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ABSTRACT

The Effect of Resistance, Endurance, and Combination Exercise on Lipid Metabolism
and Non-Traditional Cardiovascular Disease Risk Markers in Previously Untrained Men.
(August 2008)

Steven Edward Martin, B.S., Ohio State University;

M.S., Texas A&M University

Chair of Advisory Committee: Dr. Stephen F. Crouse

While adhering to an active lifestyle has been associated with a more favorable
lipid profile and reduced risk of coronary heart disease (CHD), information regarding the
optimal training modality is not well defined. This project examined the acute and
chronic effects of endurance (ET), resistance (RT), and combination endurance /
resistance (CT) exercise on lipid metabolism and non-traditional CHD risk markers in
untrained men. Thirty-one subjects were randomly assigned to participate for 12 weeks
in one of three exercise groups: ET, RT, or CT. To measure the effects of acute exercise

on lipid metabolism, fasting blood samples were obtained before (baseline) and 24 hours

after (24 h) acute exercise (treadmill jogging at 70% VOnpear, 350 keals; weight lifting
exercise at 70% of 1RM; combination of treadmill jogging and weight lifting at 70%
maximal capacity, 350 kcals). Blood variables were adjusted for plasma volume shifts.
This acute exercise protocol was completed on two different occasions corresponding to

0 and 12 weeks of training.
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For acute exercise (pre-training), significant results of a 3 (Group) x 2 (Time)
ANOVA, repeated for Time, (p < 0.05) were as follows: TC, HDL-C, HDL«3-C were
lower 24 h after exercise in the RT group. HDL,-C was higher 24 h after exercise in the
CT and ET groups. In the ET group, LDL,-C was elevated 24 h after exercise. With all
groups combined, LDL;-C and the TC / HDL-C ratio were elevated and LDL,-C
decreased 24 h after exercise.

For exercise training, significant results of a 3 (Group) x 2 (Training Period)
ANOVA, repeated for Training Period, (p < 0.05) were as follows: Body Fat, LDL,-C,
and apo A-I were lower after training. Changes in other lipid variables were similar in
untrained males performing different types of exercise training.

For acute exercise (post-training), significant results of a 3 (Group) x 2 (Time)
ANOVA, repeated for Time, (p < 0.05) were as follows: TC, HDL-C, HDL,-C, LDL-C,
NONHDL-C, VLDL-C, IDL-C, LDL3-C, LDL density, and LPLa were all higher 24 h
after exercise. Post-exercise changes in the dependent variables were similar in trained

males performing different types of exercise.
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CHAPTER |
INTRODUCTION

This dissertation adheres to the guidelines of the journal article format method
instead of the traditional 5-chapter method for dissertations. This document is organized
into five chapters (with chapters II-IV intended to stand alone as manuscripts to be
submitted for publication) and thirteen appendices. In accordance with these guidelines,
a brief introduction to the dissertation topic will be presented in this chapter. Chapter II
includes the first manuscript prepared from this investigation. Chapters III and IV
include additional manuscripts which were developed as a part of this extensive project.
Chapter V provides a general conclusion to the project as a whole, and it is followed by
appendices that provide further detail to specific concepts. These include a pertinent
review of the related literature, additional methodology, results, and supplemental
materials.

Cardiovascular disease (CVD) claims more lives each year than the next seven
prevalent causes of death combined. In 1999, CVD was responsible for 1 out of every
2.5 deaths in the United States. The direct and indirect economic costs of CVD and

stroke in the United States this year alone - is estimated to be over $329.2 billion. This

This dissertation follows the style of Circulation.



enormous figure includes health expenditures and lost productivity resulting from both
morbidity and mortality." Coronary heart disease (CHD), the coronary manifestation of
CVD, is the single largest killer of American males and females. CHD was responsible
for 529,659 deaths in the United States in 1999 — about 1 of every 5 deaths. About every
29 seconds an American will suffer a coronary event, and about every minute someone
will die from one.” The private and public health impact of CHD is also indisputable.
The direct and indirect costs attributable to CHD have been estimated at close to $95.6
billion in 1998. In 1986, The Framingham Study reported that by age 60, every 5™ man
and 17" woman would develop CHD.? It is imperative that clinical scientists and
physicians work together to develop cost effective strategies to prevent, detect, and treat
this debilitating disease.

Abundant evidence indicates that CHD is associated with high blood
concentrations of total cholesterol (TC), low density lipoprotein (LDL) cholesterol
(LDL-C), triglycerides (TG), and with low concentrations of high density lipoprotein
(HDL) cholesterol (HDL-C). The risk for development of CHD may be reduced by
increasing HDL-C, the less dense subfraction HDL,-C, and by decreasing both LDL-C

. 4-10
and TG concentrations.

Thus, an atherogenic lipid profile may be described as

consisting of elevated TC, LDL-C, and TG and decreased concentrations of HDL-C. >
It has also been suggested that other variables, in addition to the traditional

lipoprotein-lipid profile, may be more beneficial in identifying individuals who are at an

increased risk for developing CHD. Current research seems to suggest that high

concentrations of non-HDL (NONHDL) cholesterol (NONHDL-C), intermediate density



lipoprotein (IDL) cholesterol (IDL-C), lipoprotein (a) (Lp (a)), apolipoprotein B (apo B),
small, dense LDL particles (d = 1.040 — 1.063 g/ cm?), and the acute phase reactant,
high-sensitivity c-reactive protein (hs-Crp) may be better indicators of CHD risk than
information obtained from the traditional lipid panel.lz'22

NONHDL- C includes all cholesterol present in lipoprotein particles that are
considered to be atherogenic, including LDL, Lp (a), IDL, and very-low-density
lipoprotein (VLDL). It has been suggested that the NONHDL- C fraction may be a
better tool for risk assessment than LDL cholesterol.” Several studies have also shown
that serum IDL-C concentrations can be predictive of an increased incidence of CHD'
and an increased incidence of coronary events in those with CHD, independently of

other risk factors.'> '

This relationship may be particularly strong in patients with
normal TC concentrations.”* In another study, normolipidemic men with CHD and
subjects with dysbetalipoproteinemia had elevated levels of IDL-C when compared to
controls; furthermore, the increased levels of IDL-C were not detected with conventional
lipid screening.> Similar to LDL-C, IDL-C is taken up by macrophages and can cause
foam cell formation and can impair endothelium-dependent vasomotor function in
human coronary arteries.'® The effects of elevated concentrations of Lp (a), the
specialized form of LDL, on the atherosclerotic process remains somewhat
controversial. Lp (a) recruitment of monocytes and their eventual binding to the wall of
coronary vessels could lead to foam cell formation and localization of Lp (a) at the site

of the developing atherosclerotic plaque.*



In normal individuals, at least four major LDL subfractions have been identified,
each conferring a different risk for CHD.”® LDL subfractions have been shown to
identify CHD patients at higher risk for progression of coronary atherosclerosis. The
“small, dense LDL” (d = 1.040 — 1.063 g/ cm?) particles have been shown to infiltrate
the arterial wall, undergo oxidative modification, and exert atherogenic effects.”’ In the
Familial Atherosclerosis Treatment Study (FATS), on-trial changes in LDL density,
measured by density gradient ultracentrifugation, was the most important predictor of
coronary progression.”! Furthermore, significant changes in LDL subclass distribution
have been shown to occur despite no change in total LDL mass or LDL-C.*

Experimental and clinical evidence accumulated since 1990 have established
inflammatory processes as important contributors to atherogenesis as well as to the
vulnerability of an atherosclerotic lesion to rupture. Based upon this evidence, protein
markers of inflammation have been studied as noninvasive indicators of underlying
atherosclerosis in apparently healthy individuals. The most extensively studied
biomarker of inflammation in CHD is hs-Crp.**>' Some experts recommend routine
measurement of hs-Crp at the time of traditional lipid screening to be used as adjunctive
data in the overall assessment of cardiovascular risk.">** Among apparently healthy
men, the baseline level of inflammation, as assessed by the serum hs-Crp, predicts the
long-term risk of a first myocardial infarction (MI), ischemic stroke, peripheral vascular
disease, and all-cause mortality." Elevated blood hs-Crp > 3 ug / mL has also been
identified as a cardiovascular disease risk marker at least as powerful as LDL-C

20,32

concentration. Furthermore, evidence exists to suggest that hs-Crp may participate



33:34 1t is found in atherosclerotic plaques®’, and

as a causative agent in atherosclerosis.
has been shown to induce LDL uptake by human macrophages.”!
It is well established that high TC, TG, LDL-C and low HDL-C concentrations

are indicative of an atherogenic lipid proﬁle.z’ H

However, most coronary events occur
in people with normal LDL-C and HDL-C concentrations. Furthermore, nearly one half
of all MI’s occur in individuals who have no evidence of elevated LDL-C
concentrations.”® Thus, the traditional lipid panel may fail to detect almost 50% of
people who are at an increased risk for CHD, possibly due to an inability to measure
additional highly atherogenic biomarkers, such as Lp (a), IDL-C, NONHDL-C, LDL
density, and hs-Crp.*® A more comprehensive lipoprotein-lipid profile, including all
lipoprotein classes as well as subfractions might lead to a more effective preventive
treatment strategy for CHD.

In addition to lipoprotein-lipid risk markers, physical exercise and physical
fitness are inversely associated with risk for development of CHD. Among the risk
markers for this disease, physical inactivity carries a relative risk of 1.5 — 2.4,
comparable to risks associated with high TC and high blood pressure.” In the United
States, approximately 25 percent of the population does not participate in any leisure-
time physical activity and only 22 percent report engaging in sustained physical activity
for at least 30 minutes on 5 or more days a week.”’

Over the last several years, the concept of preventing CHD through risk factor
reduction has gained widespread popularity. Both pharmacologic and non-

pharmacologic strategies have been employed to aid in risk factor reduction and



ultimately CHD prevention.***

Non-pharmacologic strategies have included such areas
as diet modification, smoking cessation, as well as physical activity / exercise programs.
The role of exercise in reducing one’s risk for developing CHD may be partly due to

favorable alterations on the blood lipid profile.* Furthermore, research supports the fact
that health benefits, including an improved lipid profile, may result from a single session

% The biological mechanisms by which these improvements occur with

of exercise.
exercise are not fully understood, but it is apparent that the activities of some lipid-
regulating enzymes (i.e., heparin-releasable lipoprotein lipase) are enhanced with
exercise. However, while adhering to a physically active lifestyle has been associated

41,45 . .
** information

with a more favorable lipid profile and a reduced risk of CHD,
regarding the optimal training modality (endurance, resistance, or combination
endurance / resistance exercise) and volume (caloric expenditure) of exercise that will
provide the most benefit has not been well defined.

Limited research has been done to explore the effects of resistance exercise on
lipoprotein-lipid atherogenic risk markers, and almost no research has been published
related to lipid metabolism and combined endurance and resistance exercise. If exercise
programming is going to be effectively utilized as an intervention for CHD risk
reduction, it is important to clearly define the role of each of these components (mode,
volume) in order to provide physicians and exercise professionals with guidelines for
developing and implementing safe and effective exercise programs for their patients.

Traditionally, research examining the effectiveness of physical activity on CHD

risk reduction has been conducted using endurance exercise as the exercise stimulus. In



most cross-sectional studies endurance trained athletes display higher concentrations of
HDL-C, apolipoprotein A-I (apo A-I), heparin-releasable lipoprotein lipase (LPL)
activity (LPLa), and lower concentrations of LDL-C, apo B, TG, and hepatic triglyceride

lipase (HTGL) activity (HTGLa) as compared with untrained individuals.*®!

However,
the results from longitudinal training studies have been inconsistent. A majority of the

published research has reported that the concentrations of HDL-C and TG are more

responsive to exercise training,' while the concentrations of TC and LDL-C are rarely

41,44 5257
d.

altere Elevations in LPLa have been shown to occur after exercise training.
Other lipoprotein enzymes such as HTGL and cholesterol ester transfer protein (CETP)
have been studied although the results have been inconclusive.’®®" The increased LPLa
is associated with a reduction in TG, with subsequent elevations in HDL-C

62,63

concentrations. The suppression of HTGLa and CETP activity, which may occur in

response to exercise training, may lead to a reduced catabolism of HDL particles and a

more favorable lipid profile.* ®

Explanations for the conflicting findings have been
attributed to differences in exercise volume (caloric expenditure), duration of training,
type of exercise, baseline subject characteristics, dietary influences, baseline lipid
concentrations, and timing of blood sampling after the last session of exercise.”™ *® It
is also possible that subtle changes in lipoprotein metabolism may have gone undetected
in a number of studies. For example, Crouse et al.** reported that 6 months of endurance

training by men with elevated cholesterol resulted in a significant rise in HDL,-C and

fall in HDL;-C, but no change in total HDL-C.



There is evidence that health benefits may occur in response to a single session
of endurance exercise. Research supports the fact that a single session of endurance
exercise may acutely alter lipoprotein-lipid concentrations for at least 48 hours after

6970 after a single exercise

exercise (acute effect). LPLa has also been shown to increase
session. HTGLa has been shown to decrease ®* ' or remain unchanged ® after
prolonged exercise. The concentrations of HDL-C and both HDL subfractions are
generally increased, > 7 while TG, 72 747685 TC, 774 79.81.84.85 5114 | DL-C 767
81 concentrations are reduced 24 to 48 hours after the single exercise session. Therefore,
if the timing of blood sampling is not controlled and occurs < 48 h after the last session
of exercise, researchers may mistakenly attribute changes in the lipid profile to the
effects of chronic exercise training when in fact the lipid alterations were induced by the
last exercise session. Moreover, endurance training may alter the acute lipid response.
Results from a cross-sectional investigation support the contention that endurance
exercise training affects the acute lipoprotein-lipid response to a single session of
exercise. Kantor et al. ® reported that a measured increase in blood HDL-C
concentrations after prolonged endurance exercise was due to elevated HDL,-C
concentrations in endurance trained subjects, but to elevated HDL3-C in untrained
subjects. Different acute changes in lipoprotein-lipids have been shown to occur after a
single session of endurance exercise in trained compared to untrained normo — and
hypercholesterolemic individuals.* **®-% Crouse and colleagues ** recently reported

that 24 weeks of endurance training may suppress the rise in LDL-C noted in

hypercholesterolemic men after a single session of endurance exercise. Additional well-



controlled studies are needed to verify these findings, and to determine the amount of
change to be expected after a single session of exercise, both before and after a period of
training.

It has been reported that men engaging in vigorous muscular activity had a lower
incidence of sudden cardiac death when compared to men who were less active.®’
Research from the late 1970’s indicates that lumberjacks, who perform activities similar
to resistance exercise, had higher concentrations of HDL-C and lower TG concentrations
when compared to a group of less active electricians.®® Recently the American Heart
Association and the Surgeon General have recommended resistance training as an
integral part of a well-rounded physical activity program for health and disease

89, 90

prevention. Resistance exercise has been shown to aid in the prevention and

rehabilitation of low back pain, osteoporosis, obesity, sarcopenia, and diabetes
mellitus.”’ In addition, resistance training has also been shown to decrease heart rate,
systolic blood pressure, and rate pressure product on a standard treadmill protocol.”
With the increasing popularity of resistance exercise training, more people will likely
adopt this type of activity, making it important to study the effects of this type of

. . 89, 90
exercise on CHD risk factors.”™

However, compared to the endurance exercise
literature, there is a lack of information related to the effects of resistance exercise on
circulating lipids and lipoproteins. Moreover, a review of the resistance training
literature from the previous 22 years has produced contradictory results. In several
studies, resistance training reduced blood LDL-C concentrations and increased HDL-C

93-100

- - - 101-106
concentrations. However, contrasting findings have also been reported.
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Interpreting the results from many of the resistance training studies is difficult, as they
seem to suffer some of the same design problems present in many endurance training
studies. Methodological differences, such as differences in training procedures, subject
characteristics, dietary controls, and timing of blood sampling after exercise, may be

responsible for some of the variability in the literature.”” '

For example, it has been
suggested that resistance training using high repetitions and moderate resistance may
promote favorable changes in the lipid profile, whereas resistance training consisting of
low repetitions and heavy resistance does not.'”” Others have reported that neither low
repetition nor high repetition resistance training effectively altered lipoprotein-lipids.'"’
Although resistance exercise may be recommended to the general public for its proven
skeletal muscle benefits, the beneficial influence of this mode of exercise on circulating
lipids, lipoprotein enzymes, apolipoproteins, and non-traditional CHD risk markers
remains to be established.

As with endurance exercise, it is possible that a single session of resistance
exercise may alter the metabolism of circulating lipoprotein-lipids (acute effect).
However, research in this area is currently lacking. There appears to be only a single,
well-controlled investigation in which the lipid / lipoprotein response to a single session
of resistance exercise was reported.'® In this study increases in HDL-C occurred 24 h
after a high-volume (800 kcal) resistance exercise session, but not after a low volume
(200 kcal) session. Biochemical mechanisms responsible for this acute effect are not

clear, and the influence of this form of exercise on LDL density and hs-Crp is unknown.

Furthermore, the possibility that chronic resistance training may alter the acute lipid
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response to a single session of resistance exercise in healthy, untrained men has not been
published.

As the popularity of resistance training increases, more people are likely to
develop total fitness programs, emphasizing both muscular strength and cardiovascular
endurance. However, published research regarding the effects of combination exercise
training on the lipoprotein-lipid profile are lacking. LeMura et al.'” assessed the effects
of various modes of training (endurance, resistance, and combination exercise) on
changes in blood lipids after 16 weeks of training and 6 weeks of detraining in young
untrained women. It was reported that 16 weeks of combination training did not result
in any significant changes in blood lipids. Furthermore, research regarding the effects of
a single session of combination exercise on the blood lipid profile has not been
published. As with the resistance exercise literature, there has been nothing published
regarding the possibility that the acute lipid response to a single session of combination
exercise may be altered by chronic combination training. It is clear by the lack of
published research in this area that additional studies are warranted.

It is also possible that resistance exercise, a high-intensity intermittent exercise
involving small muscle groups, may produce unique changes in lipid metabolism
compared to endurance exercise. A substantial portion of the energy requirement for
resistance exercise is provided by stored phosphocreatine, blood glucose, and muscle
glycogen. Pascoe and colleagues '® have reported that strenuous resistance exercise has
the potential to deplete muscle glycogen stores. It is believed that during recovery from

resistance exercise lipids may be utilized as a primary source of energy (i.e., increased
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oxidation of fats) thus sparing carbohydrate to be used for the resynthesis of glycogen

110, 111
stores.”

Increases in fat oxidation may also be attributed to elevated levels of
catecholamines, resulting in increased rates of lipolysis.112 Catecholamine levels have
also been shown to be distinctly increased during heavy resistance exercise compared
with cycling or running exercise of similar volumes.'"> On the other hand, energy for
endurance exercise, a dynamic activity involving large muscle groups contracting
rhythmically at low relative intensities, is provided primarily by oxidation of fats.''*
The energy demands associated with endurance exercise can eventually deplete
intramuscular TG concentrations. It has been suggested that this depletion of
intramuscular TG might stimulate secretion or synthesis of LPL in muscle capillaries.
Greater LPLa is associated with increased TG clearance and HDL-C concentrations,
changes indicative of decreased CHD risk.'"> The fact that resistance exercise results in
a different metabolic stress in muscle compared to endurance exercise supports the
argument that different acute and chronic changes in the lipoprotein-lipid profile might
also result in response to resistance exercise training.

Other published data suggest that both resistance and endurance training act

through similar mechanisms to produce beneficial effects on circulating lipids. For

example, induction of LPL has been reported after intense local contractile activity in

116 1

muscles of both rats ''® and humans, ''” suggesting that local contractile activity may be
necessary for increased LPL expression during exercise training.''® Furthermore, Kiens
et al.” reported that 8 weeks of one-legged dynamic knee exercise resulted in an

increase in muscle LPLa and the concentration of HDL,-C in the trained leg, but not in
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the untrained muscle. Since muscle is an important site of TG removal in humans, LPL
induction and lipolysis in muscle may be essential for increasing HDL-C
concentrations.''” Given that strenuous muscle contraction accompanies both resistance
and endurance exercise, both modes of exercise could, in theory, be capable of inducing
an LPL response in skeletal muscle. However, while a single session of endurance
exercise has been shown to reduce the postprandial rise in TG, the volume (caloric
expenditure) of the exercise appears to affect the magnitude of the lipemic response.118
In contrast, it has recently been reported that a single session of resistance exercise can
also reduce the postprandial lipemic response despite a lower total energy expenditure
during the exercise session.'”” This seems to suggest that the lipemic response after
resistance exercise may not be related to the volume of exercise but to some other factor
linked to strenuous muscle contraction associated with weight lifting. In spite of the
prescriptive importance of data on this subject, research in this area is currently
lacking.'®

In addition, published literature regarding the interrelationships between non-
traditional lipid variables, hs-Crp levels, LDL density, and other behavioral risk factors,
such as exercise, are limited and urgently require verification by additional research.'*

Reduced hs-Crp has been shown to occur in association with leisure-time physical

121,122 123,124

activity, after weight loss, and after marathon training.'* The effects of

chronic endurance exercise training on blood levels of hs-Crp is limited to a handful of

125-127

studies. Tisi et al. '*’ have reported that blood hs-Crp levels were significantly

reduced after 3 to 6 months of regular physical activity in individuals with intermittent
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claudication. It is of clinical relevance that additional research be conducted to
corroborate and expand upon these limited findings.

Research investigations have also reported that exercise may promote changes in
HDL and LDL particle size, °* ' and there is clear evidence that LDL particle number

1."** To our knowledge,

can be increased when plasma TC and LDL-C levels are norma

no studies published to date dealing with hs-Crp and LDL densities have utilized

combined resistance-endurance exercise as the exercise stimulus. It is imperative to
address this lack of practical information since it is becoming more common for adult
men and women, and especially the aged, to combine some form of resistance training
with endurance training as part of their physical fitness practices.

The primary purpose of this investigation was to characterize the effects

of both acute and chronic endurance, resistance, and combination exercise on

circulating lipids, apolipoproteins, lipoprotein enzymes, lipoprotein subfractions,

and blood levels of hs-Crp in previously untrained males. In order to examine

this purpose, the following objectives were addressed:

Objective 1. Determine whether or not twelve weeks of endurance, resistance, or
combination exercise training differentially affect the dependent variables
measured.

Obijective 2. Determine whether or not a single session of endurance, resistance, or

combination exercise differentially affect the dependent variables

measured.



15

CHAPTER I
A SINGLE SESSION OF RESISTANCE, BUT NOT ENDURANCE, OR
COMBINATION EXERCISE, REDUCES SERUM LIPOPROTEIN-LIPIDS IN
UNTRAINED MEN
Introduction
Coronary heart disease (CHD) is the single largest killer of American men and
women.! Abundant evidence indicates that CHD is associated with high blood
concentrations of total cholesterol (TC), low density lipoprotein (LDL) cholesterol
(LDL-C), triglycerides (TG), and with low concentrations of high density lipoprotein
(HDL) cholesterol (HDL-C).* The risk for development of CHD may be reduced by
increasing HDL-C, the less dense subfraction HDL,-C, and by decreasing both LDL-C

and TG concentrations. > 1*°

In addition to traditional lipoprotein-lipid risk markers,
physical exercise and physical fitness are inversely associated with risk for development
of CHD. While adhering to a physically active lifestyle has been associated with a more

favorable lipid profile and a reduced risk of CHD,"!

information regarding the optimal
training modality (endurance, resistance, or combination endurance / resistance exercise)
and volume (caloric expenditure) of exercise that will provide the most benefit has not
been well defined.

Endurance-type exercise training has been utilized as the main exercise stimulus
in the majority of research studies examining the effectiveness of physical activity on

CHD risk reduction. Research suggests that an exercise stimulus of sufficient volume

and duration may induce moderate increases in HDL-C, HDL,-C, HDL3-C, and reduce
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TG concentrations.”” The biological mechanisms by which these improvements occur
are not fully understood, but it is apparent that the activities of some lipid-regulating
enzymes (i.e., heparin-releasable lipoprotein lipase) are enhanced with exercise.

Some of the favorable lipoprotein-lipid modifications attributed to chronic
exercise training may actually be stimulated by a single exercise session.**"*' The
activity of lipoprotein lipase (LPL) and the concentration of HDL-C are often found to
be acutely elevated and hepatic triglyceride lipase activity (HTGLa), TG, TC, and LDL-
C concentrations reduced for at least 48 h after a single session of endurance exercise.*”
69-132.133 ‘Noreover, an individuals® training status may influence this acute lipoprotein-

lipid response to prolonged exercise. Different acute changes in lipoprotein-lipids have

been shown to occur after a single session of endurance exercise in trained compared to

43, 66, 69, 86 1 69

untrained normo — and hypercholesterolemic individuals. Kantor et a
reported that a measured increase in HDL-C concentrations after prolonged endurance
exercise was due to elevated HDL,-C concentrations in endurance trained subjects, but
to elevated HDL;-C in untrained subjects. Additional well-controlled studies are needed
to verify these findings, and to determine the amount of change to be expected after a
single session of exercise in individuals of varying in fitness levels, and varying ages.
Resistance training has been recommended as an integral part of a well-rounded
physical activity program for health and disease prevention.” Resistance training has
been shown to aid in the prevention and rehabilitation of low back pain, osteoporosis,

obesity, sarcopenia, and diabetes mellitus.* However, compared to the endurance

exercise literature, there is a relative paucity of information related to the effects of
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resistance exercise on circulating lipids and lipoproteins and almost nothing regarding
combination endurance / resistance exercise. Studies that exist are often contradictory,
and the published literature is almost completely lacking of reports comparing the
effectiveness of endurance to either resistance or combination exercise designed for

95,103, 134

general health and fitness benefits in sedentary individuals. It has been reported

that resistance training favorably reduces blood LDL-C and increases HDL-C

95, 98,99 d 102, 103, 105

concentrations. However, contrasting findings have also been publishe
Interstudy methodological differences, such as differences in training procedures,

subject characteristics, dietary controls, and timing of blood sampling after exercise,

may account for some of the variability in the published findings of both endurance and

38.66.67.94.95 por example, Hurley and associates'®’

resistance training investigations.
reported that athletes who trained using moderate resistance, high repetition exercise
exhibited a more favorable lipid profile than those who trained using heavy resistance,
low repetition exercise. Thus, although resistance exercise may be promoted to the
general public for its proven skeletal muscle benefits, the beneficial influence of this
mode of exercise on circulating lipids and lipoproteins remains to be established.

As with endurance exercise, it is possible that resistance exercise may exert an
acute benefit on circulating lipids and lipoproteins. However, research in this area is
currently lacking. There appears to be only a single, well-controlled investigation in
which the lipoprotein-lipid response to a single session of resistance exercise was

reported.'® In this study increases in HDL-C occurred 24 h after a high-volume (800

kcal) resistance exercise session, but not after a low volume (200 kcal) session.
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However, most sedentary individuals beginning an exercise program for general health
and fitness gains would most likely not be able to tolerate this volume of work. In
addition, the biochemical mechanisms responsible for this acute effect are not
thoroughly understood. However, LPL induction has been measured after local

contraction of muscles in both rats''® and humans,”* '’

suggesting that the response is
localized to muscles involved in the exercise performed. As the popularity of resistance
exercise increases, more people are likely to develop total fitness programs, emphasizing
both muscular strength and cardiovascular endurance, making it important to study the
effects of these types of exercise on CHD risk factors. Therefore, the purpose of this
investigation was to characterize the short-term changes in circulating lipids and
lipoprotein enzymes in untrained, college-aged men following a single session of
endurance, resistance, and combination exercise.

Methods

Subjects

Subject recruitment began after the investigation was approved by the Texas

A&M University Review Board for Human Subjects in Research, and was limited to
Bryan/College Station, Texas. Potential volunteers responded to flyers which were
posted on the Texas A&M University main campus. Thirty-six untrained male
volunteers 18 — 40 years old were initially recruited for this investigation, asked to sign
an informed consent approved by the Texas A&M Institutional Review Board for

Research with Humans, and completed a health history questionnaire. Subjects were

considered untrained if they had not participated regularly in endurance or resistance



19

training (less than 2 exercise sessions / week and < 20 minutes per exercise session) for
at least the last three months. Volunteers were screened to exclude those who exhibited
evidence of medical contraindications to exercise and heparin, were taking drugs known
to affect lipid/lipoproteins or blood clotting, used tobacco products, or consumed more
than two ounces of alcohol per day. Five subjects did not complete the entire research
protocol, four due to injury, and one for unknown reasons. Therefore, thirty-one
subjects were included in the final data analysis.
Experimental Protocol

Following an orientation meeting (week 1), the subjects were randomly placed
into one of three exercise groups (endurance, resistance, or combination endurance /
resistance). The following week (week 2), all subjects, regardless of group assignment,
were asked to report to the Applied Exercise Science Laboratory at Texas A&M
University on two days for baseline physiological and performance measurements.
After the week of pre-testing, all subjects completed a series of blood draw procedures
over three consecutive days, which included an experimental exercise session (week 3).
Diet and physical activity data were collected during all blood draw procedures. The
subjects assigned to the exercise groups completed endurance, resistance, or
combination exercise at an intensity of 70% maximal capacity. Blood was drawn the
day before (baseline), and 24 hours (24 h) after exercise for assessment of dependent

variables.
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Physiological Testing

Each subject was measured for: 1) height and body weight; 2) waist and hip

girth; 3) relative body fat 4) lung volumes 5) peak oxygen consumption (VOapeax), and;
6) one-repetition maximum strength assessments (1RM). Percent fat (% Fat) and lean

135 at

body mass (LBM) were calculated from body density measured hydrostatically
residual volume (RV). All subjects completed a standardized maximal graded exercise

test (GXT) on a motor driven treadmill (Quinton Model # Q-65, Quinton Instrument Co.,

Seattle, WA) under the supervision of trained laboratory personnel."*® Resting and

maximum-exercise heart rate measurements were taken during the VOzpeak testing
through the use of Polar® heart rate monitors. Blood pressure was determined

manually, and ratings of perceived exertion were obtained during the last 30 seconds of
every stage of the protocol. Respiratory gas exchange (minute ventilation (V.), oxygen

consumption (VO,), and carbon dioxide production  (VCO,) was measured on a
breath-by-breath basis and averaged over 30-s intervals via open-circuit spirometry
utilizing an automated metabolic cart (CPX / D Exercise Stress Testing System, Medical

Graphics Corp., Minneapolis, MN) calibrated with gas mixtures of known composition

before and after each test. The VOzpeak test was considered valid if at least two of the

following criteria were met: 1) the maximum age-predicted maximum heart rate was

achieved or; 2) the respiratory exchange ratio was greater than 1.1 or; 3) VO, failed to

. AP . 1
rise with increasing workload."’
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All subjects were tested for strength by determining the maximum weight that
could be successfully lifted one time, with proper technique (1RM), after completion of
a standardized warm-up. The warm-up consisted of 5 minutes of cycling, 5 minutes of
stretching, and 4 light sets of each of the following exercises: leg press, leg curl,
standing calf raise, barbell bench press, lat pull-down, dumbbell military press, and a
barbell curl.

Experimental Exercise Session Calculations
Using data from the GXT for each participant in both EE and CE groups, the V

O, (L / min) and respiratory exchange ratio (RER) at 70% VOypeak Were used to estimate
the exercise duration needed to elicit the target energy expenditure (kcal). The detailed
procedures for estimating the duration of exercise needed to expend the target energy
expenditures for all acute endurance exercise sessions have been previously reported by
our laboratory.* With regards to the experimental session of resistance exercise, a
regression equation was developed from pilot data to determine the rate of energy
expenditure (kcal/min) of a similar resistance exercise workout. With respect to the
experimental exercise sessions, subjects were instructed to abstain from any physical
exercise for at least 72 h, before reporting to the laboratory (12-hour fast, water allowed
ad libitum) to complete the submaximal, experimental exercise session. Specifically, for

the acute bout of endurance exercise, subjects were asked to walk or jog on a motor-

driven treadmill at 70% of their VOzpeak for the duration required to expend 350 kcal of
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energy. The detailed methodological design of the acute exercise sessions has been
previously reported by our laboratory.*

Subjects in the RE group completed a typical resistance exercise training session
(duration = 58 min) similar to what might be recommended by the American Heart
association (AHA) or the American College of Sports Medicine (ACSM) for sedentary
individuals adopting an exercise program for general health and fitness benefits."’
Weights used for each exercise were calculated as approximately 70% of the 1RM, and
chosen so that the subject would be challenged, but yet able to complete all repetitions in
each exercise set, and continue exercise until completion of the session. Subjects
completed one warm-up set of ten repetitions at 50% of their IRM followed by three sets
of ten repetitions at 70% of their IRM. The eight exercises consisted of leg press, leg
curl, standing calf raise, barbell bench press, lat pull-down, dumbbell military press,
barbell curl, and an abdominal crunch. Recovery time between sets and exercises were
strictly controlled with two-minute turnovers. The results from our pilot study
reinforced the notion that most young, untrained individuals would not have been able to
tolerate any additional volume than our standard 58 minute protocol. Expired gases
were measured for the first 16 minutes of resistance exercise with a portable metabolic
system (Medical Graphics CPX / D) to spot check the results from our regression
equation for determining the rate of energy expenditure (kcal/min).

For those in the combination group, subjects were asked to either walk or jog at

an intensity equal to 70% of their maximal effort recorded on their earlier exercise test

(VOspeax) for a length of time needed to burn 175 kcal of energy. After the subjects
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finished with this activity, they performed several resistance exercises for a duration that
required the expenditure of 175 kcal of energy. Weights used for each exercise were
calculated as approximately 70% of the IRM. Heart rate was monitored continuously
and expired gases were measured every 10 minutes of endurance exercise and the first

16 minutes of resistance exercise with a portable metabolic system (Medical Graphics

CPX / D) to determine the total O, uptake (VO,), and ultimately the rate of energy
expenditure (kcal/min). Subjects were asked to stop lifting weights once the target
caloric expenditure was achieved. The combined total energy expenditure for the
combination exercise group was 350 kcal.
Blood Sampling

Blood samples were obtained 24 h before (baseline) and 24 h after the
experimental exercise session. Each subject reported to the laboratory, time of day
controlled, after a 12-hour fast (water allowed ad libitum) and having refrained from any
exercise in the preceding 72 h. A more detailed description of our blood sampling
procedures has been reported previoulsy.*” '*® Serum and plasma from pre- and post-
heparin blood was isolated by centrifugation at 1500 x g for 30 minutes at 4°C. Aliquots
of pre- and post-heparin plasma and serum were sealed separately in 2 ml cryovials (no.
66008-284, VWR Scientific Inc., Westchester, PA) and stored at -80°C for later analysis.
All blood variables were adjusted for plasma volume shifts that occurred as a result of
acute exercise using hematocrit and hemoglobin measurements obtained from each

1
sample."”’
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Biochemical Analysis

Frozen aliquots of serum were sent to Atherotech, Inc (Birmingham, AL) for
complete lipoprotein-lipid analyses (TC, TG, LDL, HDL-C , HDL,-C, and HDL;-C)
with the Vertical Auto Profile (VAP) method.”® Atherotech is a fully certified and
licensed clinical Laboratory. Atherotech is part of the "Cholesterol Reference Method
Laboratory Network". Atherotech also participates in 3 highly recognized "Proficiency
Testing Programs". These are Northwest Lipid Research Laboratories (NWLRL), one of
five "CDC-NHLBI" cholesterol reference labs; New York State Department of Health,
a "CLIA" approved program; and "Accutest”, a "CLIA" approved program. Total
plasma lipase activity (TLa) and hepatic triglyceride lipase activity (HTGLa) were
determined from post-heparin plasma using the methods described by Thompson et al.'*

and Belfrage and Vaughn.'*!

The activity of endothelial-bound lipase (LPLa) was
calculated as the difference between the TLa and that of HTGLa. Our lab intra-assay
and inter-assay CVs for enzyme analysis were 7% and 10.4% for TLa and 3% and
10.6% for HTGLa.
Diet and Physical Activity Records

Self-reported dietary records were used to assess the nutritional composition and
caloric intake in each subject’s diet over the blood sampling period. Subject’s recorded
their diet over a 7 day period (4 days prior and 3 days during the blood sampling
protocol). The dietary intake logs prompted each subject to record the date, time, type,

portion size, and preparation methods for anything that was consumed during the period

of interest. In addition, subjects were given verbal instruction on the proper techniques
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for completing the dietary intake log. Also, each dietary intake log was accompanied by
a written example of proper form completion and a summary of portion size estimation
methods. All daily diet records were analyzed for caloric consumption and nutrient
intake using the Food Processor SQL (Version 9.3, ESHA Research, Salem, OR)
program. A seven—day physical activity questionnaire (PAQ) was used to assess routine
daily activity over the same period in which the dietary intake logs were kept. The
questionnaire was adapted from the seven-day record developed by Blair et al.'**
Subjects were also asked to refrain from any strenuous physical activity, including
exercise, outside of that required by their job or as part of the research investigation.
Statistical Analysis

Baseline differences between the subjects assigned to the different exercise
groups were determined for physiological, diet, physical activity, lipoprotein-lipid, and
enzyme variables using one-way analysis of variance (ANOVA). Furthermore,
relationships between the baseline physiological and blood variables were determined
using Pearson product-moment correlation coefficients. The dependent variables of
interest for this investigation were plasma volume adjusted concentrations of TC, TG,
LDL-C, HDL-C, HDL,-C, HDL;-C, and the enzyme activities (LPLa and HTGLa).
Furthermore, the following ratio variables were determined: TC / HDL-C, LDL-C /
HDL-C, and HDL,-C / HDL;-C. A global test for significance was performed using a 3
(group) X 2 (time) ANOVA with repeats across time. Significant interactions were

additionally explored using simple main effects analysis. In addition, mean separation
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procedures were carried out using Duncan’s New Multiple Range Test when
appropriate. All data was analyzed using the Statistical Analysis System (SAS, version
9.13, Cary, NC). The authors had full access to the data and take responsibility for its
integrity. All authors have read and agree to the manuscript as written.
Results

Baseline descriptive characteristics are presented in Table 1-1. In addition,
significant relationships between selected physiological variables and baseline
lipoprotein-lipids are displayed in Table 1-2. Statistical analysis of the lipid and
lipoprotein enzyme data revealed that the type of exercise performed influenced the
short-term lipid response in young, untrained men. The TC concentration was
significantly reduced 24 h after exercise in the RE group compared to baseline values
(Figure 1-1). In addition, the change in LDL-C followed a similar trend. However, the

calculations for simple main effects did not reach significance for LDL-C concentration.
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Table 1-1. Baseline Exercise Group Data

Variable RE EE CE
Age, yrs 22+1° 24 £1° 22+1°
Height, in 68.9+£0.66° 69.7+091% 71.7+0.54°
Weight, kg 73.8+4° 85.6+ 5% 95.9+4.7°
BMI, kg/m’ 2398+ 1.04* 274+1.78° 29.05+1.64%
% Fat, % 15+1° 19+32 20+3°
VOspear, 43.6+1.6° 41.8+27%  427+22°
mL/kg/min
TC, mg/dL 165+ 11° 163+ 72 163 + 82
TG, mg/dL 103 +£13° 129+ 15° 90 + 102
HDL-C, mg/dL 48 + 3% 42 +£2° 48 £2°
EXKCAL 232 +£22° 355+5° 353+ 12"
EXDUR 57+2° 30+2° 43+1°

All data are presented as the mean + SEM. RE = resistance exercise group, n =
9; EE = endurance exercise group, n = 10; CE = combination exercise group, n = 12;

BMI = body mass index; VOnpeax = peak oxygen consumption as measured during a
standardized graded exercise test; TC = total cholesterol; TG = triglyceride; HDL-C =
high density lipoprotein cholesterol; EXKCAL = caloric expenditure of acute exercise
session; EXDUR = duration (minutes) of acute exercise session. Exercise group means
within each row with same letters are not different (p < 0.05).

Table 1-2. Correlation Matrix for Selected Physiological, Lipid, and Enzyme Data
at Baseline

Variable HDL-C HDL,-C HDL;-C VOopea
mL/kg/min
LPLa 0.380
TG -0.547 -0.504 -0.533
Weight, kg -0.543

Relationships were determined after combining data from all exercise groups.
All relationships shown are statistically significant (p < 0.05).
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Figure 1-1. Average change in plasma volume-adjusted total cholesterol concentrations
with exercise. Baseline, 24 h before exercise; 24 h = 24 hours after exercise. RE =
resistance exercise group, n = 9; EE = endurance exercise group, n = 10; CE =
combination exercise group, n = 12. Data are group means (mg / dL) = SEM.
* Significant differences between times, within group (p < 0.05).

The HDL-C and HDL3-C concentrations were significantly reduced 24 h after the
acute exercise session in the RE group (Figures 1-2, 1-3). Furthermore, there was a
significant difference in HDL-C and HDL;-C concentrations between the exercise

groups at the 24 h post-exercise blood draw time period. The concentrations of HDL-C

and HDL;-C were higher in the CE group compared to both EE and RE groups.
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Figure 1-2. Average change in plasma volume-adjusted high-density-lipoprotein
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cholesterol concentrations with exercise. Baseline, 24 h before exercise; 24 h = 24 hours
after exercise. RE = resistance exercise group, n = 9; EE = endurance exercise group, n

= 10; CE = combination exercise group, n = 12. Data are group means (mg / dL) +
SEM. * Significant differences between times, within group (p < 0.05). *° Significant

difference within time, between groups (p < 0.05).
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Figure 1-3. Average change in plasma volume-adjusted high-density-lipoprotein;
cholesterol (HDL3-C) concentrations with exercise. Baseline, 24 h before exercise; 24 h
= 24 hours after exercise. RE = resistance exercise group, n = 9; EE = endurance
exercise group, n = 10; CE = combination exercise group, n = 12. Data are group means
(mg/ dL) + SEM. * Significant differences between times, within group (p < 0.05). *°
Significant difference within time, between groups (p < 0.05).

HDL,-C concentrations were also differentially altered in response to the type of
exercise performed by our subjects. The HDL,-C concentration was significantly
elevated 24 h after the exercise session within the CE and EE groups. Conversely, the
HDL,-C concentration was reduced 24h after acute exercise in the RE group

(Figure 1-4).
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No exercise group X time interactions were observed for any other lipoprotein-

lipid or lipoprotein enzyme variables. A time main effect was noted for TG and the TC /

HLD-C ratio (p < 0.05). The concentration of TG was significantly reduced at the 24 h

post-exercise time period, regardless of exercise mode (Figure 1-5). The TC / HDL-C

ratio was significantly elevated at the 24 h post-exercise time period. Both the
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Figure 1-4. Average change in plasma volume-adjusted high-density-lipoprotein,
cholesterol (HDL,-C) concentrations with exercise. Baseline, 24 h before exercise; 24 h
= 24 hours after exercise. RE = resistance exercise group, n = 9; EE = endurance
exercise group, n = 10; CE = combination exercise group, n = 12. Data are group means
(mg/dL) + SEM. * Significant differences between times, within group (p < 0.05).
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Figure 1-5. Average change in plasma volume-adjusted TG concentration with
exercise. RE = resistance exercise group, n = 9; EE = endurance exercise group, n = 10;
CE = combination exercise group, n = 12. Baseline, 24 h before exercise (light-gray
bars); 24 h = 24 hours after exercise (dark-gray bars). Data are combined group means
(mg / dL) = SEM. TG concentration at each of the time-points were: Baseline = 106 £ §;
24h=91+7. * Significant difference between time (p < 0.05).

LDL-C / HDL-C and HDL,-C / HDL;-C ratios remained essentially unchanged after
exercise. No time main effects were determined for any of the plasma volume adjusted
lipoprotein enzyme activities. However, LPLa demonstrated a non-significant increase
at the 24 h post-exercise time period (p = 0.357). The exercise-induced changes in

plasma volume adjusted lipid and lipoprotein enzyme variables are presented in Table 1-

3.
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Table 1-3. Changes in Blood Lipid and Lipoprotein Enzyme Variables
with Exercise

Variables Baseline 24 h
LDL-C, mg/dL
RE 98 £ 10 91+9
EE 103+8 109+ 8
CE 99+9 104 +9

LPLa, umol FFA / mL / hr

RE 6.1+0.7 57+05

EE 52+03 6.0+ 0.9

CE 59+04 6.6+0.5
HTGLa, umol FFA / mL / hr

RE 11.8+14 120+ 1.6

EE 122+1.8 126+1.9

CE 11.2+1.1 11.6+1.1

Values are group means at each time-point = SEM. RE, n=9; EE, n=
10; CE, n = 12; Baseline, 24 h before experimental exercise session; 24 h, 24
h after experimental exercise session.

Discussion

To our knowledge, this study is the first to compare lipoprotein-lipid changes in
young, untrained men with normal cholesterol levels following a single session of
resistance, endurance, and combination exercise modeled after the ACSM’s guidelines
for health and fitness benefits. The novel finding in this investigation was that the mode
of exercise differentially affected the short-term lipid response to acute exercise in these
subjects. The concentrations of TC and LDL-C were both reduced (-7%) in the RE
group 24 h after a single session of exercise while slight elevations were noted for these
lipids in both EE and CE groups. However, the reduction in LDL-C following resistance

exercise did not reach statistical significance following simple main effects analysis. In
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the majority of studies published, significant reductions in TC and LDL-C following
acute exercise were reported in trained subjects performing endurance-type exercise of

72,76, 85, 132

long-duration and requiring a large expenditure of calories. However,

reductions in TC and LDL-C have also been noted in untrained subjects with normal®” *®
and elevated® baseline cholesterol levels following lower volume, shorter duration
exercise interventions.

The short-term TC and LDL-C response reported in our EE group has also been
demonstrated previously. Crouse et al.’® observed initial reductions in TC and LDL-C in
untrained hypercholesterolemic men immediately after completing a single exercise
session (350 kcal). However, the concentrations of these lipids continued to rise until
LDL-C was significantly elevated (+ 5.8%) 24 h and TC (+ 4.7%) 48 h after the acute
exercise session compared to baseline values. In addition, Kantor et al.* reported
slightly elevated concentrations of both TC and LDL-C, although not significant, 24 h
after untrained men completed a 1 h session of cycle ergometer exercise.

Research studies examining the effects of a single session of resistance exercise

108, 143, 144
7 and to our knowledge,

on short term changes in lipoprotein-lipids are sparse,
nothing has been published regarding a single session of combination endurance /
resistance exercise. Our study is the first to show that the concentration of TC can be
significantly reduced following a single session of resistance exercise. Previous studies
that have evaluated acute resistance exercise resulted in no change in TC and LDL-C

108, 143, 144

concentrations immediately and in the days following a single exercise session.

