vo2 max 

;c 

140 

130 

120 

110 

100 

90 

,_ ___ 
' ----

•••• ••••• •••• 

Pre
Exer. 

Mid· 
Point 

' ' ' ••••• • ' • •• •• • • •• • • 

Post· 20 min. 
Exer. Post·Exer. 

Between-condition differences (++P < .01) 
Within-condition differences (#p < .05) 

57 



58 

significant interaction (p<.OS) between the exercise condi

tion and the time of sampling, indicating that the degree of 

change in total cholesterol was affected by the particular 

exercise intensity. No significant change in total choles

terol occurred in the low intensity exercise, whereas in the 

high intensity exercise the total cholesterol was signifi

cantly higher than the pre-exercise level at all time 

points. 

The acute change in plasma triglycerides is shown 

in Figure l'(b). There was a significant change in trigly

ceride concentration over time (p<.OS), but there was no 

effect of exercise intensity on the acute response. 

Post-hoc analysis revealed that the triglyceride concentra

tion at 20 minutes post-exercise was significantly lower 

(p<.OS) than half-way through the exercise. 

IV.3. HDL-C and HDL-A 

The pre-exercise concentrations of HDL-C and HDL-A 

did not differ between exercise conditions. Figures 2 (a) 

and 2(b) illustrate the acute changes in HDL-C and HDL-A. 

There were significant increases in both of these variables 

under both exercise conditions (p<.Ol). The degree of this 

increase however, was much greater in 

exercise, both at the mid-point and 

exercise 

exercise, 

sampling 

HDL-C 

times (p<.Ol). At 

was again equivalent 

the high intensity 

immediately post-

20 minutes post

between the two 



Figure 2: 

Mean data for HDL-C and HDL-A changes with 
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FIGURE 2 
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Figure 3: 

Mean data for changes in HDL saturation with exer
cise (N=l2). Values have been collapsed across exercise 
condition. 
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Figure 4: 

Mean data for changes in plasma lactate and FFA with 
exercise at low and high intensities (N=l2). The variance 
portrays the standard error of the mean difference between 
conditions. 
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Figure 5: 

Correlation between baseline concentration of HDL-C 
and percent increase in HDL-C after exercise at low and high 
intensities (N=l2). 



FIGURE 5 

(a) 

Cb) 

RELATIONSHIP BETWEEN BASELINE HDL·C AND 

PERCENT INCREASE IN HDL·C AFTER CONTINUOUS 

EXERCISE AT 60% V02 MAX 

70 -';]e. 

~ 60 -(J 
I 

5 so 
:X: 
w 
z 
:::::; 40 
w 
(I) 

< m 30 

70 

-';]e. 

= 60 
E -(J 
I 50 _, 

c 
:X: 
w 

40 z -_, 
w 
(I) 

< 30 m 

1' 

• 
• 

• • • 
• • 

10 20 30 

% INCREASE IN HDL·C 

r:-.47 (NS) 

40 

RELATIONSHIP BETWEEN BASELINE HDL·C AND 

PERCENT INCREASE IN HDL·C AFTER INTERVAL 

EXERCISE AT 90% V0 2 MAX 

• • 
•• r:-.49 (NS) 

• 
• 

• 
••• 

J( 
10 20 30 40 

% INCREASE IN HDL·C 

62 



63 

conditions, but HDL-A was still significantly higher in the 

high intensity condition at this time (p<.05). 

Figures 5 (a) and 5 (b) illustrate the relationship 

between the pre-exercise level of HDL-C and the percent 

increase following exercise. There was no significant 

relationship between baseline concentration and relative 

increase in either exercise condition. 

IV.4. HDL Saturation 

If the data is collapsed across exercise condition, 

a significant change in saturation over time (p<.Ol) was 

evident, and post-hoc analysis revealed that the saturation 

was significantly higher immediately post-exercise than at 

either the mid-point or pre-exercise sampling times (p<.05). 