Reductions in TC concentrations following endurance exercise are rare unless the
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volume of exercise is quite large. It has been suggested that resistance exercise may not
be as effective as endurance exercise in modifying blood lipids, because the caloric
expenditure is lower than what would be attained during endurance exercise."”' Thus,
the reductions in TC and LDL-C following resistance exercise in the present study were
unexpected. The estimated total energy expenditure for the volume of resistance

exercise in the present study was about 230 kcal, comparable to that of the low volume

108 144
L., L.

group reported in Wallace et a and that estimated (225 kcal) in Jirimée et a It is
difficult to make comparisons between these resistance training studies due to
differences in the type of resistance exercise performed and volume of the exercise
session. The exercise stimulus employed by Jorimie and colleagues'** consisted of low
volume circuit weight training, whereas a low volume non-circuit approach was
performed in the present study. Wallace and coworkers'® employed both a low and
high volume non-circuit approach in their investigation. Clearly, future studies are
needed to expand upon the limited body of knowledge in this area.

In the current investigation subjects performing a single session of resistance
exercise demonstrated unfavorable changes in HDL cholesterol concentrations compared
to a single session of endurance and combination exercise. The concentrations of HDL-
C and HDL;-C were reduced (- 10.4% and - 7.9%, respectively) in the RE group 24 h
after a single session of resistance exercise while these lipids were not significantly
altered in our EE and CE groups. In addition, the concentration of HDL,-C was

significantly reduced in the RE group (- 10%) 24 h after a single session of resistance

exercise while HDL,-C was significantly elevated following both endurance (+ 12.5%)
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and combination exercise (+ 10%). Previous work in this area, although limited,
supports the findings that exercise, of this volume, is not sufficient to induce favorable

144
l.

changes in HDL-C and the HDL subfractions. Jirimie et al. ™ reported that

concentrations of HDL-C were not significantly altered in untrained subjects 5 min after
completion of a 30 minute single-circuit weight-training session. Wallace et al.'”®
reported that the concentrations of HDL-C were not significantly altered immediately
after a single session of both low and high volume resistance exercise in trained males.
However, increases in the concentrations of HDL-C (+ 11%) and HDL3-C (+ 12 %)
reached significance 24 h after the single, high volume, resistance exercise session (800
kcal), but not after the low volume exercise session (200 kcal).

As with the endurance training literature, it is generally believed that in order to
consistently elevate HDL-C concentrations, a certain volume of exercise needs to be
performed.”! In both normocholesterolemic and hypercholesterolemic untrained men,
reports indicate that a single session of endurance exercise ranging from 350 to 500 kcal
has resulted in significant increases in the concentration of HDL-C 24 h after the

. 66, 138
exercise bout.”™

In contrast, research has shown that in trained subjects, a caloric
expenditure of at least 1000 kcal may be required in order to elevate plasma HDL-C
concentrations.”” Our data suggest that regardless of exercise mode, an energy
expenditure of 232 - 350 kcal is not sufficient to induce significant elevations in HDL-C
in young, untrained men.

It is also possible that subtle changes in lipoprotein metabolism may have gone

undetected in a number of studies reporting that HDL-C was unresponsive to a single
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acute exercise session. In studies reporting a lack of change in HDL-C levels following
acute endurance exercise did not even measure HDL subfractions (HDL,-C and HDL;-
C).% %> Reports indicate that HDL-C and both HDL subfractions are responsive to a
single session of endurance exercise for up to 48 h after the stimulus.** It is generally
held that the increase in HDL-C in sedentary subjects is due to increases in the HDL;-C
subfraction, whereas HDL,-C increases in trained individuals following endurance
exercise, at least in normocholesterolemic individuals.** However, our EE group
demonstrated a slight, but statistically significant, rise (0.5 mg / dL) in HDL,-C 24 h
after the exercise stimulus. The elevation in HDL-C (2 mg / dL) in our CE group was
attributed to equal increases (1 mg / dL) in both HDL subfractions. Indeed, research has
shown that both subfractions can be elevated following an acute endurance exercise
session. > 7% 132

An inverse relationship between HDL-C and TG concentrations has been widely

established.'*

Indeed, TG concentrations in the present investigation were inversely
related to HDL-C, HDL,-C, and HDL;-C at baseline. The peak in LPLa usually occurs
about 18 - 24 hours after exercise. Following the actions of LPL, surface remnants from
TG hydrolysis appear to be converted into nascent HDL-C, and lipids are transferred to
existing HDL, thus raising HDL-C.'*® In the present investigation, it was determined
that the mode of exercise did not influence the short-term TG response in young, healthy

untrained men. However, when all group data was combined, a significant reduction in

TG (- 14.2%) was observed.
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The magnitude of this reduction is similar to what has been previously reported
for untrained normo-and hypercholesterolemic subjects.’ '*® The magnitude of the TG
response within the EE group (- 24.8 %) is also similar to what has been previously
reported for untrained hypercholesterolemic men following acute endurance exercise.’®
38 Conversely, others have not observed a reduction in TG concentrations following

69, 145

acute endurance exercise in sedentary subjects. It has been suggested that

individuals with the highest baseline TG values tend to show the greatest post-exercise

66.69-13% 1 amon-Fava and coworkers® reported that male subjects who had

reductions.
the highest pre-race TG concentrations demonstrated the greatest post-race TG
reductions compared to their other subjects. Furthermore, the reductions in TG
concentrations were extremely large (approximately 160 mg / dL). In contrast, several
studies using untrained subjects with low baseline TG concentrations (89 - 123 mg / dL),
similar to those individuals in the present study, did not report favorable reductions in

69, 145

TG following acute endurance exercise. However, alterations in TG concentrations

have been documented in sedentary subjects following an exercise session that was

- - - 66, 82, 138
moderate, with respect to caloric expenditure; ™ "

results in agreement with our own
observations.

Recently, Wallace et al.'®® reported that the concentrations of TG were not
significantly altered 5 minutes after a single session of both low and high volume
resistance exercise. However, decreases in the concentrations of TG reached

significance 24 h after the single, high volume, resistance exercise session (800 kcal),

but not after the low volume exercise session (200 kcal). The estimated total energy
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expenditure for the volume of resistance exercise in the present study was about 232
kcal, comparable to that of the low volume group reported in Wallace et al.'® Clearly,
future investigations are needed to expand upon the limited body of knowledge in this
area.

It was determined that the type of exercise performed in the present study did not
influence the magnitude or direction of the lipoprotein enzyme response to an acute

132,133
d >

exercise session. HTGLa has been shown to be reduce after prolonged endurance

exercise. However, more often than not, the activity of this enzyme has remained

. . . : 69, 76, 138
unaltered following a single session of endurance exercise.””’®

In the present study,
HTGLa remained essentially unchanged following a single session of endurance,
resistance, and combination exercise.

69, 71,76, 132,138 147
skeletal muscle,

Researchers have reported increases in plasma,
and adipose tissue LPLa'¥’ following a single session of endurance exercise. Increases
in LPLa have been observed in both sedentary and trained subjects following a single
session of exercise on a cycle ergometer.”” However, the results of the present study are
in agreement with the findings reported by Gordon and coworkers.”' In that particular
investigation, researchers did not observe a significant increase in LPLa after trained
men performed acute sessions of both low and high intensity exercise of equal caloric
volume (800 kcals). However, the trend was for an increase in LPLa following the high

. . . . . 138
intensity exercise session. Conversely, Grandjean and coworkers " reported a

significant increase in LPLa 24 h following an acute bout of treadmill walking (500
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kcal) in normo - and hypercholesterolemic men. Moreover, this increase was still
evident 48 h later.

It is difficult to make comparisons between investigations due to differences in
study design, subject characteristics, and the timing of blood sampling, all which can
affect the LPL response to acute exercise. The volume of exercise employed in the
current investigation (230 - 350 kcal) was significantly lower than that used by both
Gordon and Grandjean. It is generally held that significant alterations in LPLa may
occur if the exercise intervention is of sufficient volume and intensity to deplete

intramuscular TG stores.'*®

The lack of a statistically significant change in LPLa and
HTGLa in the current study may be due, in part, to employing an exercise intervention
that was of insufficient volume to stimulate a response from our subjects.

It has recently been reported that a single session of strenuous resistance exercise
can reduce the postprandial lipemic response despite employing a lower total energy

. . . . 119 . .
expenditure during the exercise session.. = However, contrasting findings have been

reported.'*® The induction of LPL has been reported after intense local contractile

116 1

activity in muscles of both rats''® and humans,'*® suggesting that local contractile
activity may be necessary for increased LPL expression during exercise.''® This seems
to suggest that the lipemic response after resistance exercise may not be related to the
volume of exercise but to some other factor linked to strenuous muscle contraction
associated with weight lifting. However, the caloric expenditure for the resistance

119

exercise session used in that investigation (400 kcal) *~ was still higher than what was

employed in the current study (230 kcal).
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While every effort was taken to ensure that subjects randomly assigned to the
three exercise groups were similar with respect to age, weight, and relative body fat,
baseline analysis of the physiological data indicated that significant differences were
noted for body weight (RE < CE; p <0.05). Furthermore, baseline dietary data indicated
that there were also significant differences between the groups with respect to the
average daily intake of protein, saturated fat (RE > CE), and cholesterol (RE > EE &
CE). Increased cholesterol intake can elevate cholesterol concentrations in all the
lipoprotein fractions.”*! However, it is important to note that there were no baseline
differences among the three groups with respect to any of the lipoprotein-lipids
measured. Furthermore, day to day dietary intake during the blood sampling protocol
was not different. In addition, the subject’s diets were not altered for this investigation.
Subjects were asked to adhere to their normal dietary habits. Thus, dietary influences
are probably not responsible for the alterations noted during this acute exercise
investigation.

In conclusion, our results demonstrate that post-exercise changes in TC, HDL-C,
HDL,-C, and HDL;-C across time were different for the RE group. Furthermore,
favorable post-exercise changes in HDL,-C across time occurred in both CE and EE
groups (10% to 12.5% increase). Except for the change in TC, unfavorable reductions in
HDL metabolism were observed following a single session of resistance exercise.
However, these unfavorable changes were not seen following an acute bout of
combination exercise, which included equal volumes of both resistance and endurance

exercise. Despite the unfavorable lipid response following an acute resistance exercise
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session in this particular study, resistance exercise has been shown to aid in the
prevention and rehabilitation of osteoporosis, obesity, sarcopenia, and diabetes
mellitus;* health benefits that can lead to a reduced risk for CHD. In spite of the
prescriptive importance of data on this subject, research in this area is currently lacking

and additional studies are warranted.
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CHAPTER 111
THE EFFECTS OF RESISTANCE, ENDURANCE, AND COMBINATION
EXERCISE TRAINING ON SERUM LIPOPROTEIN-LIPIDS IN PREVIOUSLY
UNTRAINED MEN
Introduction

It is well documented that coronary heart disease (CHD) is associated with high
concentrations of total cholesterol (TC), low density lipoprotein (LDL) cholesterol
(LDL-C), triglycerides (TG), and with low concentrations of high density lipoprotein
(HDL) cholesterol (HDL-C).* The risk for development of CHD may be reduced by
increasing HDL-C, the less dense subfraction HDL,-C, and by decreasing both LDL-C
and TG concentrations.*® Among the risk markers for CHD, physical inactivity carries
a relative risk comparable to risks associated with high TC and high blood pressure."!
However, while maintaining a physically active lifestyle has been associated with a more
favorable lipid profile and a reduced risk of CHD,"" information regarding the optimal
training modality (endurance, resistance, or combination endurance / resistance exercise)
and volume (caloric expenditure) of exercise that will provide the most benefit has not
been well defined.

Exercise training may provide protection against the development of CHD partly
through improvements in the lipoprotein-lipid profile.* The majority of research
examining the effectiveness of physical activity on CHD risk reduction has been
conducted using endurance exercise as the exercise stimulus. Current research suggests

that exercise of sufficient volume may deplete intramuscular TG, consequently
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stimulating the synthesis of lipoprotein lipase (LPL) in muscle capillaries. Greater
lipoprotein lipase activity (LPLa) is associated with increased TG clearance and HDL-C
concentrations, changes associated with decreased CHD risk.' "

Athletes and individuals with a long history of endurance training tend to have
higher concentrations of HDL-C, LPLa, and lower concentrations of LDL-C, TG, and
hepatic triglyceride lipase activity (HTGLa) as compared with sedentary individuals.*®
B! However, the results from longitudinal training studies have been inconsistent. It is
generally accepted that while the concentrations of TC and LDL-C are rarely altered in

# BIHDL-C and TG concentrations may be more

longitudinal exercise training studies,
responsive to regular exercise training."”' However, more research is needed to clarify

this finding. Methodological differences such as exercise volume (caloric expenditure),
duration of training, exercise modality, baseline subject characteristics, diet, and time of
blood sampling after the last session of exercise may explain the divergent reports in the

66.67. 131. 149 1t i5 also possible that subtle changes in lipid metabolism may

literature.
have gone undetected in a number of investigations. For instance, Crouse et al.*
reported that 6 months of endurance training by men with elevated cholesterol resulted
in a significant rise in HDL,-C and fall in HDL;-C, but no change in total HDL-C.
Evidence is now emerging to show the importance of resistance exercise for
health and disease prevention.® Resistance training has been shown to aid in the
prevention and rehabilitation of low back pain, osteoporosis, obesity, sarcopenia, and

diabetes mellitus.* However, compared to the endurance training literature, there is a

relative paucity of information related to the effects of resistance training on circulating
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lipids and lipoproteins and almost nothing regarding combination endurance / resistance
training. Studies that exist are often contradictory, and the published literature is almost
completely lacking of reports comparing the effectiveness of endurance to either

95,103, 134, 150

resistance or combination exercise. It has been reported that resistance

training favorably reduces blood LDL-C and increases HDL-C concentrations.”> * %’

Contrasting findings have also been reported with some regularity.'*> ' 1%
Interpreting the results from many of the published resistance training studies is
difficult, as they seem to suffer some of the same design problems present in many

endurance training studies.®” >

For example, it has been suggested that resistance
training using high repetitions and moderate resistance may promote favorable changes
in the lipid profile, whereas resistance training consisting of low repetitions and heavy
resistance does not.'”” Others have reported that neither low repetition nor high
repetition resistance training effectively altered lipoprotein-lipids.'”" Although
resistance exercise may be recommended to the general public for its proven skeletal
muscle benefits, the beneficial influence of this mode of exercise on circulating lipids
and lipoprotein enzymes remains to be established.

Research investigations evaluating the effects of combination exercise training

- ST 103, 134, 150, 151
on the lipoprotein-lipid profile are scarce. ™ " °*

With the increasing popularity of
resistance training, more people are will likely adopt this type of activity , making it
important to study the effects of these types of exercise on CHD risk factors.* It is clear

by the lack of published research in this area that additional studies are warranted.

Therefore, the purpose of this investigation was to characterize the effects of a chronic
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endurance, resistance, and combination exercise training program, similar to what the
ACSM might recommended to sedentary individuals for health and fitness benefits, on
serum lipoprotein-lipids and lipoprotein enzymes in previously untrained males.
Methods
Subjects

Subject recruitment began after the investigation was approved by the Texas
A&M University Review Board for Human Subjects in Research and was limited to
Bryan / College Station, Texas. Potential volunteers responded to flyers which were
posted in a majority of the buildings on the Texas A&M University main campus.
Thirty-six untrained male volunteers 18 — 40 years old were initially recruited for this
investigation, asked to sign an informed consent approved by the Texas A&M
Institutional Review Board for Research with Humans, and completed a health history
questionnaire. Subjects were considered untrained if they had not participated regularly
in endurance or resistance training (less than 2 exercise sessions / week and < 20 minutes
per exercise session) for at least the last three months. Volunteers were screened to
exclude those who exhibited evidence of medical contraindications to exercise and
heparin, were taking drugs known to affect lipid/lipoproteins or blood clotting, used
tobacco products, or consumed more than two ounces of alcohol per day. A total of four
subjects did not complete the study due to various injuries obtained from the exercise
training program and one subject dropped out for unknown reasons. Therefore, the final

subject selection included a total of 31 subjects.
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Experimental Protocol
Following an orientation meeting (week 1), the subjects were randomly placed

into one of three exercise training groups (endurance, resistance, or combination
endurance / resistance). The following week (week 2), all subjects, regardless of group
assignment, were asked to report to the Applied Exercise Science Laboratory at Texas
A&M University on two days for baseline physiological and performance
measurements. After the week of pre-testing, and before the start of their exercise
training programs, all subjects reported to the laboratory for baseline blood sampling
procedures (week 3). Diet and physical activity data were also collected during this
week.

Physiological Testing

Each subject was measured for: 1) height and body weight; 2) waist and hip

girth; 3) relative body fat 4) lung volumes 5) peak oxygen consumption (VOapeax), and;
6) one-repetition maximum strength assessments (1IRM). Percent fat (% Fat) and lean
body mass (LBM) were calculated from body density measured hydrostatically'** at
residual volume (RV). All subjects completed a standardized maximal graded exercise
test (GXT) on a motor driven treadmill (Quinton Model # Q-65, Quinton Instrument Co.,

Seattle, WA) under the supervision of trained laboratory personnel.'*® Resting and

maximum-exercise heart rate measurements were taken during the VOzpeak testing
through the use of Polar® heart rate monitors. Blood pressure was determined

manually, and ratings of perceived exertion were obtained during the last 30 seconds of
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every stage of the protocol. Respiratory gas exchange (minute ventilation (V.), oxygen

consumption (VOy), and carbon dioxide production (VCO,) was measured on a breath-
by-breath basis and averaged over 30-s intervals via open-circuit spirometry utilizing an
automated metabolic cart (CPX / D Exercise Stress Testing System, Medical Graphics

Corp., Minneapolis, MN) calibrated with gas mixtures of known composition before and

after each test. The VOzpeak test was considered valid if at least two of the following

criteria were met: 1) the maximum age-predicted maximum heart rate was achieved or;

2) the respiratory exchange ratio was greater than 1.1 or; 3) VO, failed to rise with
increasing workload."?’

All subjects were tested for strength by determining the maximum weight that
could be successfully lifted one time, with proper technique, after completion of a
standardized warm-up. The warm-up consisted of 5 minutes of cycling, 5 minutes of
stretching, and 4 light sets of each exercise. Subjects were required to perform a 1RM
test in all of the exercises that were incorporated into the resistance-training program
(leg press, leg curl, standing calf raise, barbell bench press, lat pull-down, dumbbell
military press, barbell curl, and an abdominal crunch).

Blood Sampling

Blood samples were obtained before (pre-training) and after the twelve week
exercise training program (post-training). Each subject reported to the laboratory, time
of day controlled, after a 12-hour fast (water allowed ad libitum) and having refrained

from any physical activity in the preceding 72 h. A more detailed description of our
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blood sampling procedures has been reported previoulsy.** '** Serum and plasma from
pre- and post- heparin blood was isolated by centrifugation at 1500 x g for 30 minutes at
4°C. Aliquots of pre- and post-heparin plasma were sealed separately in 2 ml cryovials
(no. 66008-284, VWR Scientific Inc., Westchester, PA) and stored at -80°C for later
analysis.

Exercise Training Program

Upon completion of the preliminary testing described above, all subjects initiated
their training programs. The exercise training varied for each of the three groups.
Members of each group took part in a training program that lasted twelve weeks,
allowing for one week of mid-training re-testing during week seven. The resistance-
training group participated in a basic resistance-training program conforming to the
guidelines by the American College of Sports Medicine."”” Every odd number week this
group trained two times per week, and every even number week this group trained three
times per week. This training schedule was adopted in order to accommodate the
schedules of all the subjects as well as the availability of the fitness trainers and
equipment.

The resistance-training program entailed a total body workout consisting of 4 sets
of 6-10 repetitions on 8 exercises that trained all the major muscle groups. The exercises
included leg press, leg curl, standing calf raise, barbell bench press, lat pull-down,
dumbbell military press, barbell curl, and abdominal crunches. A percentage of each
subject’s 1IRM was used to determine the intensity for each week. Recovery time

between sets was determined by two-minute turnovers. The intensity and number of
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repetitions performed for each exercise changed bi-weekly. A more detailed description
of the progression of the resistance-training program has been reported elsewhere.'>
The endurance group’s training consisted of walking / jogging on a motor-driven
treadmill 2-3 times per week. This group followed the same pattern of the resistance-
training group by training twice on odd number weeks and three times on even number
weeks. The running intensity was determined using a percentage of the heart rate

reserve through use of the Karvonen formula.'” Resting and exercise maximum heart

rate measurements were taken during Vngeak testing through the use of Polar® heart
rate monitors. The duration of the training sessions lasted between 20-40 minutes. The
intensity and duration of each session increased bi-weekly as the training progressed. A
more detailed description of the progression of the endurance-training program has been
previously reported.>* The combination-training group trained five times per week.
Every odd number week this group performed the resistance program three times and the
endurance program twice. Every even number week the combination group performed
the endurance program three times and the resistance program twice. During training all
subjects were asked to avoid making any dietary changes and maintain their habitual
diet. Compliance was assessed through the use of dietary records during the first and
last week of training. Ninety percent subject compliance (27 out of 30 workouts for the
RT and ET subjects and 54 out of 60 for CT subjects) was required for a subject’s data
to be included in the final statistical analysis. All exercise protocols complied with the
7™ edition of the American College of Sports Medicine’s “Guidelines for Exercise

Testing and Prescription.”"?’
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Mid- and Post-Testing

% Fat, VOzpeak, and 1RM tests were re-tested during week seven of the study.
All testing was conducted using the same methods and procedures that were used during
the preliminary testing. This re-testing allowed 1RMs to be adjusted for the remaining
weeks of the resistance-training program. Resting and exercise maximum heart rates
were also reassessed in order to adjust the intensity of the endurance-training program
for the remainder of the program. The week following the completion of the training
program, all variables measured during preliminary testing were repeated for the final
time. This post-training testing followed the same methods and procedures as the
preliminary testing.

Diet and Physical Activity Records

Subjects were instructed to maintain their normal dietary habits throughout the
study. Self-reported dietary records were used to assess the nutritional composition and
caloric intake in each subject’s diet. Subjects recorded their diet over a 7 day period.
The dietary intake logs prompted each subject to record the date, time, type, portion size,
and preparation methods for anything that was consumed during the period of interest.
In addition, subjects were given verbal instruction on the proper techniques for
completing the dietary intake log. Also, each dietary intake log was accompanied by a
written example of proper form completion and a summary of portion size estimation
methods. Dietary intake logs were analyzed for: 1) total daily caloric intake; 2) total
daily grams of carbohydrate, fat, protein, saturated fat, polyunsaturated fat, and total

daily milligrams of cholesterol; 3) and the ratio of polyunsaturated to saturated fat using



52

the Food Processor SQL (Version 9.3, ESHA Research, Salem, OR) program. A seven—
day physical activity questionnaire (PAQ) was used to assess routine daily activity over
the same period in which the dietary intake logs were kept. The questionnaire was
adapted from the seven—day record developed by Blair et al.'** Subjects were also asked
to refrain from any strenuous physical activity, including exercise, outside of that
required by their job or as part of the research investigation.
Biochemical Analysis
Frozen aliquots of serum were sent to Atherotech, Inc (Birmingham, AL) for
complete lipoprotein-lipid analyses (TC, TG, LDL, HDL-C, HDL,-C, and HDL3-C) with
the Vertical Auto Profile (VAP) method.”® Atherotech is a fully certified and licensed
clinical Laboratory. Atherotech is part of the "Cholesterol Reference Method
Laboratory Network". Atherotech also participates in 3 highly recognized "Proficiency
Testing Programs". These are Northwest Lipid Research Laboratories (NWLRL), one of
five "CDC-NHLBI" cholesterol reference labs; New York State Department of Health,
a "CLIA" approved program; and "Accutest”, a "CLIA" approved program. The
methods for determining total plasma lipase activity (TLa) and hepatic triglyceride lipase
activity (HTGLa) have been reported previously by our lab."*® The activity of LPL was
calculated as the difference between the TLa and that of HTGLa. Our lab intra-assay
and inter-assay CVs were 7% and 10.4% for TLa and 3% and 10.6% for HTGLa.
Statistical Analysis
The dependent variables of interest in this study were the concentrations of TC, TG,

LDL-C, HDL-C, HDL,-C, HDL;-C, and the lipoprotein enzyme activities (LPLa and
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HTGLa). Furthermore, the following ratio variables were determined: TC / HDL-C,
HDL,-C / HDL3-C, and LDL-C / HDL-C. Baseline differences between the subjects
assigned to the different exercise training groups were determined for physiological,
diet, blood lipid and lipoprotein enzyme activities using one-way analysis of variance
(ANOVA). Furthermore, relationships between the baseline physiological and blood
variables were determined using Pearson product-moment correlation coefficients. The
physiological, diet, and exercise training data were analyzed using a 3 (group) X 2
(training period) ANOVA (repeated for training period) as a global test for significance.
Significant interactions were additionally explored using simple main effects analysis.
In addition, mean separation procedures were carried out using Duncan’s New Multiple
Range Test when appropriate. Training-induced changes in physiological data, blood
lipids, and lipoprotein enzymes were also calculated (post training value — pre training
value). Relationships between these change variables were determined using simple
linear correlation analysis. All data was analyzed using the Statistical Analysis System
(SAS, version 9.13, Cary, NC). The authors had full access to the data and take
responsibility for its integrity. All authors have read and agree to the manuscript as
written.
Results
Diet and Physiological Variables

Baseline descriptive physiological characteristics are presented in Table 2-1.

Significant relationships between selected physiological variables and baseline lipid and

lipoprotein enzymes are displayed in Table 2-2. Significant group X training period
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interactions were noted for average daily cholesterol intake, lean body mass (LBM),
maximal upper body strength (BPMAX), and lower body strength (LPMAX) determined
from the leg and bench press 1RMs (p < 0.05). There was a significant difference in
average daily cholesterol intake among the training groups only at the pre-training time-
point. Average daily dietary cholesterol was greater in the RT group compared to both

ET and CT groups. There was also a significant difference in average daily cholesterol

Table 2-1. Baseline Exercise Training Group Data.

Variable RT ET CT
Age (yrs) 22+1° 24+£1° 22+1°
Height (in) 68.9+0.66° 69.7+091%® 71.7+0.54°
Weight (kg) 73.8+4° 85.6+ 5% 95.9+4.7°
BMI (kg/m?) 23.98+1.04° 27.4+1.78% 29.05+1.64°
% Fat (%) 15+1° 19+3° 20+3°
VOspeak 43.6+1.6°  41.8+27°  427+22°
(mL/kg/min)
TC (mg/dL) 165+ 11° 163+7° 163 +8°
TG (mg/dL) 94 + 132 123+ 16° 85+ 10°
HDL-C (mg/dL) 48 +3° 42+2° 48 £2°

All data are presented as the mean = SEM. RT = resistance training group, n =9;
ET = endurance training group, n = 10; CT = combination training group, n = 12; BMI =

body mass index; % Fat = relative body fat percentage; VOapeax = peak oxygen
consumption as measured during a standardized graded exercise test; TC = total
cholesterol; TG = triglyceride; HDL-C = high density lipoprotein cholesterol. Exercise
group means within each row with same letters are not different (p < 0.05).
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Table 2-2. Correlations for Selected Physiological, Lipid, and Lipoprotein Enzyme
Data at Baseline.

Variable HDL-C HDL,-C HDL;-C VO2peax
(mL/kg/min)
LPLa 0.380
TG -0.547 -0.504 -0.533

Relationships were determined after combining data from all exercise groups.
All relationships shown are statistically significant (p < 0.05).
intake, with respect to 12 weeks of training, in the CT and RT groups. The average daily
dietary cholesterol intake was significantly higher post-training compared to pre-training
values in the CT group. Furthermore, average daily dietary cholesterol intake was
significantly lower post-training compared to pre-training values in the RT group.

There was a significant difference in LBM among the training groups at both pre-
training and post-training time-points. LBM was significantly higher in the CT group
compared to both ET and RT groups at the pre-training time-point. Furthermore, the
increase in LBM following 12 weeks of training was significant for the CT and RT
groups compared to the ET group. There was a significant difference in LPMAX, with
respect to training period, in all the training groups. The maximum weight lifted on the
leg press was significantly higher post-training compared to the pre-training values in all
exercise training groups.

There was a significant difference in BPMAX, with respect to training period, in
the CT and RT training groups. The maximum weight lifted on the bench press was
significantly higher post-training compared to pre-training in both training groups.

Training-induced changes in selected physiological variables are illustrated as individual
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group means in Table 2-3. Significant group main effects were determined for body

weight and waist girth (p < 0.05). Each of these variables was greater in the CT group

compared to the RT group.

Table 2-3. Changes in Physiological Variables with Training.

Variables Pre-Training Post-Training
Weight (kg)
RT 73.8+4° 75.7 + 4
ET 85.6+ 5% 84.7+ 5
T 95.9+5° 96.8 + 4
% Fat (%)
R 147+ 1 13.6+ 1
o 18.8+3 17.6+2
t 19.9+3 18.5+3
VOspear (mL/kg/min)
“URT 43.6+1.6 45.7+1.3
ET 41.8+27 452422
CT 427422 429419
BPMAX (Ibs)
R 158 + 15 200+ 14°
ol 18315 189.5 + 14
< 187 £ 14 223+ 12"
LPMAX (lbs)
RT 515.5+ 35 1178 4 45"
o1 601 £ 51 723 £ 60"
CT )
01737 884 = 49>

Values are group means at each training period + SEM. Pre-Training, before
exercise training; Post-training, after 12-weeks of exercise training; W / H ratio = waist
girth / hip girth; BPMAX = 1RM on bench press; LPMAX = IRM on leg press. *
Significant differences between training periods, within group (p < 0.05). ** Significant

differences within training period, between groups (p < 0.05).
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As shown in Table 2-4, significant training period main effects were determined

for waist girth (Waist) and hip girth (Hip), waist-to-hip ratio (W / H ratio), % Fat, fat

mass (FMass), and VOapea (p < 0.05).
Each of the values for Waist, Hip, % Fat, and FMass were significantly lower

after 12 weeks of training when compared to pre-training values. The values for W/ H

ratio and VOapeax Were all significantly higher after 12 weeks of training when compared

to pre-training values.

Table 2-4. Training Period Main Effects.

Variable Pre-Training Post-Training
Waist (in) 36 £ 1 35+ 1*
Hip (in) 41+ 1 40 + 1*
W / H ratio 0.86 £ 0.01 0.87+0.01*
% Fat (%) 18.1+1 16.7 + 1*
FMass (kg) 16.5+1.8 154 +£1.7*%
VOpea 42.7+13 44.5+1.1%
(mL/kg/min)

Values are the training means + SEM. Values are collapsed across training
groups (RT, ET, and CT). * Significant differences between training periods (p < 0.05).
Lipids and Lipoprotein Enzymes
Statistical analysis of the lipoprotein-lipid and lipoprotein enzyme data revealed
that the type of exercise training did not differentially influence the lipid profiles in

young, previously untrained men. No significant group X training period interactions,
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group main effects, or training period main effects were determined for any of the serum

lipid or lipoprotein enzyme variables (Table 2-5).

Table 2-5. Changes in Serum Lipid and Lipoprotein Enzyme Variables
with Training.

Variables Pre-Training Post-Training
TC (mg/dL)
RT 165+ 11 164 + 10
ET 163+ 7 156+ 8
CT 163 + 8 160 + 10
TG (mg/dL)
RT 94+ 13 83+ 12
ET 123 £ 16 113+16
CT 85+ 10 87+8
LDL-C (mg/dL)
RT 98+ 10 10149
ET 103+ 8 97 +7
CT 99 +9 98 +9
HDL-C (mg/dL)
RT 48+ 3 45+2
ET 42+2 41%2
T 48+2 45+3
HDL,-C (mg/dL)
%% 10+1 9+1
oT 81 81
HDL,-C (mg/dL) 101 o=l
%% 38+2 36+2
oT 34+2 33+2
38+2 36+2
LPLa (umol FFA / mL / hr)
RT 6.1+0.7 6.0+£0.5
ET 52403 52+0.2
CT 5.9+0.4 57403

Values are group means at each training period + SEM. Pre-Training, before
exercise training; Post-training, after 12-weeks of exercise training. * Significant
differences between training periods, within group (p <0.05). *° Significant
differences within training period, between groups (p < 0.05).
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With data from all three training groups combined, the change in HDL-C was
related to the change in HDL,-C (r =0.91, P < 0.05) and to the change in HDL;-C (r =
0.987, P <0.05). The change in LPLa was correlated positively with the change in % Fat
(r=0.374, P <0.05). In addition, the change in HTGLa was correlated positively with
the change in body weight (r = 0.501, P <0.05), % Fat (r =0.431, P <0.05), and to the
change in Waist (r = 0.577, P <0.05). None of the changes in lipoprotein enzyme

activities or serum lipid concentrations were related to any of the dietary variables or to

the changes in body weight, lean body mass, fat mass, or VOapeax (Table 2-6).

Table 2-6. Correlation Matrix for 12-Week Changes in Selected Physiological,
Lipid, and Enzyme Data.

Variable % Fat (%) BPMAX HDL-C HTGLa VOspea
(mL/kg/min)
LPLa 0.374
Weight (kg) 0.516 0.461 0.501 -0.546
% Fat (%) 0.431 -0.598
LBM (kg) 0.628
FMass (kg) -0.637
Waist (in) 0.405 0.376 0.577 -0.462
HDL,-C 0.910
HDL;-C 0.987

Relationships were determined after combining data from all exercise groups.
All relationships shown are statistically significant (p < 0.05).
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Discussion

Differences in subject characteristics, such as diet composition, may affect the
lipoprotein-lipid profile in some individuals. For example, ingestion of a high
carbohydrate diet has been shown to increase fasting TG concentrations and may reduce
LPLa and HDL-C."*'** In contrast, a diet high in fat or cholesterol may increase the
cholesterol concentrations in all the lipoprotein fractions as well as lower TG
concentrations.”> However, these findings are not universal. Other researchers have
reported that dietary manipulation does not influence the lipoprotein-lipid profile.'*°
Thus, the purposes of the diet records were to ensure stable caloric and nutrient intake
during the pre-training and post-training blood sampling periods.

Analysis of the daily dietary records from both pre-training and post-training
blood sampling periods revealed no differences in the daily average caloric intake or the
nutrient composition of the subject’s diets between the two training periods, with the
exception of the average daily cholesterol intake. Dietary cholesterol was significantly
higher post-training compared to the pre-training period in the CT group, while the
opposite was observed for the RT group. As mentioned previously, increased
cholesterol intake can elevate cholesterol concentrations in all the lipoprotein
fractions.'> However, the lipoprotein-lipids measured for this investigation were
essentially unaltered in response to the training protocol. In addition, there were no
differences in lipoprotein-lipids among the three groups at the start of training and the

subject’s diets were not altered for this investigation. Subjects were asked to adhere to
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their normal dietary habits. Thus, dietary influences are probably not responsible for any
alterations noted during this exercise training investigation.

All subjects in this present study did not exercise on a regular basis, at least not
in the previous three months. In addition, subjects were repeatedly instructed to avoid
any strenuous physical activity, outside of the exercise intervention, while participating
in this investigation. Analysis of the physical activity questionnaires revealed that the
average daily energy expenditures were not different between the two blood sampling
periods.

In this investigation, all three exercise training groups demonstrated significant
improvements in maximum leg-press strength after 12 weeks of training in their
respective disciplines. The increases in LPMAX after training by the RT (+ 39%) and
CT (+ 43%) groups were similar to strength measures that have been previously reported
in the literature.””” Our ET group significantly improved their LPMAX by a respectable
20%. Other researchers have reported similar gains in leg strength in previously
untrained subjects completing an endurance training program similar to the one used in

. . . 158
this investigation.

Furthermore, LPMAX after training was significantly greater in the
CT group compared to the measures in both the ET and RT groups. These results are in
contrast with findings reported by researchers supporting the “interference phenomenon”
theory.'”’

Similar to the strength measures reported for LPMAX, the average increase in

BPMAX in our RT (+26%) and CT (+19%) groups were similar in magnitude and

significantly higher than pre-training strength measures. These results are comparable to
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those previously reported in the literature. In comparison, only a small increase in

BPMAX was noted in our ET group (+ 3.8%). However, increases in BPMAX were not

expected in this group of subjects."?’

Modest increases have been reported in the
literature. Hass and colleagues'>® reported significant increases in IRM chest press after
subjects completed a 12-week endurance training program similar to the one used in this

investigation.

In this study, the mode of exercise training did not differentially affect changes in

body weight, % Fat, FMass, or VOapeak in young, healthy untrained men. However, an
increase in LBM following 12 weeks of training was significant for both CT and RT

groups but not for the ET group. A main effect for training period was determined for %

Fat, FMass, and VOapea. When data from all groups were combined, statistically
significant reductions in % Fat (- 1.4%) and FMass (- 6.9%) were observed after training
compared to pre-training values. Similar findings have been previously reported.'®

Twelve weeks of resistance, endurance, and combination exercise training

resulted in a significant elevation (+ 4.2%) in relative VOzpeak‘ (combined data from all
groups). This increase is slightly lower than what is usually reported after endurance
training.''""*” The smaller change noted in this investigation might be the result of a

lower total volume of training completed by our subjects. The principle of training
specificity would predict no, or very little, increase in VOzpeak with a traditional

. .. 111 . LN .
resistance training program.  Other researchers have reported increases in VOapeax With

resistance training, when performed in a circuit fashion.'"” However, our training
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program was a traditional resistance training protocol and did not resemble a circuit
training design. Moreover, resistance training usually induces physiological adaptations
(muscle hypertrophy and decreased mitochondrial volume) that may hinder any
improvements in maximal aerobic capacity.’” Thus, we had speculated that the ET and
CT groups would demonstrate significant increases in aerobic capacity when compared

to the RT group. We have no explanation for our findings. However, Stone et al.'®'

suggest that an increase in VOzpeak with resistance training may be the result of increased
strength. These researchers believe that improved strength may allow a “truer”
expression of a subject’s maximal aerobic capacity.'®" Indeed, all groups demonstrated

significant increases in lower body strength (LPMAX) after 12 weeks of training in

addition to an increased treadmill duration during VOapea, post-testing. In spite of the

lack of statistical significance between groups, the more than 3-fold greater

improvement in VOypex in the ET and RT groups may be considered to be functionally
important.

In this investigation, the modality of exercise did not influence the lipoprotein
enzyme response to 12-weeks of exercise training in young, previously untrained men.
The activity of HTGL has been shown to be unchanged,'® but more often lower
activities have been reported after endurance training.'*>'® In the present study,
HTGLa was basically unaltered following the training program.

In the present study, the activity of LPL, similar to that of HTGL, was essentially

unchanged following 12 weeks of exercise training of varying modalities. Other
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160, 164 0 .
+16% skeletal muscle,” and adipose

researchers have reported increases in plasma,
tissue’® LPLa following endurance exercise training. However, these results are not
without opposition.'®* The effect of resistance training on the activities of LPL and
HTGL has rarely been addressed. To our knowledge, only one study has examined the
effects of LPLa and HTGLa in response to a 20 week resistance training program.

1.2 concluded that 20 weeks of resistance training in middle-aged men

Kokkinos et a
with elevated lipoprotein-lipid profiles did not substantially alter the activities of LPL
and HTGL; results similar to the present findings.

In this investigation, the mode of exercise did not differentially affect serum
lipids in response to 12-weeks of training in young, previously sedentary men.
Typically, changes in serum lipids following longitudinal exercise training studies have
been inconsistent. While the concentrations of TC and LDL-C are rarely altered,"’

56, 165
d.™

reductions in response to training have been reporte In addition, a majority of the

published research has reported that the concentrations of HDL-C and HDL,-C may be

- - . - - .. 56,68, 160, 164
increased while TG is lowered in response to exercise training.”” "> ™

However,
contrasting findings have been reported on occasion.'® Explanations for the conflicting
findings have been attributed to differences in exercise training volume (caloric
expenditure), duration of training, type of exercise, baseline subject characteristics,
dietary influences, baseline lipid concentrations, and timing of blood sampling after the
last session of exercise.” 1! 19

It has been proposed that exercise training is most effective at increasing HDL-C

and reducing TG concentrations in individuals with initially high TC or TG and low



65

HDL-C."”' The mean baseline HDL-C concentration in each of our training groups was
considered to be in the “normal” range (> 42 mg / dL).* In addition, greater reductions
in TG concentrations following exercise training are typically observed in sedentary

. . . . 6 160
subjects with elevated baseline concentrations.®”

In the current study, TG
concentrations were essentially unaltered in response to training when all group data was
combined. It is important to point out that the baseline lipid profiles of our training
subjects were fairly low.

Some researchers have suggested that a subject’s baseline body composition or
perhaps changes in body composition as a result of exercise training are responsible for
the favorable changes in blood lipids following exercise training regimens. In support of
this, correlations between body weight and / or body fat reductions in response to

d.56’ 167, 168 In the

exercise training and changes in lipoprotein-lipids have been reporte
current study, body weight was not significantly altered, while % Fat was slightly
reduced following 12-weeks of exercise training. It is possible that a more substantial
change in body composition would have produced favorable alterations in the
lipoprotein-lipids measured in our study. However, there are those who have reported an

- - . o . 14,160, 164
independent effect of exercise training on changes in lipoproteins. ™

Typically,
reductions in TC and LDL-C are more frequently observed when a substantial loss of

body weight and / or % Fat occurs in response to the exercise intervention."' It is also

important to point out that changes in body weight, FMass, LBM, % Fat, and VOzpeak in
our subjects were not correlated with changes in any of the lipoprotein-lipid

concentrations measured.
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The training intensity of an exercise program has been reported to be an integral
factor in inducing favorable changes in lipoprotein-lipids.'®® The majority of published
longitudinal exercise training studies reporting reductions in TC, TG, and LDL-C with

elevated HDL-C have utilized training intensities > 60% of maximum heart rate or

VOzpeak.l3 ! However, while subjects in the current study did indeed train at intensities
ranging from 65% to 80% of heart rate reserve, serum lipids remained unaltered. What
seems to be more important in order for favorable alterations in lipids to occur is the
volume of the exercise intervention. It is believed that lipoprotein-lipid changes most
often occur when the exercise regimen is one that consists of a large volume (caloric
expenditure) of work, at least 1200-2200 kcal / week.** *! The lack of change in serum
lipids and lipoprotein enzymes in our investigation may be partly due to the lower total
volume of training performed by our subjects. Our study was designed so that the
frequency and volume of endurance training would be balanced between the ET and CT
groups. Hence, our ET subjects alternated between three-day- and two-day-per-week
frequencies of training sessions over the 12 week training program for a total of 30
workout sessions. Given our research design, the weekly caloric expenditure for the ET
group ranged from 486 kcal to 1846 kcal / week. The weekly caloric expenditure for
these subjects reached and / or surpassed 1500 kcals only three times during the 12 week
study. Thus, it could be that the weekly training volume in the present study was not
sufficient to elicit significant changes in these lipoprotein-lipids.

In addition, it has been suggested that favorable alterations in serum lipids may

not be independent of the duration of the training program.'® In light of this, beneficial
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changes in these lipids might have occurred if the duration of our training program was
prolonged. A majority of the research reporting reductions in the concentrations of TC

151,170

and LDL-C included training durations > 6 months. Elevations in the

concentrations of HDL-C in response to exercise training usually occur in a dose-

dependent manner."?!

When alterations in HDL-C are reported, the exercise intervention
usually lasts longer than the 12 weeks employed in the current study, but contrasting
findings have also been reported.®” "' As previously mentioned, elevations in HDL-C,
are infrequently reported when the weekly training volume does not reach 1200 kcals."!

It is possible that subtle changes in lipoprotein metabolism may have gone
undetected in a number of studies. For example, Crouse et al.*’ reported that 6 months
of endurance training by men with elevated cholesterol resulted in a significant rise in
HDL,-C and fall in HDL;-C, but no change in total HDL-C. HDL subfractions were
measured in the current investigation, but were not significantly altered in response to
any of the training programs. Similar findings regarding HDL subfractions have also
been observed.'”?

With respect to the effects of 12 weeks of resistance training, we failed to show
significant training changes in any of the lipoprotein-lipid variables. These findings are

101, 102, 105
T In contrast to our results,

consistent with the reports of several other groups.
reductions in the concentrations of LDL-C***® and increases in HDL-C”*°>°% %% after
resistance training have been reported. It is important to note that in investigations in

which favorable changes in the lipoprotein-lipid profile were reported, the effect of the

most recent bout of exercise was not controlled.”*® Hence, changes in lipoprotein-lipid
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concentrations may have been spuriously altered as a consequence of changes induced
by the most recent training session. In an effort to avoid this design flaw in our current
investigation, blood samples were obtained 72 h after the last exercise training session.
The weekly resistance training volume may be an important factor in affecting
alterations in blood lipoprotein-lipids. In some instances, the largest change in blood
lipoprotein-lipids occurred during periods of high volume resistance training.” In one of
these studies large muscle mass, Olympic Type resistance exercise, was employed as the
exercise stimulus.” The caloric expenditure in these exercises is about twice that of
smaller muscle mass exercises, > as was performed in the present investigation and in

. 101-103
several other studies.

The endurance training literature also lends support to this
finding. Moore et al.'™ reported higher levels of HDL-C among female runners who
increased their running volume compared to a control group consisting of sedentary
women. More recently, the threshold of exercise required to produce favorable
alterations in HDL-C has been defined as 1000 to 1500 kcals / week."*! Given the
alternating frequency of exercise sessions with our research design, the weekly caloric
expenditure for the RT group ranged from 450 to 863 kcals / week. Thus, it could be
that the weekly training volume in the present study was not sufficient to elicit
significant changes in lipoprotein-lipids.

There is a clearly a paucity of published research relating to lipid metabolism and
combined endurance and resistance exercise. To our knowledge, only a few studies have

103, 134, 151

been published with contrasting results. Direct comparisons between these

investigations and our own study cannot be made due to differences in subject
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characteristics and study design. Boardley and coworkers'** examined the effects of
different exercise modes (resistance training, endurance training, and a combination of
resistance and endurance training) on lipids in sedentary older adults after 16 weeks of
training. Body weight did not change with training. While the exercise training resulted
in significant improvements in strength and aerobic capacity, blood lipids were not
altered. In fact, all groups (even sedentary control) experienced similar reductions in the
concentrations of TC, TG, LDL-C, and HDL-C over time. Thus, the authors concluded
that these results were probably due to seasonal effects on blood lipids.

1.1 observed that the

Similar to the previous findings, Tokmakidis et a
concentrations of TC and TG were significantly reduced and HDL-C and apo A-I were
significantly elevated following 8 months of combination training in middle-aged men
with CHD. It is important to point out that these two research investigations did not
control for the effects of the last training session. Thus, alterations in lipid metabolism
that were attributed to training may in fact have been in response to the last session of
exercise.

In contrast, LeMura et al.'” did not observe any significant changes in any of the
lipid variables for their resistance and combination exercise groups following 16 weeks
of training in young women. However, HDL-C was significantly higher (+ 28%) and
TG significantly lower in the endurance training group after training. The authors
concluded that the lack of changes in lipoprotein-lipids in the resistance and combination

exercise groups was most likely attributable to the type and intensity of the training

programs in those groups.



70

As previously mentioned, changes in lipoprotein-lipids most often occur when the
exercise regimen is one that consists of a large volume (caloric expenditure) of work, at
least 1200 — 1500 kcals / week.** '*' In light of this information, the lack of lipoprotein-
lipid changes in our CT group was an unexpected finding. The weekly caloric
expenditure in this particular group ranged from 1380 to 2526 kcals. As previously
mentioned, it is possible that the low baseline lipid profiles of all our subjects prevented
any further alterations in response to the training intervention.

In summary, the results from the current study demonstrate that 12 weeks of
endurance, resistance, and combination exercise training employed in this study can
improve cardiovascular and muscular fitness levels in previously untrained men.
Regardless of the modality of exercise, training did not alter lipoprotein-lipids in young,

healthy previously untrained men.
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CHAPTER IV
A SINGLE SESSION OF RESISTANCE, ENDURANCE, AND COMBINATION
EXERCISE DOES NOT DIFFERENTIALLY AFFECT THE LIPOPROTEIN-
LIPID RESPONSE TO ACUTE EXERCISE IN TRAINED MEN
Introduction
Atherosclerotic coronary heart disease (CHD) claims more lives each year than
the next seven prevalent causes of death combined.* It is generally accepted that high
blood concentrations of total cholesterol (TC), low density lipoprotein (LDL) cholesterol
(LDL-C), triglycerides (TG), and low concentrations of high density lipoprotein (HDL)
cholesterol (HDL-C) are associated with CHD.* The risk for development of CHD may
be reduced by increasing HDL-C, the less dense subfraction HDL,-C, and by decreasing
both LDL-C and TG concentrations."”’ Individuals who maintain a regular regimen of
physical activity have been shown to have a reduced risk of CHD, which may be due, in

131 . .
However, information

part, to favorable alterations to the lipoprotein-lipid profile.
regarding the most effective type (endurance, resistance, or combination endurance /
resistance exercise) and volume (caloric expenditure) of exercise needed to induce
favorable alterations in these CHD risk variables has not been well defined.

The majority of research examining the effectiveness of physical activity on
CHD risk reduction has been conducted using endurance exercise. Research suggests

that exercise of sufficient volume may deplete intramuscular TG, stimulating the

synthesis of lipoprotein-lipase (LPL) in muscle capillaries. Increased LPL activity
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(LPLa) is associated with increased TG clearance and HDL-C concentrations, changes
associate with decreased CHD risk.'"”

Some of the favorable lipoprotein-lipid modifications thought to occur in
response to chronic exercise training may actually be stimulated by an acute bout of

#- 131 The activity of LPL and the concentration of HDL-C are often found to

exercise.
be acutely elevated and hepatic triglyceride lipase activity (HTGLa), TG, TC, and LDL-
C concentrations reduced for at least 48 h after a single session of endurance exercise.*>
69-132.133 Noreover, endurance training may alter this acute lipid response. Different
acute changes in lipoprotein-lipids have been shown to occur after a single session of
endurance exercise in trained compared to untrained normo—and hypercholesterolemic
individuals.** ®®¢ Crouse and colleagues* recently reported that 24 weeks of
endurance training may suppress the rise in LDL-C noted in hypercholesterolemic men
after a single session of endurance exercise. In addition, Kantor et al.” reported that a
measured increase in HDL-C concentrations after prolonged endurance exercise was due
to elevated HDL,-C concentrations in endurance trained subjects, but to elevated HDLs-
C in untrained subjects. Additional well-controlled studies are needed to verify these
findings, and to determine the amount of change to be expected after a single session of
exercise, both in trained and sedentary individuals.

Recently resistance training has been recommended as an integral part of a well-
rounded physical activity program for health and disease prevention.* Resistance

training has been shown to aid in the prevention and rehabilitation of low back pain,

osteoporosis, obesity, sarcopenia, and diabetes mellitus.” However, compared to the



73

endurance exercise literature, there is a relative dearth of information related to the
effects of resistance exercise on circulating lipoprotein-lipids and almost nothing
regarding combination endurance / resistance exercise. Studies that exist are often
contradictory, and the published literature is almost completely lacking of reports
comparing the effectiveness of endurance to either resistance or combination exercise.”
103134 1t has been reported that resistance training favorably reduces blood LDL-C
concentration and increases HDL-C concentrations.” *>*’ Contrasting findings have

. . 102, 103, 105
also been reported with some regularity. "~

Interpreting the results from many of the resistance training studies is difficult, as
they seem to suffer some of the same design problems present in many endurance
training studies. Methodological differences, such as differences in training procedures,
subject characteristics, dietary controls, and timing of blood sampling after exercise,

may account for some of the variability in published findings.®® ¢7- %4> 13!

For example,
it has been suggested that resistance training using high repetitions and moderate
resistance may promote favorable changes in the lipid profile, whereas resistance
training consisting of low repetitions and heavy resistance does not.'”” Others have
reported that neither low repetition nor high repetition resistance training effectively

altered lipoprotein-lipids.'"'

As with endurance exercise, it is possible that resistance exercise may exert an
acute benefit on circulating lipids. However, research in this area is currently lacking.
Wallace and coworkers'® reported elevations in HDL-C 24 h after a high-volume (800

kcal) resistance exercise session, but not after a low volume (200 kcal) session. The
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biochemical mechanisms responsible for this acute effect are not entirely clear and

additional research in this area is warranted. However, LPL induction has been

116 52,117

measured after local contraction of muscles in both rats > and humans, suggesting
that the response is localized to muscles involved in the exercise performed. As the
popularity of resistance training increases, more people are likely to develop total fitness
programs, emphasizing both muscular strength and cardiovascular endurance. Research
regarding the effects of a single session of combination exercise on the blood lipid
profile has not been published. With the increasing popularity of resistance and
combination exercise training, more people will likely include these activities in their
exercise programs, making it important to study the effects of these types of exercise on
CHD risk factors. Therefore, the purpose of this investigation was to characterize the
short-term changes in circulating lipoprotein-lipids and lipoprotein enzymes in young,
healthy trained men following a single session of endurance, resistance, and combination
exercise.

Methods

Subjects

Subjects for this particular investigation recently completed twelve weeks of

either endurance training (EE, N = 9), resistance training (RE, N = 9), or combination
endurance / resistance (CE, N = 9) training in our laboratory and volunteered for this
subsequent investigation. Twenty-seven trained male volunteers agreed to participate in

this investigation, which was approved by the Texas A&M University Review Board for

Human Subjects in Research. All volunteers were asked to sign an informed consent
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approved by the Texas A&M Institutional Review Board for Research with Humans and
completed a health history questionnaire. Volunteers were screened to exclude those
who exhibited evidence of medical contraindications to exercise and heparin, were
taking drugs known to affect lipid / lipoproteins or blood clotting, used tobacco products,
or consumed more than two ounces of alcohol per day.

Experimental Protocol

Following completion of the training study, all subjects were asked to report to

the Applied Exercise Science Laboratory at Texas A&M University, one week later, for
baseline physiological and performance measurements. After the week of pre-testing, all
subjects completed a series of blood draw procedures over three consecutive days, which
included the experimental exercise session. Diet and physical activity data were
collected during all blood draw procedures. The subjects then completed endurance,
resistance, or combination exercise at an intensity of 70% maximal capacity. Blood was
drawn the day before (baseline), and 24 hours (24 h) after exercise for assessment of
dependent variables.

Physiological Testing

Each subject was measured for: 1) height and body weight; 2) waist and hip

girth; 3) relative body fat 4) lung volumes 5) peak oxygen consumption (VOapear), and;
6) one-repetition maximum strength assessments (1IRM). Percent fat (% Fat) and lean

1
35 at

body mass (LBM) were calculated from body density measured hydrostatically
residual volume (RV). All subjects completed a standardized maximal graded exercise

test (GXT) on a motor driven treadmill (Quinton Model # Q-65, Quinton Instrument Co.,
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Seattle, WA) under the supervision of trained laboratory personnel.'*® Resting and

maximum-exercise heart rate measurements were taken during the VOzpeak testing
through the use of Polar® heart rate monitors. Blood pressure was determined

manually, and ratings of perceived exertion were obtained during the last 30 seconds of
every stage of the protocol. Respiratory gas exchange (minute ventilation (V.), oxygen

consumption (VOy), and carbon dioxide production  (VCO,) was measured on a
breath-by-breath basis and averaged over 30-s intervals via open-circuit spirometry
utilizing an automated metabolic cart (CPX / D Exercise Stress Testing System, Medical

Graphics Corp., Minneapolis, MN) calibrated with gas mixtures of known composition

before and after each test. The VOzpeak test was considered valid if at least two of the

following criteria were met: 1) the maximum age-predicted maximum heart rate was

achieved or; 2) the respiratory exchange ratio was greater than 1.1 or; 3) VO, failed to
rise with increasing workload."’

All subjects were tested for strength by determining the maximum weight that
could be successfully lifted one time, with proper technique (1RM), after completion of
a standardized warm-up. The warm-up consisted of 5 minutes of cycling, 5 minutes of
stretching, and 4 light sets of each of the following exercises: leg press, leg curl,
standing calf raise, barbell bench press, lat pull-down, dumbbell military press, barbell

curl, and an abdominal crunch.



77

Experimental Exercise Session Calculations

Using data from the GXT for each participant in both EE and CE groups, the

VO, (L / min) and respiratory exchange ratio (RER) at 70% VOapeax Were used to
estimate the exercise duration needed to elicit the target energy expenditure (kcal). The
detailed procedures for estimating the duration of exercise needed to expend the target
energy expenditures for all acute endurance exercise sessions have been previously
reported by our laboratory.*? With regards to the experimental session of resistance
exercise, a regression equation was developed from pilot data to determine the rate of
energy expenditure (kcal/min) of a similar resistance exercise workout. With respect to
the experimental exercise sessions, subjects were instructed to abstain from any physical
exercise for at least 72 h, before reporting to the laboratory (12-hour fast, water allowed
ad libitum) to complete the submaximal, experimental exercise session. Specifically, for

the acute bout of endurance exercise, subjects were asked to walk or jog on a motor-

driven treadmill at 70% of their VOzpeak for the duration required to expend 500 kcal of
energy. The detailed methodological design of the acute exercise sessions has been
previously reported by our laboratory.*

Subjects in the RE group completed a typical resistance exercise training session
(duration = 58 min) similar to what might be recommended by the AHA or the ACSM
for individuals adopting an exercise program for general health and fitness benefits.'*’
Weights used for each exercise were calculated as approximately 70% of the 1RM, and

chosen so that the subject would be challenged, but yet able to complete all repetitions in

each exercise set, and continue exercise until completion of the session. Subjects
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completed one warm-up set of ten repetitions at 50% of their IRM followed by three sets
of ten repetitions at 70% of their IRM. The eight exercises consisted of leg press, leg
curl, standing calf raise, barbell bench press, lat pull-down, dumbbell military press,
barbell curl, and an abdominal crunch. Recovery time between sets and exercises were
strictly controlled with two-minute turnovers. The results from our pilot study
reinforced the notion that most young, moderately trained individuals would not have
been able to tolerate any additional volume than what was included in our standard 58
minute protocol. Expired gases were measured for the first 16 minutes of resistance
exercise with a portable metabolic system (Medical Graphics CPX / D) to spot check the
results from our regression equation for determining the rate of energy expenditure
(kcal/min).

For those in the combination group, subjects were asked to either walk or jog at

an intensity equal to 70% of their maximal effort recorded on their earlier exercise test

(VOspeax) for a length of time needed to burn 250 kcal of energy. After the subjects
finished with this activity, they performed several resistance exercises for a duration that
required the expenditure of 250 kcal of energy. Weights used for each exercise were
calculated as approximately 70% of the IRM. Heart rate was monitored continuously
and expired gases were measured every 10 minutes of endurance exercise and the first

16 minutes of resistance exercise with a portable metabolic system (Medical Graphics

CPX / D) to determine the total O, uptake (VO,), and ultimately the rate of energy

expenditure (kcal/min). Subjects were asked to stop lifting weights once the target
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caloric expenditure was achieved. The combined total energy expenditure for the
combination exercise group was 500 kcal.
Blood Sampling
Blood samples were obtained 24 h before (baseline) and 24 h after the
experimental exercise session. Each subject reported to the laboratory, time of day
controlled, after a 12-hour fast (water allowed ad libitum) and having refrained from any
exercise in the preceding 72 h. A more detailed description of our blood sampling
procedures has been reported previoulsy.*> ** Serum and plasma from pre- and post-
heparin blood was isolated by centrifugation at 1500 x g for 30 minutes at 4°C. Aliquots
of pre- and post-heparin plasma and serum were sealed separately in 2 ml cryovials (no.
66008-284, VWR Scientific Inc., Westchester, PA) and stored at -80°C for later analysis.
All blood variables were adjusted for plasma volume shifts that occurred as a result of
acute exercise using hematocrit and hemoglobin measurements obtained from each
sample.'
Biochemical Analysis
Frozen aliquots of serum were sent to Atherotech, Inc (Birmingham, AL) for
complete lipoprotein-lipid analyses (TC, TG, LDL, HDL-C, HDL,-C, and HDL3-C) with
the Vertical Auto Profile (VAP) method.*® Atherotech is a fully certified and licensed
clinical Laboratory. Atherotech is part of the "Cholesterol Reference Method
Laboratory Network". Atherotech also participates in 3 highly recognized "Proficiency

Testing Programs". These are Northwest Lipid Research Laboratories (NWLRL), one of

five "CDC-NHLBI" cholesterol reference labs; New York State Department of Health,
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a "CLIA" approved program; and "Accutest”, a "CLIA" approved program. The
procedures used in determining total plasma lipase activity (TLa) and hepatic
triglyceride lipase activity (HTGLa) by our lab have been reported previously.'*® The
activity of endothelial-bound lipase (LPLa) was calculated as the difference between the
TLa and that of HTGLa. Our lab intra-assay and inter-assay CVs for enzyme analysis
were 7% and 10.4% for TLa and 3% and 10.6% for HTGLa.
Diet and Physical Activity Records

Self-reported dietary records were used to assess the nutritional composition and
caloric intake in each subject’s diet over the blood sampling period. Subject’s recorded
their diet over a 7 day period (4 days prior and 3 days during the blood sampling
protocol). The dietary intake logs prompted each subject to record the date, time, type,
portion size, and preparation methods for anything that was consumed during the period
of interest. In addition, subjects were given verbal instruction on the proper techniques
for completing the dietary intake log. Also, each dietary intake log was accompanied by
a written example of proper form completion and a summary of portion size estimation
methods. All daily diet records were analyzed for caloric consumption and nutrient
intake using the Food Processor SQL (Version 9.3, ESHA Research, Salem, OR)
program. A seven—day physical activity questionnaire (PAQ) was used to assess routine
daily activity over the same period in which the dietary intake logs were kept. The
questionnaire was adapted from the seven—day record developed by Blair et al.'**

Subjects were also asked to refrain from any strenuous physical activity, including

exercise, outside of that required by their job or as part of the research investigation.
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Statistical Analysis
Baseline differences between the subjects assigned to the different exercise
groups were determined for physiological, diet, physical activity, lipoprotein-lipid, and
enzyme variables using one-way analysis of variance (ANOVA). Relationships between
the baseline physiological and blood variables were determined using Pearson product-
moment correlation coefficients. The dependent variables of interest for this
investigation were plasma volume adjusted concentrations of TC, TG, LDL-C, HDL-C,
HDL,-C, HDL;-C, and the enzyme activities (LPLa and HTGLa). Furthermore, the
following ratio variables were determined: TC / HDL-C, LDL-C / HDL-C, and HDL,-C
/ HDL;3-C. A global test for significance was performed using a 3 (group) X 2 (time)
ANOVA with repeats across time. Significant interactions were additionally explored
using simple main effects analysis. In addition, mean separation procedures were
carried out using Duncan’s New Multiple Range Test when appropriate. All data was
analyzed using the Statistical Analysis System (SAS, version 9.13, Cary, NC). The
authors had full access to the data and take responsibility for its integrity. All authors
have read and agree to the manuscript as written.
Results
Baseline descriptive characteristics are presented in Table 3-1. Statistical
analysis of the lipoprotein-lipid and lipoprotein enzyme data revealed that the type of
exercise performed did not influence the short-term lipid response in young, trained
men. No group X time interactions or group main effects were determined for the

exercise-induced plasma volume shifts. However, a time main effect (p < 0.05) was
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determined indicating that a significant plasma volume shift occurred over the blood

sampling period. Plasma volume was expanded 4.8 % + 1 above baseline values by the

24 h time-point.

Table 3-1. Post-Training Acute Exercise Baseline Group Data.

Variable RE EE CE
Age (yrs) 22+1° 23+£1° 22+1°
Height (in) 68.9+0.66° 702+0.84° 713+0.61%
Weight (kg) 75.7+4% 87.7+4% 99.7 +5°
% Fat (%) 14+£1° 17+3% 21+3%
VOspeax 457+12% 46.1+22° 401+15"
(mL/kg/min)
TC (mg/dL) 164 + 102 158+9°2 166+ 132
HDL-C (mg/dL) 45+2° 42 £2° 45+ 4°
EXKCAL 254+ 18° 500+ 1° 500+ 2°
EXDUR 58+0.0° 35+0.58° 64+2°

All data are presented as the mean = SEM. RE = resistance exercise group, n =

9; EE = endurance exercise group, n = 9; CE = combination exercise group, n =9, \Y,
Oopeak = peak oxygen consumption as measured during a standardized graded exercise
test; TC = total cholesterol; HDL-C = high density lipoprotein cholesterol; EXKCAL =
caloric expenditure of acute exercise session; EXDUR = duration (minutes) of acute
exercise session. Exercise group means within each row with same letters are not
different (p < 0.05).
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No group X time interactions or group main effects were determined for any of the
plasma volume adjusted lipid and lipoprotein enzyme activities or lipid ratios (Table 3-
2). Thus, the influence of acute exercise on blood lipoprotein-lipids, lipoprotein enzyme
activities, and lipid ratios (time main effect) are reported. A significant time main effect
was observed for TC, LDL-C, HDL-C, HDL,-C, and LPLa (p < 0.05). An increase in
plasma volume adjusted TC concentration occurred at the 24 h post exercise time-point.
The concentration of LDL-C followed the same response pattern as TC. An increase in
plasma volume adjusted HDL-C concentration occurred at the 24 h post exercise time-
point. HDL,-C concentrations followed a similar trend. HDL;-C concentrations were
elevated from 35.2 + 1.2 to 36.7 £ 1 mg / dL 24 h after the exercise session. This change
in plasma volume adjusted HDL;-C did not reach statistical significance (p = 0.0564).
LPLa was elevated (+ 10.7%) at the 24 h post exercise time-point. No other time main

effects were noted for any other dependent variables.
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Table 3-2. Post-Training Acute Exercise Changes in Blood Lipid
and Lipoprotein Enzyme Variables

Variables Baseline 24 h
TC, mg/dL
RE 164 + 10 176 + 12
EE 158 +9 168 + 6
CE 166 + 13 177 + 12
TG, mg/dL
RE 83+ 12 96 + 12
EE 93+ 10 89+ 12
CE 94 + 8 104 + 14
LDL-C, mg/dL
RE 101+9 109+ 11
EE 98 £ 8 104 + 6
CE 104 £ 11 111 £ 11
HDL-C, mg/dL
RE 45%2 47 %2
EE 4242 46+ 2
CE 45+4 47+4
HDL,-C, mg/dL
%E 9+1 9+1
OF 9+ 1 10+ 1
HDL,-C, mg/dL o=l 10+1
%E 36+2 3842
CE 3342 36+ 1
36+3 37+2

LPLa, umol FFA / mL / hr

RE 6+0.5 6+0.3
EE 52+02 6.4+0.6
CE 5.8+0.3 6.1+£04
HTGLa, umol FFA / mL / hr
RE 12+1.2 125+15
EE 12.1+£1.6 13+£1.6
CE 103+1.2 9.8+0.9

Values are group means at each time point = SEM. RE,n=9; EE,n=9; CE,n=
9; Baseline, 24 h before experimental exercise session; 24 h, 24 h after acute exercise.
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Figure 3-1. Average change in plasma volume-adjusted total cholesterol and low-
density lipoprotein cholesterol concentrations with exercise. Data are combined group
means + SEM. Baseline, 24 h before exercise (light-gray bars); 24 h = 24 hours after
exercise (dark-gray bars). TC concentrations at each of the time-points were: Baseline
=163 +6;24h=173+£6. LDL-C concentrations at each of the time-points were:
Baseline = 101 + 5; 24 h = 108 + 5. *° Significant difference between times (p < 0.05).

The exercise-induced changes in plasma volume adjusted lipids and lipoprotein enzyme

activities are presented in Figures 3-1 through 3-3.
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Figure 3-2. Average change in plasma volume-adjusted high-density-lipoprotein
cholesterol (HDL-C) and HDL,-C concentrations with exercise. Data are combined
group means + SEM. Baseline, 24 h before exercise (light-gray bars); 24 h = 24 hours
after exercise (dark-gray bars). HDL-C concentrations at each of the time-points were:
Baseline =44 + 1.5; 24 h=46 + 1.4. HDL,-C concentrations at each of the time-points
were: Baseline =9 + 0.4; 24 h= 10+ 0.5. *" Significant difference between times

(p <0.05).
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Figure 3-3. Average change in postheparin plasma lipase activity. Values are plasma
volume adjusted means (Umol FFA / mL / hr) + SEM. Baseline, 24 h before exercise
(light-gray bars); 24 h = 24 hours after exercise (dark-gray bars); FFA, free fatty acid.
Baseline = 5.6 = 0.2; 24 h = 6.2 + 0.3. *° Significant difference between times

(p <0.05).

Discussion
Our purpose in the current study was to examine the short-term lipoprotein-lipid
response to a single session of resistance, endurance, and combination exercise in young,
trained men with normal baseline cholesterol levels. These exercise sessions were

consistent with what would be recommended by both the AHA and the ACSM for
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general health and fitness benefits. The novel finding in this investigation was that the
modality of exercise did not differentially affect the short-term lipid response to acute
exercise in young, healthy trained men. When data from all groups were combined, both
TC and LDL-C were significantly elevated (+ 6% and + 7%, respectively) 24 h after the
exercise session. Previous research indicates that blood lipid changes following a single
endurance exercise session will often, but not always, include reductions in the
concentrations of TC,”*** and LDL-C.**7*" However, these findings are not
universal, as several investigations have reported that a single endurance exercise
session was unable to induce favorable alterations in TC and LDL-C concentrations.'*
138, 145175 ) the majority of studies published, reductions in TC and LDL-C were
reported in trained subjects following prolonged exercise requiring a large expenditure

76,78, 85, 132

of calories. However, reductions in TC and LDL-C have also been reported in

1% % and elevated®® baseline cholesterol levels.

untrained subjects with norma
The elevated TC and LDL-C concentrations reported in the present study are in

agreement with previous findings from our laboratory. Crouse et al.** observed initial

reductions in TC and LDL-C in hypercholesterolemic men immediately after completing

an acute bout of exercise (350 kcal). However, the concentrations of these lipids

continually increased until LDL-C was significantly elevated (+ 5.3%) 24 h and TC

(+ 1.6%) 48 h after the acute exercise session compared to baseline values. In addition,

Gordon et al.'’®

reported elevated concentrations of both TC and LDL-C, although not
significant, 24 h after moderately trained men completed a single exercise session which

consisted of treadmill running (800 kcal).
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Research studies examining the effects of a single session of resistance exercise

108. 143144 and to our knowledge, nothing has been

on lipoprotein-lipids are rare,
published regarding a single session of combination resistance / endurance exercise. The
concentrations of both TC and LDL-C are reportedly unaltered immediately and in the

108, 143, 144 1t 45 difficult to make

days following an acute bout of resistance exercise.
comparisons between these resistance training studies due to differences in the type of
resistance exercise performed and volume (caloric expenditure) of the exercise session.
The exercise stimulus employed by Jirimée and colleagues'** consisted of low volume
circuit weight training, whereas a low volume non-circuit approach was performed in the
present study. Wallace and coworkers'® employed both a low and high volume non-
circuit approach in their investigation. Clearly, future studies are needed to expand upon
the limited body of knowledge in this area.

The present investigation provides evidence that the post-exercise TG response is
the same in young, healthy trained men following a single exercise session of varying
modalities. Reductions in the concentrations of TG in trained subjects are most often
reported when the caloric expenditure of the exercise stimulus is large (i.e., triathlon /
marathon running).”® "> 132 One reason for the lack of significant change in TG
concentrations in the current study could be the relatively low baseline lipid profiles of
the trained subjects. It has been suggested that individuals with the highest baseline TG

66, 69, 138, 145
207 1% Lamon-Fava and

values tend to show the greatest post-exercise reductions.
coworkers™ reported that male subjects who had higher pre-triathlon concentrations of

TG demonstrated greater post-triathlon reductions compared to the other subjects. In
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addition, several studies using untrained subjects with low baseline TG concentrations
(89 - 123 mg / dL), similar to those individuals in the present study, did not report
favorable reductions in TG following acute exercise.” '*

In the present investigation, TG concentrations were essentially unaltered
following low-volume (250 kcal), non-circuit resistance exercise. The limited published
work in this area supports the findings of the present study. Jorimie et al.'** reported
that concentrations of TG were not significantly altered in untrained subjects 5 min after

143
1.”" observed a

completion of a 30 minute single-circuit weight-training session. Hill et a
slight increase in TG immediately following both a low and high intensity resistance
exercise session in untrained men. Wallace and coworkers'® reported significant
reductions in TG concentrations 24 h after a single, high volume, resistance exercise
session (800 kcal), but not after a low volume exercise session (200 kcal). The estimated

total energy expenditure for the volume of resistance exercise in the present study was

approximately 250 kcals, comparable to that of the low volume group reported in

108 144
1., l.

Wallace et a and that estimated (225 kcal) in Jirimée et a
With regards to HDL metabolism, the mode of exercise did not differentially
affect the short-term HDL-C, HDL,-C, and HDL;-C response to acute exercise in young,
healthy trained men. When data from all groups were combined, both HDL-C and
HDL,-C were significantly elevated 24 h after the exercise session. The concentration
of HDL;-C followed a similar trend, but did not reach statistical significance. The slight

elevation in HDL-C (+ 4.5%) was primarily due to an 11% increase in HDL,-C,

followed by a 4% rise in HDL;-C.
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It has been suggested that an individual’s training status may influence the HDL
subfraction response to acute exercise. Different acute changes in lipids have been
shown to occur after a single session of endurance exercise in trained compared to

untrained normo — and hypercholesterolemic individuals.**- %

It is generally held that
the increase in HDL-C in sedentary subjects is due to increases in the HDL;-C
subfraction, whereas HDL,-C increases in trained individuals following endurance
exercise, at least in normocholesterolemic individuals.** The findings of the present
investigation are in agreement with this relationship. However, research has shown that
both subfractions can be elevated following a prolonged exercise session.*> ** 132
Lipoprotein lipase is known to hydrolyze TG in chylomicrons and VLDL to
replenish intramuscular TG stores which may have been depleted during prolonged
exercise. The peak in LPLa usually occurs about 18 - 24 hours after exercise.'*® Surface
remnants from TG hydrolysis appear to be converted into nascent HDL-C, and lipids are
transferred to existing HDL, thus raising HDL-C.'*® However, this reduction in TG with
concomitant rise in HDL-C following prolonged exercise in trained individuals has not

72.76 . .. . .
> ® For instance, it is not uncommon for reductions in

been reported on a regular basis.
TG to occur without any significant elevations in HDL-C concentrations in trained
subjects.”®® Conversely, increases in HDL-C have also been reported in trained
subjects without significant alterations in TG concentrations.”"'”” The TG and HDL-C
data in the present investigation are in agreement with the latter findings.

While increases in HDL-C in young, moderately-fit individuals have been

reported in studies using a caloric expenditure similar to the one used in this
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investigation,'” this is not always the case.'”” As with the endurance training literature,
it is generally believed that in order to consistently elevate HDL-C concentrations, a
certain volume of exercise needs to be performed.”' In untrained hypercholesterolemic
men, reports indicate that a single session of endurance exercise ranging from 350 to 500
kcal has resulted in significant increases in the concentration of HDL-C 24 h after the
exercise bout.*® *® Conversely, research has shown that in trained subjects, a caloric
expenditure of at least 1000 kcal may be required in order to elevate plasma HDL-C

concentrations. >

Regardless of the mode of exercise, our data suggest that in young,
trained men an energy expenditure of 500 kcal is sufficient to induce elevations in
HDL-C.

The effects of an acute session of resistance exercise on HDL metabolism have

108, 143, 144
d.

not been thoroughly studie To our knowledge, nothing has been published

regarding the HDL-C response to a single session of combination resistance / endurance

. e 144
exercise. Jorimae et al.

reported that concentrations of HDL-C were not significantly
altered in untrained subjects 5 min after completion of a 30 minute single-circuit weight-
training session. Recently, Wallace et al.'® reported increases in the concentrations of
HDL-C (+ 11%) and HDL;3-C (+ 12 %) 24 h after a single, high volume, resistance
exercise session (800 kcal), but not after a low volume exercise session (200 kcal). Hill
and coworkers'* also noted significant elevations in HDL-C in untrained men following
a high intensity resistance exercise session. The estimated total energy expenditure for

the volume of resistance exercise in the present study was about 254 kcal, comparable to

that of the low volume group reported in Wallace et al.,'”® and that estimated (225 kcal)



93

in Jorimae et al.'"** Clearly, in order to significantly increase HDL-C and HDL
subfractions after a single session of resistance exercise, a certain volume of work
(caloric expenditure) has to be reached.

It was determined that the type of exercise performed in the present study did not
influence the magnitude or direction of the lipoprotein enzyme response to an acute
exercise bout in young, trained men. The activity of HTGL was essentially unaltered

132,133
d B

following each acute exercise session. HTGLa has been shown to be reduce after

prolonged exercise. However, more often than not, the activity of this enzyme has
. . s . : 69, 76, 138
remained unchanged following a single exercise session.

When data from all the exercise groups were combined, a delayed increase in

plasma LPLa was observed 24 h after the acute exercise. Other researchers have

69, 76, 132, 138 147

reported increases in plasma, skeletal muscle,” and adipose tissue LPLa
following a single session of endurance exercise. Greater LPLa is associated with an
increased TG clearance and HDL-C concentrations, changes indicative of decreased
CHD risk.'”” Increases in LPLa have been observed in both sedentary and trained
subjects following a single session of exercise on a cycle ergometer.®”’ It is difficult to
make comparisons amongst investigations due to differences in study design, subject
characteristics, and the timing of blood sampling, all which can affect the LPL response
to acute exercise. It is generally held that alterations in LPLa may occur if the exercise
intervention is of sufficient volume and intensity to deplete intramuscular TG stores.'*®

The minimal elevation in LPLa and lack of change in HTGLa in the current study may

be due, in part, to employing an exercise intervention that was of insufficient volume to
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stimulate a response from our subjects. However, statistically significant increases in
HDL-C (2 mg / dL) and HDL,-C (1 mg / dL) were observed in our study.

It has recently been reported that a single session of strenuous resistance exercise
can reduce the postprandial lipemic response despite employing a lower total energy
expenditure during the exercise session.'”” The induction of LPL has been reported after
intense local contractile activity in muscles of humans, ''” suggesting that local
contractile activity may be necessary for increased LPL expression during exercise.''®
This seems to suggest that the lipemic response after resistance exercise may not be
related to the volume of exercise but to some other factor linked to strenuous muscle
contraction associated with weight lifting. However, the caloric expenditure for the

. . . . . . . 119
resistance exercise session used in that investigation (400 kcals)

was still higher than
what was employed in the current study (250 kcals). In spite of the prescriptive
importance of data on this subject, research in this area is currently lacking.'®

In summary, the results from this investigation show that the mode of exercise
did not differentially affect the lipoprotein-lipid and lipoprotein enzyme response to
acute exercise in young, trained men. Regardless of the mode of exercise, the activity of
LPL and the concentrations of TC, LDL-C, HDL-C, and HDL,-C were significantly
elevated 24 h after a single exercise session in trained college-aged men. The favorable

alterations in LPLa, HDL-C, and HDL,.3-C following exercise may help reduce the risk

of CHD.
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CHAPTER V
CONCLUSIONS
Exercise Training
The Responses of Serum Lipids, Non-Traditional CHD Risk Markers, Enzyme Activities,

and Physiological Variables to Exercise Training

Individuals who maintain a regular regimen of physical activity have been shown
to have a reduced risk of CHD, which may be due, in part, to favorable alterations to the
lipoprotein-lipid profile.*"* It has also been suggested that other variables, in addition
to the traditional lipoprotein-lipid profile, may be more beneficial in identifying
individuals who are at an increased risk for developing CHD. While it is well
established that high TC, TG, LDL-C, and low HDL-C concentrations constitute an
atherogenic lipid profile,'' most coronary events occur in people with normal LDL-C
and HDL-C concentrations. It is possible that the traditional lipid profile may fail to
detect almost 50% of people who are at an increased risk for developing CHD by not
including measurements of certain non-traditional atherogenic biomarkers. Thus, a more
comprehensive lipoprotein-lipid profile may lead to more effective preventive treatment
strategies for CHD.

Information regarding the most effective type and volume of exercise training
needed to induce favorable alterations in these CHD risk variables has not been well
defined. In recent years, resistance training has been recommended as an integral part of
a well-rounded physical activity program for health and disease prevention.® However,

compared to the endurance training literature, there is a relative paucity of information
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related to the effects of resistance training on circulating lipids and lipoproteins and
almost nothing regarding combination endurance / resistance exercise training. As the
popularity of resistance training increases, more people are likely to develop fitness
programs emphasizing both muscular strength and cardiovascular endurance. Thus,
more people will likely include these activities in their exercise programs, making it
important to study the effects of these types of exercise on CHD risk factors.” It was
our purpose to characterize the effects chronic endurance, resistance, and combination
resistance / endurance exercise training on serum lipids, non-traditional CHD risk
markers, and lipoprotein enzymes in previously untrained males.

Our results demonstrate that the 12 weeks of endurance, resistance, and
combination endurance / resistance exercise training employed in this study can improve
cardiovascular and muscular fitness levels in previously untrained men. However, the
type of exercise training did not differentially affect the serum lipid, non-traditional
CHD risk marker, or lipoprotein enzyme response to chronic exercise training in young,
healthy untrained men. The biological mechanisms by which improvements in blood
lipids occur with exercise are not fully understood, but it is apparent that the activities of
some lipid-regulating enzymes (LPL and HTGL) are altered with exercise. The activity
of HTGL has been shown to be unchanged,'®* but more often lower activities have been

.. 56,57, 160
reported after endurance training.™ ~"

The effect of resistance training on the
activities of LPL and HTGL has rarely been addressed. To our knowledge, only one

study has examined the effects of LPLa and HTGLa in response to a 20 week resistance

training program. Kokkinos et al.'® concluded that 20 weeks of resistance training in
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middle-aged men with elevated lipoprotein-lipid profiles did not substantially alter the
activities of LPL and HTGL. In the present study, the activity of LPL, similar to that of
HTGL, was essentially unchanged following 12 weeks of exercise training of varying

modalities, results which are in agreement with Kokkinos and colleagues. Other

55,57, 160, 164 52,117

researchers have reported increases in plasma, skeletal muscle, and

55,56

adipose tissue LPLa following endurance exercise training. However, these results

are not without opposition.'®*
Typically, changes in serum lipids following longitudinal exercise training

studies have been inconsistent. While the concentrations of TC and LDL-C are rarely

58,131,179 55,56, 60, 165, 168, 171,
d, d.

altere reductions in response to training have been reporte

%0 In addition, a majority of the published research has reported that the concentrations

of HDL-C and HDL,-C may be increased while TG is lowered in response to exercise

55-57, 60, 68, 134, 160, 164, 165, 180, 181

training. However, contrasting findings have been reported

on OCC&SiOl’l.éO’ 162,182, 183

Explanations for the conflicting findings have been attributed
to differences in exercise training volume (caloric expenditure), duration of training,
type of exercise, baseline subject characteristics, dietary influences, baseline lipid
concentrations, and timing of blood sampling after the last session of exercise.”™ °**

It is possible that the “normal” baseline lipid profiles of our subjects were partly
responsible for the failure of the training programs to induce beneficial changes in the
dependent variables measured. It has been proposed that exercise training is most

effective at increasing HDL-C and reducing TG concentrations in individuals with

initially high TC or TG and low HDL-C."® The mean baseline HDL-C concentration in
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each of our training groups was considered to be in the “normal” range (> 42 mg / dL).*
In addition, greater reductions in TG concentrations following exercise training are
typically observed in sedentary subjects with elevated baseline concentrations.** ¢7 1

In the current study, TG concentrations were essentially unaltered in response to training
when all group data was combined. It is interesting to note that the mean baseline TG
concentrations of our groups were fairly low.

Some researchers have suggested that a subject’s baseline body composition or
perhaps changes in body composition as a result of exercise training were responsible for
the favorable changes in blood lipids following exercise training regimens. In support of
this, correlations between body weight and / or body fat reductions in response to
exercise training and changes in lipoprotein-lipids have been reported.*- 3¢ 1¢7- 168184 1y
the current study, body weight was not significantly altered, while % Fat was only
slightly reduced following 12 weeks of exercise training. It is possible that a more
substantial change in body composition would have produced favorable alterations in the
lipoprotein-lipids measured in our study. The lack of change in hs-Crp in the present
study is not surprising given the minimal reduction in relative body fat. The majority of
published literature supporting reductions in hs-Crp levels with chronic exercise training
also reported substantial reductions in both body weight and % Fat,'** 1#>-1%

However, there are those who have reported an independent effect of exercise
training on changes in lipoproteins,'® >" 190 164190191 1ncreases in HDL-C,>" 1% 192 and

decreases in LDL-C,'°*'®2 and TG®” have been reported to occur following exercise

training without changes in either body weight or % Fat. Thus, the independent effect of
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exercise training on lipoprotein-lipid metabolism can’t be discounted. Typically,
reductions in TC and LDL-C are more frequently observed when a substantial loss of

41, 193 .
’ It 1s

body weight and / or % Fat occurs in response to the exercise intervention.
also important to point out that changes in body weight, FMass, LBM, and % Fat in our
subjects were not correlated with changes in any of the lipoprotein-lipid concentrations
measured.

Changes in lipoprotein-lipids most often occur when the exercise regimen is one
that consists of a large volume (caloric expenditure) of work, at least 1200 — 1500 kcals /

k.4 19% 1n light of this information, the lack of changes in the dependent variables

wee
in our ET and RT groups was not an unexpected finding. Given the alternating
frequency of exercise sessions with our research design, the weekly caloric expenditure
for the RT group ranged from 450 to 863 kcals / week. In addition, the weekly caloric
expenditure for the ET subjects reached and / or surpassed 1500 kcals only three times
during the 12 week study. Thus, it could be that the weekly training volume in the
present study was not sufficient to elicit significant changes in lipoprotein-lipids.
However, the results regarding the CT group was unexpected according to the training
volume logic. The weekly caloric expenditure in this particular group ranged from 1380
to 2526 kcals. As previously mentioned, it is possible that the baseline lipid levels of all
our subjects prevented any further alterations in response to the training intervention. It

is clear that additional research is warranted to expand upon the limited body of work in

this particular area.
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Other Factors of Potential Influence on Lipid Metabolism
Daily Variation in Lipid Metabolism, and Lipoprotein Enzyme Activities

It is generally accepted that both daily and seasonal fluctuations in lipid
metabolism occur and may be in response to hormonal fluctuations. However, in an
acute exercise study, Gordon and coworkers'’” were able to differentiate exercise-
induced lipid alterations from those due to daily variations. Researchers often employ a
separate control group in order to control for the normal day-to-day variation of lipids
and lipoproteins. In the present study, normal daily variation was not assessed. In light
of this, specific methodological procedures were employed to minimize the factors
which might potentially confound the results. First, each subject reported to the
laboratory, time of day controlled, after a 12 h fast and having refrained from any
physical activity in the preceding 72 h. Prior to each blood draw, the subjects completed
a form reporting their physical activity and dietary adherence over the last 24 h and the
time of their last meal. After examination of these forms, it was apparent that all blood
samples were obtained as specified under the established guidelines of this investigation.
Thus, to the best of our knowledge, daily variation in lipid metabolism was minimized.
Summary

From this investigation, there was no interaction between the type of exercise
training and the 12-week training period. Thus, the lipoprotein-lipid, non-traditional
CHD risk marker, and lipoprotein enzyme response to chronic exercise training was
similar in untrained males performing varying types of exercise. Regardless of the

exercise group, LDL,-C and apo A-I were lower after 12 weeks of training compared to



101

pre-training values. Furthermore, regardless of the exercise group, % Fat and resting

heart rate were lower while Vngeak, LPMAX, and BPMAX were higher following 12
weeks of exercise training, changes indicative of improved health and wellness.
Pre-Training Acute Exercise
The Responses of Serum Lipids, Non-Traditional CHD Risk Markers, and Enzyme
Activities to Acute Exercise in Untrained Men
The role of exercise in reducing one’s risk for developing CHD may be partly

due to favorable alterations on the lipoprotein-lipid profile.*! The majority of research
examining the effectiveness of exercise training on CHD risk reduction has been
conducted using endurance exercise. However, some of the favorable lipid alterations
attributed to exercise training may actually be stimulated by a single exercise session.
The activity of LPL and the concentration of HDL-C are acutely elevated and hepatic
triglyceride lipase activity (HTGLa), TG, TC, and LDL-C concentrations reduced for at
least 48 h after a single session of endurance exercise.*> ¢ 7172 76:79- 133195 1y [joht of
the fact that nearly one half of all myocardial infarctions (MI’s) occur in individuals who
have normal LDL-C concentrations,” the traditional lipid panel may fail to detect almost
50% of people who are at an increased risk for developing CHD by not including
measurements of additional non-traditional atherogenic biomarkers. Thus, a more
comprehensive lipoprotein-lipid profile may lead to more effective preventive treatment
strategies for CHD. Furthermore, information regarding the optimal training modality
(endurance, resistance, or combination endurance / resistance exercise) and volume

(caloric expenditure) of exercise that will provide the most benefit has not been well
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defined. With the increasing popularity of resistance and combination exercise training,
more people will likely include these activities in their exercise programs, making it
important to study the effects of these types of exercise on CHD risk factors.”
Therefore, the purpose of this investigation was to characterize the short-term changes in
lipids, non-traditional CHD risk markers, and lipoprotein enzymes in untrained, college-
aged men following a single session of endurance, resistance, and combination exercise.

The biological mechanisms by which improvements in blood lipids occur
following exercise are not fully understood, but alterations in the activities of some lipid-
regulating enzymes (LPL and HTGL) have been shown to occur following exercise. It
was determined that the type of exercise performed in the present study did not influence
the magnitude or direction of the lipoprotein enzyme response to an acute exercise bout.
In this investigation, the activity of LPL, similar to that of HTGL, was essentially
unchanged after an acute session of endurance, resistance, and combination exercise.

To our knowledge, this study is the first to show that the mode of exercise did not
differentially affect changes in LDL density, lipoprotein particle number, and hs-Crp
levels in young, sedentary men following acute exercise. Of the acute exercise studies
that have been published to date, only a small percentage have included IL-6 and hs-Crp
measurements. While studies have reported elevations in both IL-6 and hs-Crp

196-202

following prolonged exercise, they are not without opposition.'”*2*2** Almost all

of the investigations reporting elevated IL-6 and hs-Crp following acute exercise

included trained subjects completing extremely strenuous activities such as marathons

196, 197, 199-202

and / or triathlons. It is possible that increases in inflammatory biomarkers
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(IL-6 and hs-Crp) are more likely to occur after extremely prolonged and strenuous
activities than in response to a single session of a moderate intensity, lower volume
exercise. A few studies seem to support this theory.'” 203204

Compared to the endurance training literature, there is a relative paucity of
information related to the effects of a single exercise session on LDL particle size and
LDL density; reports that have been published are often contradictory. Moreover,
almost all of the investigations reporting increased LDL size and lower LDL densities
following acute exercise included trained subjects completing strenuous, long-duration

activities.®> 2%

In addition, a review of the related literature did not reveal any published
studies pertaining to the effects of a single session of resistance and / or combination
exercise on LDL size, LDL density, and lipoprotein particle number.

One reason for the lack of change in LDL density and lipoprotein particle
number in the current study could be the relatively low baseline lipid profiles of our
sedentary subjects. It has been suggested that pre-exercise lipid levels, especially TG
concentrations, may determine both the magnitude of change in lipid concentrations
following acute exercise.’® % 1% 14180 qubjects with initially high TC or TG and low
HDL-C concentrations tend to respond more favorably to a prolonged exercise session.
Indeed, Lamon-Fava and coworkers™ reported that the male subjects who significantly
increased their LDL size following a triathlon, had higher pre-race concentrations of TG,
a greater post-race reduction in TG, as well as a lower pre-race plasma HDL-C

compared to the other subjects. Furthermore, the reductions in plasma TG

concentrations were extremely large (approximately 160 mg / dL) on average. Similar
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to the work of Lamon-Fava,® a reduction in dense LDL occurred in subjects who

206

experienced large reductions in serum TG following a 30 km cross-country race.” In

addition, the initial TG concentrations in the previous studies were significantly higher

207208 cimilar to the baseline

than those reporting no changes in LDL size with exercise;
TG levels in the present study.

The primary finding of this investigation was that the mode of exercise
differentially affected the short-term lipid response to acute exercise in young, healthy
untrained men. The concentrations of TC and LDL-C were reduced in the RE group 24
h after a single session of exercise while slight elevations were noted for these lipids in
both ET and CT groups. However, the reduction in LDL-C following resistance exercise
did not reach statistical significance following simple main effects analysis. The
concentrations of HDL-C and HDL;-C were significantly reduced in the RT group
(- 10.4% and - 7.9%, respectively) 24 h after a single session of resistance exercise while
these lipids were not significantly altered in our ET and CT groups. In addition, the
concentration of HDL,-C was significantly reduced in the RT group (- 10%) 24 h after a
single session of resistance exercise. Conversely, the concentration of HDL,-C was
significantly elevated in the ET group (+ 12.5%) and the CT group (+ 10%) 24 h after a
single session of endurance and combination resistance/ endurance exercise,
respectively. It is important to point out that the volume of work (caloric expenditure)
completed by both ET and CT groups was calorically balanced (350 kcal).

In the present investigation, significant reductions in HDL-C (- 10.4%), HDL,-C

(- 10%), and HDL3-C (- 7.9%) were observed in the RT group following low-volume
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(232 kcal), non-circuit resistance exercise. Previous unpublished observations from our
laboratory have also shown that the concentration of HDL;-C was significantly reduced
(- 10.6%) immediately after a single resistance exercise session (212 kcal) when
compared to baseline values. It is interesting to note that after 8§ weeks of resistance
training, this decrease was not evident when subjects were retested following the same
protocol. Previous work in this area, although limited, supports the findings that
exercise, of this volume, is not sufficient to induce favorable changes in HDL-C and the

144
1.