This is illustrated in Figure 3. There was no difference in 

saturation between or within the two exercise intensities, 

possibly due to the large variability between subjects (See 

Appendix 5). 

rv.5. Lactic Acid and FFA 

There was a very significant effect of exercise intensity on 

the acute response of lactic acid (Figure 4a). The low 

intensity exercise had no effect on the initial pre-exercise 

lactate concentration, whereas there was a dramatic increase 

in lactate with the high intensity exercise, reaching a 

concentration of 42 mg% in the mid-exercise blood sample 

(p<.Ol). 



TABLE 5 
RELATIVE OXYGEN UPTAKE (% of max) 
AND RESPIRATORY EXCHANGE RATIO 

DURING EXERCISE 

LOW HIGH 
SUBJECT INTENSITY INTENSITY 

vo2 R vo2 R 

A.S. 56 .91 87 1.0 

T. R. 60 .84 90 .92 

J. K. 79 .79. •. ~. 
98 1.0 

C. H. 64 .93 95 .98 
, . 

S.L. 57 . 83 86 .92 

~.J. 62 .85 90 .90 

J.C. 56 .86 88 .92 

c.w. 58 .83 91 .93 

M.O. 61 .80 90 .97 

D.E. 57 .90 94 .94 

N.O. 62 .79 97 .96 

D.M. 57 .84 83 .97 

X± SE 61% .85 91% .95 
± 1.9 ±.01 ±1.4 ±.01 

Results are averages of measurements made at 10- minute Intervals. 
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The concentration of free fatty acids (FFA) did not 

show any significant changes either during or immediately 

after exercise at either intensity (Figure 4b). There 

appeared to be a slight drop in FFA at the half-way point 

during the high intensity exercise, but this decrease was no 

significant. There was a significant increase in FFA 

concentration during the recovery period (p<.Ol), for at 20 

minutes post-exercise FFA concentration was significantly 

higher than all other sampling times under both exercise 

conditions. 

IV.6. Oxygen Uptakes and Res~iratory Exchange Ratios 

The actual measured oxygen uptakes and respiratory 

exchange ratio for each subject are presented in Table 5. 

The average V02' s for the low and high intensity exercise 

conditions were 61%' and 91% of vo2 max respectively, and 

the corresponding R values were .85 and .95 respectively. 



CHAPTER V 

DISCUSSION AND CONCLUSIONS 

This study was designed to determine whether or not 

the acute response of the plasma high density lipoproteins 

to a single exercise session would be affected by the 

metabolic turnover of FFA as a fuel source, or, in other 

words, whether it would be a function of the intensity of 

the exercise. Since previous studies have reported a 

positive relationship between the total number of miles run 

per week and the concentration of HDL-C (Lehtonen & Viikari, 

1978; Hartung, et al, 1980), in the present study the total 

amount of exercise performed by each subject was kept 

constant ( ie. equivalent caloric expenditure) and only the 

intensity of the exercise was manipulated. 

Changes in Plasma Volume 

Acute changes in plasma volume in response to 

exercise were estimated from changes in hematocrit. 

Hematocrit changes are often used to estimate plasma volume 

shifts, but Cos till and Fink ( 1974) suggested that the use 

of this method makes three major assumptions: 1) that there 

is a constant volume of circulating red cells, 2) that the 

size of the red blood cell remains constant, and 3) that the 

ratio between the venous and whole-body hematocrit is 
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constant. Previous work by Nylin (1947) supports the first 

assumption, but Cos till and Fink ( 197 4) claim that it is 

inaccurate to make the next assumptions during exercise, 

since it possible that the red cells might shrink during 

exercise thereby changing the hematocrit measurement. 

Apparently, changes in hematocrit underestimate 

ac·tual changes in plasma volume during exercise (Astrand & 

Saltin, 1964: Beaumont, et al, 1972). However, in the 

present study, the changes in hematocrit were small compared 

to the changes in the concentrations of the variables 

measured, in fact, the acute changes in HDL-C and HDL-A in 

both conditions were still significant if the concentration~ 

were not corrected for changes in plasma volume. 