HDL subfractions. Jorimée et al.™" reported that concentrations of HDL-C were not

significantly altered in untrained subjects 5 min after completion of a 30 minute single-

1'% reported that the concentrations of

circuit weight-training session. Wallace et a
HDL-C were not significantly altered immediately after a single session of both low and
high volume resistance exercise in trained males. However, increases in the
concentrations of HDL-C (+ 11%) and HDL3-C (+ 12 %) reached significance 24 h after
the single, high volume, resistance exercise session (800 kcal), but not after the low
volume exercise session (200 kcal).

As with the endurance training literature, it is generally believed that in order to
consistently elevate HDL-C concentrations, a certain volume of exercise needs to be
performed.*® "7 1% 1 hypercholesterolemic men, reports indicate that a single
session of endurance exercise ranging from 350 to 500 kcal has resulted in significant

66, 138 s
7% In addition,

increases in the concentration of HDL-C 24 h after the exercise bout.
research has shown that in trained subjects, a caloric expenditure of at least 1000 kcal

may be required in order to elevate plasma HDL-C concentrations.**** Our data
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suggest that in young, healthy untrained men, an energy expenditure of 350 kcal is not
sufficient to induce significant elevations in HDL-C.

In previously mentioned endurance studies,”” ’* large muscle mass, dynamic
exercise was performed. Conversely, in the present study, smaller muscle masses were
engaged during resistance exercise. It has been reported that the rate of caloric

expenditure of large muscle mass, dynamic exercise is about twice the rate of small

173 1210

muscle mass exercise (12 vs 7 kcals - min™).'”* Morris et al.?'’ reported that physical
activities with an intensity above 7 kcal / min are associated with higher HDL-C levels
and a lower atherogenic index. Clearly, in order to significantly increase HDL-C and
HDL subfractions after a single session of resistance exercise, a certain volume of work
(caloric expenditure) has to be reached.

In summary, our results demonstrate that a single session of endurance,
resistance, and combination exercise did not differentially affect the non-traditional
CHD risk marker response to acute exercise in young, sedentary men. Regardless, of
exercise mode, a single session of moderate volume (230 — 350 kcal) exercise failed to
induce beneficial alterations in several CHD risk markers. However, our results
demonstrate that post-exercise changes in TC, HDL-C, HDL,-C, and HDL;3-C across
time were different for the RT group. Furthermore, favorable post-exercise changes in
HDL,-C across time occurred in both CT and ET groups (10% to 12.5% increase).
Except for the change in TC, unfavorable changes in HDL metabolism were observed

following a single session of resistance exercise. Despite the unfavorable lipid response

following resistance exercise in this particular study, the fact remains that resistance
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exercise is highly recommended as an integral part of a well-rounded physical activity

89, 90, 211 . .
e Resistance exercise has been shown

program for health and disease prevention.
to aid in the prevention and rehabilitation of low back pain, osteoporosis, obesity,
sarcopenia, and diabetes mellitus;212 health benefits that can lead to a reduced risk for
CHD. If exercise therapy is going to be effectively utilized as an intervention for CHD
risk reduction, it is important to clearly define the role of each of these components
(mode, volume) in order to provide physicians and exercise professionals with
guidelines for developing and implementing safe and effective exercise prescriptions for
their patients. Furthermore, research in this area is currently lacking and additional
studies are warranted.
Other Factors of Potential Influence on Lipid Metabolism
Dietary Intake and Physical Activity

Analysis of the baseline self-reported dietary and physical activity records
revealed significant differences between the exercise groups with respect to the average
daily intake of protein, saturated fat, cholesterol, as well as daily energy expenditure.
Specifically, the average daily intake of protein and saturated fat were lower (45% and
62%) in the CT group compared to the RT group. The average daily cholesterol intake
was higher in the RT group compared to both ET and CT groups. Differences in subject
characteristics, such as diet composition and recreational physical activity, may affect
the lipoprotein profile in some individuals. For example, ingestion of a high

carbohydrate diet has been shown to increase fasting TG concentrations and may reduce

LPLa and HDL-C levels."””>"*’ In contrast, a diet high in fat or cholesterol may increase
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the cholesterol concentrations in all the lipoprotein fractions as well as lower TG
concentrations.”® However, these findings are not universal. Other researchers have
reported that dietary manipulation does not influence the lipoprotein-lipid profile.'*®*!?
Furthermore, subject participation in strenuous activities of daily living, in addition to
the prescribed exercise intervention, may also influence the lipoprotein-lipid profile.
Thus, the previously mentioned literature reinforces the need to control factors such as
diet and physical activity when studying the response of lipid metabolism to a single
session of exercise. The “ideal research situation” would be to have an entire project
conducted within a closed, controlled setting. Thus, all food consumption would come
from prepared meals (i.e. metabolic kitchen) created by registered dieticians. However,
the manpower, finances, and research facilities needed to completely control these
variables are beyond the capabilities of this, and most other, laboratories. In addition,
the intent of this investigation was to examine the effects of resistance, endurance, and
combination exercise on lipid metabolism and non-traditional CHD risk markers in
untrained men in a natural setting.

Dietary cholesterol and saturated fat intake was higher in the RT group compared
to the other two exercise groups. As mentioned previously, increased cholesterol intake
can elevate cholesterol concentrations in all the lipoprotein fractions.'>> However, the
RT exercise group demonstrated decreases and not increases in TC, HDL-C, HDL;-C,
and HDL,-C concentrations in response to prolonged exercise. In addition, the subject’s

diets were not altered for this investigation. Subjects were asked to adhere to their
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normal dietary habits. Thus, dietary influences are probably not responsible for the
alterations noted during this acute exercise investigation.

All subjects in this present study did not exercise on a regular basis, at least not
in the previous three months. In addition, subjects were repeatedly instructed to avoid
any strenuous physical activity, outside of the acute exercise intervention, while
participating in this investigation. Thus, daily physical activity, in addition to the
exercise intervention, probably was not responsible for the alterations in lipid
metabolism.

Daily Variation in Lipid Metabolism, and Lipoprotein Enzyme Activities

It is generally accepted that both daily and seasonal fluctuations in lipid
metabolism occur and may be in response to hormonal fluctuations. However, in an
acute exercise study, Gordon and coworkers'’’ were able to differentiate exercise-
induced lipid alterations from those due to daily variations. Researchers often employ a
separate control group in order to control for the normal day-to-day variation of lipids
and lipoproteins. In the present study, normal daily variation was not assessed. In light
of this, specific methodological procedures were employed to minimize the factors
which might potentially confound the results. First, each subject reported to the
laboratory, time of day controlled, after a 12 h fast and having refrained from any
physical activity in the preceding 72 h. Prior to each blood draw, the subjects completed
a form reporting their physical activity and dietary adherence over the last 24 h and the

time of their last meal. After examination of these forms, it was apparent that all blood
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samples were obtained as specified under the established guidelines of this investigation.
Thus, to the best of our knowledge, daily variation in lipid metabolism was minimized.
Post-Training Acute Exercise
The Responses of Serum Lipids, Non-Traditional CHD Risk Markers, and Enzyme
Activities to Acute Exercise in Trained Men
Subjects for this particular investigation recently completed twelve weeks of

either endurance training (ET, N = 9), resistance training (RT, N = 9), or combination
endurance / resistance (CT, N = 9) training in our laboratory and volunteered for this
subsequent “post-training acute exercise” investigation. Some of the favorable
lipoprotein-lipid modifications attributed to chronic exercise training may actually be

44,131

stimulated by an acute bout of exercise. The activity of LPL and the concentration

of HDL-C are acutely elevated and HTGLa, TG, TC, and LDL-C concentrations reduced
for at least 48 h after a single session of endurance exercise,* % 7172 76. 79, 133. 195
Therefore, if the timing of blood sampling is not controlled and occurs < 48 h after the
last session of exercise, researchers may mistakenly attribute changes in the lipid profile
to the effects of chronic exercise training when in fact the lipid alterations were induced
by recent exercise. Moreover, endurance training may alter this acute lipid response.
Kantor et al.” reported that a measured increase in HDL-C concentrations after
prolonged endurance exercise was due to elevated HDL,-C concentrations in endurance
trained subjects, but to elevated HDL;-C in untrained subjects. Different acute changes

in lipoprotein-lipids have been shown to occur after a single session of endurance

exercise in trained compared to untrained normo — and hypercholesterolemic
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individuals.* ®* %% Additional well-controlled studies are needed to verify these
findings, and to determine the amount of change to be expected after a single session of
exercise, both in trained and sedentary individuals. Therefore, the purpose of this
investigation was to characterize the short-term changes in circulating lipids, non-
traditional CHD risk markers, and lipoprotein enzymes in trained, college-aged men
following a single session of endurance, resistance, and combination exercise.

It was determined that the type of exercise performed in the present study did not
influence the magnitude or direction of the lipoprotein enzyme response to an acute
exercise bout in young, trained men. When data from all the exercise groups were
combined, a delayed increase in plasma LPLa was observed 24 h after the acute
exercise. Increases in LPLa have been observed in both sedentary and trained subjects
following a single session of exercise on a cycle ergometer.”’ It is difficult to make
comparisons amongst investigations due to differences in study design, subject
characteristics, and the timing of blood sampling, all which can affect the LPL response
to acute exercise. It is generally held that alterations in LPLa may occur if the exercise
intervention is of sufficient volume and intensity to deplete intramuscular TG stores.'*®
The minimal elevation in LPLa and lack of change in HTGLa in the current study may
be due, in part, to employing an exercise intervention that was of insufficient volume to
stimulate a response from our subjects.

After a review of the related literature, our investigation appears to be the first to
show that the type of exercise did not differentially affect changes in hs-Crp levels in

young, trained men following acute exercise. A large majority of the investigations
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which observed a significant rise in IL-6 and hs-Crp following acute exercise included
trained subjects completing extremely strenuous activities such as marathons and / or

. 196, 197, 199-202
triathlons.'® 1°”

It may be possible that increases in inflammatory biomarkers
(IL-6 and hs-Crp) are more apt to occur following prolonged and strenuous activities
than in response to a single session of a moderate intensity, lower volume exercise. This

198, 203, 204

theory has garnered recent support. Plaisance and coworkers®” evaluated the

inflammatory response following an acute session of endurance exercise (500 kcals;

70% VOzpeak) between individuals of high and moderate fitness levels. The subjects in
the high fit group were significantly leaner compared to the moderately fit group. While
the hs-Crp levels were 76% lower at baseline in the high fit group compared to
moderately fit group, hs-Crp, fibrinogen, and WBC count remained unaltered in the days
after exercise. The authors suggested that the “lower volume” exercise stimulus could
have produced less tissue damage and glycogen depletion compared to other
investigations.

There is evidence that exercise training can enhance the body’s antioxidative
defense mechanisms after physical exercise.”'* It is possible that after a period of
training the production of IL-6 in exercising muscle is reduced due to enhanced
antioxidative protection.' For example, IL-6 release from adipose tissue is augmented
by increased sympathetic stimulation, which has been shown to be suppressed by
exercise training.”"> Thus, trained individuals would theoretically have a reduced IL-6
response to an acute exercise session due to a training-induced suppression of

sympathetic activity, ultimately leading to a diminished production of hs-Crp. In
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support of this, Dufaux et al.*'®

noted lower hs-Crp levels in swimmers when compared
to sedentary control subjects. The results from a previous study in our lab, which
enlisted the same subjects as in the current study, also support this theory. These
subjects were sedentary and about to begin a 12-week training program. Before training,
both ET and CT groups demonstrated increases in hs-Crp levels following a single
session of strenuous exercise. However, after training, a blunted inflammatory response
to acute exercise was observed in these individuals. Clearly more research is needed to
evaluate the inflammatory response in previously sedentary subjects after training.

Changes in the other non-traditional CHD risk markers were not statistically
different between three groups of trained men following acute exercise of varying
modalities. However, when data from all groups were combined, significant elevations
in NONHDL-C, VLDL-C, LDL;-C, IDL-C, and LDL density were observed 24 h after
the exercise stimulus. While favorable alterations in NONHDL-C and VLDL-C may not
normally occur following acute exercise in young, trained men, prolonged exercise
interventions consisting of large volumes of work (kcal) may need to be utilized in order
to consistently reduce these lipid concentrations. IDL is under strong genetic control,
thus diet and exercise interventions rarely alter this lipoprotein.*'’

One potential explanation for the lack of favorable alterations in LDL density in
the current study could be the relatively low baseline lipid profiles of our trained
subjects. It has been suggested that pre-exercise lipid levels, especially TG

concentrations, may determine both the magnitude of change in lipid concentrations

following acute exercise.’® % 1% 14180 qubjects with initially high TC or TG and low
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HDL-C concentrations have been observed to respond more favorably to a single session
of exercise. In support of this, Lamon-Fava and coworkers™ reported that male subjects
who significantly increased their LDL size following a triathlon, had higher baseline TG
concentrations, a greater post-race reduction in TG, as well as lower baseline HDL-C
compared to the other subjects. Similar to the work of Lamon-Fava,® a reduction in
dense LDL occurred in subjects who experienced large reductions in serum TG

206

following a 30 km cross-country race.” " In addition, the initial TG concentrations in the

previous studies were significantly higher than those reporting no changes in LDL size

207208 similar to the baseline TG levels in our investigation.

with exercise;
The mode of exercise did not influence the short-term lipid response to acute
exercise in young, healthy trained men. When data from all groups were combined, both
TC and LDL-C were significantly elevated (+ 6% and + 7%, respectively) 24 h after the
exercise session. The elevated TC and LDL-C concentrations reported in the present
study are in agreement with previous findings from our laboratory. Crouse et al.**
observed initial reductions in TC and LDL-C in hypercholesterolemic men immediately
after completing an acute bout of exercise (350 kcal). However, the concentrations of
these lipids continually increased until LDL-C was significantly elevated (+ 5.3%) 24 h
and TC (+ 1.6%) 48 h after the acute exercise session compared to baseline values. In
addition, Gordon et al.'”® reported elevated concentrations of both TC and LDL-C,

although not significant, 24 h after moderately trained men completed a single exercise

session which consisted of treadmill running (800 kcal).
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With regards to HDL metabolism, the mode of exercise did not differentially
affect the short-term HDL-C, HDL,-C, and HDL;-C response to acute exercise in young,
healthy trained men. When data from all groups were combined, both HDL-C and
HDL,-C were significantly elevated 24 h after the exercise session. The concentration
of HDL;-C followed a similar trend, but did not reach statistical significance. It has
been suggested that an individual’s fitness status may influence the HDL subfraction
response to acute exercise. Different acute changes in lipids have been shown to occur
after a single session of endurance exercise in trained compared to untrained normo —

and hypercholesterolemic individuals.** °* ¢

It is generally held that the increase in
HDL-C in sedentary subjects is due to increases in the HDL;3-C subfraction, whereas
HDL,-C increases in trained individuals following endurance exercise, at least in
normocholesterolemic individuals.** The findings of the present investigation are in
agreement with this relationship. However, research has shown that both subfractions
can be elevated following a prolonged exercise session.** 7% 132218

From this investigation, there was no interaction between the type of exercise and
the temporal changes in the dependent variables. Thus, changes in lipoprotein-lipids,
non-traditional CHD risk markers, and lipoprotein enzymes were similar in trained
males performing different types of acute exercise. Regardless of the exercise group, the
activity of LPL and the concentrations of TC, VLDL-C, IDL-C, HDL-C, HDL,-C,
NONHDL-C, LDL-C, LDL3-C, and LDL density were significantly elevated 24 h after a

single exercise session in trained men. The favorable alterations in LPLa, and HDL-C,

HDL3-C, and LDL;3-C in response to exercise may help reduce the risk of CHD. The
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majority of published research regarding the acute effects of exercise on lipoprotein-
lipids have involved extremely prolonged exhaustive exercise such as triathlons and
marathon running. However, recommended physical activity which would be
appropriate and reasonably achievable by the general population doses not exactly fall
into this category. Less intense, shorter duration activities may be more desirable and
effective for the general population especially with regards to long-term compliance.
Thus research studies involving the effects of this type of exercise on CHD risk factors
are indeed warranted.
Other Factors of Potential Influence on Lipid Metabolism
Dietary Intake and Physical Activity

Analysis of the self-reported dietary records revealed that there were no
differences between groups for any of the dietary variables measured. Differences in
subject characteristics, such as diet composition and recreational physical activity, may
affect the lipoprotein profile in some individuals. For example, ingestion of a high
carbohydrate diet has been shown to increase fasting TG concentrations and may reduce
LPLa and HDL-C levels."”>"*’ In contrast, a diet high in fat or cholesterol may increase
the cholesterol concentrations in all the lipoprotein fractions as well as lower TG
concentrations.”®> However, these findings are not universal. Other researchers have
reported that dietary manipulation does not influence the lipoprotein-lipid profile.'** 2"
Furthermore, subject participation in strenuous activities of daily living, in addition to
the prescribed exercise intervention, may also influence the lipoprotein-lipid profile.

Thus, the previously mentioned literature reinforces the need to control factors such as
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diet and physical activity when studying the response of lipid metabolism to a single
session of exercise. The “ideal research situation” would be to have an entire project
conducted within a closed, controlled setting. Thus, all food consumption would come
from prepared meals (i.e., metabolic kitchen) created by registered dieticians. However,
the manpower, finances, and research facilities needed to completely control these
variables are beyond the capabilities of this, and most other, laboratories. In addition,
the intent of this investigation was to examine the effects of resistance, endurance, and
combination exercise on lipid metabolism and non-traditional CHD risk markers in
trained men in a natural setting.

As previously mentioned, differences in the composition of our subject’s diet can
potentially influence lipid metabolism. Analysis of the daily dietary records revealed no
significant differences between the three groups for caloric intake or the nutrient content
of their respective diets. In addition, the subject’s diets were not altered for this
investigation. Subjects were asked to adhere to their normal dietary habits. These
findings indicate that dietary factors were not responsible for the lipoprotein-lipid
alterations noted during the post-exercise time period. All subjects in this present study
were repeatedly instructed to avoid any strenuous physical activity, outside of the
exercise intervention, while participating in this investigation. Thus, daily physical
activity, in addition to the exercise intervention, probably was not responsible for the

alterations in lipid metabolism.
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Daily Variation in Lipid Metabolism, and Lipoprotein Enzyme Activities
It is generally accepted that both daily and seasonal fluctuations in lipid

216-218 .
However, in

metabolism occur and may be in response to hormonal fluctuations.
an acute exercise study, Gordon and coworkers'”’ were able to differentiate exercise-
induced lipid alterations from those due to daily variations. Researchers often employ a
separate control group in order to control for the normal day-to-day variation of lipids
and lipoproteins. In the present study, normal daily variation was not assessed. In light
of this, specific methodological procedures were employed to minimize the factors
which might potentially confound the results. First, each subject reported to the
laboratory, time of day controlled, after a 12 h fast and having refrained from any
physical activity in the preceding 72 h. Prior to each blood draw, the subjects completed
a form reporting their physical activity and dietary adherence over the last 24 h and the
time of their last meal. After examination of these forms, it was apparent that all blood
samples were obtained as specified under the established guidelines of this investigation.
Thus, to the best of our knowledge, daily variation in lipid metabolism was minimized.
Suggestion for Further Research
The results of this investigation have generated several related suggestions for

potential areas of future research:

1. Itis recommended that future studies include measurements of additional

intravascular enzymes, such as LCAT and CETP. Furthermore, analysis of the

tissue specific sources of LPL is warranted.
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2. Itis recommended that future studies examine the influence of exercise training
on the blood lipid response to different types of acute exercise. In addition, it is
important to keep the total volume of work for the acute studies identical (pre-
training acute and post-training acute) in order to appropriately answer this
research question. Furthermore, additional studies are needed to determine
potential training thresholds (caloric expenditures) needed to favorably alter
traditional and non-traditional lipoprotein-lipid profiles among different training
modalities.

3. It is recommended that future studies include subjects who are “at risk” for CHD.
This would include recruitment of older subjects as well as subjects with lipid
profiles which are considered to be out of the “normal” range. In addition,
including a non-exercising control group would be beneficial for evaluating daily
variations in lipid metabolism.

4. Tt is finally recommended that future studies try to determine if there are
distinguishing characteristics for “responders” versus “non-responders”. (A
responder would be defined as someone who demonstrated increases in HDL-C

and reductions in TC, LDL-C, and TG).
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APPENDIX A
REVIEW OF RELATED LITERATURE

Initially in this review, an overview of the atherosclerotic process will be
presented. Following this discussion, relationships between atherosclerosis, CHD, and
blood lipids will be presented. Next, the physiologic structure and function of
lipoprotein-lipids will be discussed along with an overview of intravascular lipid
transport and basic lipoprotein metabolism. The lipoprotein-lipid and non-traditional
CHD risk marker response to chronic exercise training as well as a single exercise
session will be discussed for both endurance and resistance exercise. Lastly, the
potential mechanisms whereby exercise may beneficially influence lipoprotein
metabolism will be presented.

Atherosclerosis, Cardiovascular Disease, and Blood Lipids
The Atherosclerotic Process

Atherosclerosis is a disease characterized by the accumulation of lipids, lipid-
laden immune cells and apoptic cells within the arterial wall. ?'***° The luminal
diameters of the affected arteries become diminished due to plaque / lipid build-up in the
intima, or inner lining of the arterial wall. This gradual occlusion limits blood flow to
the particular tissue the vessel is serving. Various clinical manifestations of CHD,
including angina pectoris, congestive heart failure, myocardial infarction, and sudden
cardiac death may occur if this pathological event involves the coronary vasculature.”
The precursors of atherosclerotic lesions, the fatty streaks, are observed in humans even

during early childhood. The advanced lesions of the disease of atherosclerosis are found
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in the larger arteries such as the abdominal aorta, coronary arteries, cerebral arteries and
others.”'

The arterial wall contains three distinctive layers—the intima, media and
adventitia. The intima is the innermost layer of the arterial wall. It is characterized by a
monolayer of endothelial cells (EC) that form the crucial interface between the arterial
wall and the blood flow, a thin basal membrane on which the endothelial cells rest and a
subendothelial layer of smooth muscle cells (SMCs), proteoglycans, and fine collagen
fibrils. The endothelial cells serve several purposes that include providing a smooth
surface for fluid flow, secretion of anticoagulants to maintain the fluid state of the blood
and chemical signaling of immune cells. The tunica media lies under the media and
internal elastic lamina. The media of elastic arteries such as the aorta have well
developed concentric layers of smooth muscle cells, interleaved with layers of elastin-
rich extracellular matrix. The external elastic lamina bounds the tunica media
abluminally, forming the border with the adventitial layer. The outermost layer, the
adventitia, consists of fibroblasts, fibrocytes (collagen- and elastin-producing cells) and
thick bundles of collagen fibers. The fibers are aligned nearly in the axial direction. They
provide reinforcement of the arterial wall and, at high pressures, prevent overstretch and
rupture of the vessel. 2> 222224

The atherosclerotic process can be broken down into 3 stages; fatty streak
development, fibrous plaque / atheroma formation, and the formation of the complicated
lesion with its fibrous cap and encroachment of the lumen. According to recent

220

theory,” the lesions of atherosclerosis that form in the intimal layer constitute a chronic
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inflammatory response to injury. The first step involves endothelial dysfunction and
subsequent formation of the “fatty streak”. A number of factors have been considered as
possible causes of endothelial dysfunction. These include CVD risk factors such as
cigarette smoking, diabetes mellitus, hypercholesterolemia, hypertension, and possibly

. . . . . . 219, 222-
even infection by microorganisms (e.g. herpes viruses or Chlamydia pneumonae).” ™

*** This process is characterized by a change in the permeability of the endothelial layer
that allows lipids to migrate into the subendothelial layer followed by an influx of the
cells that comprise the immune response. These lipoprotein particles have an increased
susceptibility to oxidative or other chemical modifications. The change in permeability
is also accompanied by an increase in the adhesiveness of the endothelial layer and a
change from anticoagulant to procoagulant properties. Expression of different leukocyte
adhesion molecules (Vascular cell adhesion molecule-1 (VCAM-1), Intercellular
adhesion molecule-1 (ICAM-1)) on the surface of the endothelium regulates the

224,225 platelets adhere

adherence of monocytes and other substances to the endothelium.
to the EC while monocytes, leukocytes, and T- lymphocytes are dispatched to the injured
area to try to repair the damage. Once adherent to the endothelium, leukocytes receive a
signal to penetrate the endothelium and enter the arterial wall. Chemoattractant
cytokines (Chemokines) are protein molecules thought to be involved in directing this
migration. Monocyte Chemoattractant protein-1 (MCP-1) is produced by the
endothelium in response to oxidized lipoprotein and other stimuli. The endothelium can

also produce this chemokine when stimulated by inflammatory mediators. MCP-1

selectively promotes the directed migration (or chemotaxis) of monocytes. After
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adhering to the endothelium, monocytes and leukocytes move between cell junctions to
enter the intima, where they begin to accumulate lipids and become foam cells. LDL
can become oxidized (oxLDL) by the EC and platelets. This oxLDL, as well as other
monocytes and platelets, can produce chemotaxic agents (platelet derived growth factor
(PDGF)) that will eventually attract more platelets, monocytes, and lymphocytes to the
area.”®**” Monocytes that have invaded the intimal layer are susceptible to activation
by EC or oxLDL and form macrophages. These macrophages have a scavenger receptor
(SRB1) that can take up oxLDL at an unregulated rate, eventually forming lipid laden
foam cells. Once macrophages move into the intima and become foam cells, a
macrophage colony stimulating factor (co-mitogen) can stimulate macrophage cell
division. Other candidates include interlukin-3 and granulocyte-macrophage colony
stimulating factor. In the established lesion, macrophage foam cells provide a source of
proinflammatory mediators, both proteins such as cytokines and chemokines and various
eicosanoids and lipids such as platelet-activating factor. These inflammatory mediators
can promote inflammation in the plaque and contribute to the progression of the lesions
(fibrous plaque formation).

As the formation of the atherosclerotic lesion advances, smooth muscle cells
(SMC) are also attracted to the intima and invade though gaps in the internal elastic
lamina. Macrophages continue their accumulation of oxLDL and SMC also take up
lipids to become lipid filled foam cells. Besides chemotaxic agents, proliferation agents
are also secreted, leading to SMC and macrophage proliferation in the intima.

Extracellular matrix rather than cells themselves makes up much of the volume of an
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advanced atherosclerotic plaque. The major extracellular matrix molecules that
accumulate in atheroma include interstitial collagens (types I and III) and proteoglycans
such as versican, biglycan, aggrecan, and decorin. Elastin fibers can also accumulate in
plaques. Biglycan has been shown to bind and trap various lipoproteins such as VLDL
remnants, LDL, and HDL.?%%?7 Vascular SMC can also produce these matrix
molecules in disease. Stimuli for excessive collagen production include PDGF and
transforming growth factor (TGF-B). The SMC that invaded the intima eventually loose
their ability to contract (through loss of contracting proteins) and some cells die (leading
to increased necrotic tissue build-up). The shoulders of the plaque can even become
vascularized. Endothelial migration and replication also occur as plaques develop in
microcirculation, characterized by newly formed vessels. These microvessels form in
response to angiogenic peptides overexpressed in the atheroma. These include acidic
and basic fibroblast growth factors, vascular endothelial growth factor, and placental
growth factor. These microvessels may allow growth of the plaques, overcoming
diffusion limitations on oxygen and nutrient supplies. A rupture of these microvessels
may cause local SMC proliferation and matrix accumulation in the area near the
disruption. The process of SMC and macrophage proliferation as well as extracellular
matrix deposition continue with the progressing lesion. Calcification occurs and a
fibrous connective tissue cap is formed. It consists mainly of SMC and matrix material.
Underneath are the foam cells, SMC, necrotic material and extracellular lipid. After the

plaque burden exceeds the capacity of the artery to remodel outward, encroachment on
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the arterial lumen begins. Lesions that produce stenoses of greater than 60 percent can
cause flow limitations under conditions of increased demands.*"****
Blood Lipids and Cardiovascular Disease

CHD is the single largest killer of American males and females. In 1913,
Russian experimentalists Anitchkow and Chalatow observed that rabbits fed an egg-rich
diet developed lipid-laden arterial lesions that were similar to human atheromas. It was
later discovered that cholesterol was the constituent of the eggs that produced these
atherogenic lesions.”® Currently, the relationship between cholesterol levels and CHD
is widely accepted.”**** Abundant evidence indicates that CHD is associated with high
blood concentrations of TC, LDL-C, TG, and with low concentrations of HDL-C. The
risk for development of CHD may be reduced by increasing HDL-C, the less dense
subfraction HDL,-C, and by decreasing both LDL-C and TG concentrations.*'® Thus,
an atherogenic lipid profile may be described as consisting of elevated TC, LDL-C, and
TG and decreased concentrations of HDL-C.>'' Recent research seems to suggest that
high concentrations of NONHDL-C, IDL-C, Lp (a), apo B, dense LDL particles, and the
acute phase reactant, hs-Crp may be better indicators of CHD risk than information
obtained from the traditional lipid panel.'**

Castelli and coworkers® assessed the association between CHD and fasting lipid
concentrations in men and women as part of the Cooperative Lipoprotein Phenotyping
Study. TC, LDL-C, and TG were directly related to the prevalence of CHD.

Conversely, subjects with known CHD had the lowest HDL-C concentrations.

Furthermore, Gordon et al.*** examined the relationship between fasting concentrations



192

of LDL-C and the incidence of CHD using data obtained in The Framingham Study.
The researchers reported a direct relationship between LDL-C and the incidence of CHD
in both male and female subjects. The Kuopio Ischemic Heart Disease Study®' was a
cross-sectional study examining 412 men from eastern Finland. Subjects ranged in age
from 42 to 60 years. High resolution B-mode ultrasound was used to evaluate the
presence of carotid atherosclerosis. Fasting serum lipids and lipoproteins were also
measured. The probability of carotid atherosclerosis in subjects with HDL-C <39 mg /
dL was nearly four times greater than in those with HDL-C > 58 mg / dL. The subjects
were divided into four sub-groups in order of increasing atherosclerotic disease: normal,
intimal-medial thickening, nonstenotic plaque, and > 20% stenosis. A linear trend was
found that associated greater severity of carotid atherosclerosis with decreasing HDL-C
levels. As part of the Multiple Risk Factor Intervention Trial (MRFIT), Stamler et al.'’
examined the lipid profiles of approximately 350,000 healthy men. The ages for
subjects ranged from 35 to 57 years. For each five-year age group, a relationship
between CHD mortality and serum TC concentration was strongly indicated. The
researchers also reported that the risk of nonhemorrage stroke death increased with
increasing cholesterol concentrations.

A cause and effect relationship between low HDL-C levels and CHD is
supported by epidemiological, animal, and human clinical studies. Rubin and

coworkers™? reported that when mice were genetically manipulated to overproduce apo

A-I, they were protected against diet-induced atherosclerosis compared to control mice.



193

In another animal model, rabbits which were infused with HDL-C were shown to exhibit
regression of atherosclerotic lesions.*”

Clinical studies during the 1980s were the first to establish a protective effect of
pharmacological cholesterol reduction on coronary morbidity. The Lipid Research
Clinic Study showed that bile acid-binding resins could lower cholesterol levels in
individuals with high baseline levels. A decrease in coronary morbidity accompanied
the drop in serum cholesterol.**® The Lipoprotein and Coronary Atherosclerosis Study
(LCAS) was an angiographic trial comparing treatments with fluvastatin to subjects
receiving a placebo. After 2.5 years, patients treated with the placebo (HDL-C <35 mg /
dL) had an average decrease in coronary artery luminal diameter of 0.250 mm (i.e.,
progression), whereas those subjects with HDL-C > 35 mg / dL had only a 0.083-mm
progression.*® Thus, those subjects with low HDL-C had significantly more
angiographic progression than those with higher HDL-C.

The Framingham Heart Study was designed to obtain long-term information
about different factors associated with the development of CHD in healthy men and
women. Investigators reported a significant inverse relationship between HDL-C and
the incidence of CHD in older men and women.” F urthermore, HDL-C was also
identified as the most powerful lipid risk factor, independent of LDL-C concentrations.
Since this time, several primary and secondary prevention studies have further examined
the role of HDL-C as an independent risk factor for CHD, and have demonstrated that a
strong inverse association does indeed exist.” '*"1** #*  The Helsinki Heart Study

(HHS) was a 5-year, double-blinded, primary prevention trial which randomized
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approximately 4,000 dyslipidemic men to treatment with either fibrate, gemfibrozil, or
placebo.'® It was reported that subjects with low HDL-C in combination with high TG
concentrations were more than twice as likely to have a cardiac event compared with
those subjects with normal lipid levels. Furthermore, gemfibrozil treatment resulted in
changes in TC, LDL-C, HDL-C, and TG that were maintained over the duration of the
study. A 34% reduction in risk for developing CHD also occurred. The Veterans
Affairs HDL Intervention Trial (VA-HIT) was a secondary prevention trial involving
men with documented CHD, low HDL-C, and low LDL-C levels. Researchers
examined the role of gemfibrozil treatment in raising low levels of HDL-C and its

%0 The data suggest that increasing HDL-C with a

impact on long-term clinical events.
reduction in TG levels may be a cost-effective means of decreasing the incidence of
coronary events in secondary prevention without any alterations in LDL-C levels. A 6%
increase in HDL-C was associated with a 22% reduction in event rates. The Air Force /
Texas Coronary Atherosclerosis Prevention Study (AFCAPS / TexCAPS) was a double-
blinded, randomized, placebo-controlled, primary prevention study designed to examine
the effects of lovastatin treatment in subjects with average TC and LDL-C

2% 1t was reported that

concentrations, below average HDL-C, and no evidence of CHD.
in subjects treated with lovastatin and whose HDL-C was in the lowest tertile at

baseline; there was a reduction in cardiovascular events of about 45%. Thus, increasing
HDL-C could lower the incidence of coronary events. Taken together, the results of the

HHS and VA-HIT suggest that an increase of 1% in HDL-C is associated with a 3%

decrease in risk of CHD.>*
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The existing evidence from epidemiological studies, transgenic animal studies,
and subgroup analysis of human intervention trials supports the contention that the
aforementioned lipoprotein-lipids are strongly associated with the development of CHD.
Because of the strong inverse relationship between HDL-C levels and CHD risk, HDL-C
has become a popular target for intervention to decrease the risk of future disease events.
Since it is believed that pharmacological therapy is neither cost-effective nor medically
appropriate in primary prevention in younger populations, it is imperative that intensive
life-style modifications to reduce CHD risk due to lipid disorders should become a top
priority in today’s society.

Lipoproteins
Composition and Function

Because of their insolubility in water, triglycerides, cholesterol, and cholesterol
esters can’t be transported freely in the blood or lymph. In order to accomplish this,
assembly is required with additional lipids and specialized proteins, forming a
lipoprotein molecule. Plasma lipoproteins are spherical macromolecular particles
consisting of lipids and specific protein molecules (apolipoproteins).”®*** The
hydrophobic core of the lipoprotein is made up of neutral lipids (triglycerides and
cholesterol esters). The core is surrounded by a hydrophilic monomolecular surface
layer of polar lipids such as phospholipids, unesterified cholesterol, and specialized

apolipoproteins. The primary function of lipoproteins is to transport these water-

insoluble lipids (cholesterol, triglycerides, and cholesterol esters) to various tissues for
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energy utilization, lipid deposition, steroid hormone production, and bile acid

. 238240
formation.

The structure of a lipoprotein is represented in Figure A-1.

The major lipids which are mainly transported in plasma lipoproteins are
phospholipids, triglycerides, and cholesterol. Phospholipids contain one or more fatty
acid and one phosphoric acid radical and usually contain a nitrogenous base.
Phospholipids are considered amphipathic molecules, meaning they are soluble in
aqueous and non-aqueous solutions. They contain a hydrophilic head (phosphate group)
with a hydrophobic tail (2 fatty acid chains). These amphipathic molecules span the
majority of the surface layer of the lipoprotein, and provide stability to the molecule
during transit. %7 Most of the energy stored in the body is in the form of triglycerides,
which because of their hydrophobic nature, are transported within the core of the
lipoprotein molecule. Cholesterol exists in cell membranes of all tissues and is present
in all of the lipoproteins, to a certain degree. Cholesterol is a sterol, made up of 4 fused
carbon rings (A-D), where the D ring is attached to a hydrocarbon chain. Cholesterol is
primarily transported within the hydrophobic core of the lipoprotein molecule as
cholesterol esters. Seventy percent of plasma cholesterol exists in this form. However,
free cholesterol can be found on the hydrophilic surface of the lipoprotein particle.
Peripheral tissues rely on cholesterol for the synthesis of membranes, bile acids, as well

as the formation of adrenocortical hormones in the adrenal glands.23 6-238
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Figure A-1. Structure of a lipoprotein particle. FC = free cholesterol; CE = cholesterol
esters; TG = triglyceride.
Classification of Lipoproteins
Plasma lipoproteins have traditionally been classified according to their hydrated
density (g / mL). These classifications are usually determined by gradient

236,238 The mayjor classes of lipoproteins are also characterized by

ultracentrifugation.
differences in particle size, lipid / protein composition within the core of the particle, as

well as their hydrated density. The largest and most buoyant lipoproteins contain a

higher percentage of hydrophobic core lipids and a relatively smaller protein mass. As
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the physical size of the lipoprotein decreases, the hydrated density increases. This is
characterized by a lower lipid content in the hydrophobic core in association with an
increase in protein mass. Table A-1, adapted from Fielding and Fielding **” and
Ginsberg™” represents the most commonly found lipoproteins in plasma according to
hydrated density, diameter, and relative lipid composition.

Each lipoprotein class has a characteristic apolipoprotein composition which
plays a role in the structure and function of the lipoprotein. It is the apolipoprotein
portion of the particle that solubilizes and stabilizes the lipoprotein during transit. The
more prominent apolipoproteins also regulate the interaction of the lipoprotein complex
with various tissue receptors and lipolytic enzymes. Therefore, the protein composition
of the lipoprotein particle plays the vital role in determining the metabolism of the lipid
components.”**** Table A-2, adapted from Fielding and Fielding *” and Ginsberg, **°

lists the characteristics and functions of the primary apolipoproteins.
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Table A-1. Classification of the Major Lipoproteins.

Lipoprotein Density (g / mL) Diameter (nm) TG CE PL
Chylomicrons d<0.95 100-1000 805 2-7 6
VLDL d <1.006 35-50 53 14 15
IDL 1.006 <d < 1.019 28-35 31 23 22
LDL 1.019 <d < 1.063 20-26 4 42 21
HDL 1.063<d<1.21 8-12 3 23 29
HDL, 1.063<d<1.12 8-10 2 20 30

HDL, 1.120<d < 1.21 6-7 1 16 25

Lipid (%) = % of total lipid and protein content. PL = phospholipid; CE =
cholesterol ester; TG = triglyceride; VLDL = very low-density lipoprotein; IDL =
intermediate-density lipoprotein; LDL = low-density lipoprotein; HDL = high-density
lipoprotein; HDL,¢3 = high-density lipoprotein subfractions.

Lipoprotein Metabolism
Dynamics of Lipid Transport

The major function of plasma lipoproteins is to transport lipids from tissues

where they are synthesized to those tissues which will metabolize or store them. There

are three major interconnected pathways involved in lipoprotein metabolism. The first

pathway involves the transport of dietary or exogenous lipids, to peripheral tissues for
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APOLIPOPROTEIN ORIGIN LIPOPROTEINS FUNCTION
apo A-I Liver, Intestine HDL, Chylomicrons Cofactor of LCAT
apo A-I1 Liver HDL LCAT inhibitor;
phospholipid binding
apo A-1V Liver, Intestine HDL, VLDL, Unknown
Chylomicrons
apo B-100 Liver VLDL, LDL Assembly and
secretion of VLDL;
cell receptor binding
apo B-48 Intestine Chylomicrons Assembly and
secretion of
Chylomicrons
apo C-1 Liver, Intestine Chylomicrons, Cofactor adipose
VLDL, HDL tissue LPL
apo C-11 Liver, Intestine Chylomicrons, Activator of LPL
VLDL, HDL
apo C-1III Liver, Intestine Chylomicrons, Inhibitor of LPL;
VLDL, HDL LCAT activator
apoD Many Tissues HDL Transfer lipoprotein
for core lipids
apo E Many Tissues Chylomicrons, Cell receptor binding
VLDL, HDL

CE = cholesterol ester; TG = triglyceride; VLDL = very low-density lipoprotein;
IDL = intermediate-density lipoprotein; LDL = low-density lipoprotein; HDL = high-
density lipoprotein, HDL,g3 = high-density lipoprotein subfractions; LPL =
endothelial-bound lipoprotein lipase; HTGL = hepatic triglyceride lipase; LCAT =
lecithin: cholesterol acyltransferase.

utilization or storage. The second pathway involves the transport of hepatic or

endogenous lipid, to the peripheral tissues for catabolism. These first two pathways are
referred to as forward cholesterol transport.>” % 241:2%2 The third pathway is reverse
cholesterol transport. Reverse cholesterol transport is the pathway where peripheral cell
cholesterol can be transported back to the liver for catabolism.******* Tt is important to
remember that these three distinct pathways are dynamically interrelated. While the

protein composition of the lipoprotein molecule largely determines the metabolism of its
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lipids, it is the apolipoprotein content that is often altered during circulation in plasma.
The interaction of these processes largely determines the lipid distribution amongst the
different tissues.”’
Chylomicron Formation and Exogenous (Dietary) Lipid Transport

Dietary cholesterol and fat are secreted from intestinal cells on chylomicrons in a
process requiring apolipoprotein B-48. Cholesterol and fat from the diet are absorbed
into the mucosal cells of the small intestine as fatty acids and cholesterol. Before this
can occur, bile acids must emulsify the large fat particles so they can be attacked by
lipases (pancreatic lipase). Bile salts also help in the absorption of fatty acids and
cholesterol by forming minute complexes referred to as micelles. Micelles also transport
monoglycerides & free fatty acids to the brush borders of intestinal epithelial cells where
these particles diffuse through the enterocyte cell membrane. Fatty acids and
monoglycerides can then be taken up by the smooth endoplasmic reticulum and
recombined to form new triglyceride. Some monoglycerides are further digested into
glycerol and fatty acids by intracellular lipase. Triglycerides aggregate within the
endoplasmic reticulum and then eventually reach the Golgi apparatus forming globules
that contain absorbed cholesterol, phospholipids, and newly synthesized cholesterol and
phospholipids. Small amounts of apolipoproteins (apo) coat part of the surface of each
globule. The chylomicron surface consists of the apo C lipoproteins, apo E, and apo B-
48. Apo B-48 is essential for cellular exocytosis of chylomicrons to occur. " 240242244
Chylomicrons enter the lymph and travel upward through the thoracic duct and

empty into the great veins of the neck. Once they reach the plasma, the apo E content
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increases, and chylomicrons receive apo C-1I and apo C-III from HDL and VLDL. The
addition and removal of the various apolipoproteins is an ongoing process occurring
between HDL and the triglyceride-rich lipoproteins, VLDL and chylomicrons.** **
The addition of apo C-II activates the chylomicron for lipolysis (see Table A-2). The
TG content of chylomicrons is rapidly hydrolyzed by both muscle and adipose tissue
lipoprotein lipase, releasing fatty acids and glycerol. Chylomicrons recirculate until
about eighty percent of the initial TG content has been catabolized in the peripheral
tissues. The TG-poor chylomicron remnants formed as a result of the lipolytic process
are then removed from the circulation by the liver via low-density lipoprotein-like
receptors (LRP, 65%), or by hepatic apo B / E receptors (35%) through receptor-

237.239.241. 242 The half-life of a chylomicron is less than one hour,

mediated endocytosis.
so they are rarely detected in a fasted state.”®’ A graphic representation of this pathway,
and the lipolytic enzymes associated with it are presented in Figure A-2.
Endogenous Lipid Transport

The liver is the source of TG-rich VLDL which contains apo B-100 and smaller
amounts of cholesterol, phospholipids, as well as apo A-1, and the apo C proteins.*****
VLDL particles contain a core of TG (60 percent by mass) and cholesterol esters (20
percent by mass). The TG is synthesized from fatty acids produced from acetate units of
dietary carbohydrates. Microsomal triglyceride transfer protein is essential for the
transfer of the bulk of triglycerides into the endoplasmic reticulum for VLDL assembly

and for the secretion of apo B-100 from the liver. Once VLDL is secreted into the

plasma, apo A-I is lost and the apo E and apo C protein content increases through
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Figure A-2. Exogenous lipid transport. TG = triglyceride; apo = apolipoprotein; LRP =
low-density lipoprotein-like receptor; LPL = endothelial-bound lipoprotein lipase.

interactions with HDL. This usually occurs within the first five minutes of entry into the

236.237.245 Fylly activated VLDL contain between 10 and 20 apo C-II molecules.

plasma.
The TG in the core of the VLDL particles is hydrolyzed into free fatty acids and

glycerol by lipoprotein lipase, using apo C-II as a cofactor. Lipoprotein lipase

hydrolyses 1(3)-ester linkages of the TG contained in the core of the VLDL molecule,

generating 2-monoacylglycerol and unesterified fatty acids. Like the hydrolysis of

chylomicron TG, VLDL catabolism also occurs in the capillary beds of both muscle and
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adipose tissue. The free fatty acids produced during the lipolysis are either taken up for
energy utilization or stored for future energy requirements.**:**>?* A fter the initial TG
hydrolysis, the lipoprotein molecule also loses surface lipids and the density of the
remnant lipoprotein is increased and it is now termed IDL. IDL still contains some TG
as well as apo B-100 and apo E. Some of the IDL particles are removed through the
interaction of apo E with the LDL receptor on the surface of the liver, while a larger
portion (50-70%) of the IDL particles are hydrolyzed further by hepatic lipase,

237,238,242,246 The IDL to LDL conversion involves the

subsequently producing LDL.
loss of 80-90% of IDL TG, removal of some phospholipid, and the dissociation of the
remaining apo E and apo C proteins. LDL is solely formed by the hydrolysis of the
VLDL and IDL particles in the circulation. LDL is the main cholesterol-containing
particle in human plasma containing one molecule of apo B-100 and no other
apolipoproteins. Half of the LDL particles are metabolized through the apo B/ E
receptor pathway or they can be taken up by extrahepatic tissues through LDL receptor
endocytosis.”*”**"2** A graphic representation of each pathway, and the lipolytic
enzymes associated with it are presented in Figure A-3.
Reverse Cholesterol Transport

Reverse cholesterol transport refers to the process whereby unesterified
cholesterol is removed from peripheral cells and atherosclerotic plaques through the
transfer of cholesterol across the cell membrane by the ABC1 transporter.”*’ This free

cholesterol is picked up by nascent HDL particles and esterified by the enzyme

lecithin:cholesterol acyltransferase (LCAT), forming cholesterol esters. These
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cholesterol esters are then returned to the liver for clearance or reutilization via three
distinct pathways which are described in the following paragraphs,*%- 243 246 248
In 1973, Glomset ** initially proposed the theory of the reverse cholesterol transport
pathway. This theory detailed the protective effects of HDL. A cross-sectional study of
men of Japanese ancestry living in Hawaii demonstrated that there is an inverse
relationship between plasma HDL levels and coronary heart disease.””” HDL is
considered a chaperon that oversees lipid metabolism.
Origin of HDL and HDL Apolipoproteins

Intestine and hepatic cells are believed to be the major sources of the A
apolipoproteins. Apo A-I content in intestinal absorptive cells and apo A-I transport in

#! The apo A-I pool represents

the lymph increases considerably during fat absorption.
the amount of protein available for HDL formation. This pool is derived from 2 sources:
1) secretion of free apolipoproteins by cells that synthesize and secrete apolipoproteins;
and 2) apolipoproteins released from lipolyzed triglyceride-rich lipoproteins.