Total Cholesterol and Triglycerides 

The lack of any significant change in plasma total 
. 

cholesterol after exercise at 60% V02 max was not 

surprising, since similar findings have been reported after 

a 20 km run ( Taskinen, et al, 1980) , and after a marathon 

(Thompson, et al, 1980). However, the very significant 

increase in total cholesterol after the high intensity 

exercise was not expected, and has not been reported 

elsewhere in the literature. The mechanism behind this 

increase can only be speculated upon. Increases in 

catecholamine levels might have been involved, since large 

doses of epinephrine have been shown to increase total 
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cholesterol in dogs (Steinberg, 1963). Although not measur

ed in the present study, it is known that catecholamine 

levels increase as the intensity of the exercise increases. 

Exercising at 90% of V02 max has been reported to increase 

norepinephrine levels to almost 3 times the resting ·level 

(1.6 ug/1-+ 4.0 ug/1) while with prolonged exercise at 60% 

V02 max the increase was only 40% (Hartley, 1975). An 

alternative mechanism might have been the increased cell 

breakdown which presumably would have occurred more in the 

high intensity exercise (Siegle, et al, 1980), thus 

releasing more cholesterol to the plasma pool from cell 

membranes. 

The acute response of the plasma triglycerides was 

similar to what has been reported in other studies. (Hurter, 

et al, 1972; Taskinen, et al, 1980; Thompson, et al, 1980), 

and in the pilot study. A significant decrease in plasma 

triglycerides in the hours following a bout of exercise has 

been reported several times (Enger, et al, 1980~ Thompson, 

et al, 1980; Kantor, et al, 1983), and it is possible that 

this might also have been found in the present study if 

blood sampling had been continued·, since there was already a 

decrease in triglycerides after 20 minutes of recovery from 

exercise. 

Changes in HDL-C and HDL-A 

Acute increases in HDL-C have been reported immed

iately following a 42 km marathon (Thompson, et al, 1980) 

and a 70 km cross-country ski race (Enger, et al, 1980). 
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Subjects in the present study, however, only ran 9-12 km, 

yet increases of similar magnitude were found. This 

reinforced results from the pilot study, in which 

significant increases in HDL-C were found after a similar 

run of 9-12 km (Appendix 4). 

Although the increase in HDL-C was significant in 

both exercise conditions, the intensity of the exercise 

substantially affected the magnitude of the increase. The 

effect of varying exercise intensity has not been previously 

investigated in studies of the acute exercise response of 

plasma HDL, yet it appears to be a very significant factor 

and could possible explain why some s_tudies have failed to 

find acute changes in HDL-C. Furthermore, it appears that 

this effect of intensity is very short-lived, since it 

disappeared within 20 minutes (See Figure 2a). 

To answer the question whether the .initial baseline 

level of HDL-C might be related to the magnitude of the 

acute response, the baseline levels were correlated with the 

percent increase following exercise (See Figures Sa and Sb). 

The pre-exercise concentration of HDL-C appeared to have no 

relationship with how much it increased with either exercise 

condition (r=-.47 for low intensity; r=-.49 for high 

intensity). There was a mean increase of 13.7% in the low 

intensity exercise, and 24.7% in the high intensity 

exercise, which corresponded to absolute increases of s. 9 

mg% and 11.1 mg% respectively. Evidently, HDL-C rose by 
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approximately the same amount within each condition, 

independent of the initial level. Thus, the baseline level 

of HDL-C does not appear to be related to the magnitude of 

the acute response to exercise. Furthermore, the fitness 
• level of an individual, as in~icated by V02 max, is also 

not related to the magnitude of the acute response of HDL-C 

to exercise (see Appendix 7). 

Reports of acute changes in the major HDL apopro-

tein (HDL-A) after exercise are limited. Thompson and 

associates (1980) found a small increase in HDL-AI after the 

marathon (compared to the day before value), but this 

dropped to below pre-race levels in the hours following. 

The present study revealed significant increases in HDL-A 

under both exercise conditions, with intensity of exercise 

again appearing to be an important factor influencing the 

magnitude of this increase. 

As explained previously, the HDL saturation was 

calculated as the ratio between the cholesterol and apo-A in 

the HDL. There was a large variability between subjects in 

both the magnitude and direction of acute changes in satura

tion, and there was no perceptible effect of exercise 

intensity on this response. However, if the data is 

collapsed across exercise condition, the post-exercise 

saturation was significantly higher than either the mid

point or pre-exercise time points. This indicates that the 

increase in HDL-C was greater than the increase in HDL-A, 

confirming the findings of the pilot study (Appendix 4). 

Therefore, while there might have been a small increase in 
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total HDL concentration, as evidenced by increases in both 

HDL-C and HDL-A, there also appeared to be a change in the 

composition of HDL. It is likely that the increase in 

saturation reflected an increase in cholesterol in the 

HDL2 subfraction, as suggested by Cheung and Albers 

(1977). Analysis of the HDL subfractions with this type of 

acute exercise is something which should be investigated in 

the future. 

Changes in Lactate and FFA 

The acute effect of exercise on lactic acid 

concentration found in this study is similar to that 

previously reported. Exercise at intensities up to 
. 

approximate.ly 70% V02 max has little effect on plasma 

lactic acid concentrations (Nagle, et al, 1970; Pruett, 

1970), but as the intensity increases above this level, 

lactate concentrations rise markedly (Nagle, et al, 1970; 

Pruett, 1970). This increase in lactate is an indication of 

an accelerated contribution from anaerobic glycolysis, and 

thus, increased utilization of glycogen (Astrand & Rodahl, 

1977). An increase in the respiratory exchange ratio from 

.as in the low intensity exercise to .95 in the high 

intensity exercise occurred in the present study, which 

provides some support for the idea that the two_ exercise 

conditions were different enough in intensity to impose 

different metabolic demands in terms of fuel for energy 

production. 
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However, there was no discernible effect of the 

different exercise intensities on FFA mobilization, since 

there was no difference in plasma FFA concentrations between 

the two conditions. There was a significant rise in plasma 

FFA once exercise was completed, but the intensity of the 

exercise did not affect the degree of this increase. This 

sharp rise in FFA concentration during recovery from 

exercise has been reported several times (Hurter, et al, 

1972 ~ Jones, et al, 1980) and is thought to be due to a 

decreased uptake of FFA by the muscles while mobilization 

remains at an accelerated rate (Friedberg, et al, 1960). 

Free fatty acid concentrations during the high 

intensity exercise were somewhat lower than during the low 

intensity exercise, but not significantly so. Apparently, 

the decline in pH due to the lactacidosis in the high 

intensity condition was not sufficient to inhibit FFA 

mobilization. Issekutz and co-workers (1975) suggested that 

lactate levels must rise by approximately 50 mg% before FFA 

mobilization will be suppressed in exercising dogs, and 

Jones et al (1980) observed a significant reduction in FFA 

turnover rates in exercising humans when lactate levels rose 

to 80 mg%. 

Therefore, while the two exercise intensities had 

distinct effects on the acute responses of lactate, choles

terol, and HDL, they were not sufficiently different to 

affect the acute response of the plasma FFA. Perhaps if 
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the high intensity exercise had been performed at 95-100% of 

vo2 max this difference might have occurred. 

V02 Response 

The measured oxygen uptakes in this study matched 

the expected vo2 Is as determined by McMiken Is and Daniel Is 

(1976) formula very closely. The treadmill speeds employed 

were intended to impose a de~and of 60% and 90% of each 
. 

subject's V02 max in the two exercise conditions, and the 

directly measured oxygen uptakes averaged 61% and 91% • 
. 