Three processes must be considered as sources of HDL precursors: 1) direct
secretion of discoidal high density structures from hepatic and intestinal cells (“nascent”
HDL particles); 2) lipid and protein surface remnants released from lipolyzed
triglyceride-rich lipoproteins; and 3) phospholipid-apolipoprotein associations (apo A-I
or apo A-I1).2723% 28232 phogspholipids, free cholesterol, and apolipoprotein C

molecules are displaced from the surface of lipolyzed VLDL and can associate with high

density proteins. It is believed that surface remnants originating from the outer surface
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of lipolyzed triglyceride-rich lipoproteins constitute the major, if not the only, source of

3

HDL precursors.25

Biliary FC

HDL,

apo B/E receptor
Extrahepatic Tissues

Figure A-3. Endogenous lipid transport. FC = free cholesterol; CE = cholesterol ester;
TG = triglyceride; VLDL = very low-density lipoprotein; IDL = intermediate-density
lipoprotein; LDL = low-density lipoprotein; HDL = high-density lipoprotein; HDLyg3 =
high-density lipoprotein subfractions; LPL = endothelial-bound lipoprotein lipase;
HTGL = hepatic triglyceride lipase; LCAT = lecithin: cholesterol acyltransferase;
CETP = cholesterol ester transfer protein; apo = apolipoprotein.

HDL Phospholipids and Free Cholesterol
Four potential sources contribute phosphatidylcholine (PC) molecules to HDL.

Newly secreted chylomicrons contain surplus phospholipids (PL), which are rapidly

transferred to HDL even before any metabolic events take place. The lipolysis of
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triglyceride-rich lipoproteins is another major source of HDL-phospholipids. VLDL
lipolysis also contributes PL to the HDL molecule.*”-#*3-2%

The sources of free cholesterol (FC) are similar to phospholipids, nascent
particles, the surface coat of lipolyzed triglyceride-rich lipoproteins, and cell
membranes. The FC generated during lipolysis remains in the vascular system, and none
is taken up by the peripheral cells. Thus, VLDL and LDL are important sources of FC
for the HDL lipoprotein, and this process is accelerated by lipolysis.

The transformation of discoidal HDL precursors to spherical HDL is dependent
on the activity of LCAT.*”?*2*" The LCAT reaction forms cholesterol esters from PC
and FC molecules obtained from peripheral cells and from the surface layer of
triglyceride-rich lipoproteins following lipolysis. The CE formed at the surface of the

238,239, 252

newly formed spherical particles is displaced into the hydrophobic core. It is

believed that the utilization of free cholesterol by LCAT allows the movement of

additional cholesterol molecules from cell membranes to HDL.>*

The accumulation of CE in the hydrophobic core contributes to the conversion of

nascent HDL to HDL3, and then to the larger, more buoyant, HDL, particle.*”- 3% 243 24¢-

252 In order for the conversion from HDL;to HDL,; to take place, it is necessary to
increase the number of CE molecules in HDL; by 2 to 3 fold and to provide HDL; with
one molecule of apo A-I and sufficient amounts of surface lipids (phospholipids and free
cholesterol). HDL;readily accepts phospholipids, free cholesterol, and apolipoproteins

(predominantly apo C) released from the surface layer of the lipolyzed VLDL.***
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Mature HDL particles are characterized by the presence of apo A-II, apo C-II, apo C-III,
and apo E with a greater CE and TG concentration.’

The HDL, particles are eventually depleted of their lipids and proteins and form
smaller HDL;. HTGL will hydrolyze HDL phospholipids and TG. It has been shown
that HTGL hydrolyzes phospholipids and TG in VLDL, LDL, and HDL with a
preference towards both VLDL and HDL. As a result of the activity of HTGL, HDL,; is

converted back into HDL3.25 >

In order for a true conversion from HDL, to HDL; to
occur, there must be a loss of CE from the HDL, particle.

It has been shown that when VLDL and LDL have been added to plasma there is
an induced transfer of CE from HDL to VLDL and LDL while the TG from VLDL and
LDL is transferred back to HDL. This transfer is mediated by a cholesterol ester transfer
protein (CETP). Therefore, the study demonstrated that particles similar to HDL3 can be
formed from HDL, when the activity of the CETP is combined with lipolysis of the
transferred TG.** The bidirectional transfer of TG and CE is always related to the
amount of transfer protein, the time of exposure between donor and acceptor particles,
and the relative mass of the two. It is believed that the most important single factor that
determines the amount of TG in HDL is the ratio between the mass of TG-rich
lipoproteins (chylomicrons & VLDL) and of HDL in the plasma, % 243234

The HDL CE can be returned to the liver by 3 distinct pathways: 1) HDL
cholesterol esters are transferred to TG-rich lipoproteins (VLDL, IDL, and LDL)

through the actions of CETP, and then CE-enriched apo B lipoproteins are removed

from the circulation by apo B / E receptors in the liver; 2) there is also a selective uptake
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of HDL CE’s without the degradation of the HDL protein. This pathway is mediated by
the scavenger receptor BI (SR—B1); and 3) there is the uptake of holo-HDL particles and
the degradation of HDL associated proteins such as apo A-I. This pathway may involve
the formation of large HDL, enriched in apo E2*® A graphic representation of this
pathway, and the lipolytic enzymes associated with it are presented in Figure A-4.
Remnant Lipoproteins (RLP) and Remnant like Particles
There are two types of remnant lipoproteins: Chylomicron remnants derived
from chylomicrons synthesized in the small intestine and VLDL remnants derived from
VLDL synthesized in the liver. The Food and Drug Administration (FDA) of the United
States of America (USA) has recognized that an increase in the concentrations of RLP
constitute a risk factor for CHD. The Framingham Heart Study reported that an increase
in RLP cholesterol (RLP-C) is a significant risk factor for CHD, especially in women.**°
Remnant lipoproteins are easily taken up into macrophages in the arterial wall, leading
to foam cell formation of the macrophages and initiation of atherosclerotic lesions. RLP
have also been shown to promote platelet aggregation, impair endothelial function,
promote adhesion of monocytes to endothelial cells, and promote proliferation of
vascular smooth muscle cells.>">¢'
Lipoprotein Enzymes
Lipoprotein Lipase
Lipoprotein lipase (LPL) is a key enzyme in the regulation of lipoprotein and
fatty acid metabolism. The main physiological function of LPL is to hydrolyze TG in

chylomicrons and VLDL to provide free fatty acids as an energy source in muscle tissue
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and for re-esterification and storage in adipose tissue. The activity of LPL is dependent
on apo C-II, which acts as an enzyme activator. Apo C-II does not activate any other
enzyme, so its effect is specific to LPL.%*237-23%252.262

LPL is a glycoprotein whose synthesis occurs in parenchymal cells, primarily
adipose tissue and skeletal muscle. It has been noted that red muscle fibers tend to have
higher LPL activity when compared to white muscle fibers.”®> After secretion, LPL is
transported to the vascular surface of the capillary endothelium of muscle and adipose
tissues where it is ultimately bound to heparin sulphate proteoglycans.>*”** Active LPL
hydrolyzes 1(3)-ester linkages of TG in chylomicrons and VLDLs, generating 2-
monoacylglycerol and unesterified fatty acids. These molecules are now available for
uptake and utilization by the surrounding peripheral tissues.”*”**
The synthesis and secretion of LPL is highly regulated, showing distinct tissue

52237, 264266 e pest-studied example of tissue specific LPL regulation occurs

specificity
with adipose tissue LPL and muscle tissue LPL during periods of fasting and

refeeding.”®’ In adipose tissue, food intake raises LPL activity (LPLa), while during
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Figure A-4. Reverse cholesterol transport. FC = free cholesterol; CE = cholesterol
ester; HDL = high-density lipoprotein; HTGL = hepatic triglyceride lipase; LCAT =
lecithin: cholesterol acyltransferase; CETP = cholesterol ester transfer protein; apo =
apolipoprotein; SR BI = scavenger receptor BI; LRP = low-density lipoprotein-like
receptor; LDLR = low-density lipoprotein receptor; PLTP = phospholipid transfer
protein.

periods of fasting a down-regulation of LPLa occurs. This physiological response
provides large amounts of free fatty acids for fat deposition in adipose tissue during the

postprandial state. The opposite is true for muscle tissue LPL.**® LPL has also been

known to act as a ligand in binding lipoproteins to receptors as well as cell surfaces.””

243,262, 267, 269



212

Research has shown that insulin will stimulate adipose tissue LPLa in a dose-
dependent manner. Conversely, increased plasma insulin concentrations will down
regulate LPLa in human skeletal muscle.” The effects of different compositions of

270
d.

one’s diet on LPLa have also been investigate In human subjects, skeletal muscle

LPLa has been shown to decrease by up to 50% in response to increases in muscle
. : . . . 52,70,264, 266
glycogen concentrations after consuming a high carbohydrate (CHO) diet.
One investigation reported that decreasing CHO from 48% to 31% of the daily caloric
intake increased skeletal muscle LPLa by 83% without affecting fasting insulin or the
insulin response to infused glucose.”’!
It is generally accepted that endurance exercise increases LPLa in postheparin

plasma.'"

With exercise, insulin is decreased and glucagon is increased, leading to
activation of muscle L-HSL and inhibition of adipose tissue LPL. Animal studies report
increases in skeletal muscle LPLa and decreases in adipose tissue LPLa with exercise.
However, human studies have reported exercise-induced increases in LPLa in both
tissues. Interestingly, the regulation of LPL in skeletal muscle of young animals has
been shown to be different between muscle fiber types. Furthermore, LPL protein mass
and LPLa were low in white glycolytic muscles and high in red oxidative skeletal

muscles.’’?

In addition, different responses of LPLa have been reported between white
glycolytic and red oxidative muscles with exercise and physical inactivity.''® Skeletal
muscle is a major site for TG removal in humans. LPL is an integral part of this process

and the LPL-induced lipolysis of TG in muscle may be a major contributor to the

generation of HDL-C. This association may be viewed as anti-atherogenic due to the
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favorable increase in HDL-C.* A decrease in LPLa is associated with high plasma
concentrations of VLDL-TG, delayed and elevated postprandial lipids, and low HDL-C
concentrations, leading to an increased risk for the development of CAD, 6% 263 266, 268
Hepatic Triglyceride Lipase

Hepatic triglyceride lipase (HTGL) is synthesized in the liver, and binds to the
luminal surface of endothelial cells in the hepatic vasculature.”***** HTGL is an
enzyme that hydrolyzes TG as well as ditriglycerides and monotriglycerides, but is more
efficient than LPL in hydrolyzing phospholipids in all lipoproteins. HTGL differs from
LPL in that it is not dependent on apo C-II for activation.”” ******* HTGL also plays a
role in the regulation of plasma HDL levels. HTGL has been shown to participate in the
conversion of HDL,-C particles into the smaller and denser HDL;-C. This occurs
through the hydrolysis of TG and phospholipids from the HDL,-C substrate and the
subsequent transfer of cholesterol esters to other lipoproteins.*”

It has been reported that concentration of HDL-C is inversely correlated to
postheparin plasma HTGL activity (HTGLa).**>** Thus, a decrease in HTGLa should
result in an increase in HDL,-C due to a slower catabolism thereby promoting a
favorable lipid profile. In contrast, an increase in HTGLa is associated with the
lowering of plasma HDL,-C.*** The activity of HTGL is also influenced by steroid
hormones. Intake of anabolic steroids by athletes can lead to an increase in HTGLa
accompanied by low levels of HDL-C. On the other hand, estrogen has been shown to

decrease the activity of HTGL.26% ¢
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Lecithin: Cholesterol Acyltransferase

Lecithin: Cholesterol Acyltransferase (LCAT) is a glycoprotein which is secreted
from the liver into the plasma. The active sites on the LCAT molecule share similarities
with those from LPL and HTGL. Once it reaches the plasma, LCAT is transported

mainly bound to high-density lipoproteins.**”>**

LCAT catalyzes a transesterification
reaction in which an acyl group from the 2-position of phosphatidylcholine (PC) is
transferred to the 3-hydroxyl group of cholesterol, converting PC to lyso-PC and

cholesterol to cholesterol ester.” >

The lysolecithin that is also produced from this
reaction is taken up by albumin and carried back to the liver.>" 23 Apo A-Tacts as a
cofactor for LCAT in the esterification of free cholesterol. The optimal substrate for
LCAT is discoidal HDL. The activity of LCAT decreases as CE accumulates in the core
of the spherical molecule. With the increase in the uptake of CE, HDL will increase in
size to form the HDL; particle. A continual transfer of cholesterol esters into the

hydrophobic core eventually yields the larger HDL, particle.”** 24423

It is generally
accepted that high cholesterol esterification rates promote efflux of cholesterol from
peripheral tissues, and that LCAT activity presumably protects against atherosclerosis.
Cholesterol Ester Transfer Protein

Cholesterol ester transfer protein (CETP) is a hydrophobic glycoprotein that is
secreted mainly from the liver and circulates in plasma, bound mainly to the HDL
molecules.”” CETP is not considered an enzyme, but a protein that has an affinity for

non-polar lipid transfer.”*” CETP mediates the transfer of CE (produced from the LCAT

reaction) from HDL to VLDL or LDL and of TG from VLDL and LDL to HDL. The
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CETP mediated transfer of these non-polar lipids is reversible; however, this net transfer
is driven by preexisting concentrations gradients. The rate and direction of the net lipid
transfer is established by gradients maintained by LPL and LCAT.*’ CETP accounts
for the entire neutral lipid transfer activity of human plasma but only part of the
phospholipid transfer activity. > 2#%27

The CETP reaction is a complex process, with the exact mechanism of neutral
lipid exchange remaining a controversial topic.””* One method for the proposed action
of CETP is a carrier-mediated mechanism of CE transfer where CETP binds to the donor
lipoprotein (HDL), takes up certain lipids (phosphatidylcholine and CE or TG), then
collides with the acceptor lipoprotein (VLDL), exchanges its bound lipids and then
dissociates from the acceptor.””> Another hypothesis is that CETP may mediate the
formation of a “collision complex” involving CETP, the donor, and the acceptor
lipoproteins together.”’* 7

The CETP reaction increases the capacity of the plasma to clear CE, by reusing
VLDL, IDL, and LDL molecules to transfer the CE back to the liver for catabolism.
Thus, the CETP-mediated transfer of neutral lipids is a process that works in concert
with the LCAT reaction. Furthermore, the utilization of HDL to transfer TG back to the
liver provides an additional pathway involving HTGL.>" The level of CETP activity
may have an important role in determining the CE distribution between LDL and HDL.

The extent of CETP mediated CE distribution is dependent on both the reactivity and the

quantity of particles in the donor and acceptor fractions.””> Thus, CETP activity is



216

increased postprandially, where an increase in the TG content of the apo B lipoproteins
occurs.>" "

The atherogenicity of CETP activity has been consistently debated. It has been
suggested that CETP can potentially inhibit atherogenesis by enhancing the rate of
reverse cholesterol transport. CETP mediated transfers from HDL to VLDL and LDL
provide a potential indirect pathway by which HDL CE’s can be delivered to the liver

for catabolism.?*> 2%

Human subjects with a homozygous CETP deficiency have
elevated concentrations of HDL cholesterol, apo A-I, apo A-II, and apo E. The
increased HDL concentration is primarily due to a reduction in the rate of catabolism,
with a markedly delayed catabolism of apo A-I and apo A-II. However, if elevated
HDL,-C levels occur due to a CETP deficiency a reduced capacity for cholesterol efflux
occurs.”’”* The HDL,-C from CETP-deficient patients has a reduced ability for
cholesterol efflux compared to normal HDL,. Conversely, species with high or
moderate levels of CETP activity are susceptible to atherosclerosis, and do not develop
prominent HDL-C. Enhanced CETP activity may promote increased cholesterol-rich
IDL particles and cholesterol-poor HDL particles, which may lead to promoting
premature atherosclerosis.*’®

Non-Traditional CHD Risk Markers

hs-Crp

Experimental and clinical evidence have indicated that inflammatory processes

play a key role not only in the initiation and progression of atherosclerosis but also in the

stability of the established atherosclerotic plaques.””® Based in part on these findings,
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protein markers of inflammation have been studied as noninvasive indicators of

. . 120,220
underlying atherosclerosis.

The most extensively studied inflammatory biomarker
in CHD has been high-sensitivity C-reactive protein (hs-Crp). However, it must be
pointed out that hs-Crp is a nonspecific marker of inflammation.””’

This acute phase protein is produced predominantly by hepatocytes in response
to stimulation from cytokines such as interleukin (IL) — 6 (IL-6) and tumor necrosis
factor-alpha (TNF-alpha). An acute phase protein has been recently defined as a protein
whose plasma concentration increases by at least 25% in response to inflammation
induced by either trauma, immunologic, or infectious processes anywhere in the human
body.””” It was thought that the production of hs-Crp was limited to the liver, but recent
studies have shown that hs-Crp may be produced by other tissues, such as human
atherosclerotic lesions, coronary artery smooth muscle cells, aortic endothelial cells, and
adipocytes.”’® 279

Hs-Crp has recently been shown to possess proatherogenic properties. Pasceri et
al.** have reported that hs-Crp activates endothelial cells to express adhesion molecules,
intracellular adhesion molecule-1, vascular cell adhesion molecule-1, selectins, and the
chemokine, monocyte chemotactic protein-1. Hs-Crp has also been shown to enhance
the uptake of LDL by macrophages.”’ Moreover, hs-Crp has been shown to be deposited
in human atherosclerotic plaques, and the amount has been determined to be sufficient to
promote the development of atherosclerosis.*!

It must be pointed out that the value that constitutes an elevated hs-Crp level has

not been clearly defined. The Centers for Disease Control and Prevention and the
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American Heart Association (CDC / AHA) recommend averaging two assays, taken two
weeks apart, in order to provide a more stable estimate compared to obtaining a single
blood sample. Blood levels of hs-Crp <1, 1 to 3, and > 3 mg / L correspond to low,
moderate, and high vascular risk across all levels of LDL-C, the Framingham Risk

Score, and the metabolic syndrome.'*’

Hs-Crp usually exists at very low concentrations
in plasma, with 90% of individuals having hs-Crp levels <3 mg /L. A value above 10
mg / L should alert clinicians to initiate a search for a source of infection or
inflammation with the measurement being repeated in two weeks.

Data from numerous research studies have shown a significant association
between elevated serum or plasma concentrations of hs-Crp and the prevalence of
underlying atherosclerosis and the incidence of first cardiovascular events among
individuals at risk for atherosclerosis.'® Furthermore, hs-Crp levels > 6 mg / L were
associated with a 75% higher risk of restenosis compared to subjects with values < 1 mg
/ L during a 5-year follow-up study in patients with CVD.*® Among patients with stable
angina and established CHD, levels of hs-Crp have consistently demonstrated an
association with the recurrent risk of cardiovascular events.”

The most relevant use of hs-Crp has been in the primary prevention setting.
Several studies have shown baseline levels of hs-Crp to independently predict future MI,
stroke, and cardiovascular death.'” *° Ridker et al.”’ reported that hs-Crp was a better
predictor of the risk of cardiovascular events than LDL-C in a prospective study

comprising 28,000 women. In a cohort of 22,000 middle-aged men with no clinical

evidence of CHD, those with elevated baseline hs-Crp in the highest quartile had a 3-
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fold increase in risk of MI and the effect was independent of all other lipid and non-lipid
risk factors."” However, not everyone is convinced that hs-Crp is a valuable CHD risk
marker. Kereiakes®® has stated that only half of all patients who experience an acute MI
in the absence of an unstable angina prodrome will have an elevated hs-Crp level.
Furthermore, approximately 35% of all patients who present with unstable angina will
have a “normal” hs-Crp level. Wilson et al.”** determined that elevated hs-Crp levels
provided no additional predictive value in estimating risk of new cardiovascular events
in a cohort from The Framingham Study.

While lifestyle and pharmacological interventions have proven to be successful
in reducing traditional CHD risk factors, they may also have favorable effects on non-
traditional risk factors such as hs-Crp. Several drugs that are used in the treatment of
cardiovascular disease have been shown to reduce serum hs-Crp levels. Thus, it is
possible that reduced inflammation contributes to the favorable effects of these
medications. Multiple statins have been shown to significantly decrease serum hs-Crp in
people with hyperlipidemia. Furthermore, this reduction seems to be independent of
decreases in LDL-C.*® Tt is believed that the effect of statins on hs-Crp may be
mediated in part by reduced monocyte expression of IL-6 and TNF-alpha.**®

Non-pharmacological methods have also been shown to favorably alter hs-Crp
levels. Tchernof et al.'** reported that weight loss in obese postmenopausal women
reduced hs-Crp levels. Heilbronn and coworkers'> also reported that hs-Crp was

significantly reduced in obese, healthy women after a 12 week weight loss program.

.. 127 . .. .
Furthermore, Tisi et al. “" evaluated several markers for disease severity in a randomized
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trial of therapeutic exercise training in 49 patients with intermittent claudication. It was
reported that both serum amyloid A and hs-Crp levels were significantly reduced after 3-
6 months of regular physical activity.

Hs-Crp is an excellent biomarker for inflammation. It can provide clinicians a
valuable tool for identifying people at risk for cardiovascular events in primary
prevention in addition to lowering LDL-C.** Hs-Crp screening is readily available and
relatively inexpensive. Thus, hs-Crp may be a beneficial adjunct in addition to
traditional risk factor analysis regarding the progression of CHD. If anything, this risk
marker may motivate certain individuals with moderate to high risk levels to make
important lifestyle modifications (i.e. smoking cessation, diet modification, exercise, and
weight loss).

LDL and HDL Subfractions

Increasing evidence suggests that several LDL subfractions, which are
characterized by variations in size, flotation rate, density, and chemical composition,
have important clinical significance in relation to CHD risk reduction. LDL subfraction
distribution has been determined by two different methods, analytic ultracentrifugation
(ANUC) and gradient gel electrophoresis (GGE). ANUC provides separation of
lipoprotein particles based on density and Svedberg flotation intervals. GGE determines
multiple LDL peaks and the diameter of each peak in angstroms.”® One of the benefits
of measuring lipoprotein-lipid subfractions is that they can provide additional cardiac
risk information, (i.e. detecting changes in concentrations of the subfractions in response

to an intervention), even when the standard lipid panel remains unaltered.*****" It has
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even been reported that close to eighty percent of patients who develop CHD have
similar TC concentrations as those who do not develop CHD.**®

According to a certain level of LDL-C, the risk for developing CHD can differ
depending primarily on the LDL particle number as well as the density of the lipoprotein
particle.”**?*” One’s risk for developing CHD is increased if they have larger numbers
of LDL particles and smaller rather than larger LDL diameters.™® The HDL lipoprotein
class can be further subdivided into the following classes: (Hs-H;) with Hs, H4, and H3
being the larger particles. Hs, H4, and H; are negatively associated with CHD, whereas
H,-H, are positively associated with CHD. Hs, Ha, Hs subclasses correspond roughly to
HDL,-C whereas H, and H; correspond to HDL;-C.

In normal subjects, up to four major LDL subspecies, distinguished by size and
density, have been identified.®® LDL-1 is the largest and least dense, and the smallest,
LDL-IV, is the most dense. Furthermore, LDL subspecies have been dichotomized into
two distinct phenotypes, denoted A and B. Phenotype A is mainly characterized by
large buoyant LDL particles and phenotype B is associated with a high proportion of
small dense LDL particles.””’ The presence of an increased proportion of these small,
dense LDL particles has been associated with elevated plasma TG, VLDL, and apo B
concentrations along with reduced HDL-C, and apo A-I concentrations.'' However, the
pattern B phenotype can persist even when the concentrations of TG, VLDL, and HDL

292
1.

are norma It also appears that phenotype B is inherited as a single-gene trait with a

. . . 11
dominant mode of inheritance.
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Low density lipoprotein subclass distribution has been shown to contribute
valuable information in determining CHD risk that is independent of the concentrations
of TC, as well as LDL-C. The clinical significance of small, dense LDL was examined
in the Stanford Coronary Risk Intervention Project. Two hundred and thirteen male
subjects, with angiographically documented CHD, were randomized to a usual care
group or to a CHD risk reduction program. The CHD risk reduction program included
exercise, diet, and other lifestyle modifications, including lipid-lowering medications.
Subjects were followed for 4 years and underwent annual coronary angiograms. No
changes in annual coronary angiograms between the two treatment groups were noted
for subjects exhibiting large, buoyant LDL. Conversely, among subjects with small,
dense LDL, those in the risk reduction group showed less progression of CHD based on
minimum artery diameter, and marginally favorable differences in stenosis.*”> In one
case-control study, the pattern B phenotype was associated with a threefold increased
CHD risk.”* In further support of these findings, a report from the Physician’s Health
Survey also noted a threefold increased CHD risk for subjects exhibiting the pattern B
phenotype.*”

Vakkilainen and coworkers®”® demonstrated that men with small LDL particles,
mildly elevated TGs, low HDL-C, and normal LDL-C have impaired endothelium-
dependent vasodilation compared with men of similar age, BMI, and LDL-C
concentrations. Moreover, the degree of endothelial dysfunction was significantly

correlated with LDL particle size as opposed to LDL-C, HDL-C, or TG concentrations.
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Levels of small, dense LDL have also been found to be associated with the intima-media
thickness of the common carotid artery.*”’

In addition to LDL size, the total number of LDL particles may also provide a
better index for predicting future coronary events. Otvos et al.*”® examined LDL and
HDL particle numbers and size at baseline and after 7 months of gemfibrozil therapy in a
substudy of the Veterans Affairs High-Density Lipoprotein Intervention Trial. While
LDL-C and HDL-C concentrations were not appreciably altered, gemfibrozil therapy
resulted in an increased LDL particle size and a reduction in the number of LDL
particles. These changes were associated with a reduced risk of CHD events.””
Generation of small, dense LDL

Insulin resistance or a fundamental defect in free fatty acid incorporation into
adipocytes can lead to the increased mobilization of FFA to the liver, leading to
increased TG formation, decreased LDL proteolysis, enhanced VLDL production and
secretion. The enhanced secretion of VLDL from the liver is often accompanied by a
subsequent series of events involving 2 key proteins in lipoprotein metabolism, CETP
and HTGL. As the triglyceride-enriched VLDL is entering the plasma compartment at
this accelerated rate, the TG in the VLDL are exchanged for the cholesterol ester in the
core of LDL, producing a depleted, but TG-enriched LDL particle. The TG in the core
of LDL is then hydrolyzed by HTGL thereby producing small dense LDL particles. The

CE in the core of the HDL may also be exchanged by CETP for the TG in VLDL,

producing a TG-enriched but CE depleted HDL particle. The TG—enriched HDL
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appears to be catabolized more rapidly by the kidney, thus resulting in low HDL

levelg, 237 239,243,244, 262
Small, dense LDL particles may also be generated when excess TG on VLDL are

exchanged for cholesterol esters on LDL by CETP, producing TG-rich LDL, which then
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undergoes lipolysis by HTGL to produce smaller and denser LDL particles.”” In a

1. reported that high HTGLa is associated

cross-sectional investigation Zambon et a
with an increase in small, dense LDL particles and a decrease in HDL,-C. In the
Familial Atherosclerosis Treatment Study, treatment with colestipol / lovastatin and
colestipol / niacin significantly decreased HTGLa with a concomitant conversion of
small, dense LDL to buoyant LDL, which was the strongest predictor of angiographic
regression.”!

Krauss®”' suggests that the metabolic pathway resulting in the formation of these
atherogenic LDL subspecies originates with the production of a subset of large VLDL
particles which undergo reduced clearance from the periphery and increased shunting
through the plasma delipidation cascade, ultimately resulting in the increased transport
of lipolytic remnants. Hypothetical TG enrichment of these remnant particles could lead
to the formation of small, dense LDL, a process mediated by the action of HTGL.*"!
Basically, the formation of small, dense LDL particles may arise through the exchange
of cholesterol esters for TG, between LDL and these large VLDL. This action is
mediated by CETP, which ultimately produces TG-rich LDL particles, which are then

lipolyzed by HTGL.*” Any therapeutic intervention that can reduce VLDL-TG will

ultimately limit the availability of this substrate for exchange and is believed to be one of
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the main mechanisms underlying the increases in the size of LDL particles and in HDL-
C concentrations and particle diameter.*”

Small LDL particles penetrate the endothelial barrier 1.7-fold more than large
LDL particles; these electronegative small LDL particles interact with positively charged

intimal proteoglycans.'!**

Furthermore, small, dense LDL particles bind less
efficiently to the LDL receptor, thus prolonging their residence time in plasma.’® This
extended time allows them increased opportunities to infiltrate the arterial wall and exert
atherogenic effects. The increased retention of small LDL particles in the vessel wall
allows a longer time for reactive oxygen species modification of surface phospholipids
and unesterified cholesterol. In addition, the small LDL phenotype is associated with a
clustering of other risk factors, including elevated levels of triglycerides, VLDL-C, and
IDL-C, reduced concentrations of HDL-C and HDL,-C, and insulin resistance.'’

It is important to continue research in this area as future clinical studies have the
opportunity to enhance the ability of physicians to identify individuals at risk for CHD,
and in addition to develop the most appropriate and individualized therapy for both
primary and secondary CHD prevention.

CHD Prevention

Although age-adjusted CVD rates continue to fall, the rate of decline has
diminished during the 1990s. CHD rates may also be leveling off, owing in part to a
slowing in the rate of decline in risk factors such as smoking and increases in other risk

factors such as obesity and physical inactivity. A risk factor can be defined as any

characteristic of an individual that is present early in life and is associated with an



226

increased risk of developing future disease.” The concept for considering specific
“cardiovascular risk factors” did not formally exist until the initial findings of the
Framingham Heart Study began to appear in the early 1960’s. Over the last several
years, the concept of preventing CHD through risk factor reduction has gained
widespread popularity. Both pharmacologic and non-pharmacologic strategies have
been employed to aid in risk factor reduction and ultimate CHD prevention.
Maintaining a physically active lifestyle has been associated with a more favorable lipid
profile and a reduced risk of CHD.*"*** Given the prevalence of CHD, preventing even a
small proportion of cases would save thousands of lives and billions of health care
dollars. Compared to other more expensive modes of therapy (pharmacological),
exercise is a relatively inexpensive treatment, and therefore economically appealing.
Role of Exercise in Prevention of CHD: Primary Prevention

Many of our jobs have become so physically undemanding that we can use
computers and machines to do tasks for us while we become increasingly sedentary.
The importance of physical activity and physical fitness to one’s health has been
continually promoted ever since Hippocrates advised that a lack of physical exercise was
detrimental to health.”®* During the Industrial Revolution in England, King’s College
professor Dr. W.A. Guy contrasted mortality rates among sedentary and physically
active workers. It was determined that the more active workers had a lower mortality
rate compared to the sedentary workers.”” Silversten and Dahlstrom® classified people
from Minnesota according to contemporary occupational activity and discovered that

death rates were lower at higher levels of physical activity, and that the average age of
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death increased in a gradient fashion with jobs that were physically more demanding.
After World War II, Morris and colleagues * began a series of investigations regarding
the idea that the deaths related to CHD might be less common among men engaged in
physically active work compared to those with a more sedentary occupation. These
researchers found that active conductors from London seemed to have a protection
against the development of CHD when compared to the sedentary drivers of double-
decker buses. This finding was reproduced in a study involving active postmen
compared to sedentary telephonists and other government workers.****” These findings
led to the establishment of physical inactivity as one of the major modifiable risk factors
for CHD.

Vigorous activity can be defined as expending more than 6 metabolic equivalents

METS) or a minimum of 7.5 kcals / min or working at a minimum of 70% of maximum
( g

heart rate or 70% of VOzpeak.137 The study of British Civil Servants conducted by Morris
and colleagues®® confirmed the benefits of vigorous physical activity in reducing the
risk from CHD. A group of 17, 944 male British office workers between 45 and 65
years of age, free from CHD, volunteered for this prospective study. After 8.5 years of
follow-up, the age-standardized cumulative incidence of CHD was 3.1% among men
who reportedly took part in vigorous exercise, and 6.9% among those who did not.**®
The Harvard Alumni Study has also shown that vigorous activity reduces the risk of
CHD.*”

Recently, several investigations have reported the benefits of moderate intensity

activity for cardiovascular health. Moderate intensity activity can be defined as
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expending between 3 and 6 METs or approximately 5-7.5 kcals per minute or exercising

at 60-70% of maximum heart rate or at 60% of VOzpeak.l3 ” The British Regional Health
Study was a large prospective study of cardiovascular disease which began in 1978
involving 7,735 men between the ages of 40 and 59. Men with and without pre-existing
CHD were randomly chosen as potential subjects for this study. Participants completed
a mailed questionnaire which included questions on leisure-time physical activities and
other health habits. Results after an 8 year follow-up demonstrated that in men without
pre-existing CHD those that participated in moderate or moderately vigorous activities
had a 50% reduction in CHD risk, compared to those who were inactive. Furthermore,
there was no threshold for benefit. Men with pre-existing CHD showed a similar inverse
association up to moderate levels of activity. Interestingly, there was no additional
benefit seen in those men participating in vigorous activity.>'?

Inadequate physical activity has been recognized as an independent risk factor
for premature development of CHD. It is estimated that roughly 12% of all mortality in
the United States is related to a lack of regular physical activity and that physical
inactivity is associated with at least a twofold increase in the risk for coronary events.*"!
Numerous investigations have shown that there is a strong inverse relationship between
leisure time activity, energy expenditure, habitual exercise, and fitness and the risk of
coronary disease and death.”'*>"> A recent analysis suggested that 37% of deaths from

CHD are attributable to physical inactivity; second only to high levels of blood

cholesterol.>'®
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Physical activity habits were analyzed in 10,269 Harvard Alumni (mean age 58
yrs) in a retrospective study conducted over a 12 year period. Those men who engaged
in moderately vigorous sports activity (defined as total physical activity levels > 4200 kj
/ week or brisk walking, recreational cycling or swimming, home repair, and yard work
for 30 min / day on most days) had a 23% lower risk of death than those who were less
active. The improvement in survival with exercise was equivalent and additive to other
lifestyle measures such as smoking cessation, control of hypertension, and avoidance of
obesity. This reduction of risk was even seen in men with multiple coronary risk
factors.’” 1%

Regular walking also appears to be beneficial in reducing the risk for CHD in

older individuals. This was illustrated in a report from the Honolulu Heart Program of
707 retired nonsmoking men (mean age 69 yrs) who were capable of participating in a
low intensity activity on a daily basis. The distance walked was measured at baseline

and mortality data then collected over a 12-year period. After adjustment for age, men
who walked more than two miles per day (range 2 to 8 miles) had a significantly lower
mortality rate than those who walked less than one mile per day (23.8% versus 40.5%,
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risk factor adjusted relative risk 1.8).”~ The type and intensity of exercise necessary for

cardiovascular benefit were evaluated in a cohort of 44,452 men (age 40 to 75 yrs)

enrolled in the Health Professional’s Follow-up Study.**

During 475,755 patient-years
of follow-up, there were 1,700 new cases of CHD (first MIs or cardiovascular death).

Several types of physical activity correlated with a significant reduction in CHD risk:

running for 1 hour or more per week — relative risk 0.58; lifting weights (isometric
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exercise) for 30 minutes or more per week — relative risk 0.77; rowing for one hour or
more per week — relative risk 0.82; brisk walking for 30 minutes or more per day —
relative risk 0.82.

In addition to the amount of exercise, the degree of cardiovascular fitness, as
determined by the duration of exercise and maximal oxygen uptake on a treadmill, is
also associated with a reduction in CHD risk and overall cardiovascular mortality.*'* !>
315 A prospective study evaluated 9,777 men with two clinical examinations (mean age
43 yrs, mean interval between examinations, 4.9 yrs) to assess the association of change
or lack of change in physical fitness with the risk of mortality during a mean 5.1 year
follow-up after the second examination. The age-adjusted all cause death rate was
approximately three times higher in men who were unfit at both examinations compared
to those who were physically fit at both examinations (122 versus 40 per 10,000 man-
years). An intermediate rate (68 per 10,000 man-years) was noted in men who improved
from unfit to fit between the first and subsequent examinations.”® In another report,
6,213 men referred for exercise testing (mean age 59 yrs) were followed for a mean of
6.2 years: 59% had an abnormal exercise test and / or a history of cardiovascular
disease.””" After adjustment for age, peak exercise capacity (measured in METS), was
the strongest predictor of mortality among men with and without cardiovascular disease.
One MET is defined as 3.5 mL O, uptake / kg per min, which is the resting oxygen
uptake in a sitting position. For each 1 MET increase in exercise capacity there was a

12% improvement in survival.
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Younger subjects have also been shown to benefit from improved cardiovascular
fitness levels. A population-based study of over 5,000 men and women (18 to 30 yrs),
demonstrated a relationship between fitness and the development of CHD risk factors at
a 15 year follow-up.’"> During the follow-up, new onset diabetes, hypertension, and the
metabolic syndrome developed at a rate of 0.3, 1.3, and 1.0 percent per year,
respectively. Individuals with low fitness (< 20" percentile) were three to six fold more
likely to develop diabetes, hypertension, and the metabolic syndrome than individuals
with high fitness (> 60" percentile). Furthermore, fitness levels were related to the
development of hypercholesterolemia. Almost 2,500 subjects repeated the exercise test
after seven years. Improved fitness was associated with reductions in the rate of
developing diabetes and the metabolic syndrome. However, the significance of these
changes was diminished after accounting for alterations in body weight.

Role of Exercise in Prevention of CHD: Secondary Prevention

There are also a number of studies that suggest that exercise and fitness are
beneficial in patients who have pre-existing CHD.**"*** One investigation of 772 men
(mean age 63 yrs) with documented CHD who were followed for up to five years found
that the lowest incidence of all-cause and cardiovascular mortality was seen in those who
engaged in light and moderate activity.>*> This activity included recreational
(nonsporting) activity (>4 hours / week), regular walking (> 40 min / day), or moderate
or heavy gardening (adjusted relative risk 0.42 and 0.47 compared to inactivity or
occasional light activity). A recent meta-analysis’> evaluated trials of cardiac

rehabilitation (including exercise with or without risk factor education) among patients
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with coronary disease (most post-MI). It was found that exercise rehabilitation alone
produced a significant reduction in all-cause mortality (6.2 versus 9%, summary risk
ratio 0.72) and an almost significant reduction in recurrent MI (summary risk ratio 0.76).
A combined program of exercise rehabilitation and risk factor education produced an
almost significant reduction in all-cause mortality (9.3% versus 10.8 %, summary risk
ratio 0.88) and a significant reduction in recurrent MI (summary risk ratio 0.62). The
overall mortality benefit from the cardiac rehabilitation program was present at two
years (summary risk ratio 0.53), but not when evaluated after one year.323
Physical Activity, Exercise, and Lipid Metabolism
Cross-sectional Studies

Athletes and persons with a long history of endurance training tend to have lower
blood TG and higher HDL-C concentrations than their sedentary counterparts.**- '*!
Furthermore, in most cross sectional studies endurance trained individuals exhibit higher
concentrations of HDL-C, apo A-I, LPLa, and lower concentrations of LDL-C, apo B,

41,46-51,95, 129-131 .
’ . However, it 1s

TG, and HTGLa as compared with untrained individuals.
important to note that the process of subject selection, differences in body weight, body
fat (%), dietary, and behavioral habits of the subjects can all contribute to the differences

41,95, 129-131 .
U Even so, cross-sectional

in lipoprotein-lipids noted between the two groups.
investigations demonstrate that maintaining a physically active lifestyle is associated
with a more favorable lipid profile and a reduced risk of developing CHD compared to

people who continue to live a relatively sedentary lifestyle. A strong inverse

relationship between the concentration of HDL-C and CHD events has been established.
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It is estimated that for every 1 mg / dL increase in HDL-C, the risk for a CHD event is
reduced by 2% in men and at least 3% in women.”

It has been reported that men engaging in vigorous muscular activity had a lower
incidence of sudden cardiac death when compared to men who were less active.®’
Research from the late 1970’s indicates that lumberjacks, who perform activities similar
to resistance exercise, had higher concentrations of HDL-C and lower TG concentrations
when compared to a group of less active electricians. However, TC, VLDL-C, and
LDL-C were not different between the two groups. The investigators concluded that the
physical work of the lumberjacks, which requires more energy than most other
occupations, was responsible for the favorable lipid levels.’**

In an additional study, Lehtonen and Vikari *® examined lipoprotein-lipids in
middle-aged or older men undergoing training compared to selected control groups and
correlated them with the amount of physical activity. Runners (> 83 km / week) had
significantly lower TG when compared to aged matched controls. The concentration of
HDL-C was higher in the runners compared to all other groups. A positive correlation
was found between the number of km run per week and the concentration of HDL-C.
The researchers concluded that a running volume of at least 70 km / week was needed to
increase HDL-C above normal levels.

The following year, Lehtonen et al.**> examined the concentrations of apo A-I,

apo A-II, and HDL-C in athletes compared to age matched sedentary controls. The

athletes trained at least 4 times per week and ran an average of 25 km per week.
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Athletes exhibited higher concentrations of apo A-I and HDL-C compared to the
sedentary control group.

Castelli and coworkers® examined the relationship between the prevalence of
CHD and fasting lipid levels in The Cooperative Lipoprotein Phenotyping Study. This
investigation consisted of subject data from epidemiologic studies of five diverse
populations. The investigators concluded that the mean concentrations of HDL-C in
each major study group were lower in people with CHD than those without the disease.

Enger and coworkers®*® reported that 220 trained men, who participated in
lipoprotein-lipid screenings the day before taking part in a cross-country ski race, had
higher concentrations of HDL-C, as well as a higher HDL-C / TC ratio when compared
to age-matched controls. The more favorable lipid profile of the trained men was
attributed to the chronic effects of physical activity.

Herbert and coworkers?’ compared the HDL kinetics and lipoprotein enzyme
activities of 5 trained runners with 5 sedentary men. The trained subjects had higher
concentrations of HDL-C (65 mg / dL vs. 41 mg/ dL) and apo A-I (167 mg/dL vs. 139
mg / dL) compared to the control group. The difference was mostly attributed to the
HDL,-C subfraction. The trained runners catabolized less HDL protein compared to
controls. Furthermore, LPLa was 80% higher in the trained subjects, whereas HTGLa
was 38% lower compared to sedentary controls. The researchers concluded that a
reduced catabolism rather than enhanced HDL apolipoprotein synthesis distinguished the

trained from the sedentary men.
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In a similar study, Thompson et al.* compared HDL kinetics in 10 endurance
trained athletes and 10 sedentary adults. The increased concentration of HDL-C (40%)
compared to sedentary controls was attributed to elevated HDL,-C. Moreover, the
concentration of TG was 45% lower while apo A-I was 25% higher in trained subjects
compared to sedentary controls. LPLa and HTGLa were not significantly different
between the two groups, but the lower HTGLa (27%) in trained subjects approached
statistical significance. The clearance rate of fat was 80% faster in trained subjects. The
fractional catabolic rate of HDL and apo A-I, apo A-II was also 20-30% lower in the
trained athletes compared to sedentary controls, a similar finding to that reported by
Herbert et al.*”’

Sady and coworkers*’ evaluated the clearance rate of plasma TG following an
intravenous infusion of a fat emulsion in 13 well-trained and 12 untrained men. The
endurance trained athletes displayed higher concentrations of HDL-C, HDL,-C, and apo
A-1, and lower concentrations of TG while adjusting for body fat (%). However, there
were no significant differences in LPLa between the 2 groups. It was determined that
the trained men exhibited a more rapid fat clearance compared to the sedentary
individuals.

Skoumas and colleagues®*® examined the effect of physical activity status on
lipids in men and women without CHD. Subjects were part of the ATTICA study, a
health and nutrition survey in the province of Attica. Physically active women had

significantly lower TC, LDL-C, oxidized LDL, TG, apo B, and higher HDL-C and apo

A-I compared to sedentary women. This finding remained after adjustment for age, BMI
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and smoking habits. These results were similar in the men, except that they did not
reach statistical significance. The researchers concluded that even moderate exercise (4-
7 kcal / min; > 3 times per week) was enough to increase HDL-C in women.

Kokkinos and coworkers®’ examined the association between miles run per week
and HDL-C concentrations. The male subjects were stratified into 6 groups based on the
number of miles run each week. The concentration of HDL-C increased with increasing
mileage in a dose response relationship. When compared to sedentary controls, HDL-C
reached significance at distances of 7 or more miles per week.

Williams and colleagues®® examined the dose response relationship between the
reported distance run per week and risk factors for CHD from subjects in the National
Runners Health Study. The concentration of HDL-C increased significantly in relation
to longer weekly run distances. HDL-C was higher with each 16 km increment in
weekly running distance up to 48 km per week and at or above 64 km per week.

Rotkis et al.>*°

also explored the relationship between training volume and HDL-
C concentrations. Researchers reported a stepwise increase in the concentrations of
HDL-C in groups designated as non-runners, low-mileage (10 - 19 miles per week),
intermediate (20 - 39 miles per week), and high-mileage (> 40 miles per week) runners.
Furthermore, this relationship remained significant even after correcting for age, alcohol
intake, and body fat (%).

Williams et al.,”*' using more sophisticated analytical techniques, compared the

lipoprotein subfraction profiles and lipoprotein enzymes activities of 12 trained runners

to 64 sedentary males. The trained runners had lower LDL-C (reduced cholesterol
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concentrations of the smaller LDL particles), TG, TC, VLDL, HDL;-C, and higher
concentrations of HDL,-C. The data was even adjusted for BMI. Runners also had
significantly higher LPLa and lower HTGLa compared to sedentary controls.