In the high intensity condition, V02 and R were 

measured after 3 minutes of gas analysis to ensure steady 

state. This was considered to be a valid time point since 

Astrand and Rodahl (1977) suggested that even 2 minutes is 

long enough to achieve a steady 
. 

state V02 measurement 

during intermittent exercise with short rest periods. 

Similarly, Hagberg and associates (1978) have reported 
. 

half-times of the V02 response at these intensities to be 

well under one.minute. 

Conclusions 

The hypothesis for the present study was that the 

acute increase in HDL-C in response to exercise would be 

proportional to the degree of utilization of free fatty 

acids as a fuel source. The results from this study neither 

supported nor disproved this hypothesis, since there was no 

difference in plasma FFA concentrations between the two 
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exercise conditions. However, plasma concentrations of FFA 

do not necessarily directly reflect FFA turnover, since 

mobilization and uptake of FFA could have been quite 

different between the two exercise conditions while plasma 

concentrations were the same. Future studies should address 

this question by directly measuring FFA turnover. 

Nevertheless, the important finding in this study 

was that acute changes in HDL can occur after a relatively 

moderate bout of exercise, even though other studies have 

not always shown this (Cullinane, et al, 1980; Taskinen, et 

al, 1980). The greater increase in HDL-C with the higher 

intensity exercise is a finding which has not been 

previously reported. The investigation of Myhre, et al 

(1981), as summarized in Chapter II, revealed greater 
. 

increases in HDL-C after low ( 70-80% vo2 max) versus high 
. 

(80-95% vo2 max) intensity training programs. However, 

the total amount of training was not controlled between the 

two programs in that particular study, and thus, the 

separate effects of intensity versus duration of exercise 

could not be determined. 

The mechanism(s) behind the greater increase in 

HDL-C with the higher intensity exercise in the present 

study can only be speculated upon. One factor might have 

been the increase in total cholesterol which also occurred 

with the high intensity exercise, thereby increasing the 



75 

amount of cholesterol in the plasma which could be carried 

by HDL. This could not have been the only mechanism 

however, since there was no difference in HDL-C between the 

two conditions after 20 minutes of recovery, while 

cholesterol was still significantly higher in the 

total 

high 

intensity condition at this time. The possibility that a 

change in LDL-C might have occurred was also looked into, 

but there were no significant changes in LDL-C either 

between or within exercise conditions, as estimated by the 

Friedwald (1966) formula (Appendix 6). 

Results from this study provide only limited 

information on the duration of the acute exercise response 

of the plasma HDL. It does appear that the immediate acute 

response is the result of both the amount of exercise and 

the intensity at which it was performed. However, the 

separate effect of intensity seems to disappear after 20 

minutes of recovery while the effect of the exercise per se 

appears to last much longer. A longer follow-up after the 

exercise would have provided more information regarding the 

duration of the acute response, but, based on the results 

from the pilot study it is likely that pre-exercise HDL 

levels would have been re-established within 18 hours. 

This relatively short duration of the acute 

response of plasma HDL raises another point. Although a 

single bout of exercise can acutely elevate HDL levels, it 

can not explain entirely the higher fasting concentrations 
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of HDL-C that have consistently been observed in athletes 

versus controls. The effect of physical activity on plasma 

HDL concentrations appears to be the result of both an 

acute response to the last training bout and also a chronic 

exposure to exercise. 

Whether the activity of LPL was greater in the high 

versus low intensity exercise is difficult to determine from 

the results of this study since there were no differences in 

plasma triglycerides or FFA between conditions. However, 

the effect of increased LPL activity on plasma concentra

tions of triglycerides takes several hours to occur, in 

fact, significant decreases in triglycerides are not usually 

found until several hours after an exercise bout (Enger, et 

al, 1980; Thompson, et al, 1980; Kantor, et al, 1983). This 

is something which should also be investigated in the 

future, through either direct measurement of LPL activity, 

or a longer follow-up of plasma lipid concentrations. 