Halle and coworkers®** examined the LDL subfraction profile in
hypercholesterolemic men with different leisure time physical activity and aerobic
fitness levels. Results indicated that trained men with high TC had a more favorable
lipoprotein profile (lower TG and increased concentrations of HDL,-C) compared to the
men who were less fit. The trained men also had significantly less small, dense LDL
particles and a higher concentration of large LDL subfraction particles despite an equal
total LDL particle number. Furthermore, the LDL particles of the trained men had a
higher free cholesterol content compared to the LDL of the untrained men.

In a follow-up study, Halle and colleagues®* ranked subjects according to fitness
levels based on the results of a Vngeak bike test. A significantly more favorable lipid
profile was observed in regularly exercising men with good fitness (VOzpeax > 50 ml / kg

/ min). The men with a VOzpeak > 50 ml / kg / min had a 25% lower concentration of
small, dense LDL-C and apo B compared to the other groups.

Kamigaki et al.*** examined the relation of LDL subfraction phenotypes and
LDL particle size with the incidence of MI in a sample of young women from the
Women's Cardiovascular Health Study. The researchers reported that a predominance of
small LDL particles was associated with a more than 3-fold increased risk of MI. MI

cases had significantly higher concentrations of TC, LDL-C, TG, and lower HDL-C
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compared to controls. Furthermore, mean LDL particle size was smaller for the MI
cases compared to the controls.

Ziogas et al.*** examined whether differences existed in postprandial TG levels
and LDL subfraction distribution among groups of different fitness levels. Endurance
trained subjects had significantly lower LDL;-C and LDLs-apo B100 (particle number)
concentrations compared with the sedentary group even though baseline concentrations
of TC and LDL-C were similar among the groups.

Lippi and colleagues™® examined extensive lipid profiles obtained from 60
sedentary male controls and compared them to profiles from 142 athletes (skiers and
cyclists). TC, TG, and LDL-C were lower and HDL-C higher in athletes compared to
sedentary controls. However, Lp (a) was not different between the two groups.

Pischon et al.** examined the relationship between physical activity and the
obesity-related inflammatory markers, IL-6, and hs-Crp. The researchers noted that
there was a significant inverse association between physical activity and plasma levels of
inflammatory markers. Subjects who ran 4 or more hours per week had 6% lower IL-6
and 49% lower hs-Crp levels compared to subjects who ran less than 0.5 hours per week.
However, adjustments for BMI and leptin weakened the association of physical activity
and hs-Crp by 62% and IL-6 by 14%, suggesting that body fat (%) may partially mediate
some of these associations.

As part of the ATTICA study, Pitsavos and coworkers'> reported that higher
physical activity levels were associated with lower blood concentrations of various

inflammatory markers (33% lower hs-Crp, 10% lower white blood cell count (WBC),
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and 17% lower serum amyloid A levels). The activity levels were stratified into low
(expended calories < 4 kcal / min), moderate (expended calories 4 to 7 kcal / min), and
high activity levels (expended calories > 7 kcal / min). This study demonstrated that
even light-to-moderate physical activity is associated with lower hs-Crp, WBC counts,
and serum amyloid A levels.

Tomaszewski et al.*** compared lipoprotein-lipid and inflammatory parameters
in regular long distance runners with sedentary controls. Subjects were matched with
regards to age, and BMI. The ultra-marathon runners had significantly lower
concentrations of LDL-C and hs-Crp compared to the control group. Furthermore, the
difference in LDL-C between the runners and controls remained significant even after
adjusting for age and BMI.

Albert and coworkers®*® evaluated the relationship between hs-Crp and physical
activity in men and women with and without CHD. Subjects were part of the Pravastatin
Inflammation / CRP Evaluation (PRINCE) study, which evaluated the effects of
pravastatin (40 mg / day) or placebo on hs-Crp levels over a 6 month period. It was
determined that hs-Crp levels were significantly lower among men who self reported a
higher level of physical activity compared to men who reported rare physical activity.
There was also a progressive decline in hs-Crp levels with increasing physical activity
levels. This relationship remained after adjusting for age, HDL-C, and BMI. The
researchers noted that there were not any significant relationships with the female
subjects and this may have been due to a lower level of physical activity reported for this

group. Furthermore, the researchers speculated that by lowering BMI, through increased
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endurance physical activity, subjects may realize a decrease in adipocyte production of
IL-6, which happens to be a stimulator of hepatic hs-Crp production.

Colbert et al.*** examined the association between physical activity and
inflammatory markers in the elderly (73 yrs) while exploring any potential interactions
with body fat (%) and antioxidant use. Three levels of physical activity were determined
based on the results of an interview: 1) none; 2) 1 to 179 minutes per week; and 3) 180
minutes per week or more. The researchers observed that higher levels of exercise were
associated with lower levels of hs-Crp, IL-6, and TNFa. When investigators looked
within the group reporting no exercise, higher levels of other physical activity were
related to lower levels of hs-Crp and IL-6.

Using data from the Cardiovascular Health Study (CHS), Geffkin and
colleagues®*’ evaluated the association of self reported physical activity with several
markers of inflammation in the elderly. Higher physical activity levels were associated
with significantly lower levels of hs-Crp, WBC count, and fibrinogen. Furthermore,
these findings were independent of any known CHD risk factors.

Wannamethee et al.**! examined the relationships between physical activity and
inflammatory markers (hs-Crp and WBC) in a large population-based study of 4,000
British men. Subjects from the British Regional Heart Study were reexamined 20 years
after their initial visit. Volunteers answered questions regarding their current level of
physical activity and were then assigned to one of 6 different groups based on that
activity level status. Physical activity was inversely associated with WBC, hs-Crp, and

platelet count. This inverse relationship was similar in men with and without prevalent
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CHD. The researchers reported that men, who were initially sedentary but adopted a
physically active lifestyle later, had levels of WBC, hs-Crp, and platelets similar to men
who had been continuously active all through the observation period. These findings
further extend the association between higher levels of physical activity and reduced
levels of inflammation and hemostatic markers.

Ford et al."*' examined the association between physical activity and hs-Crp,
fibrinogen, and WBC count in a national sample of the US population (NHANES III).
Researchers concluded that leisure-time physical activity was inversely associated with
hs-Crp, fibrinogen, and WBC count in a dose-response manner. Investigators also
speculated that the favorable association may be attributable to the effects of exercise on
BMI. Pro inflammatory cytokines are produced by adipocytes as body mass increases.
If body mass is reduced through physical activity, the production of these cytokines (IL-
6) may be attenuated and lead to a lower hs-Crp level. However, hs-Crp levels were still
strongly associated with physical activity levels even after correcting for BMI and waist-
to-hip ratio, suggesting that exercise favorably influences the inflammatory process
through additional mechanisms. One other potential mechanism is that exercise exerts
its beneficial effects through improvements in endothelial function. Endothelial cells
can also secrete IL-6 and IL-1, which can induce an acute phase response. It is known
that exercise can improve endothelial function, thus attenuating the secretion of these pro
inflammatory cytokines. Thus, the end result is a lower level of hs-Crp.

King and coworkers®** sought to characterize elevated levels of hs-Crp,

fibrinogen, and WBC count for various forms of exercise in the adult U.S. population.
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This was part of the NHANES III study. The main goal of this analysis was to
determine whether exercise type was associated with markers of inflammation.
Researchers noted that different types of activity had produced different associations
with the various inflammatory markers. After controlling for age, BMI, and smoking,
only people who regularly jogged, and took part in aerobics, had a significantly lower
likelihood of having elevated inflammatory markers. No association was noted for
activities such as cycling, swimming, or weight lifting (performed > 12 times per
month).

Berg and coworkers®* evaluated the lipid profiles of 293 healthy, well trained
athletes with different types of training backgrounds: 1) endurance, 2) mixed, 3) power
training, and 4) untrained controls. The endurance trained athletes had lower
concentrations of LDL-C and VLDL-C compared to control subjects. Furthermore, the
concentration of HDL-C was significantly lower in the power athletes compared to the
control subjects as well as the other training groups. Researchers speculated that the
results pertaining to the power athletes may have been influenced by anabolic steroid

use. Similar findings were again reported by Berg et al.***

They examined blood lipids
in 44 power athletes compared to 52 sedentary control subjects. The concentration of
HDL-C was significantly lower in the power athletes compared to the control group.
This difference was unaffected by body weight. The investigators concluded that the
difference in HDL-C may be due to type of training involved with the power athletes.

Clarkson and coworkers®* evaluated the concentrations of TC and HDL-C in

college aged weight trained athletes, sedentary control subjects, and long distance



243

runners. The lipid profile did not differ from the controls. The long distance runners
had significantly higher HDL% and lower TC compared to the other groups. The weight
lifters did have significantly higher body weights compared to the runners and control
subjects. However, body weight did not correlate with the concentration of TC or
HDL%.

Farrell et al.>*

compared blood lipids between three groups of male subjects with
different physical training backgrounds. The groups consisted of 11 weight lifters, 11
speed skaters, and 11 sedentary control subjects. Training for speed skating involves
both anaerobic and aerobic components. Body fat (%) was significantly higher in the
sedentary subjects compared to the rest of the groups. Body weight was significantly
lower in the speed skaters compared to the other groups. TC and TG were not different
between the groups. However, HDL-C was significantly higher than both weight lifters
and control subjects. Thus, subjects who are both anaerobically and aerobically trained
demonstrated higher HDL-C compared to male weight lifters and male sedentary control
subjects. These results were not correlated with maximal aerobic capacity or relative
body fat (%). Similar results have also been reported. Mean concentrations of HDL-C
have been shown to be higher in endurance runners compared with weight lifters and
sedentary controls.*®**’

Hurley et al.'” examined the relationship between lipoprotein-lipids and
different types of weight training (bodybuilding vs. power lifting). Body builders train

using moderate-resistance, high-repetition exercises with short rest intervals. In contrast,

power lifters train using heavy-resistance exercises with few repetitions and longer rest
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intervals between exercise bouts. Subjects were compared to runners of similar age and
body fat (%) and had not used exogenous androgens during the previous 10 weeks. The
researchers then evaluated the lipid profile in certain strength-trained athletes after self
administration of various anabolic steroids. Blood samples were collected 24 h after the
last training session. TC was not different between all 4 groups. TG concentrations of
all the exercise trained men were significantly lower when compared to the control
group. The power lifters had LDL-C concentrations comparable to the control group,
but significantly higher than both body building and running groups. Furthermore,
HDL-C was significantly lower in the power lifters when compared to all other groups.
HDL,-C followed the same pattern. The researchers concluded that strength-trained
athletes using moderate-resistance, high-repetition exercises along with short rest
intervals have lipid profiles that may protect them from the development of CHD. These
results also suggest that in order to induce beneficial changes in the lipid profile, subjects
need to perform weight lifting activities which are more aerobic in nature as well as
promoting a higher caloric expenditure per exercise bout. After administration of
anabolic steroids, the lipid profiles were unfavorably altered with decreased
concentrations of both HDL-C and HDL,-C and elevated LDL-C. Taggart et al.>* have
demonstrated that even administration of a low dose anabolic steroid (stanozolol; 6 mg /
day for 4 weeks) lowered both HDL-C and HDL2-C concentrations by 50% and raised

LDL-C by 21%.
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Prospective Studies

Sesso et al.>*’ examined the quantity, type, and intensity of physical activity and
how it related to someone’s risk for developing CHD. Subjects were part of the Harvard
Alumni Study and responded to questionnaires from 1977 through 1993. A 20%
reduction in CHD risk was noted for people expending greater than 4200 kJ / week with
physical activity. A nonsignificant 10% reduction in CHD risk was noted in men
expending 2100 - 4199 kJ / week. It was also reported that physical activity of a
vigorous nature (> 6 METs) was associated with a reduced risk of CHD, whereas
moderate or light activities (< 6 METs) had no clear association. The researchers
concluded that physical activity can favorably affect CHD risk even in the presence of
other CHD risk factors.

In addition to the previous work of Sesso et al.,**’ Lee and associates®” further
examined the association between the relative intensity of physical activity and risk of
developing CHD in the Harvard Alumni Study. Men who expended 1000 - 2499 kcal /
week experienced a 20% decrease in the CHD rate of those less active. It was also
reported that greater energy expenditure was not associated with additional increased
risk. However, men participating in vigorous activities (= 6 METs) experienced
significantly lower CHD rates. Thus, the relative intensity of physical activity was a
strong predictor of lower CHD rates among older men in this cohort.

Manson and coworkers®' evaluated the comparative roles of walking and
vigorous exercise in the prevention of CHD in women enrolled in the Nurse's Health

Study. Both walking and vigorous exercise were associated with substantial reductions
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in the incidence of coronary events. Furthermore, the magnitudes of risk reduction
associated with brisk walking and vigorous exercise were similar when the total energy
expenditures were similar.

Lee and associates’® evaluated the effects of different exercise durations on the
risk of developing CHD. Specifically, researchers examined whether the duration of an
exercise episode predicted risk, after the total energy expended on physical activity was
accounted for. Among men who expended similar total amounts of energy in physical
activity, a longer duration per episode of activity did not further decrease CHD risk. It
appears that the accumulation of shorter sessions of activity is associated with equivalent
benefit compared with longer sessions, as long as the total amount of energy expended is
the same.

To assess the amount, type, and intensity of physical activity in relation to risk
of developing CHD, Tanasescu and colleagues®>’ questioned male subjects participating
in the Health Professionals follow-up study and classed their reported physical activity
as either vigorous (= 6 METs) or nonvigorous (< 6 METs). Cycling and swimming were
not associated with risk reduction whereas running for 1 or more hours per week was
associated with a 42% risk reduction. Of interest, weight training for 30 minutes or
more per week was associated with a 23% risk reduction. The researchers concluded
that increased total physical activity was associated with a reduced risk of CHD in a dose
dependent manner. Furthermore, the intensity of exercise was associated with an

additional risk reduction.
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St-Pierre and coworkers™ examined the long-term risk of ischemic heart disease
(IHD) associated with large LDL and small LDL using 13 year follow-up data in men
from the Quebec Cardiovascular study. The data suggest that there isn’t any evidence of
increased CHD risk with increased cholesterol levels in the large LDL particles. Men
with elevated cholesterol in the large LDL particles had a more favorable CHD risk
profile compared with men with low levels of cholesterol in the large LDL particle and a
50% lower IHD risk over the first 7 years of follow-up. The researchers concluded that
increased CHD risk was largely related to accumulation of small, dense LDL particles.

Williams et al.** examined the relationship of LDL and HDL subfractions to
CHD progression rates, as determined by coronary arteriograms. Subjects were part of
the Stanford Coronary Risk Intervention Project (SCRIP). LDL-IVb was the subfraction
most strongly related to CHD progression. These results support other findings that
indicate smaller peak LDL size is predictive of increased risk for MI and that
angiographic progression of CHD is related to increased LDL density.’

In summary, both cross-sectional and prospective investigations overwhelmingly
suggest that physically active individuals exhibit a less atherogenic blood lipid profile
and more favorable non-traditional CHD risk marker levels compared to their sedentary
counterparts. Furthermore, a dose-response relationship was noted for this relationship.
However, it is important to note again that the process of subject selection, differences in
body weight, body fat (%), dietary, behavioral habits of the subjects, and not eliminating
the possible acute effects from the last training session, can all contribute to the

differences in lipoprotein-lipids and non-traditional CHD risk markers noted between the
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41.95.129-B31 pyegpite these potential limitations, these research studies have

two groups.
provided the framework for conducting longitudinal exercise training studies.

Lipid Metabolism in Response to Exercise Training
Endurance Training

Exercise may provide protection against the development of CHD partly through
improvements in the lipoprotein-lipid profile.” Traditionally, research examining the
effectiveness of physical activity on CHD risk reduction has been conducted using
endurance exercise as the exercise intervention. In most cross-sectional studies
endurance trained athletes exhibit higher concentrations of HDL-C, apo A-I, LPLa, and

lower concentrations of LDL-C, apo B, TG, and HTGLa as compared with untrained

46-51

individuals. However, the results from longitudinal training studies have been

inconsistent. A majority of the published research has reported that the concentrations

of HDL-C and HDL,-C may be increased while TG is lowered in response to exercise

55-57, 60, 68, 140-142, 148, 169, 175, 176, 178, 181-183, 194, 195, 199, 201, 203, 204, 349-354

training. Furthermore,

while the concentrations of TC, VLDL-C, and LDL-C are rarely altered, reductions in

o 55,56, 60, 169, 175, 178, 183, 193, 195, 199, 204, 350, 351, 353, 355
response to training have been reported.” ™7 77 112 T RS T 2T T AT 255 290, 295

Other lipoprotein enzymes such as HTGL, CETP and other non-traditional CHD risk

. . . 41,56,60, 125, 140, 142
markers have been studied although the results have been inconclusive.™ > "> ™% =%

168, 169, 173. 174, 176-178. 181 py planations for the conflicting findings have been attributed to

differences in exercise volume (caloric expenditure), duration of training, type of
exercise, baseline subject characteristics, dietary influences, baseline lipid

concentrations, and timing of blood sampling after the last session of exercise.”™ *® It
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is also possible that subtle changes in lipoprotein metabolism may have gone undetected
in a number of studies. For example, Crouse et al.** reported that 6 months of endurance
training by men with elevated cholesterol resulted in a significant rise in HDL,-C and

fall in HDL;-C, but no change in total HDL-C.

The baseline lipoprotein-lipid concentrations of research subjects have reportedly
been identified as a potential predictor of the lipoprotein-lipid response to exercise

training. In a meta-analysis on training studies, Tran et al.>>

identified the importance
of baseline lipid levels in determining the magnitude and direction of change in lipid
levels over the course of exercise training studies. It was observed that subjects with
initially low HDL-C tended to respond more favorably to exercise training than subjects
who completed the exercise training intervention with normal or high initial HDL-C
levels. However, this is not always the case'®* and similar alterations to the lipoprotein-
lipid profile have been reported in subjects demonstrating a variety of baseline

129-131

lipoprotein-lipid levels.

Zmuda et al.'®*

compared the effects of 12 months of endurance exercise
training, without weight loss, on HDL metabolism in sedentary men with initially low or
normal HDL-C concentrations. The authors defined low HDL-C as <40 mg / dL and
normal as > 44 mg / dL. The exercise training sessions consisted of a 5 minute warm-up
with stretching exercises followed by 50 minutes of walking, jogging, and stationary
cycling ending with 5 minutes of cool-down activity. This was repeated 4 times a week

with an intensity designed to elicit 60-80% of the subject’s measured maximal heart rate.

Subjects were seated during all phlebotomy procedures and had not eaten or exercised
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during the preceding 12 h. Neither body weight nor relative body fat (%) decreased
significantly in either group in response to the training. HDL-C rose by 5 mg / dL in the
normal group, with most of the change attributed to a 3.8 mg / dL increase in HDL,-C
(significant). Conversely, HDL-C and HDL;-C were not significantly altered in the low
HDL-C group. The concentrations of TG and apo B were significantly lower (12% and
16%) in the normal group but not in low HDL-C group after training. Interestingly, apo
A-I was significantly increased in both groups. The catabolic rates for HDL
apolipoproteins decreased 7-14% and the biologic ' lives increased 10-15% with
training in the normal group, but did not change in the low group. The enzymatic data
followed a similar pattern with significant elevations in LPLa (27%) in response to
training and a 16% decrease in HTGLa in the normal group. However, neither enzyme
activity was altered in the low HDL-C group. This study suggests that changes in HDL-
C and HDL,-C as well as the biologic ' life of HDL apolipoproteins with exercise
training are considerably greater in men with higher pre-training HDL-C levels. The
researchers concluded that men with initially low HDL-C levels may have a limited

ability to increase HDL-C with exercise training.

Raz et al.*** evaluated the effects of a 9 week, moderate endurance exercise
training program (45 min / day, at ~ 70 — 85% of max heart rate, 3 days per week) in
young men with initially low HDL-C levels (<40 mg/ dL). The estimated maximal
aerobic capacity was significantly elevated (15%) in the exercise group. Changes in
body weight and body fat (skinfolds) were minimal and not different between the

exercise and controls groups. Furthermore, there were no significant differences
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between the groups with respect to TC, HDL-C, HDL2-C, HDL3-C, or LDL-C. TG was
significantly lower (4%) after training only in the exercise group. The authors
concluded that 9 weeks of moderate exercise in young men with initially low HDL-C did
not favorably alter the lipid profile, in spite of improved fitness.

Williams et al.'® examined the possibility that people with certain lipid profiles
may be more readily persuaded to adopt active lifestyles. The investigators focused on
the main issue of the relationship between running dose (miles / week) and physiological
response over time in the setting of a 1 year randomized, controlled trial of previously
sedentary men. Eighty one healthy sedentary men (30-55 yrs) were randomly assigned
to a supervised running or sedentary control group. Subjects underwent follow-up after
12 months. The exercise program initially had subjects training 3 times a week with 5
minute warm-up, 20 minute walk / jog (70-85% of max heart rate), concluding with a 5
minute cool-down. After 2-3 weeks, 1 additional day of exercise was added. At 6
weeks, the exercise duration was increased to 45 minutes of running. After the 8" week
of training, another day was added to the weekly training volume. Blood samples were
drawn after a 12-16 h fast and no physical activity. The subjects who were persuaded to
run more miles had initially higher baseline HDL-C and lower TG concentrations

compared to lower mileage runners. Baseline HDL-C was a significant predictor of

miles subsequently run when included along with baseline body fat (%), VOapeax, alcohol
intake, and smoking variables in a multiple regression equation. Increasing the number
of miles run per week also produced increases in HDL-C and fitness levels while

decreasing LDL-C, VLDL-C, and body fat (%). More importantly, HDL-C did not
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increase unless an average exercise training volume of running 10 miles per week or
more was achieved during the 1 year period.

Some researchers have reported that a subject’s baseline body composition or
perhaps changes in body composition as a result of exercise training are responsible for
the favorable changes in the lipoprotein-lipid profile that follow exercise training
regimens. In support of this, correlations between body weight and / or body fat (%)
reductions in response to exercise training and changes in lipoprotein-lipids have been

d 49, 56, 186, 354, 358

reporte However, there are those who have reported an independent

14, 57, 140-142, 182, 201, 352 .
> 57, P e Increases in

effect of exercise training on changes in lipoproteins.
HDL-C,”" 1> 349 and decreases in LDL-C,'%% 182 and TG® have been reported to occur
following exercise training without changes in either body weight or body fat (%).

Thus, the independent effect of exercise training on lipoprotein-lipid metabolism can’t

be completely ignored.

In addition to subject’s baseline physiological characteristics such as body

weight and body fat (%), correlations between changes in aerobic capacity (VOapeak)
with exercise training and changes in lipoprotein-lipids have been reported.>>> However,
this is not always the case.* "*1: 147 17%- 17 Eyrthermore, lipoprotein-lipids do not always
respond to exercise training.”>*>>® Thus, increases in aerobic capacity with training are
not generally related to lipoprotein-lipid changes."”!

Nicklas et al.'®” determined that plasma concentrations of HDL-C and HDL,-C
were significantly elevated with exercise training in lean and moderately obese middle-

aged and older men, but were not significantly altered in obese men of the same age. In
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support of this notion, Woods et al.'® reported that fat reduction produced comparable
changes in lipoproteins whether the loss was achieved through diet or exercise. Several
other studies reported that the beneficial alterations to the lipid profile as a result of

exercise training were attributed to large decreases in body weight after training.*- %'

354

Williams and colleagues® examined the effects of diet-induced weight loss or
exercise-induced weight loss on lipid metabolism in overweight men with different
baseline concentrations of HDL-C. The diet program was designed to reduce total body
fat by 1/3 during the course of the 9 months. The training sessions consisted of 40-50
minutes of exercise (60-80% of max heart rate) 4 days each week. At the end of the
year-long training program, HDL-C, HDL,-C, and HDL, mass increased with exercise
as well as a calorically restricted diet. The overweight men with the highest baseline
concentrations of HDL-C (> 48 mg / dL) and who took part in the exercise training
regimen demonstrated the largest elevations in HDL-C and subfractions per unit of
weight loss. However, the baseline concentrations of HDL-C in the diet group were not
related to the subsequent alterations in HDL-C. Thus, weight loss, either diet induced,
or as a result of exercise can produce alterations in HDL metabolism. Furthermore, the
authors concluded that weight loss induced through exercise as opposed to caloric
restriction affects HDL-C concentrations differently depending on the subject’s initial
HDL-C concentrations.

In a similar study Wood et al.'® evaluated the effect of diet-induced weight loss

or exercise-induced weight loss on lipid metabolism in 89 sedentary, obese men with
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different baseline concentrations of HDL-C. The diet program was again designed to
reduce total body fat by 1/3 during the course of the training. The training sessions
consisted of 40-50 minutes of exercise (60-80% of max heart rate) 4 days each week.
The decrease in relative body fat (%) was similar for both the exercise group and the diet
group. However, lean body mass was preserved in the exercise group compared to the
diet group. Increases in the concentrations of HDL-C and the subfractions were similar
for both groups, even though physiologic changes were apparent (total body weight loss
greater in diet group). The authors concluded that body fat loss, whether through diet or
exercise training, induces similar alterations in lipid metabolism.

Leon et al.'®

reported on the observed variability in the plasma HDL-C response
to 20 weeks of exercise training in the HERITAGE study, and tried to identify possible
contributors to this variability. Sedentary members of 200 two-generation white and
black families completed 20 weeks of supervised cycle ergometer exercise training.
Blood lipid levels were compared before and after training. Exercise was performed 3

times a week, progressing from an initial duration of 30 minutes to 50 minutes per

session during the last 6 weeks. Intensity was progressively increased from 55% to 75%

VOzpeak. The estimated energy expenditure for each session was 328 kcal or 984 kcals
per week. Blood samples were obtained after a 12 h fast and 24 - 72 h after the last
exercise session. Baseline concentration of HDL-C in women and men were 44.3 mg /
dL and 37 mg / dL, respectively. The exercise training resulted in a significant increase
in HDL-C with small decreases in TG and VLDL-TG. Mean increases in HDL-C for the

entire cohort was 1.4 mg / dL, with no significant differences by gender or race.
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However, there was noticeable variability in response to training, ranging from a mean
9.3% decrease in HDL-C in quartile 1 to a mean 18% increase in quartile 4. Significant
increases in LPLa were noted for both men (18%) and women (6.6%). HTGLa was
significantly reduced 6.9% in men and 5.1% in women following training. The authors
stated that a possible heritable factor contributing to the HDL-C responsiveness to
exercise training was the relative proportion of type 1 red skeletal muscle fibers, which
are known to have higher LPLa. In contrast to the findings of Zmuda et al.'** and
Williams et al.®®, in HERITAGE, the percent change in HDL-C with training was
inversely related to the baseline HDL-C concentrations, which is also consistent with the
findings of a previous meta-analysis.”>’

Stefanick et al.'”' examined the effects of changes in diet and exercise, alone and
together, on plasma lipids. The design was a 1-year randomized, controlled study of
men and postmenopausal women with low HDL-C and elevated LDL-C. The subject
groups were: 1) NCEP Step 2 diet; 2) aerobic exercise alone; 3) NCEP diet and exercise;
and a control. Subjects took part in walking or jogging, 3 times a week for 60 minutes a
session. Fasting Blood samples were collected at 2 morning visits and 12 h after the last
session of vigorous physical activity. Significant changes in HDL-C were not observed
for either sex, nor were changes in TG. TC and LDL-C were significantly reduced
among both men and women in the diet + exercise group, as compared with the group
assigned to exercise only. No significant reductions in TC and LDL-C were noted for
either sex in the diet only group. Dietary intake of fat and cholesterol decreased during

the 1 yr study as did body weight in women and men in either the diet group or the diet +
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exercise group as compared to controls and the exercise group, in which dietary intake
and body weight were unchanged. The NCEP Step 2 diet failed to lower LDL-C in men
and women with high-risk lipoprotein levels who did not engage in aerobic exercise.
When diet was combined with exercise, the reductions in LDL-C were significant, with
no adverse effects on HDL-C. The researchers concluded that the combination of
reduced dietary fat and increased use of energy from fat through exercise may have
created a physiologic state that is beneficial to lipid metabolism even in the absence of
weight loss.

Higuchi et al.'”* examined the effects of 4 weeks of treadmill running (50 min /
day, 5 days per week) on lipoprotein-lipids in 5 young, active men. Body weight was
maintained throughout the 4 weeks of training. While TC and TG did not change in
response to training, the concentration of HDL-C increased (19 mg / dL). The authors
concluded that exercise had an independent effect on lipid metabolism.

1

Schwartz and colleagues'' examined the effects of intensive endurance training

(45 min / day, 50-85% of heart rate reserve, 5 days per week) on lipid responses in older

(68 yrs) and younger (28 yrs) men. Increases in VOzpeak, and reductions in both body
weight and body fat (%) were similar for both groups. It is important to point out that
body weight, as well as body fat (%) did not significantly change in response to 6
months of training. The response of HDL-C to training was similar in the young men
(14% increase) and the older men (15% increase). However, there was a significant

increase in HDL,-C (63%) and a 21% decrease in TG only in the older men. The
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authors concluded that the changes in the lipoprotein-lipid profiles were not correlated to
any changes in body weight or body fat (%).

Thompson and colleagues'® examined HDL-C levels and HDL apoprotein
survival before and after 1 year of endurance exercise training (50 min / day, 60 — 80%
of max heart rate, 4 days per week) without weight loss in sedentary overweight men.
Subjects were maintained on controlled diets for 18 days during each study of HDL
metabolism. Maximal aerobic capacity increased 27% with training. TG was decreased
(7%) with exercise training while HDL-C increased (10%). This increase was attributed
to an increase (33%) in HDL,-C. The concentration of apo A-I was significantly
elevated (9%) while apo B was lowered (10%) in response to training. The metabolism
studies indicated that the catabolic rate of HDL was decreased (5%) with training while
the synthetic rate of apo A-I was significantly elevated (13%). The lipoprotein enzyme
data indicated that LPLa was elevated (11%) but did not reach statistical significance,
while HTGLa was significantly lower after the 12 month training program.

358 . . ..
Brown et al.””” examined the effects of a 3 month endurance exercise training

program (50-60 min / day, 70-80% VOapeak, 4 days per week), without weight loss, on
the lipid profiles of 7 overweight subjects. This amounted to a caloric expenditure of
2000 kcals per week. While body weight was maintained throughout the program, body
fat (%) was significantly decreased (4%) after training. Maximal aerobic capacity was
significantly elevated (11%) as a result of the training. HDL-C was significantly higher
(15%) and LDL-C significantly lower (14.7%) after training. The authors did not report

any correlations with changes in lipoprotein-lipids and alterations in body fat (%).
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Nye and coworkers'® examined alterations in lipid metabolism in response to a
mild exercise program (30-45 min / day, 2 days per week, approximately 950 kcals per
week). Seventeen sedentary, middle-aged men volunteered for this investigation.
Training resulted in a significant decrease in LDL-C. The concentration of HDL-C was
not significantly altered with training, which the authors attributed to an increase in
HDL,-C and a concomitant decrease in HDL3;-C. Conversely, Thompson et al.”’
reported that sedentary men taking part in a high-volume training program (32 weeks of
cycling) increased HDL-C and lowered their LDL-C concentrations. Body weight and
body fat were not significantly altered in response to this training program. The increase
in HDL-C was attributed to nonsignificant increases in both HDL,-C and HDL;-C.
Increased LPLa and decreased HTGLa were also reported after the 32 week training
program.

The training intensity of exercise programs has also been reported to be an

195, 359, 363

integral factor in inducing favorable changes in lipoprotein-lipids. However,

studies have reported changes in lipid metabolism with high®® "% 1> 197:3%% and Jow-

43,167, 182, 184, 350, 352, 363
moderate™ " T T Th 20T 20

training intensities. What seems to be more important in
order for favorable alterations in lipids to occur is the volume of the exercise regimen. It
is believed that lipoprotein-lipid changes most often occur when the exercise regimen is

one that consists of a large volume of work (caloric expenditure).*! #4 130132364

In order to examine the effects of a moderate exercise training program

(4 months at 3-4 days per week), on serum high-density lipoproteins, Huttunen et al.>>



259

randomly assigned 100 sedentary middle-aged men to either exercise or control groups.
HDL-C was significantly elevated and TG decreased in the exercise group.

Sunami et al.’® examined the effects of low intensity endurance training (60 min

/ day, 50% of VOnpeak, 2-4 days per week for 5 months) on lipoprotein-lipids in healthy
older adults (67 yrs). While maximal aerobic capacity was significantly elevated (7%)
with training, body weight and body fat (%) were not significantly altered. The exercise

group significantly increased concentrations of HDL-C (9%), HDL,-C (21.6%), while

HDL;-C was lower (12%) with training. The changes in VO,peak, body weight and body
fat (%) were not correlated with any of the lipid parameters in the training group. Total
exercise duration per week was correlated with the change in HDL,-C. These results
should be interpreted with caution, since the authors did not report the length of time
between the last exercise session and blood sampling. Thus, the authors did not
eliminate the possible acute effects from the last training session.

360

In contrast to the findings reported by Sunami’®’, Branth and coworkers™®'

examined the effect of high-volume low-intensity exercise training (120 min / day, 40%

of VOapeak, 5 times per week for 6 weeks) on blood lipids in 8 untrained men. Diet and
energy balance were tightly controlled with registered dieticians preparing all food
consumed by the subjects. Body weight, body fat (%), and aerobic capacity did not
change during the study. The training protocol did not substantially affect blood lipids.
However, nonsignificant decreases in apo B and Lp (a) did occur after training. The

researchers concluded that the training program’s intensity was too low. However,
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Crouse et al.** observed changes in blood lipids after only 8 weeks of exercise training at

either 50% or 80% of VOapeak-

Stein and colleagues'®® examined the effects of a 12 week cycle ergometer
exercise training program (30 min / day, 3 times per week, ) on lipoprotein-lipids. 49
healthy men were divided into groups exercising at 65%, 75%, and 85% of maximal
heart rate, with an additional sedentary control group. Body weight and body fat (%) did
not change. Maximal aerobic capacity was significantly elevated in all training groups.
The concentration of HDL-C was significantly elevated and LDL-C decreased only
when the intensity was above 75% of maximal heart rate. However, the authors failed to
report if they controlled for the last bout of exercise before post-training blood sampling
and also did not control for training volume differences between groups, each of which
can lead to inaccurate results.

Stubbe et al.”® examined the effects of cycle ergometer exercise training of
varying intensities and duration on lipid metabolism in 18 sedentary men. For 6 weeks,
12 men exercised for 50 minutes a day, 3 times per week at 85% of their maximal heart
rate. A second group of 6 men exercised for 50 minutes a day, 3-5 times per week at
70% of their maximal heart rate. This group exercised for a total of 12 weeks. Blood

samples were obtained 48 h to 72 h after the last training session. Body weight and body

fat (%) were not significantly altered with training. VO,peax Was significantly increased
(19%) in the high intensity group after 6 weeks of training compared to 10% in the

moderate intensity group. However, the moderate intensity group further increased their
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VOnpeak (18%) when they completed the 12 weeks of training. Training significantly
increased HDL-C levels (14%) in the moderate group and 4% in the high intensity
group, which did not reach statistical significance. The concentration of apo A-I was
significantly elevated (7%) in both groups after training. LDL-C was significantly
reduced (17%) after training in the moderate group and mildly lower (6%) in the high
intensity group. Four subjects from the high intensity group had their lipid samples
separated by zonal ultracentrifugation in order to characterize lipoprotein subclasses.
While the concentration and composition of LDL remained constant, HDL,-C was
increased 36% after training. Post-heparin LPLa was increased in both groups after
training, though not statistically significant. However, HTGLa was significantly reduced
in both groups after 6 weeks of training. While the activity of skeletal muscle LPL was
not altered after training in the high intensity group, adipose tissue LPLa was markedly
elevated (50%) at the end of 6 weeks of training. While the authors concluded that
alterations in the lipid profile were not influenced by the negligible loss of body weight,
the reduction in body fat (%) might have contributed to the rise in HDL-C during the
training program. Furthermore, the authors concluded that intensity of training may be
responsible for their findings, since they noted a negative correlation between the change
in HDL-C and training intensity.

Seals et al.’** examined the effects of 6 months of low intensity aerobic training
(45 minutes / day, 60% of maximal heart rate, 3 times per week) followed by 6 months
of high intensity aerobic training (45 minutes / day, 80-90% of maximal heart rate, 3

times per week) on plasma lipid levels in older men and women (63 yrs). Blood samples
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were obtained only 14 h after the last training session. Body weight was significantly

lower only after the higher intensity training period. VOapeax increased 12% after the
low training and an additional 18% after completing the high intensity training. Plasma
lipids did no change after the low training period, but a decrease in TG (21%) and an
increase in HDL-C (14%) were reported after the high intensity training period. The
authors concluded that the intensity of exercise must be high in order to favorably alter
the lipid profile in sedentary men and women.

A recent study by O’Donovan et al.*®

sought to determine if similar
improvements in fitness could be derived from moderate or high intensity exercise

training of equal energy costs (3 times per week for 24 weeks, 400 kcal per day, 60% or

80% of VOapear). Adjustments were made monthly to update the training program due to
increases in subject fitness levels. The authors reported that the higher intensity training
was better at improving maximal aerobic capacity compared to the lower intensity
group. Furthermore, significant reductions in TC, LDL-C, and NONHDL-C were only
observed in the high intensity group. It was also reported that changes in fitness and
body fat were not related to changes in lipids. The authors concluded that high-intensity
training is more effective in improving cardiorespiratory fitness than moderate intensity
training of equal volume. Moreover, it appears as if changes in CHD risk factors are
influenced by exercise intensity.

Woolf-May and colleagues'® examined the effects of a moderate intensity
exercise program performed in shorter bouts throughout the day compared to that of a

program that consisted of one longer session of daily exercise of similar intensity and
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total duration. The program lasted 18 weeks and both walking groups improved their
fitness levels. However, no significant changes were noted for any of the lipid variables
in either of the walking groups in spite of improved fitness.

Grandjean et al.'”® examined the influence of a progressive worksite acrobic

training program (20-60 min / day, 60-80% VOapeak, 3 days per week for 24 weeks) on

cardiovascular fitness and lipoprotein profiles in 37, previously untrained, female

employees. VOjpea increased 14.8% in the exercise group. Body weight and body fat
(%) were significantly reduced (2 kg and 4%) with training. HDL-C increased (11.7%)
in the exercise group, which approached, but did not reach statistical significance. In
contrast, HDL-C decreased in the control group. No relationships between the change in
body fat (%) and lipids were determined. There were nearly identical reductions in TC
and LDL-C in the exercise and control groups, indicating that the exercise program
probably was not responsible for these changes.

William’s et al.** examined the dose response relation between the reported
distance run per week and CHD risk factors in 1,837 female runners. The aim was to
determine whether health benefits accrue in females at levels of exercise that exceed
current minimal guidelines. The reported miles run per week were compared with
medical data provided by physicians. The authors concluded that women who ran
greater weekly distances tended to adopt certain types of behavior that reflected greater
health consciousness. HDL-C concentrations were found to increase significantly in
relation to longer weekly distances run. HDL-C was also significantly higher with each

16-km increment in the weekly running distance up to 48 km run per week and at or
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above 64 km per week. HDL-C was increased with greater running distances in
premenopausal women who were not using oral contraceptives and in postmenopausal
women who were not taking estrogen and in postmenopausal women taking estrogen.
Furthermore, these data contradict the idea that generally higher HDL levels in women
limit the potential for these levels to increase with exercise (no ceiling effect).

Wilund and coworkers** examined the effect of a 6 month aerobic exercise
training program (20-40 min / day, 50-70% of heart rate reserve, 3 days per week) on
HDL containing only apo A-I (LpAl) and HDL containing both apo A-I and apo A-1I
(LpAIL:All). Maximal aerobic capacity increased 17% with training. Body weight and
relative body fat (%) was significantly lower (1kg and 2.8%) after training in the
exercise group. The concentrations of TC, TG, and LDL-C were not significantly
altered with training. However, HDL particle size and HDL-C were both significantly
increased with training. Furthermore, the concentration of apo A-I within LpAl
increased significantly (12%) despite no change in total apo A-I or the concentration of
apo A-I within LpAI-All. The LpAl represents the HDL,-C subfraction. Despite the
significant increases in aerobic capacity and reductions in body weight and body fat (%),
the magnitude of these changes was not correlated with the changes in lipoprotein-lipids.

Tokmakidis et al."! examined the adaptations of body composition, muscular
strength, lipids, and apolipoproteins to a combination aerobic / resistance exercise
training program. The researchers also instructed the subjects to detrain for 3 months.
The exercise group participated in an eight month training program (60 min / day, 4

times per week; 2 aerobic and 2 resistance exercise, 60-85% of max heart rate and 60%
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of IRM). The circuit training sessions consisted of 3 sets (12 -15 repetitions per set) of
eight exercises: bench press, seated row, leg extension, pull-down, “pec-deck”, leg curl,

curl-ups, and back extension. The rest period lasted less than 30 seconds, with a 5

minute rest between each set. VOzpeak was significantly elevated, while significant
reductions in both body weight and body fat (%) occurred as a result of the training
program. Furthermore, upper and lower body strength were significantly improved in
response to training. The concentrations of TC and TG were significantly reduced and
HDL-C and apo A-I were significantly elevated after training. However, Lp (a) did not
change with training. Detraining resulted in a reverse action in all lipid variables.

Seip et al. ® compared plasma CETP levels in sedentary men and women before
and after 1 year of exercise training (45-60 min, 65-85% max heart rate, 3-5 times per
week). Body weight was significantly reduced in both men and women after training.
Maximal aerobic capacity was significantly increased 18% in women and 22% in men.
Exercise training resulted in significant reductions in TG (20%), TC (4%), and LDL-C
(4.6%) while HDL-C was significantly elevated (4.9%). Most of the increase in HDL-C
was attributed to an increase in HDL3;-C. Lp (a) and apo A-I did not change after
training. The concentration of apo B decreased (17%) while CETP was lower (13.5%)
in response to the training program. Moreover, the concentration of CETP decreased in
both subjects who lost weight and in those who remained weight stable. Thus, exercise
training decreased plasma CETP independent of weight change. The researchers noted
that plasma volume expansion may be partly responsible for the reported decrease in

CETP and unfortunately this was not measured. The researchers also obtained the post-
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training blood sample only 16 h after the last exercise session, which may have
confounded their results.

Ring-Dimitriou et al.*>> examined whether 9 months of low-intensity running

training (40-60 min / day, 64-73% of VOapeak, 3 times per week) can favorably alter
cardiovascular fitness and blood lipoprotein-lipids in untrained adults. Subjects were
randomly assigned to exercise or control groups and maintained a typical Austrian diet
(45% carbohydrate, 37% fat, and 15% protein). Blood samples were obtained before
and after the training program. However, the authors did not report if they controlled for

the last bout of running before obtaining the post-training sample. The exercise training

group significantly increased VOypeax by 24%. Body weight and body fat (%) did not
change with training. A significant decrease (20 mg / dL) in apo B was noted for the
running group. However, this change in apo B was related to the change in aerobic
fitness. Neither the training intervention nor the increase in fitness had a favorable
influence on Lp (a).

Vasankari et al.*® evaluated the effects of a 10 month exercise training program

(3-5 hours per week, 65-80% VOzpeak) on LDL oxidation in 114 sedentary men and

women. Body weight and body fat (%) were significantly lower (2-3 kg and 2-3%) after

training. VOapeax Was significantly higher (19%) after training. The concentrations of
LDL-C were significantly lower (10%) and HDL-C higher (15%) after training. The
oxidation of LDL was significantly decreased 23% in men and 26% in women.

Furthermore, this decreased oxidation was not influenced by changes in bodyweight.
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Hs-Crp Response to Endurance Training
General population studies report that there is an inverse association between

M It s

serum hs-Crp levels and self-reported physical activity and physical fitness.
believed that regular exercise might favorably lower hs-Crp levels by an anti-
inflammatory action. However, another explanation provided is that exercise lowers hs-
Crp levels by reducing total or abdominal body fat. It is known that adipocytes
synthesize cytokines that are involved in the production of hs-Crp. It has been proposed
that adipose tissue-secreted IL-6 and TNF-alpha may contribute to elevated levels of hs-

366 Thus, exercise training may reduce hs-Crp levels by

Crp observed in obese subjects.
reducing adiposity. It is also known that interleukin release from adipose tissue is
augmented by increased sympathetic stimulation, which is down regulated by physical

activity.

Hammett et al.>®” examined the effects of 6 months of endurance exercise

training (45 min / day, 80% of VOnpeax, 4 times per week) on lipoprotein-lipids and hs-
Crp levels in healthy elderly adults (60-85 yrs). Subjects were randomly assigned to
either exercise or sedentary control groups. Fasting blood samples were obtained before
and after training. However, the post-training blood sample was only taken 24 h after
the last exercise session. Maximal aerobic capacity was significantly elevated (18%)
after training. However, body weight, body fat (%), and blood lipids did not change in
response to the training. Furthermore, hs-Crp levels did not change in either group.

Thus, 6 months of endurance training in healthy elderly subjects did not favorably alter



268

blood lipids or hs-Crp despite a significant improvement in cardiovascular fitness with
the training group.

1.3%® examined the effects of 6 and 12 weeks of

More recently Hammett et a
endurance exercise training (45 min / day, 60-70% of max heart rate, 3 times per week)
on inflammation markers in female smokers. 142 healthy females were randomized to
either 12 weeks of training or health education. Fasting blood samples were obtained
before, 6 weeks, and 12 weeks after training. All samples were collected at least 48 h
after the last session of exercise. Subjects continued smoking for the first 6 weeks, and
then stopped for the last 6 weeks of the training program. Maximal aerobic capacity was
increased (17%) at the end of the 12weeks. Despite improved cardiovascular fitness,
training did not decrease inflammatory markers (hs-Crp, circulating white blood cells, or
fibrinogen) at either 6 or 12 weeks post-training. Thus, exercise had no effect on
inflammatory marker levels either during the first 6 weeks of the program when smoking
was maintained or the last 6 weeks when smoking was discontinued.

1.3%° examined the effects of 2 different exercise

In a recent study Marcell et a
training intensity levels (30 min / day, 5 times per week for 16 weeks) on serum hs-Crp
levels. The researchers also attempted to determine if exercise induced alterations in
insulin sensitivity are in response to changes in certain inflammatory markers. The
“moderate intensity” group exercised for 30 minutes per day with no heart rate
guidelines (approximately 3.5 METS) while the “intense training group” followed the

same protocol at an intensity equivalent to 80-90% of the subject’s age predicted

maximum heart rate. Body weight and body fat (%) were reduced after training while
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significant improvements in aerobic capacity were only noted for the intense training
group. Furthermore, only the higher intensity training group showed improvements
(moderate) in insulin sensitivity. No significant group changes were noted in hs-Crp
after training. The authors concluded that 4 months of regular exercise and improved
cardiovascular fitness were not associated with decreased hs-Crp or adiponectin levels,
even when subjects were stratified by their changes in fitness levels or obesity. The
authors noted that exercise itself may be involved in the inflammatory response.342
While, the time course for such a cytokine response to exercise is not completely known,
circulating levels of IL-6 and hs-Crp may take up to 48 h to return to baseline levels after
intense physical activity.**' The blood samples in Marcell’s study were collected 24-48
h after the last training session, thus any exercised induced inflammatory responses may
not have completely resolved by that time.

Huffman and coworkers® ° evaluated hs-Crp levels in response to 6 months of
exercise training in a population at risk for CHD (STRRIDE study). Subjects were

middle-aged, overweight to mildly obese men and women and assigned to control, low
amount-moderate intensity (40-55% of VOspeax), low amount-high intensity (65-80% of

VOzpeak), or high amount-high intensity (65-80% of VOzpeak) exercise. Subjects were

counseled to maintain their normal dietary intake throughout study. Significant

improvements in body weight, body fat (%), and VOzpeak were noted after training.
Despite improvements in cardiovascular fitness, hs-Crp levels did not change with

exercise training, although the trend was for a decrease in the high amount high-intensity
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group. Furthermore, the authors failed to detect a relationship between the change in
aerobic capacity and change in hs-Crp levels.

Similar to the findings reported by Huffman,””® Marcell,*® and Hammett,*®" %
Smith et al.’”' determined that hs-Crp levels were not significantly altered after 6 months
of endurance exercise training (70 minutes / day, 2 days per week, moderate intensity) in
people at risk for developing ischemic heart disease. Body weight was significantly
reduced (2.7 kg) with training. Moderate exercise training reduced blood mononuclear
cell production of cytokines with atherogenic properties by 58.3% (interleukin 1a, TNF-
alpha, and interferon gamma). Both interleukin 1o and TNF-alpha, which have been
identified in early and advanced atherosclerosis, were particularly attenuated in response
to the exercise training. Furthermore, the production of cytokines with atheroprotective
properties (interleukin 4, interleukin 10, and transforming growth factor beta 1) were
elevated (35.9%). The levels of hs-Crp were lower after training, but this did not reach
statistical significance. It is important to note that the previously mentioned changes
were unrelated to aspirin ingestion, diet, weight loss, or smoking cessation during the
study.

Despite the number of research studies reporting the inability of endurance

147,170-173

exercise training to favorably alter hs-Crp levels, several investigations have

125, 185-189 185 -
’ Fallon et al. ™ examined the presence or

reported findings to the contrary.
absence of the acute phase response after a 9 month training program intended for court

and field sports (Australian women's soccer and netball team). Soccer training consisted

of running, cycling, and weight training, while netball training consisted of weight
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training, court work, and practice games. Hs-Crp, which may increase by a factor of
100-1000 during the acute phase response, did not significantly change during each of
the periods of netball training or in the heavy period of soccer training. Moreover, hs-
Crp and WBC levels declined during the moderate soccer training period. However, the
authors failed to report whether they controlled for the last session of exercise before
obtaining blood samples.

Obisesan and coworkers'®® examined the possibility of hs-Crp gene variants
affecting baseline and training induced changes in plasma hs-Crp levels. In this study,
middle-aged to older (58 yrs) at risk men and women had blood samples analyzed for hs-

Crp before and after 6 months of endurance training (20-40 min / day, 50-70% of

VOzpeak, 4 times a week). Fasting blood samples collected after training were drawn 24-

36 h after the last exercise session. Subjects maintained the AHA Step 1 diet for the

duration of the study. Body weight and body fat (%) were reduced and VO elevated
after training. While exercise training resulted in a significant reduction (15%) in
plasma hs-Crp levels, exercise training did not interact with any of the 4 hs-Crp
genotypes to differentially alter hs-Crp levels.

Milani et al."®” assessed the effects of 3 months of formal phase II cardiac rehab
and exercise training (3 times per week) on hs-Crp levels in patients with established
CHD. Body fat (%) was significantly lower while exercise capacity was significantly
elevated in response to the training program compared to the control group. The
concentration of TG was reduced (7%) and HDL-C increased (7%) after training.

Furthermore, hs-Crp was significantly (36%) reduced in patients enrolled in cardiac
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rehab and exercise training programs, which contrasted with the lack of change in hs-
Crp in control subjects. 3 months of cardiac rehab and exercise training produced
significant reductions of hs-Crp of similar or greater magnitude as therapy with statin
drugs. Moreover, this benefit was independent of the effects of statin therapy as well as
with changes in body weight, body fat (%), and exercise capacity.

Okita et al.'"® examined the effects of a 2 month aerobic exercise training
program (110-140 minutes / day, 60-80% of max heart rate, 3 times per week) with
weight reduction on obesity related inflammatory markers and conventional
cardiovascular risk factors. Body weight was significantly reduced (3 kg) after training.
The concentrations of TC (8.5%), TG (18%), and LDL-C (8.7%) were significantly
lower after training. While the conventional variables were improved with training, hs-
Crp, SAA protein, and WBC levels were all significantly lowered (35%, 24%, and 8%).
Changes in hs-Crp and SAA were not associated with the extent of weight loss. One
main limitation in this study is that they did not control for the last bout of exercise
before collecting post-training blood samples.

Mattusch et al.'?

evaluated the hs-Crp levels in the blood of 12 moderately
trained runners (34 yrs) preparing for a marathon. The training program (50 minutes /
day, 75% of anaerobic threshold, 3-4 times per week) was maintained for 9 months and
increased in intensity. In 10 of 12 runners the baseline hs-Crp levels were significantly
reduced (31%) after training. No changes were noted in the non-exercising control

group. These results suggest that endurance training may have a suppressive effect on

certain inflammatory processes in the body. The authors hypothesized that after training
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less interleukin-6 and other cytokines are produced in the exercising muscle as a result
of an enhanced antioxidative protection.

Goldhammer and colleagues'*® examined the effects of 3 months of endurance
exercise training (45 minutes / day, 70-80% of max heart rate, 3 times per week) on hs-
Crp, IL-1, IL-6, IL-10, INF-y activity in men and women with CHD. Fasting blood
samples were collected at least 24 h after the last bout of exercise in order to avoid the
immediate effects of exercise. Twelve weeks of exercise training did not alter body
weight, BMI, or hemodynamic parameters. The concentration of LDL-C was
significantly reduced (9.6%) after training. Plasma hs-Crp was also significantly lower
(48%) after training and the change was independent of any changes in body weight or
BMI. Thus, exercise training improved aerobic capacity in CHD patients and had
reductions in IL-1, IL-6, INF-y, and increased anti inflammatory IL-10 levels.
Lipoprotein Subfraction Response to Endurance Training

The value of including measurements of lipoprotein subfractions and subspecies
is highlighted by the fact that small changes within specific size ranges for these
lipoprotein particles are associated with important clinical differences in CVD risk. For
a given level of LDL-C, individual risk differs depending on LDL particle number and
then size. Increased risk is realized by having increased numbers of LDL particles and
having increased smaller rather than larger LDL particles. Another benefit is that
changes in subfractions as a result of an intervention can occur even when the standard

. - 28,198, 199
lipid panel remains unchanged.”™ ™™
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Kraus and coworkers'* examined the effects of the amount and intensity of
exercise on risk factors for CHD in the STRRIDE study. Subjects were randomly
assigned to a control group or one of three exercise groups: 1) high-amount-high

intensity (caloric equivalent of jogging approximately 20 miles per week at 65-80% of
VOnpear) 2) low-amount-high intensity (caloric equivalent of jogging approximately 12
miles per week at 65-80% of VOapeax) 3) low-amount moderate intensity (caloric

equivalent of walking approximately 12 miles per week at 40-55% of VOapea). The
exercise training program lasted 8 months. Exercise at a caloric equivalent of 17-18 mi /
week and an intensity equivalent to that of jogging at a moderate pace significantly
decreased the concentration of small LDL and LDL particles while increasing the
average size of LDL particles. These results occurred without changing the plasma LDL

cholesterol concentration. While the two high intensity exercise groups had similar

increases in VOapeak, only the high amount group had extensive improvements in the
lipoprotein-lipid profile. Moreover, even though the low-amount high intensity and low-
amount moderate intensity groups responded differently with regards to cardiovascular
fitness levels, they both demonstrated similar lipoprotein-lipid responses to training.
Thus, the authors concluded that the amount of exercise appears to make a greater
difference than the intensity of exercise on changes to the lipoprotein-lipids.

190
1.

Halverstadt et a examined the effects of 24 weeks of endurance exercise

training (40 minutes / day, 50-70% of VOapeak, 3 times per week) on plasma lipoprotein-

lipids in sedentary older adults. All blood samples were drawn 24 h to 36 h after a usual
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exercise training session. All subjects followed the AHA diet throughout the study in an

effort to remain weight stable. However, body weight and body fat (%) were

significantly reduced and VOypeax Was significantly elevated (15%) after training. TC,
TG, and LDL-C were significantly lower while HDL,-C and HDL;-C were significantly
elevated after training. These changes were independent of baseline body fat (%) and
body fat (%) changes with training. Total LDL particle concentration decreased
significantly with training and this included significant reductions in medium and very
small LDL particle concentrations. Conversely, large LDL particle concentration was
significantly increased. Mean HDL particle size increased significantly with training
while VLDL size decreased significantly. Mean LDL particle size increased, although
this was not statistically significant. These results differ from that of Kraus et al.'* (in
regards to statistical significance) where it was reported that LDL particle size did
significantly increase in exercise training groups compared to a control group.
Houmard et al.>’* examined the effects of 14 weeks of endurance exercise
training (45 minutes / day, 70-85% of maximal heart rate, 3-4 times per week) on the
chemical composition of plasma LDL in sedentary men. Fasting blood samples were
obtained 48 h after the last training session. Maximal aerobic capacity was increased
(20%) after training. Body weight and body fat (%) were significantly reduced (2 kg
and 3 kg) after training. While the concentrations of TC and LDL-C remained
unchanged, TG was significantly lower and HDL-C significantly higher after training.
No significant changes in LDL diameter or density were noted. However, the ratio of

total lipid to total protein was significantly increased with training. This favorable
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alteration is in contrast to the LDL characteristics of individuals who are at risk for, or
have CHD (cholesterol-poor, protein enriched LDL particles). Significant increases in
both LDL free cholesterol and cholesterol ester were noted to have occurred. Increases
in LDL molecular weight and particle diameter were associated with reductions in fat
mass, and TG. No changes in LDL particle characteristics were related to changes in
maximal aerobic capacity. The authors concluded that an important finding was that
antiatherogenic alterations in LDL composition were noted with training despite no
changes in calculated LDL-C. An underestimation of the cardioprotective effects of
exercise training might have been reported if only absolute LDL mass had been
examined.

Elosua and colleagues'*® assessed the effects of a 16 week endurance training

program (50 minutes / day, 65-80% of VOapeax, 4-5 times per week) on antioxidant
enzyme activity, oxidized LDL concentration, and LDL resistance to oxidation in young

(19 yrs) sedentary men and women. Body weight and body fat (%) did not change while

VOypeak Was significantly increased with training. No significant changes in TC, LDL-C,
TG, and HDL-C were observed. However, the trend was towards an increase in HDL-C.
The concentration of oxidized LDL was significantly lower after training. A significant
increase in LDL resistance to oxidation was also observed. However, no statistically
significant changes in LDL components, antioxidant content or LDL diameter were
noted following the 16 week training program.

Halle and coworkers™ assessed the influence of a 4 week intervention program

including cycle ergometer exercise (30 minutes / day, 70% of maximal heart rate, 5
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times per week) and changes in diet (1000 kcal diabetic diet) on body weight and
lipoprotein metabolism in obese subjects with type 2 diabetes. A total energy
expenditure of 2200 kcals per week occurred with the training program. Body weight
was significantly lower (3 kg) after training. The concentrations of TC, TG, VLDL-C,
LDL-C, and apo B were all significantly reduced after the intervention program. No
significant changes were noted with regards to concentrations of HDL-C or HDL
subfractions. LDL subfraction analysis demonstrated that small, dense LDL particles
could be reduced by almost 50%. Furthermore, the cholesterol concentrations of LDLs
and LDL¢ (density > 1.040 g / mL) were reduced, while the concentrations of medium,
dense LDL particles (LDL, and LDL3, density 1.031 to 1.037 g/ mL) were elevated
after training.

Altena et al.>” compared fasting lipoprotein subfractions and postprandial
lipemia before and after 4 weeks of either continuous exercise training or intermittent
exercise training. Untrained, normolipidemic men and women were randomly assigned
to complete continuous run training (30 min / day, 75% of maximal heart rate, 5 times
per week) or interval run training (30 min / day, 75% of maximal heart rate, 5 times per
week). Each exercise session was designed to expend approximately 245 kcals for a
weekly total of 1200 kcals. The interval training sessions were performed in three 10
minute bouts separated by 20 minute rest periods. Blood samples were obtained 48 h
after the last training session. Body weight did not change with this training study. No
significant differences between the two groups were noted with regards to changes in

lipoprotein-lipids. With groups combined (time main effect), TC, LDL-C, and IDL-C
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were significantly lower (7.8%, 8.4%, and 6.7%) after training. HDL-C, HDL,-C, and
HDL;-C increased 2.9, 2.0, and 0.5%, respectively after training. However, only the
change in HDL,-C reached statistical significance. LDL;-C, LDL,-C, and LDL;3-C
decreased 4.1, 20.6, and 51.7% after training, although not statistically significant. Both
types of training shifted the lipoprotein profile and LDL size from smaller to larger, less
atherogenic subfractions. These results are consistent to the findings reported by Wolf-
May et al.'"® and Halle et al.**

Shadid et al.*’* examined the effects of diet (500 kcal daily dietary deficit) and
endurance exercise (45 minutes / day, 60-70% of heart rate reserve, 4 times per week)
training compared to treatment with pioglitazone (insulin sensitizer, 30 mg daily) on
lipid metabolism in non-diabetic, insulin resistant adults. The 19 week individualized
exercise program was designed to eventually approximate a 1,500 kcal weekly energy
expenditure. Fasting blood samples were obtained before and after training. Prior to
blood sampling, subjects consumed an isocaloric diet for 1 week. Body weight was
significantly reduced (11.4 kg) after training. The diet and exercise group demonstrated
significant decreases in the concentrations of TC, TG, and LDL-C. Furthermore, LDL
and HDL size (nm) was significantly increased after training. This finding was
attributed to a decrease in the concentrations of small LDL while concomitantly
increasing the concentrations of large LDL.

375
1.

Kang et al.”"” evaluated whether high intensity physical training (250 kcal / day,

55-60% VOzpeak: moderate group, 75-80% VOzpeak: high group, 5 times per week for 8

months) would favorably affect components of the insulin resistance system in obese
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adolescents. The high intensity group experienced greater improvement in
cardiovascular fitness compared to the non-exercise control group. No significant
differences were noted between the two different exercise intensity groups with respect
to the dependent variables. However, the youths who improved the most in
cardiovascular fitness and had greater reductions in body fat (%) had the greatest
increase in LDL particle size (nm).

Varady et al.’’® examined the effect of a 24 week weight loss program (reduction
of energy intake by 20% throughout the weight loss phase) that combined a low fat diet
with moderate exercise training (40 minutes / day, moderate intensity, 3 times per week)
on LDL particle size and distribution in obese hypercholesterolemic women. Subjects
decreased their energy intake by 20% and increased energy expenditure by 10% during
the program. Body weight was significantly lower (12 kg) after training. TC, TG, and
LDL-C were significantly lower and HDL-C significantly higher after training. The
estimated cholesterol concentrations in large- and medium-sized LDL particles were
significantly lower by 15.3% and 5.9%, respectively, as a result of weight loss.
Correlational analysis revealed a weak, albeit significant association between greater
weight loss and an increase in peak LDL particle size. No changes were noted for
estimated cholesterol concentrations in the small, LDL particles. The authors concluded
that weight loss, resulting from a low-fat diet / exercise program, had only a minimal
effect on LDL particle size and distribution. The estimated cholesterol concentrations of
large and medium LDL decreased by 15% and 6% and this was explained by possibly

replacing carbohydrates with fat in the low fat diets.
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Seip and colleagues'®' examined the effects of apo E genotype on the response of
lipoprotein subfraction concentrations to long term exercise (40 minutes / day, 60-85%
of maximal heart rate, 3-4 times per week for 6 months) in healthy men and women.

Fasting blood samples were obtained 24 h after the last training session. Body weight

was significantly lower after training. VOspeax increased (10%) with exercise. Besides a
significant decrease in the concentration of TG after training, serum lipids were
minimally altered in response to the training program. LDL particle subpopulations
were changed significantly with training, with the changes being dependent on apo E
genotype. However, the changes were poorly related to changes in body fat (%). Apo E
3 / 3 subjects decreased small LDL particle cholesterol and raised medium LDL particle
cholesterol concentrations, whereas the opposite occurred in the apo E2 /3 and 4/ 3
subjects.
Resistance Training

Recently the American Heart Association and the Surgeon General have
recommended resistance training as an integral part of a well-rounded physical activity
program for health and disease prevention.*”*° With the increasing popularity of
resistance exercise training, more people will likely adopt this type of activity, making it
important to study the effects of this type of exercise on CHD risk factors.*”*°
However, compared to the endurance exercise literature, there is a lack of information
related to the effects of resistance exercise on circulating lipids and lipoproteins.

Moreover, a review of the resistance training literature from the previous 22 years has

produced contradictory results. In several studies, resistance training reduced blood
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LDL-C concentrations and increased HDL-C concentrations. However, contrasting

findings have also been reported.'*' "

Interpreting the results from many of the
resistance training studies is difficult, as they seem to suffer some of the same design
problems present in many endurance training studies. Methodological differences, such
as differences in training procedures, subject characteristics, dietary controls, and timing
of blood sampling after exercise, may be responsible for some of the variability in the

. 93-97, 100
literature.”> "

For example, it has been suggested that resistance training using high
repetitions and moderate resistance may promote favorable changes in the lipid profile,
whereas resistance training consisting of low repetitions and heavy resistance does
not.'”” Others have reported that neither low repetition nor high repetition resistance
training effectively altered lipoprotein-lipids.'”' Although resistance exercise may be
recommended to the general public for its proven skeletal muscle benefits, the beneficial
influence of this mode of exercise on circulating lipids, lipid enzymes, apolipoproteins,
and lipoprotein particle size remains to be established.

Blessing et al.”” examined the effects of 12 weeks of resistance training or
jogging on changes in body weight, body fat (%), strength, blood lipids, and hormones
in untrained men. Thirty three men (44 yrs) were assigned to either resistance training
(N =9), jogging (N = 11), or sedentary control (N = 13) groups. Fasting blood samples
were obtained at least 40 hours after the last exercise session before, 6 weeks, and again
after 12 weeks of training. However, the authors did not state whether the lipid variables

were adjusted for plasma volume changes which may have occurred in response to the

last session of exercise. The resistance training (RT) program consisted of 6 large
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muscle mass, multisegment exercises. All RT exercises were performed for 3 sets of 10
repetitions for the first 6 weeks and then 3 sets of 5 repetitions for the duration of the
program. The total duration of each session was 45 minutes. The volume of training in
this investigation was high, similar to that adopted by bodybuilders. The jogging
program involved walking / jogging at 70-75% of each subject’s predicted maximum
heart rate for the first three weeks. The intensity was raised to 75-80% during the next 3
weeks and ultimately to 80-85% during the final 6 weeks of training. The duration was
gradually increased to 30 minutes which was then held during the final 6 weeks. While
body weight did not change, both training groups significantly decreased body fat (%)
and increased lean body mass when compared to the control group. As expected, the RT
group’s strength gains were greater than both of the other groups. TC increased in the
control group but was not altered in either training group. HDL-C was significantly
increased (10.5%) in the RT group and jogging group (16%) compared to the control
group. The researchers noted the greatest change in lipid levels occurred during the
highest volumes of work. Moreover, the magnitude of change was the same in both
training groups. Thus, the researchers concluded that both jogging and resistance
training can favorably alter health and fitness levels.

More recently, Fahlman et al.’”” examined the effects of endurance (ET) and
resistance exercise training (RT) on plasma lipids in active elderly women. These
women were not formally exercising prior to the study. Subjects in the ET group (N =
15) completed 10 weeks of endurance training (50 minutes / day, 70% of heart rate

reserve, 3 days per week). The RT group (N = 15) also completed 10 weeks of training
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(3 days per week). Exercises consisted of 3 sets of 8 repetitions of leg extension, leg
curl, plantar flexion, and dorsi flexion; two sets of hip flexion and hip extension; and one
set of hip adduction and hip abduction. All sets were at 8 RM loads and a 2 minute rest
interval was observed between sets. Every Friday the 3™ set was performed to volitional
fatigue. A control group (N = 15) maintained their normal activities of daily living
during the 10 weeks. Fasting blood samples were obtained 48 h after the last exercise
session. Both RT and AT groups demonstrated favorable changes in plasma lipids after
10 weeks of exercise training. This occurred without concurrent changes in body weight
or dietary habits. The RT group experienced an increase in HDL-C and a decrease in
TG. The women in each training group increased their HDL-C concentration by at least
9 mg / dL, whereas the control group decreased their concentration of HDL-C by almost
Smg/dL.

Boyden et al.”* examined serum lipid changes in a group of healthy,
premenopausal women (34 yrs) randomly assigned to either resistance training (RT) or
sedentary control for 5 months. Training consisted of 12 exercises (3 sets of 8
repetitions) performed at 70% of the 1 RM. Subjects exercised for 60 minutes per day, 3
times a week. All subjects were asked to maintain their current dietary habits throughout
the duration of the investigation. Fasting blood samples were obtained during the early
follicular phase of the menstrual cycle, and 36 h - 48 h after the last exercise session.
Body weight did not change in response to training. However, the RT group
demonstrated a significant decreased in body fat (%) and increase in lean body mass

when compared to the control group. The concentrations of TG and HDL-C were not
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altered. However, concentrations of TC and LDL-C were significantly decreased (0.33
mmol / L and 0.36 mmol / L) compared to the control group. The changes in serum
lipids were not related to the changes in body weight and / or body composition.

Fripp et al.”’® examined changes in body composition and lipoprotein-lipids in
male adolescents (15 yrs) before and after a 9-week resistance training (RT) program.
The researchers compared the changes in lipids with those in non-exercising controls.
The RT group exercised 3 times a week for 60-80 min with 2-3 minute rest intervals.
The subjects completed as many exercises as they could in the allotted time, but spent at
least 10 min per exercise station. Exercises included bench press, lat pull down, military
press, weighted dips (10, 8, 6, 4, and 2 repetitions per session for the previously
mentioned exercises), leg extension, leg curl, neck extension, neck shrug, and lateral
raises (3 sets of 10 repetitions for these exercises). Blood samples were obtained after
an overnight fast. The researchers did not report if they controlled for the last bout of
exercise. No attempt was made by the researchers to control dietary intake. Body
weight and body fat (%) did not change in response to training. However, the control
group demonstrated a significant increase in body weight over the 9-week training
period. The RT group demonstrated a significant decrease in LDL-C and elevated HDL-
C concentrations after training. TC and low density lipoprotein B did not change with
training. No changes in lipoprotein-lipids were noted in the control group. Furthermore,
the changes in lipoprotein-lipids (in the RT group) were independent of changes in BMI.

Goldberg and coworkers” used resistance training (RT) as a model of burst-

activity resistance exercise to examine lipoprotein-lipids before and after 16 weeks of
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resistance training in sedentary men and women. Fasting blood samples were obtained
at the start and end of the 16-week training program and at least 36 h after the last
exercise session. Subjects exercised on Universal gym equipment 3 times a week for 45-
60 minutes. Resistance was roughly 84% of the 1 RM. Subjects completed 7 or 8
exercises for 3 sets of 8 repetitions with 2 minute rest intervals between sets. Body
weight did not change in the women subjects (N = 8). They did demonstrate a 9.5%
decrease in TC, 17.9% decrease in LDL-C, 28% decrease in TG and an insignificant
increase (4.8%) in HDL-C concentrations. Similar to the women subjects, body weight
was not significantly changed in the male subjects (N = 6). The male subjects
demonstrated a 6.8% decrease in TC, 16% decrease in LDL-C, 15.8% increase in HDL-
C, and an insignificant change in TG concentrations. Once the data for the men and
women subjects was combined, the changes in HDL-C were no longer significant.
However, TC and LDL-C were significantly lower (8% and 16.5%) after training
compared to baseline values. Despite the absence of a sedentary control group, the
researchers concluded that 16 weeks of resistance training produced favorable changes
in the lipid profiles of sedentary man and women.

Hurley et al.”® examined the effects of a Nautilus resistive training program on

VOapeak, lipoprotein-lipids, glucose tolerance, insulin levels, and resting blood pressure
in healthy men. Subjects trained on Nautilus exercise machines (3-4 days per week for
16 weeks). Subjects performed 1 set of 8-12 repetitions for upper body exercises and 1
set of 15-20 repetitions for the lower body exercises. Subjects completed 14 different

exercises with less than 15 seconds of rest allotted between exercises. Fasting blood
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samples were drawn approximately 24 h after the last exercise session. Body weight,

body fat (%), and VOapear did not change as a result of the training program. TC and TG
concentrations were not altered with training. LDL-C was lower (5 %) and HDL-C
higher (10%) after training. The concentration of HDL,-C was increased by 43% with
training. The insulin response to a test meal was significantly lower after training in the
exercise training group, but no change in fasting insulin levels were observed. A 50%
increase in upper body strength (average of 5 upper body exercises) and a 33% increase
in lower body strength (average of 3 lower body exercises) were noted for the training
group. A significant decrease was noted in supine diastolic blood pressure after training
(84 mm / Hg to 79 mm / Hg). The control groups post-training values were not
different from their pre-training values for any of the measured dependent variables.
The researchers concluded that a resistive training program can produce beneficial
changes in blood lipids without altering body weight, body fat (%), or maximal aerobic
capacity. However, the researchers admit that the changes in lipids may have been the
result of the last exercise session, since blood samples were collected within 24 h of the
last exercise session.

Johnson and colleagues’’ examined the effects of a 12 week resistance training
(RT) program on body composition and serum lipids in sedentary middle-aged men.
Subjects were assigned to either RT (N = 14), endurance training (ET; N = 10), or
sedentary control (CG) groups (N = 10). The RT group trained three times per week for
45-60 minutes. The ET group was already exercising and was instructed to maintain

their jogging program (10 km / week). Fasting blood samples were obtained before, 6
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weeks, and 12 weeks after the start of the investigation. No effort was made to control
for last exercise session. Body weight did not change, but a significant increase in lean
body mass and decreased body fat (%) was reported in the RT group. The control group
increased their body weight primarily through an increased body fat (%). No changes
were noted in the ET group. TG concentrations were unaltered for all groups. Serum
TC was significantly decreased in both exercise training groups after 12 weeks. HDL-C
increased 15% and LDL-C decreased 39% in the RT group, both reaching significance.
No changes in lipids were noted in the other groups.

Joseph et al.”® examined the effects of a 12 week resistance training (RT)
program on body composition and serum lipids in weight stable, moderately overweight
older men and women (62 yrs). Subjects performed resistance training two times per
week, which consisted of 5 exercises: 1) unilateral knee extension, 2) unilateral knee
flexion for men and bilateral knee flexion for women, 3) double leg press, 4) seated
chest press, and 5) seated arm pull. The first 2 sets consisted of 8 repetitions, with the
3" set performed to failure or 12 repetitions. The resistance was set at 80% of the 1RM.
Each subject’s 1 RM was reassessed every 2 weeks in order to adjust training loads.
Fasting serum samples were obtained 72 h after the last exercise session. TC, LDL-C,
and TG did not change in response to the training program for either men or women.
The male subjects significantly increased HDL-C (5.7%) while the women significantly
decreased HDL (5.6%). Body fat was significantly lower (2%) and lean body mass
significantly higher (2.2. kg) after the training program in the male subjects. No changes

were noted in the women subjects. No significant correlations were noted for changes in
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HDL-C and changes in body fat% and lean mass for either men or women. The
researchers concluded that men and women responded differently in terms of changes in
body composition and lipoprotein-lipid metabolism following a 12 week resistance
training program. One limitation was that a control group was not used in this
investigation.

Prabhakaran et al.” studied the effects of an intensive (85% of 1RM) 14 week
resistance training (RT) program on the lipid profile and body fat (%) in healthy,
sedentary premenopausal women (27 yrs). Subjects completed 8 exercises (2 sets of 8
repetitions and a 3" set to failure), 3 times per week for a duration of 45-50 minutes.
Rest intervals were set at 30-60 seconds. Fasting blood samples were taken 3 days after
the last exercise session. Estimated 1 RM increased significantly in all eight exercises
after training, while strength decreased in the control group. Body weight did not
change as a result of training, but the RT group demonstrated a significant lower body
fat (1.4%) after training. Significant decreases in TC (9%) and LDL-C (14%) were
noted in the RT group. No differences were seen in the concentrations of TG and HDL-
C. Furthermore, no changes were noted in any of the variables in the control group. The
researchers concluded that an intense resistance training program can be an effective
therapeutic modality for favorably altering lipid profiles in sedentary premenopausal
women.

Ullrich et al.'” examined the effects of 8 weeks of resistance training (9
exercises were completed 3 times per week on a universal gym apparatus) on

lipoprotein-lipids in untrained males. Subjects were randomly assigned to 1 of 4 groups:
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endurance lifting (N = 9), strength I (N = 7), strength II (N = 6), or explosive lifting (N =
3). The endurance group performed 2 sets of 15 repetitions (15-18 RM load). The
strength I group performed 3 sets of 6 repetitions (6-8 RM load). The strength II group
performed 1 set of 3 repetitions (3-5 RM load) once per week and 1 set of 10 repetitions
(10-12 RM load) twice per week. The explosive group started at 1 set of 15 repetitions
(40% of 1 RM load) and progressed to 1 set of 15 repetitions (15-18 RM load).
Exercises consisted of leg extension, leg curls, seated leg press, calf raise, bench press,
military press, latissimus pull, triceps extension, and biceps curl. Fasting blood samples
were obtained 36 h after the last exercise session. No differences between the groups for
any of the dependent variables were detected by ANOVA, so all the groups were

combined. Body weight did not change in response to training. However, a significant

increase in lean body mass and a significant decrease in body fat (%) did occur. VOapeak
was also higher after the 8 week training program. TG did not change in response to

training. There was a significant decrease in TC (3%), LDL-C (8%) and a significant

rise in HDL-C (14%). HDL-C was not related to VOzpeak, muscle mass, body fat (%) or
changes in these variables. The researchers admitted that limitations to this project
included a lack of a suitable control group as well as a lack of dietary observations.
Weltman et al.’”® examined the effects of 14 weeks of circuit resistance training
(45 min / day, 3 days per week) using hydraulic-resistance machines on serum lipids in
prepubertal boys. The program was set up as a circuit (10 exercises) and completed 3
times. Thirty second rest intervals were used. Fasting blood samples were obtained

within 24 h to 48 h after the final exercise session. No significant changes in body fat
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(%) were noted in the training group (N = 16) or the control group (N = 10). However,
both groups reported a significant increase in body weight. The major finding of this
study was that the resistance training group demonstrated a significantly lower
concentration of TC (15.7%) after 14 days of training. TG and HDL-C were not
significantly altered in this investigation.

Bemben and Bemben®™ reported that a 16 week Dynaband resistance training
program (45 min / day, three days per week) was associated with elevated HDL-C in 18
postmenopausal women (73 yrs). This finding was also not related to changes in body
weight. Subjects performed exercises targeting 8 muscle groups: chest, back, shoulder,
biceps, triceps, quadriceps, hamstrings, and gastrocnemius. Once subjects could
complete 15 repetitions in an exercise, they were given a high strength band to use.
There were no significant changes in body weight or body fat (%) during the training
program. TC, TG, VLDL-C, LDL-C did not change in response to training. However,
HDL-C was significantly higher (13%) after training compared to baseline.
Furthermore, these improvements were not accounted for by body weight loss.

Tucker et al.*®!

examined the effects of 12 weeks of resistance training (3 times
per week) on blood lipids in sedentary women (43 yrs). Subjects completed 3 sets of 8-
12 repetitions of the following 8 exercises: leg press, seated rowing, leg extension, leg
curls, military press, latissimus pulls, arm curls, and bench press. Subjects performed a
fourth set of each exercise during weeks 9 through 12. Resistance was set so that

subjects could complete at least 8 repetitions but not more than 12 for each set. One to

three minutes of rest was allowed between each exercise. Blood samples were obtained
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12 h-18 h and 36 h-42 h after the last exercise session. The exercise group significantly
increased lean body mass and muscular strength compared to the control group. Body
fat (%) was lower after training in the exercise group, but this did not reach significance.
The major finding was that there were no significant differences in LDL-C and HDL-C
between exercise and control groups at the 12 h-18 h time point. However, LDL-C was
significantly lower in the exercise group compared to controls at the 36 h-42 h time
point.

Several studies have shown that training-induced alterations in the lipoprotein-
lipid profile can be realized without changes in body fat (%), indicating an independent

1. both reported

effect for resistance exercise.” >’ Hurley et al.”® and Goldberg et a
elevated HDL-C in young and middle-aged men after a resistance training program in
which body weight and body fat (%) was not significantly altered. Thompson et al.””'®
demonstrated that elevations in HDL-C following endurance training is associated with a
decrease in the fractional catabolic rate of HDL proteins and apo A-I and increases in the
synthetic rate of apo A-I. Thus, the possibility that resistance training might also affect
lipid metabolism independently of changes in body weight and body fat (%) can’t be
completely ruled out.

While there are numerous studies that support the beneficial effects of resistance
training on the lipoprotein-lipid profile, they are not without opposition.'®'-%¢ 37
Studies reporting the beneficial effects of resistance training on lipoprotein-lipids have

95, 100

been cited for lack of employing a suitable control group, using only one blood

95-97, 100, 366, 367

sample before and after training, used subjects who were not at risk for
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CHD,” 96 199-3% n6t controlling for the effects of the last session of exercise,”” or

reporting significant changes in body weight and body fat (%).”” '

Alén et al.**? examined the effects of anabolic steroids and testosterone combined
with resistance training on serum lipids in power athletes. Seven subjects used anabolic
steroids and seven subjects served as control subjects. Subjects trained six times per
week for 8 weeks. Both groups received a high calorie, low fat diet with additional
protein supplements. Fasting blood samples were taken on 14 athletes before and after 8
weeks of resistance training. The group of athletes receiving steroids had significantly
higher TG concentrations after training compared to the clean athletes. Furthermore,
HDL-C was significantly decreased in the steroid group (54%) after training. A main
limitation was that the researchers did not control for the acute effect of last session of
exercise.

The type of resistance training has been thought to be a major determinant
regarding the favorable effects on the lipoprotein-lipid profile. People who train using
moderate resistance, high repetition exercise, similar to bodybuilders, are reported to
have higher HDL-C and lower LDL-C compared to people who train like powerlifters,
using primarily heavy resistance, low repetition exercises.”® Kokkinos et al.'”" examined
the effects of both low and high repetition RT on lipoprotein-lipids in healthy untrained
males. Subjects were randomly assigned to one of three groups: low repetitions and
heavy resistance (LR) group (4-6 RM), high repetitions and low resistance (HR) group
(14-16 RM), or a sedentary control group. Subjects in the training groups performed 10

exercises, 3 times per week for 10 weeks. The LR group performed 3 sets with a rest
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interval of 60-80 seconds. The HR group performed 1-2 sets of each exercise. The total
amount of work (volume) between the 2 groups was identical. Fasting blood samples
were obtained 24 h and 72 h after the last training session. Neither training program
resulted in significant changes in body weight or body fat (%), but both training groups
demonstrated significant increases in lean body mass. The concentrations of TC,
HDL-C, HDL,-C, and LDL-C did not change in response to the training. These results
were the same for the blood samples obtained at both 24 and 72 h following the last
session of exercise. The researchers concluded that low or high repetition resistive
exercise training does not favorably alter the lipoprotein-lipid profile of young males
with low initial TC levels.

Kokkinos et al.'”” evaluated the effects of 20 weeks of resistance training on
lipoprotein-lipid profiles in people who were at risk for developing CHD. Subjects were
untrained males with abnormal lipid profiles and at least 2 other risk factors for CHD.
Subjects trained 3 times per week for the duration of the study using Nautilus equipment.
The training program consisted of 2 sets of 12-15 repetitions using 11 different exercises
and modified sit-ups. Rest intervals were strictly controlled at 90 seconds. Fasting
blood samples were collected 1 day and 2 days after the last exercise session. Subjects

demonstrated a 50% increase in upper body strength and a 37% increase in lower body

strength. Body weight, body fat (%), and VOapeax did not change in response to the
training regimen. The concentrations of TC, TG, HDL-C, and LDL-C did not change
with training at 1 day or 2 days following the last exercise session. Furthermore, the

activities of LPL and HTGL were also unchanged following training. Thus, the
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researchers concluded that 20 weeks of strength training did not alter plasma lipoprotein-
lipid profiles or lipoprotein regulatory enzymes of TG and HDL-C in men at risk for
CHD.
Stone and colleagues™ examined the effects of a 12 week non-circuit weight

training program (3 days per week) on body composition and blood lipids in 31
untrained men. Subjects were divided into control, weight training, or running groups.
The weight training sessions consisted of 7 different exercises. Subjects completed 3-5
sets of 10 repetitions per exercise at light (60-65% of heavy load), moderate (75-85% of
heavy load), and heavy loads (maximum amount of weight for the number of sets and
repetitions). Body weight did not change. However, body fat (%) was significantly
lower in the weight training group after the 12 weeks. The weight training group
experienced a non-significant drop in TC and a non-significant increase in HDL-C. The
changes in lipids were not associated with any changes in body weight or body fat (%).

Elliot et al.*** examined the effects of 8 weeks of low intensity resistance training
(3 sets of 8 repetitions at 80% of the 10 RM, 3 days per week) in healthy
postmenopausal women. This protocol is equivalent to 60% of the 1 RM. A 2 minute
rest period was allowed in-between sets. Blood samples were collected 48 h after the
last training session. Body weight and body fat (%) did not change. Results indicated
that this resistance training program did not have an effect on the blood lipid profile.

Similar results were reported by Volek et al.**

The determined that 12 weeks of heavy
resistance training, with or without, creatine supplementation, had no significant effects

on serum TC, HDL-C, LDL-C, and TG in healthy men.
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Manning et al.'" studied the effects of resistance training on time course changes
in strength, lipids, and apolipoproteins in sedentary obese women. Subjects were
randomly assigned to one of two groups: a resistance training group (N = 16) or a
control group (N = 6). Fasting blood samples were obtained one two separate occasions
to establish a pretraining baseline value. Post-training blood samples were collected
approximately 3-4 days after the last exercise session. Three-day diet records were
obtained on all subjects prior to and immediately at the end of the investigation.

Subjects in the resistance training group trained 3 times per week for 12 weeks. The
exercise program consisted of 8 exercises performed in the following sequence: bench
press, knee extension, latissimus pull, sit-ups, triceps push down, knee flexion, shoulder
press, and the biceps curl. Subjects performed 2 sets of 6-8 repetitions for the first week,
adjusting to 3 sets of 8 repetitions for the remainder of the program. Resistance was set
at 60-70% of the 1 RM. Rest intervals were set at 60 seconds. This 12 week resistance
training program did not result in any significantly changes in body weight or BMI. The
mean improvements from start to week 12 of the program for all strength measures were
58%. The concentrations of TC, TG, HDL-C, LDL-C, and apo B-100 did not change in
response to the training program. Apo A-I demonstrated a significant increase at the end
of the 12 weeks; however these changes were also paralleled by the control group. The
researchers concluded that these negative results may be attributed to a lack of body
weight loss, the lack of a negative caloric balance, and the low energy expenditure

associated with this form of exercise.
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Rhea and coworkers'” examined the effects of resistance training, with and
without weight loss, on lipoprotein-lipids in moderately obese, postmenopausal women.
Subjects were randomly assigned to one of three groups: a resistance training + weight
loss group (N = 8), resistance training only group (N = 7), or a control group (N = 19).
Subjects who were assigned to the weight-loss group were placed on a calorie restricted
diet designed to help them lose 0.5 kg per week. Subjects in the other training group
were asked to maintain a heart healthy diet for the duration of the program. Fasting
blood samples taken 24 h and 72 h after the last exercise session. Subjects in the heavy
resistance training program trained three times per week for 16 weeks. Subjects
performed 13 exercises (15 repetitions for upper body exercise and 20 repetitions for
lower body exercises; 1 set of upper and 2 sets of lower body exercises) using the Keiser
K-300 variable resistance exercise machines. Initial resistance was set at the subject’s 5
RM. Significant decreases in body weight, BMI, and body fat (%) were observed only
for the resistance training plus weight loss group. All training groups increased both
upper and lower-body strength. None of the lipid variables were favorably altered 24 h
after the last training session. However, there was a significant increase in TC in the
resistance training only group at the 72 h post training time point. There were no
significant correlations between changes in total body mass and changes in TC, HDL-C,
and LDL-C. Thus, resistance training, with or without weight loss, does not
significantly improve plasma lipids in previously inactive postmenopausal women.

Smutok et al.'®® compared the effectiveness of resistance training to endurance

training for risk factor intervention in subjects who were at risk for CHD. Researchers
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defined “at risk” by the presence of 2 or more major risk factors. Subjects were
randomly assigned to one of three groups: a resistance training group (N = 14), an
endurance training group (N = 13), or a sedentary control group (N = 10). Subjects in
the resistance training group trained 3 times per week for 20 weeks using 11 different
exercises. Subjects completed 2 sets of 12-15 repetitions for each exercise. Rest
intervals were set at 90 seconds. The endurance group walked or jogged for 30 minutes
/ day, three times per week. Subjects started at an intensity of 50-60% of maximal heart
rate reserve and gradually progressed to 85% of maximal heart rate reserve. Fasting

blood samples were obtained 1 day and 2 days after the last exercise session. Body fat

(%) was significantly reduced and VOapeax increased (19%) in the endurance training
group. No significant changes in any of the lipid variables, with either mode of training,
were noted. Subjects in the resistance training program demonstrated a 50% increase in
upper body strength and a 36% increase in lower body strength. However, both
resistance and endurance training subjects reduced glucose and insulin responses to
glucose ingestion during an oral glucose tolerance test (OGTT).

Elliot and colleagues’*® examined the effects of 8 weeks of low intensity strength
training (3 days per week, 80% of 10 RM) on muscle strength and lipoprotein-lipids in
sedentary, postmenopausal women. Subjects were randomly assigned to either
resistance training (N = 8) or sedentary control (N = 7) groups. Subjects in the training
group performed 5 different exercises for 3 sets of 8 repetitions, with a 2 minute rest
period in-between sets. Fasting blood samples were obtained at least 48 h after the last

training session. Body weight, body fat (%), and BMI did not change in response to the
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training program. Furthermore, TC, TG, HDL-C, LDL-C, VLDL-C were unaffected by
8 weeks of low intensity resistance training. Thus, while this particular resistance
training program produced significant increases in 10RM strength, it failed to induce any
favorable changes in the blood lipid profile of postmenopausal women.

Volek et al.”® demonstrated that 12 weeks of heavy resistance training, with or
without creatine supplementation, did not produce any favorable alterations in serum
TC, HDL-C, LDL-C, and TG in healthy men. Body fat (%) and fat mass were not
significantly altered in response to this 12 week resistance training program. This study
is limited by the fact that the post-training blood samples were obtained only 24 h after
the last exercise session. These results are similar to those reported by Staron and
coworkers.®®” It was reported that 8 weeks of high-intensity resistance training had little
or no effect on lipoprotein-lipid concentrations in both young men and women. Body fat
(%) was significantly lower after the 8 week resistance training program. However,
fasting blood samples were obtained within 36 h - 48 h of the last exercise session, a
similar design flaw found in the study from Volek et al.*®
Combination Resistance / Endurance Exercise Training

Boardley and coworkers'** examined the effects of different exercise modes
(resistance training, endurance training, and a combination of resistance and endurance
training) on lipids in sedentary older adults (74 yrs). The exercise program lasted 16
weeks (50 minutes / day, intensity equal to a rating of 11 — 16 on the Borg Rating of
Perceived Exertion scale, 3 times per week). The resistance training group performed 1-

2 sets of 10-12 repetitions of 13 different exercises using Thera-bands. The combination
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group walked for 20 minutes and performed 1 set of 10 repetitions of each of the 13
exercises. While the modes of exercise were different, the duration of exercise remained
similar with all three groups. Body weight did not change with training. While the
exercise training resulted in significant improvements in strength and aerobic capacity,
blood lipids were not affected. In fact, all groups (even sedentary control) experienced
similar decreases in TC, TGT, LDL-C, and HDL-C over time. Therefore, the authors
concluded that these results are probably due to a seasonal effect on blood lipids.

1.'” evaluated the effects of various modes of exercise training on

LeMura et a
changes in lipoprotein-lipids, cardiovascular fitness, and body composition after 16
weeks of training and 6 weeks of detraining in young (20 yrs), untrained women.
Subjects were randomly assigned to either resistance only (RT), aerobic only (AT), or
combination resistance and aerobic exercise training (CT). Subjects in the RT group
performed 11 different exercises on Nautilus machines three times per week for 16
weeks. Subjects in the AT group also trained three times per week for 16 weeks while
the CT group trained two times per week. The exercise protocol for the RT group
consisted of 2 sets of 8-10 repetitions at 60-70% of the subject’s 1 RM during the first 2
weeks. A third set was added for the last 14 weeks of the training program. The rest
intervals were set at 60 seconds. The AT group’s program consisted of an initial 10
minute warm-up, 30 minute exercise session, followed by a 10 minute cool-down. The
intensity was set at 70-75% of the subject’s maximum heart rate. Eventually, the

duration was increased to 45 minutes, the frequency to 4 days per week, and the intensity

to 85% of the subject’s maximum heart rate. The CT group performed both RT and AT
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2 times per week for the 16 week program. Fasting blood samples were collected 1 and
2 days after the last training session. Body fat (%) was significantly lower after training
in the AT group only. Upper body strength was increased 29% and lower body strength
38% in the RT group. The CT group experienced an increase of 19% in upper body
strength and 25% in lower body strength. No significant changes in any of the lipid
variables were noted for either the RT or CT groups. However, HDL-C was
significantly higher (28%) and TG significantly lower in the AT group after training.
The authors concluded that the lack of changes in lipoprotein-lipids in the RT and CT
groups was most likely attributable to the type and intensity of the training programs in
those groups.