Summary 

Acute increases in HDL-C, HDL-A, and HDL saturation 

were observed following a run of 9-12 km. The increases in 

HDL-C and HDL-A varied directly with the intensity of the 

exercise. Initial pre-exercise concentrations of HDL-C were 

not related to the magnitude of the acute response in either 

exercise condition. 
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APPENDIX 1 

TOTAL AMOUNT OF EXERCISE PERFORMED BY EACH SUBJECT 

Subject 

A.S. 
T.R. 
J.K. 
C.H. 
S.L. 
G.J. 
J.C. 
c.w. 
M.O. 
D. E. 
N.o. 
D.M. 

Total Exercise Time (min) 
60% vo2 max 90% vo2 max 

56 36 
57.5 37 
57 37 
58 37.5 
58.3 38 
54.5 36 
55 36 
58 38 
56 36.5 
57.5 37.5 
58 38 
59 37.5 

Equivalent Distance 
(km) 

9.6 
11.2 
8.8 
9.6 
11.2 
9.6 
9.6 
12 
11.2 
12 
9 •. 6 
8.8 



APPENDIX 2 - DESCRIPTION OF SUBJECTS IN PILOT STUDY 

DESCRIPTION OF GROUPS 

GROUP I (n:9) GROUP II (n: 12) GROUP Ill (n:8) 
55·100 miles/wk 20·50 miles/wk CONTROL 

SUBJECT AGE SUBJECT AGE SUBJECT AGE 
(yrs) (yrs) (yrs) 

c.w. 34 ·.-. K.W. 28 C.H. 25 
R.Z. 37 G.J. 24 T.F. 34 
P.B. 20 J.K. 29 D.P. 27 
M.O. 19 R.E. 39 B.N. 24 
P.Br. 32 K.F. 45 J.M. 31 
P.F. 37 D.H. 51 B.D. 52 
G.M. 26 R.L. 38 A.S. 23 
J.C. 31 T.E. 25 P.O. 39 
B.R. 18 B.H. 26 

N.O. 41 
D.M. 39 
T.J. 19 

X :t S.E. 28.2 :t 2.5 33.7 :t 2.8 31.9 :t 3.5 



APPENDIX 3 HDL CHARACTERISTICS OF PILOT STUDY SUBJECTS 

HDL CHARACTERISTICS 

HDL-C 
(mg %) 

60 

55 

50 

45 

BETWEEN GROUPS 

** ** 

oa.........&--'--""'--"--'---'--

135 

130 

HDL-A 125 
(mg %) 

120 

115 

55 

50 

SAT"N 
45 

(o/o) 

40 

35 

* 
* 

55-100 20-50 CONTROL 
miles/wk mlles/wk n:B 

n:9 n:12 

** Difference between athletes and 
controls significant at p < .01 

* Difference between athletes and 
controls significant at p < .02 



APPENDIX 4 - ACUTE HDL CHANGES AFTER A 9-12 KM RUN 

X CHANGES IN HDL-C BETWEEN 

SAMPLING PERIODS 

10 

~HDL-C 
5 

(mg %) 

0 

10 

~SAT'N 
{o/o) 5 

0 

* 

•. ~. 

Baseline Post-Ex 18hrs Post-Ex 

X CHANGES IN SAT'N BETWEEN 

SAMPLING PERIODS 

* 

Baseline Post-Ex 18hrs Post-Ex 

* Difference in variable is significant at p< .01 



APPENDIX 5 

CHANGE IN SATURATION WITH ACUTE EXERCISE 
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APPENDIX 6 

CHANGE IN LDL-C WITH ACUTE EXERCISE 
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APPENDIX 7 - REIATICNSHIP BEIWEEN vo2 MAX (ml/kg/min) AND 
PERCENT JNCREASE JN m:>IFC APIER CCNTJNOOUS 
EXERCISE AT 60% vo2 MAX. 
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APPEN.DIX 8 ANOVA TABLES AND F-RATIOS 
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