The previous review of the endurance and resistance exercise training literature
has consistently demonstrated that favorable alterations in lipoprotein-lipids and non-
traditional CHD risk markers can occur and these changes are independent of any

- o - 14,43, 57, 94-96, 98, 100, 140-142, 147, 170
changes in body composition and cardiovascular fitness. "> >" 7> 7> % B

182, 197,201, 352, 365, 366, 368 . : e
PH T 2Re s R 00 In addition, these studies have reported changes in lipid

43,167, 182, 184, 350, 352, 363

- 1 b 156,148, 195,197, 349 o
metabolism with high™ ™ 7> " °"" and low-moderate training

intensities. The commonality seems to be the volume of the exercise regimen. It is

believed that lipoprotein-lipid changes most often occur when the exercise regimen is

41, 44, 130-132, 364

consists of a large volume of work (caloric expenditure). Lastly, the

research clearly demonstrates that subjects with differing baseline lipoprotein-lipid

- o - . - 129-131, 134, 142
profiles can improve upon this with a sound exercise training regimen. S



301

Lipid Metabolism in Response to a Single Session of Exercise

Endurance Exercise

Many of the lipoprotein-lipid changes that occur after chronic exercise training
are similar to those reported after a single exercise session. Moreover, some of the
lipoprotein-lipid modifications attributed to chronic exercise training may actually be
stimulated by a single exercise session (acute effect). Endurance exercise has an acute
effect on circulating lipids lasting at least 48 hours. When blood concentrations are
corrected for changes in plasma volume, HDL-C concentrations are generally increased,
while TG concentrations are reduced 24 h to 48 h after a single session of exercise, even

in those with elevated cholesterol.*>**

Therefore, if the timing of blood sampling is not
controlled and occurs < 48 h after the last session of exercise, researchers may
mistakenly attribute changes in the lipid profile and non-traditional CHD risk markers to
the effects of chronic exercise training when in fact the lipid alterations were induced by
recent exercise. Failure to control for this effect may have confounded the results of
many published endurance training studies.

This effect was reported by Holloszy and colleagues®™ during a six month
endurance training study conducted in 1964. These investigators were examining the
effects of a six month endurance exercise program on both TC and TG levels. Twenty
seven sedentary men were randomly assigned into either a supervised (n = 15) or
unsupervised (n = 12) exercise group. The training protocol consisted of endurance

calisthenics and running, approximately three times per week (2 to 4 miles / session). A

sedentary control group of five men were used to check seasonal variations in the lipid
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profiles. The exercise training program resulted in increased aerobic capacity.
However, body weight remained unchanged for the two groups. After training, serum
TG levels were significantly lower than pretraining values while TC levels remained
unchanged. The blood sampling protocol employed in this study allowed the researchers
the opportunity to examine the daily variation in lipids before and after the exercise
program. In addition, monthly blood samples were also taken during the program. This
blood sampling design revealed that TG levels were decreased in some subjects after two
days of exercise while the next month’s TG levels remained unchanged when the blood
sample was taken after three days of inactivity. Furthermore, the investigators observed
a relationship between body weight and changes in lipid levels. It was noted that when
the body weight of a few subjects decreased, so did their TC levels. After their body
weights stabilized, their TC levels returned to baseline values. Thus, the results from
this investigation provide evidence that it may be the effects of an acute session of
aerobic exercise and not chronic exercise training that favorably alter TG levels.
Short-term alterations in lipoprotein-lipid metabolism in response to single,
prolonged endurance events (2.5 -13 hours) have been examined. > 767 8- 207. 376382
Kuusi and colleagues®®’ measured the acute effects of marathon running on serum
lipoprotein-lipid levels in 20 moderately trained men. VLDL-TG and VLDL-C levels
were significantly lowered while HDL-C and HDL,-C levels were significantly elevated
within 15 minutes after completing the 26.2 mile race. No other lipid changes were

noted after the marathon.
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In addition to Kuusi et al.,** Thompson et al.” also investigated the effects of a
marathon run on the lipid profile of 12 well-trained runners. These researchers
measured serum lipoprotein-lipids before and up to 66 h after completion of the 26.2
miles. It was reported that plasma volume adjusted TC, LDL-C, and TG levels were
decreased at the 4 h and 18 h post-race time-points, and remained depressed throughout
the 66 h time point. An increase in HDL-C occurred at the 18 h time-point; however this
increase did not remain at the additional time-points. Another research group also
reported on the lipoprotein-lipid response of well-trained subjects completing the 1982
Ocean State Marathon.”® Serum TG levels were lower 18 h after the race and this
reduction remained throughout the 42 h time-point. TC and LDL-C levels were reduced
at the 18 h time-point but were no longer significant at the 42 h time-point. In contrast
to Thompson’s group,”® plasma volume adjusted HDL-C was significantly elevated both
18 h and 42 h after the marathon. The increase in HDL-C at the 42 h time-point was
attributed to a significant increase in the HDL,-C subfraction. The difference in the
HDL-C response between the two studies may be partially explained by the subject’s
fitness levels, as they completed the marathon in a much shorter time compared to the
subject’s in the study from Thompson et al.”®

Kaikkonen and colleagues™" evaluated the effects of completing the 1996
Helsinki City Marathon on the resistance of serum lipids to oxidation and the oxidative
susceptibility of atherogenic lipoproteins VLDL and LDL. A beneficial effect of the

marathon run was indicated by the increased HDL-C concentrations immediately after

the run. This exercise effect also decreased the oxidation susceptibility of serum lipids
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by 24% as well as increasing the plasma antioxidant capacity by almost 15%. However,
the oxidative susceptibility of the VLDL + LDL fractions increased by 11%.

Nieman and coworkers'”’ examined the influence of carbohydrate intake, age,
and gender on cytokine changes of runners after 2 marathons. Ninety-eight trained male
and female runners volunteered as subjects. Blood samples were taken before and 1.5 h
after finishing the races. Researchers noted that the plasma levels of 4 cytokines, IL-6
(pro-inflammatory), IL-10 (anti-inflammatory), IL-1ra (anti-inflammatory), and IL-8
rose strongly in response to the marathon.

The lipoprotein-lipid changes associated with a bicycle marathon (230 km) were
examined in 8 well-trained men by Foger and colleagues.”'® Fasting blood samples were
taken 2 days before, then up to 8 days after the race. No pre-race exercise restriction
was noted, but researchers did prohibit any exercise during the 8 days following the race.
Diet and fluid intake was not monitored during the recovery blood sampling period.
Plasma volume adjusted TC and TG concentrations were significantly decreased (32%
and 63%) 24 h after the exhaustive exercise and remained lower up to 48 later. The
HDL-C concentration increased significantly by day two, resulting from equal increases
in both HDL,-C and HDL;-C. However, the concentration of HDL,-C continued to
increase and peaked 72 h after exercise while the concentration of HDL;3-C decreased
towards baseline values. LDL-C concentrations were significantly depressed (37%) 24 h
after exercise and remained depressed 72 h later. Apo B was significantly reduced 24 h
after exercise while apo A-I significantly increased 48 h (20%), peaking 72 h after

exertion. An interesting finding in this study was that CETP mass and CETPa was
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significantly reduced (44% and 33%) 24 h after exertion; which may help explain the
increases in HDL,-C.

In 1986, Dufaux and coworkers’” investigated the lipoprotein-lipid changes after
a 3-hour running test (77% of anaerobic threshold). These changes were examined in 14
moderately trained young male subjects. One day after the test, TC and TG were lower
compared to pre-exercise concentrations. Furthermore, HDL-C rose significantly above
the pre-exercise value, and this was associated with an elevation of the HDL;-C
subfraction. On the following day (48 h) a significant increase in HDL,-C was noted,
while TC and TG remained depressed. The apolipoproteins A-I, A-II, and B, did not
change during the first hours and the first two days after the race. On the second post-
exercise day, Lp (a) concentrations rose significantly above pre-exercise values.
Compared with pre-exercise measurements, the LCAT activity was significantly
elevated three hours after the race. However, this increased activity was significantly
decreased when blood samples were taken two days later.

Annuzzi et al.” reported reduced concentrations of TC, TG, VLDL-C, LDL-C,
24 h after a 3 hour exercise session consisting of alternating running and cycling at 70-
85% max heart rate. All lipids were adjusted for plasma volume shifts that occurred as a
result of the prolonged exercise session. Similar to the study from Thompson’s group,”®
the TC and TG concentrations remained depressed up to 72 h after exertion. HDL-C
was not measured in this investigation.

Lamon-Fava and coworkers® examined the effects of an endurance triathlon on

plasma lipoprotein-lipids. Thirty-four men completed the grueling 2.4 mile swim, 112
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mile bicycle ride, and 26.2 mile run, in succession. Plasma lipoprotein-lipids were
measured 16 h before the start of the triathlon and within 10 minutes of completing the
race. Plasma volume adjusted TG levels were reportedly decreased by 67%, while
HDL-C levels increased by 18%. No changes were noted for TC and LDL-C
concentrations. However, apo A-I significantly increased by 7% while apo B was
reduced nearly 9%, while also reaching significance. One interesting addition to this
study was the fact that the researchers measured LDL particle size using nondenaturing
gradient gel electrophoresis. LDL particle size increased significantly in seven males
participating in the study. An increase in LDL size is believed to confer a decreased
CHD risk.

Baumstark and colleagues™™ used preparative density gradient ultracentrifugation
to examine the effects of a 30 km cross-country run on serum lipoprotein-lipid
concentrations and on the composition of lipoprotein subfractions in 13 trained men.
Fasting blood samples were obtained before, 1 h, and 20 h after the run. TC was
reportedly decreased (7%) 20 h after the run. Serum TG concentration was significantly
reduced (36%) as a consequence of a reduction in the number of VLDL particles (31%).
It was reported that the prolonged exercise did not induce significant changes in the
average concentration of the LDL subfractions. Similar to the work of Lamon-Fava,* a
reduction in dense LDL occurred in subjects who experienced large reductions in serum
TG. Immediately after the run (1 h) the TG content was significantly reduced in all LDL

subfractions. It is generally accepted that beneficial changes in the lipid profile which

occur after exercise are the result of increased LPLa producing an increase in the
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peripheral clearance of TG-rich lipoproteins. This enables the body to replenish
intramuscular TG stores which may have been used as a source of fuel during the actual
exercise session. If increased lipolysis were the only factor leading to the decreased TG
levels after exercise one would not expect a reduction in VLDL number but a reduced
lipid content of the VLDL particle. In this study, Baumstark and coworkers have shown
that the secretion of VLDL may be reduced after a prolonged exercise session. These
findings were reiterated by Borsheim and colleagues®' after they determined VLDL and

VLDL related particles were decreased after 90 minutes of cycle ergometer exercise

(58% of VOapear) in active young men. >’

Zhang and coworkers'”” examined the time course changes in LPLa and RCT

variables after an acute bout (60 minutes) of treadmill exercise (60% VOppear) in 16
sedentary men with normal and abnormal lipid profiles. Fasting blood samples were
obtained before, 4 h, 8 h, 12 h, and 24 h after the exercise session. It was noted that
LPLa was significantly elevated 24 h after the 60 minute exercise session in these
sedentary subjects. Furthermore, HTGLa was significantly elevated at 8 h, 12 h, and 24
h post-exercise compared with the 4 h time-point. The activities of LCAT and CETP did
not change over the 24 h time period. The exercise session also did not alter HDL-C or
HDL,-C concentrations during the 24 h post-exercise period.

A number of injury / inflammation markers were evaluated in 18 trained male

endurance athletes competing in a 160 km triathlon.*”

Blood sampling took place
before, 30 min, 24 h, and 48 h after the race. The WBC count was significantly elevated

immediately after the race (100%) and at the 30 min post race time point (158%).
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Cortisol levels followed a similar time change, with the concentrations of both variables
returning to baseline levels at 24 h and 48 h. Hs-Crp was not significantly elevated
above baseline until 24 h after the race (266%). The concentration of hs-Crp returned to
baseline by 48 h.

Berger et al.*? investigated the effects of a moderate exercise session
(approximately 70% of max predicted heart rate) on blood lipids in a group of 12
moderately fit men (8 trained & 4 sedentary). The same subjects completed a control
session of quiet sitting for comparison purposes. Blood samples were collected before
and after the 5.5 km run. TC and LDL-C were not significantly altered after exercise.
The concentrations of HDL-C and HDL;-C were significantly elevated (3.6% and 6.3%)
2 h after the exercise. LCATa was not significantly altered in response to the exercise
session; however a small elevation was noted.

Ginsburg et al.* examined the effects of a single bout of ultra endurance
exercise (1994 Hawaii Ironman Triathlon) on lipoprotein-lipid levels and oxidative
susceptibility of lipids in 39 highly trained athletes. Blood samples were obtained 2 days
before and immediately after finishing the competition. Significant decreases in plasma
volume adjusted TC (9%), TG (39%), LDL-C (11%), and apo B (10%) were reported.
Conversely, non-significant increases in HDL-C and apo A-I occurred. The
susceptibility of lipids to peroxidation was reduced by exercise, and this appeared to be
independent of any antioxidant supplementation use by the subjects and may be

205
.

mediated by inducing endogenous antioxidants. One year later, Yu et al.”" analyzed

acute changes in serum lipoprotein-lipids, using NMR spectroscopy, in 28 elite athletes
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completing the same event. Similar to the work of Ginsburg,”” significant decreases in
TC (7%) and TG (22%) occurred with LDL-C (3%) approaching significance. The
concentrations of VLDL-C (51%), apo B (12%), Lp (a) (18%), and HDL;-C (16%) were
also significantly reduced after the race. The concentration of HDL-C was significantly
elevated (30%), primarily due to increases in the HDL,-C subfraction (11%). It is
noteworthy that small, dense LDL particles significantly decreased (62%) while HDL
size significantly increased by almost 3%.

Contrary to the findings reported by Ginsburg et al.,*”> Wetzstein and
coworkers™* examined the effect of an acute bout of 30 minutes of treadmill walking on

the susceptibility of LDL to in vitro oxidation. Eleven trained and 12 untrained subjects

each exercised at 70% and 55% of VOzpeak, respectively. They determined that their
exercise session was sufficient to increase the susceptibility of LDL to oxidation. This
difference was not statistically significant for the individual groups, but was significant
for the combined groups.

Savard and colleagues®”® examined the acute effects of a 90 minute cycling
session (88% of max heart rate) on adipose tissue LPLa. Twenty-seven healthy, but
untrained, young men volunteered to be subjects in this study. Tissue sampling occurred
before and after the exercise session. Mean adipose tissue LPLa increased by 28% when
expressed per gram of tissue. The authors also point out that LPLa showed
interindividual variations as the responses ranged from a 131% increase to a 30%
decrease. Subjects were also allowed to eat a small (560 kcal) meal before the exercise

session. However, the authors felt that this small meal did not influence the results.



310

A majority of the previously mentioned research investigations used subjects
who were trained or who participated regularly in strenuous physical activity. Among
other methodological differences, an individual’s training status may influence how
lipoprotein-lipids are altered after prolonged exercise. In an effort to compare and
contrast the lipoprotein-lipid responses to prolonged exercise in trained and sedentary
subjects, changes in lipid metabolism were examined in trained (N = 11) and sedentary
(N = 10) men before and after cycle ergometry exercise (80% of max heart rate) lasting
1 and 2 hours, respectively.” Plasma volume adjusted LDL-C was significantly lower in
both trained and untrained men immediately after exertion, returning towards baseline
afterwards. After adjusting for plasma volume changes, LPLa was significantly elevated
24 h after exercise in both exercise groups while HTGLa was no significantly altered.
Furthermore, HDL-C concentrations were significantly elevated 48 h after the cycling in
both groups. However, the increase in HDL-C concentrations after prolonged endurance
exercise was due to elevated HDL,-C concentrations in endurance trained subjects, but
to elevated HDL;-C in untrained subjects. The authors suggest that the different
responses may be related to baseline HDL-C concentrations. The trained subjects had
higher HDL-C compared to the untrained subjects. Furthermore, the caloric expenditure
of the cycling session was unequal between the groups; the trained group exercised twice
as long and would naturally expend more calories compared to the untrained subjects.

In an effort to determine if the lipid response to acute exercise is similar in both
sedentary and trained men, Cullinane and colleagues'*> measured serum lipoprotein-

lipids in 8 young sedentary males before and 66 h after 30 minutes of cycle ergometer
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exercise (75% of max heart rate). The only significant finding was a small decrease (10
mg / dL) in LDL-C 66 h after exertion. One year later Cullinane and coworkers* set out
to examine the effects of varying durations of exercise on the lipoprotein-lipid levels of
exercise trained and untrained subjects. Their main purpose was to determine if a
particular threshold exists for acute changes in lipids and whether this effect is limited to
trained subjects. Specifically, the researchers had 9 well-trained and 10 untrained men
complete a single cycle ergometry exercise session for 1 h, with trained subjects
repeating another session, for 2 h at their anaerobic threshold. At the 24 h post-exercise
time-point, TG was decreased in both the trained (17%) and untrained (22%) men after
the 1 h session and in the trained men (33%) after the 2 h session. However, this change
was only significant in the trained men following the 2 h exercise session. In contrast to
the findings reported by Kantor and colleagues,” no other lipid changes were noted.
The greater decrease in TG in the untrained men after the 1 h session of exercise may be
due, in part, to the higher baseline TG levels noted in this group.

In order to determine how many repeated bouts of exercise where necessary to

increase HDL-C and the HDL subfractions, Angelopoulos et al.**° had 9 untrained men

complete 30 minutes of treadmill exercise (65% VOzpeak). Blood samples were drawn
and lipids analyzed before, 24 h, and 48 h, after exercise. One week later, subjects
returned and performed two, 30 minute treadmill exercise sessions, 48 h apart.
Following this series, subjects returned for the last time to complete three, 30 minute
treadmill sessions, again separated by 48 h. No significant interactions were detected.

HDL-C was significantly elevated in all series at the 24 h post-exercise time-point,
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returning to baseline levels thereafter. However, there was a significant decrease in
HDL,-C 48 h after exercise while HDL;-C increased during the same time period. The
authors determined that three repeated exercise sessions produced a prolonged and
clinically significant (4 mg / dL) elevation in HDL-C.

Pref;-HDL is considered as the initial acceptor of cellular cholesterol during
RCT. Sviridov and coworkers **” examined the formation of Pref;-HDL in the leg
muscles of diabetics and controls after an acute bout of cycle ergometer exercise. Nine

type 2 diabetics and 7 healthy controls completed the acute exercise session, which

consisted of 25 minutes of cycling at 60% of their VOzpeak. Blood samples were
obtained before and 25 minutes after the exercise session. There was no difference
between nondiabetic and diabetic subjects in the ability to generate preff;-HDL.
Furthermore, the exercise session was sufficient to significantly increase plasma
concentrations of pref1-HDL (20%). Unfortunately, it was not reported if the
researchers controlled for the last bout of exercise or if plasma volume shifts were taken
into consideration. In a follow-up to this study, Jafari et al.””® evaluated the effects of a
single session of jogging on plasma pref};-HDL levels in 19 healthy men and women
subjects. Blood sampling occurred before and immediately after the 4 km run (approx
300-350 kcal). TC, TG, and LDL-C were all decreased immediately after exercise,
while HDL-C was elevated. However, none of the changes reached significance. The
exercise was sufficient to increase pref;-HDL (25%) and decrease HDL-TG (46%).
These investigations support the contention that a single session of exercise can induce

alterations in lipid metabolism of sedentary individuals.
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Similar to the exercise training literature, the influence of exercise intensity on
lipoprotein-lipid responses to acute exercise has been reported in both trained and

66,71, 82, 86,392, 393

untrained subjects. Davis and coworkers'” evaluated alterations in lipid

metabolism in 10 well-trained men after isocaloric bouts (950 kcals) of treadmill running

at both 50% and 75% VOzpeak. Blood samples were obtained 24 h before, immediately,
24 h, 48 h, and 72 h after exercise. No significant alterations to any of the lipoprotein-
lipids measured were reported for either exercise intensity. The authors determined that
the exercise protocol used in their investigation was not sufficient to alter lipid
metabolism in these trained subjects.

Contrary to the findings reported by Davis, Hicks et al.*”” examined the effects of

varying exercise intensity on the acute response of blood lipids. Twelve trained men

completed a 12 km run on two separate occasions (60% and 90% VO,peax). Fasting
blood samples were obtained before, immediately, and 20 minutes after exercise. The
concentrations of TC, HDL-C, and apo A-I were significantly elevated after exercise at
both intensities, but larger increases were noted with the higher intensity. TG was
decreased, although not significantly, after both intensities. However, researchers only
checked hematocrit levels in order to determine plasma volume shifts, which is not as
reliable as using both hematocrit and Hb.

. . . 71
Using a randomized, crossover design, Gordon and coworkers’ evaluated the

effects of two isocaloric (800 kcals) sessions of treadmill running at 60% or 75% VOzpeak

in 12 recreational runners. Subject diets were replicated during each blood sampling
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period, which occurred before, immediately, 1 h, 6 h, and 24 h after exercise. The only
lipids alteration was a significant time by intensity interaction for HDL-C. The plasma
volume adjusted concentration of HDL-C was significantly elevated (5 mg/dL) 24 h
after exercise only with the higher intensity (75%). The increase in HDL-C was
attributed to an increase in HDL;3-C, with no change in HDL,-C. When trials were
combined, lipoprotein enzyme analysis revealed a significant increase in LPLa (15%) 24
h after exercise with a concomitant decrease in HTGLa (12.5%). These results suggest
that alterations in HDL metabolism following an acute session of aerobic exercise may
be influenced by the intensity of exercise session.

Gordon et al. '’® demonstrated increases in plasma volume adjusted HDL-C and

HDL;-C in 12 moderately trained men after a prolonged running session on a treadmill.

Subjects exercised at 75% of their VOzpeak for a duration that allowed them to expend
800 kcals. However, the concentrations of TC, TG, and LDL-C were not significantly
altered. Analysis of lipoprotein enzyme data reveal that LPLa was elevated and HTGLa
depressed 24 h after the exercise session, although neither reached significance.

1.*%° examined the acute effects of exercise at lactate threshold (LT) and

Park et a
70% of lactate threshold on the metabolism of HDL and HDL subfractions. 18 healthy
men completed 2 isocaloric (350 kcals) sessions of treadmill running at their LT and
again at 70% of their LT. Fasting blood samples were collected before, 15 minutes, and
24 h after exercise. No significant intensity by time interaction was found. However,

significant time effects were detected for the plasma volume adjusted concentrations of

HDL-C, VLDL-TG, and TG only for the LT intensity. HDL-C was elevated (6%) at 24
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h post-exercise and this increase was due to elevations in both HDL,-C (6.5%) and
HDL;-C (6.6%). TG was decreased (13%) after exercise at LT. The authors concluded
that a single session of isocaloric exercise at a higher intensity produces a more
favorable lipoprotein-lipid response in healthy young men.

Pay and colleagues®® examined the acute effects of a low intensity, prolonged

walking (2 hours at 30% VOspeax) session on lipoprotein-lipids in 11 trained and 11
untrained men and women. Blood samples were obtained before and every 30 minutes
during the 2 h exercise session, with the last sample taken immediately after the
exercise. The pre-exercise HDL-C concentration was 17% higher in the trained group
compared to the untrained group. The response of plasma volume adjusted HDL-C to
the exercise session was not significantly different between untrained and trained
subjects. However, trained subjects demonstrated a modest rise in HDL-C during the
first hour of exercise followed by a further increase. This represented an overall 20%
increase in HDL-C compared to baseline values. In contrast, the concentration of HDL-
C increased markedly during the first hour of exercise (midpoint) in the untrained
subjects followed by a decline thereafter, approaching baseline values. These results
demonstrate that an acute prolonged session of low-intensity exercise can modify lipid
metabolism in both trained and untrained subjects.

In an effort to evaluate temporal changes in blood lipids, Durstine et al.”

examined the effects of an acute prolonged session of low-intensity (45% of Vngeak)
exercise in 10 trained men. Subjects exercised till exhaustion (3-4.4 mph & 2-4% grade)

on a treadmill while blood samples were obtained before, during, and 30 minutes after
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the exercise. TC was significantly elevated at the time of exhaustion and this elevation
continued 30 minutes after the exercise. Furthermore, the concentration of HDL-C was
significantly elevated 2 h into the exercise session (5.6%) and continued until
exhaustion, approximately 2.5 h later (10.8%). The concentrations of TG, VLDL-C and
LDL-C were not significantly altered in response to the exercise stimulus. These results
should be interpreted with caution since changes in plasma volume were not taken into
consideration.

In an effort to evaluate the effect of different volumes (kcals) of exercise on

lipoprotein metabolism, Visich and coworkers'”® examined the lipoprotein-lipid

response in 12 trained men after treadmill exercise (75% VOnpeak) of varying energy
expenditures (expending ~ 400, 600, and 800 kcals). Blood samples were obtained
before, immediately, 1 h, 6 h, and 24 h after exercise. No exercise volume by time
interactions were significant for any of the dependent variables. When the data were
collapsed across exercise volumes, an increase in plasma volume adjusted HDL-C
(5.8%) and HDL;3-C (11.7%) was noted 24 h after exercise. The concentration of TG
was also significantly depressed (13%) 24 h after exercise. With respect to lipoprotein
enzyme activities, LPLa was significantly elevated (19%) while HTGLa was alternately
depressed (14%) 24 h after exercise. The authors were not able to determine an exercise
threshold necessary to significantly alter HDL-C.

Visich and coworkers™' evaluated the effects of a single session (600 kcals) of

treadmill running (75% VOzpeak) on blood lipids in 12 trained men. Blood samples were

obtained before, 6 h, and 24 h after exercise. No significant time changes were noted for
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any of the plasma volume adjusted lipoprotein-lipids. However, LPLa was significantly
elevated (27.5%) 24 h after exercise. Researchers determined that a caloric volume of
600 kcals was insufficient to promote beneficial alterations in lipid metabolism despite
an increase in LPLa.

One year later, Visich et al.*”? examined the effects of normal (1000 kcal) and

above normal (1500 kcal) sessions of cycle ergometry exercise (70% VOapeax) on lipid
metabolism in 12 trained cyclists. Blood samples were collected before, 24 h, 48 h, and
72 h after exercise. All lipid variables were corrected for plasma volume changes. No
significant changes were observed of TC, HDL-C, or HDL subfractions. However, a
significant decrease in TG (20.3%) occurred 24 h after exercise. The authors concluded
that no additional increases in HDL-C occurred after completing an above normal
session of cycle ergometer exercise.

In an effort to determine the energy expenditure necessary to favorably alter
lipoprotein-lipids, Ferguson and coworkers'> examined the lipid response in 11 well-
trained men after completing 4 different exercise sessions of varying energy

expenditures (expending ~ 800, 1100, 1300, 1500 kcals). Exercise sessions were spaced

2 weeks apart at 70% of the subject’s VOzpeak. Blood samples were obtained before,
immediately, 24 h, and 48 h after exercise. A transient decrease in TG (26%) was noted
to occur 24 h after the 800 kcal exercise session. Plasma concentrations of HDL-C were
only significantly elevated in exercise sessions that consisted of energy expenditures of
1100 kcal or more. The authors concluded that energy thresholds for trained men do

indeed exist. Energy expenditures of 1100 kcal were required in order to elevate plasma
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HDL-C, while 1300 kcal expenditure was necessary to decrease LDL-C. LPLa was
significantly elevated 24 h after exercise in the 1100, 1300, and 1500 kcal sessions, and
continued to remain elevated 48 h after exercise in the 1500 kcal session. A significant
decrease in HTGLa was noted to occur 24 h after exercise in the 1300 kcal session.

Magkos et al.*”* examined alterations in lipid metabolism after a single,

prolonged session (2 h) of cycle ergometer exercise (60% of VOapear). Fasting blood
samples were obtained before and 24 h after exercise. Exercise did not affect the
VLDL-TG secretion rate. However, exercise did significantly reduce the number of
VLDL particles while small LDL particles were reduced (7.8%), which approached, but
did not reach statistical significance. Lipoprotein enzyme data revealed that while
muscle LPLa was not altered, plasma LPLa was significantly elevated (20%) after
exercise. Both HTGLa and LCATa were not affected by the exercise session, whereas
CETP concentration was decreased (10%) after exercise. While the authors did control
for the last bout of exercise before obtaining the baseline blood sample, it was not
reported whether the variables were corrected for plasma volume changes.

Ferguson et al.** examined the effects of acute, moderate intensity exercise

(70% VOzpeak; 1500 kcal) on plasma lipids. Blood was obtained during the exercise
session drawn after 1000, 1100, 1200, 1300, and 1400 kcals. A minimum energy
expenditure of 1100 kcals was required in order to induce reductions in TC and LDL-C.
Exercise induced increases in HDL-C and HDL,-C were reported immediately after the

exercise session was completed. The authors again report that their data support the
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contention that a threshold of exercise may be necessary in order to induce alterations to
the lipid profile during exercise.

Campbell et al.** examined the differences in the lipid response to an isocaloric

session (expending ~ 450 kcals) of treadmill running (65% of VOypeax) in 1 continuous
session or 2 intermittent and 3 intermittent sessions, each separated by 4 hours. Subjects
(16 healthy men) had blood samples taken before, immediately, 24 h, and 48 h after each
exercise trial. No significant alterations were noted for plasma volume adjusted TC, TG,
HDL-C, LDL-C, LDL particle size, and CETPa. The concentration of HDL,-C was
significantly elevated 48 h after exercise in the continuous (15%), 2 intermittent (13%),
and 3 intermittent (24%) exercise sessions. Furthermore, LCATa was significantly
elevated 48 h after exercise in the continuous (12%), and 3 intermittent (12%) exercise
sessions. The authors concluded that treadmill exercise, whether continuous or
accumulated, can favorably alter HDL,-C concentrations, which were augmented by an
elevated LCATa.

Mestek and colleagues'”® compared the lipid response to accumulated sessions of
exercise in one day to one continuous exercise session of equal caloric expenditure.

Nine moderately fit men completed one continuous session of treadmill exercise (70% of

VOzpeak; 500 kcals) and then repeated the protocol one week later except in 3 separate
bouts of 167 kcal (separated by 4 h intervals). Blood samples were obtained before, 24
h, and 48 h after the exercise. TG and LDL-C were unaltered by exercise. The
concentration of HDL-C was elevated 7mg / dL over baseline 48 h after exercise with 3

accumulated sessions versus 2 mg / dL with 1 continuous exercise session of equal
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caloric expenditure. The authors concluded that exercise accumulated in smaller bouts
in 1 day was more effective in raising HDL-C than 1 continuous bout of exercise of
similar caloric expenditure.

In an effort to determine the effects of acute endurance exercise on changes in
the concentration of Lp (a), Gruden et al.** had 10 healthy men and women exercise on
a cycle ergometer for 20 minutes at a constant workload of 600 kpm / min. Fasting
blood samples were taken before, 30 minutes, and 60 minutes after exercise. The
authors reported that Lp (a) was not significantly altered at either of the post-exercise
time-points. Gruden’s findings were reiterated one year later by Hubinger and
coworkers®” who evaluated the acute response of Lp (a) and hs-Crp to level treadmill
running (60 minutes at 90% of max heart rate) and downbhill treadmill running (40
minutes at 75-80% of max heart rate) in 14 untrained men and women. The
concentrations of both Lp (a) and hs-Crp were not altered in response to either 1 h of
high intensity level treadmill running or to 40 minutes of moderately high downbhill
treadmill running.

. 204 . . .
Plaisance and coworkers™ " examined the inflammatory response to a single

endurance exercise session (500 kcals; 70% VOzpeak) between individuals of high and
moderate fitness levels. 10 highly fit men and 11 moderately fit men completed the
single session of treadmill exercise. Fasting blood sampling occurred before, 24 h, 72 h,
and 120 h after exercise. The subjects in the high fit group were significantly leaner
compared to the moderately fit group. Hs-Crp levels were 76% lower at baseline in the

high fit group compared to moderately fit group. However, hs-Crp, fibrinogen, and
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WBC count remained unaltered in the days after exercise. The authors concluded that
the exercise volume used may have required lower mechanical forces, resulting in less
tissue damage and glycogen depletion that reported in other investigations. A study by
Thomas et al.**® supports this theory. Researchers studied the inflammatory response
after running compared with weight training (high mechanical forces) and reported that
weight training exercise produced sporadically higher levels of hs-Crp compared to no
changes in hs-Crp after running.
Resistance Exercise

The effects of an acute session of resistance exercise on parameters of
lipoprotein-lipid metabolism have not been thoroughly studied. Jorimée et al.'**
examined the blood lipid response to an intensive single-circuit weight training session
in untrained males (N =15). Subjects performed 10 exercises in the circuit. 3 circuits
were performed using a work to rest ratio of 30 seconds:30 seconds at 70% of their 1
RM. The whole program lasted 30 minutes. Blood samples were obtained 30 minutes
before exercise, immediately, 1 h, 6 h, and 24 h after the exercise session. The
researchers reported that concentrations of HDL-C and TG were not significantly altered
in untrained subjects 5 min after completion of the 30 minute single-circuit weight-
training session. However, a measured elevation in HDL-C did reach significance 1 h
after the single session of resistance exercise (+ 0.21mmol / L). Caution must be taken

with interpretation of these results, as the researchers do not mention controlling for the

last bout of exercise with regards to the blood-sampling period.
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Recently, Wallace et al.'”® examined the blood lipid responses of 10 healthy,
trained men before and after 90 min of either low volume or high volume resistance
exercise. The high volume session used 8-12 RM loads performed to exhaustion with 60
seconds of rest while the low volume session used 1-5 RM loads with 3 minute rest
intervals. Fasting blood samples were drawn before and after exercise as well as 24 h,
48 h, and 72 h after the exercise session. It was reported that the concentrations of HDL-
C and TG were not significantly altered 5 minutes after a single session of both low and
high volume resistance exercise. However, increases in the concentrations of HDL-C
(11%) and HDL;3-C (12%) reached significance 24 h after the single, high volume,
resistance exercise session (800 kcal), but not after the low volume exercise session (200
kcal). The estimated total energy expenditure for the volume of resistance exercise in
the low volume group was around 210 kcals, similar to that estimated for the subjects in

Jorimie et al.'*

The exercise stimulus employed by Jirimée and colleagues consisted of
low volume circuit weight training. Wallace and coworkers employed both a low and
high volume non-circuit approach. Future studies are needed to expand upon the

limited body of knowledge in this area.

Hill and coworkers'* evaluated the short term changes in blood lipids in
response to a constant volume of resistance exercise of varying intensities. Six young
(21 yrs), untrained males performed three different protocols: control (no exercise), high
intensity resistance exercise, and low intensity resistance exercise. Each protocol was

completed after a one week washout period. The eight exercises utilized by both

protocols were the bench press, leg extension, shoulder press, incline sit-ups, seated
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rowing, lateral pull-downs, barbell bicep curls, and leg presses. The high intensity
session consisted of completing 8 different exercises at each subject’s 10 RM. Subjects
completed 3 sets of 10 repetitions with a 1 minute rest period in-between sets. The low
intensity protocol was similar to the high protocol except that subjects performed the
lifts at 50% of their respective 10 RM and each set consisted of 20 repetitions. Thus, the
total work was the same for both protocols. Fasting blood samples were collected
before, immediately, and 15 minutes after each trial. Moreover, blood sampling
occurred 48 h after the last training session. The researchers reported that HDL-C was
significantly elevated (42%) immediately after the high intensity exercise session. HDL-
C increased 42% in the low intensity trial, but this did not reach statistical significance.
Thus, the researchers concluded that an intensity threshold must exist for resistance
exercise. However, while the researchers did measure plasma volume, the low number
of subjects was a major limitation. The researchers reported that this might have reached
significance if more subjects were included in the study.

Past and present research indicates that lipoprotein-lipid changes following a
single session of prolonged exercise will often, but not always, include lower

. 69, 72, 77-82, 84, 85,207, 376, 377, 398, 399 72,78, 79, 81, 84-86, 207, 377, 382
concentrations of TG, > '~ A L GR P

79, 81, 83, 379, 382 69, 76,78, 79, 81,377, 388 o
VLDL-C,” "> "> "* and LDL-C.”” ™ "™ 27" Furthermore, transient increases
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. 69,71,72,76,77,379, 385, 389, 394, 401, 402
subfractions” > "> 17 > 112 2R 2R PR AL TS have also been shown to occur. These
alterations have been shown to occur during, immediately, and up to several days (72 h)

after the acute exercise stimulus. However, it must be pointed out that similar to the
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exercise training literature, the acute response is dependent on several factors. These
include baseline physiological characteristics, initial lipoprotein-lipid profiles, training
status and dietary habits of subjects, mode and intensity of the exercise stimulus, timing
of blood sampling, and whether or not investigators eliminated the possible acute effects
of previous exercise.
The Effect of Exercise on Lipoprotein-Lipid Metabolism: Possible Mechanisms
Lipoprotein Lipases

The role of exercise in reducing one’s risk for developing CHD may be partly
due to favorable alterations on the blood lipid profile.*' Research supports the fact that
health benefits, including an improved lipid profile, may result from a single session of

exercise.

The biological mechanisms by which these improvements occur with
exercise are not fully understood, but it is apparent that the activities of some lipid-
regulating enzymes are enhanced with exercise. These enzymes and transfer proteins
include lipoprotein lipase (LPL), hepatic triglyceride lipase (HTGL), lecithin:cholesterol
acyltransferase (LCAT), and cholesterol ester transfer protein (CETP).
Endothelial-bound Lipoprotein Lipase

Energy for endurance exercise, a dynamic activity involving large muscle groups
contracting rhythmically at low relative intensities, is provided primarily by oxidation of

114

fats. The energy demands associated with endurance exercise can eventually deplete

intramuscular TG concentrations. It has been suggested that this depletion of

intramuscular TG might stimulate secretion or synthesis of LPL in muscle capillaries.''

*7 The main physiological function of LPL is to hydrolyze TG in chylomicrons and
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VLDL to provide free fatty acids as an energy source in muscle tissue, to replenish
intramuscular TG stores which may have been depleted during prolonged exercise, and
for re-esterification and storage in adipose tissue. Furthermore, LPL-induced lipolysis of
TG in muscle may be a major contributor to the generation of HDL-C.*''*'* Thus,
greater LPLa is associated with increased TG clearance and HDL-C concentrations,
changes indicative of decreased CHD risk.'"*"" A decrease in LPLa is associated with
high plasma concentrations of VLDL-TG, delayed and elevated postprandial lipids, and

low HDL-C concentrations, leading to an increased risk for the development of CAD.?'"

214
Resistance exercise results in a different metabolic stress in muscle compared to
endurance exercise. It is possible that resistance exercise, a high-intensity intermittent
exercise involving small muscle groups, may produce unique changes in lipid
metabolism compared to endurance exercise. A substantial portion of the energy
requirement for resistance exercise is provided by stored phosphocreatine, blood
glucose, and muscle glycogen. Pascoe and colleagues'® have reported that strenuous
resistance exercise has the potential to deplete muscle glycogen stores. It is believed that
during recovery from resistance exercise lipids may be utilized as a primary source of
energy (i.e., increased oxidation of fats) thus sparing carbohydrate to be used for the

110, 111

resynthesis of glycogen stores. Increases in fat oxidation may also be attributed to

elevated levels of catecholamines, resulting in increased rates of lipolysis.''?

Catecholamine levels have also been shown to be distinctly increased during heavy

. . . . . . .. 113
resistance exercise compared with cycling or running exercise of similar volumes.
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There are data which suggest that both resistance and endurance training act
through similar mechanisms to produce beneficial effects on circulating lipids. For
example, induction of LPL has been reported after intense local contractile activity in

1% and humans, ''” suggesting that local contractile activity may be

muscles of both rats
necessary for increased LPL expression during exercise training.''® Furthermore, Kiens
et al.>? reported that 8 weeks of one-legged dynamic knee exercise resulted in an
increase in muscle LPL and the concentration of HDL,-C in the trained legged, but not
in the untrained muscle. Since muscle is an important site of TG removal in humans,
LPL induction and lipolysis in muscle may be essential for increasing HDL-C
concentrations.''” Given that strenuous muscle contraction accompanies both resistance
and endurance exercise, both modes of exercise could, in theory, be capable of inducing
an LPL response in skeletal muscle.
Regulation of LPL: Diet & Weight Loss

It has been shown that 8 h of normal eating in humans will increase adipose
tissue (AT) LPLa by 46%, and decrease skeletal muscle (SM) LPLa by 32%.>? Weight
loss can also have a profound effect on SM LPLa. Both acute caloric deficits and
substantial weight loss maintained via isocaloric feeding produced a decrease in SM
LPLa. In a 3 month supervised weight-loss study, 11 obese women were studied after 2
days of isocaloric feeding. Before the study, SM LPLa was 13% lower when compared

to normal weight controls. After the study, and an average weight loss of 12 kg, an

additional 70% decline in fasting SM LPLa was noted.**®
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Elevated insulin levels, which accompany carbohydrate ingestion, may lower SM
LPLa. It appears that SM LPLa is responsive to insulin, but the response is impaired in
insulin resistance. Insulin is predominantly responsible for the effects of fasting and
feeding on AT LPLa. Insulin resistance in adipose tissue has been suggested to be the
cause of hypertriglyceridemia in obese people with noninsulin dependent diabetes.**®
Regulation of LPL: Hormones

Data in both rats and humans show that catecholamines increase SM LPLa and
decrease AT LPLa. Plasma norepinephrine was positively related to SM LPLa during a
2-hour saline infusion. Also, isoproterenol (beta agonist) significantly increased muscle
LPLa. Pedersen et al.*”’ reported the effects of exogenous epinephrine on SM LPLa and
total-body lipid oxidation in 8 healthy male volunteers. Subjects reported to the lab
having refrained from physical activity during the preceding 24 h. Muscle biopsies were
obtained before, during, and after 2 h of epinephrine infusion. Somatostatin was also
infused in order to suppress endogenous insulin production. Epinephrine stimulated SM
LPLa by 21.8% above baseline levels, increased FFA 270%, and increased lipid
oxidation by 45%.

SM LPLa is usually elevated in hyperthyroidism and depressed in
hypothyroidism. SM LPLa has been shown to be 46% higher in thyrotoxic patients.”’!
Active LPL anchored to the capillary wall might be displaced by elevated local arterial
concentrations of circulating fatty acids. It is speculated that fatty acids may inhibit the
translocation of LPL from its site of synthesis to its functional site at the capillary

410

endothelium.”™ ™ Thus, the effect of LPLa on lipid metabolism has been shown to depend
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on the intensity of the exercise stimulus, the hormonal response to the exercise
intervention, the training status of the subject, and the nutritional composition of the
individual’s diet.*>"2"*
Regulation of LPL and Hepatic Triglyceride Lipase: Exercise

LPL mRNA has been shown to increase when skeletal muscle has been biopsied
shortly after exercise. The greatest rise in LPL mRNA occurs between 0 and 8 h post-
exercise. Elevated muscle LPLa may explain the rise in post-heparin plasma LPLa that
occurs 24 h following acute exercise.”® Insulin levels are decreased in response to acute
exercise, remain attenuated after the exercise session, and are depressed following
chronic exercise training. Furthermore, SM LPLa is elevated in these same scenarios

suggesting an inverse relationship between insulin and muscle LPL. It has been shown

that catecholamines can also increase resting SM LPLa.*”® Cycle ergometry exercise of

approximately 40-70% VOzpeak has demonstrated increases in catecholamine levels.*!!

In young healthy adults, the maximal rate of lipid oxidation occurs during work
intensities around 65% VOzpeak, and at this intensity, utilization of intramuscular

triglyceride is maximal as well. When work intensities reach 80-90% VOzpeak, lipid
substrate utilization is decreased and CHO becomes the primary fuel.*'* Cross-country

skiing, lasting 8 h, depleted the intramuscular TG content of slow twitch fibers by 65%

and fast twitch fibers by 35%.> When endurance exercise (55-70% of VOzpeak) was

performed for several hours, intramuscular TG content decreased by 30-41%,

demonstrating that high volume exercise can indeed deplete intramuscular lipid stores.™
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Skeletal muscle contributes about half of the metabolic activity in our bodies

272 There is an

during the resting state and makes up about 40% of our total body weight.
apparent interindividual variation in the muscle fiber distribution. There may be as
much as a 10-90% variation of the percentage of ST fibers within the population. People
with a high ST fiber % tend to have higher LPLa in their SM, thus being able to utilize
more fatty acids liberated from TG-rich lipoproteins than people with a lower percentage
of ST fibers.””>*"* Wade et al.*'* reported an inverse relationship between the
proportion of ST fibers and levels of fatness. Using data obtained from the respiratory
exchange ratio during exercise, it was revealed that lean men with a higher % of ST
fibers consumed more fat during the exercise session than obese men with a lower ST
fiber %. Tikkanen et al.*"? also reported finding a relationship between an individual’s
muscle fiber distribution and their lipoprotein-lipid levels. Groups of sedentary men,
active joggers, and CHD patients all demonstrated different serum lipid levels as well as
the percentages of ST fibers in the lateral portion of the quadriceps femoris muscle. A
positive association was found between the HDL-C concentration and the ST % while a
negative association was reported between the serum TG concentration and percentage
of ST fibers. The authors attributed the results to increased capillaries around the ST
muscle fiber which would result in higher LPLa within the muscle.

In general, the highest amounts of LPL are detected in slow-twitch red fibers,
followed by fast-twitch red fibers. Fast twitch white fibers have very low LPL activity.

Tikkanen et al.”’”> demonstrated an association between muscle LPL of various fiber

types and plasma HDL levels. They determined that slow-twitch fibers with a high
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capacity for oxidative energy metabolism are especially important for high plasma HDL
levels.

Kiens and Lithell > evaluated the effects of both acute exercise and exercise
training on lipoprotein-lipid and skeletal muscle tissue metabolism. Six healthy male

subjects underwent 8 weeks of single-leg knee extensor exercise training (1-2 h / day,

65% of VOapeak, 3-4 days per week). Lipoprotein-lipid and lipoprotein enzyme activity
in the trained knee extensors was compared to the non-exercising leg at rest. Muscle
biopsies were performed to examine LPLa. Arteriovenous (A-V) differences across the
muscle bed were taken from both legs of the subjects. A significant increase in
capillary density was observed in the trained muscle after the 8 week exercise training
program. Furthermore, there was a significantly greater A-V VLDL-TG difference over
the trained thigh, compared to the contralateral thigh. A higher production of HDL-C
and HDL,-C was also observed in the trained leg. Moreover, muscle LPLa in the trained
leg was 70% higher compared to the non-trained leg, and this increase correlated with
the increased capillary density. Thus, 8 weeks of exercise training induced an increase
in TG uptake as well as HDL-C production.

A subsequent study from the previous investigation examined the lipoprotein

enzyme response, in the trained leg, to 2 h of knee extension exercise at 65% VOzpeak.
The post-exercise muscle LPLa was elevated after the acute bout of knee extension
exercise, but this did not reach statistical significance. Furthermore, when compared

with resting values, the venous HDL,-C concentrations were greater during exercise.
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The researchers concluded that the increases in HDL-C production were related to the
degradation of VLDL-TG during the exercise session.

Seip and coworkers''” assessed the effects of 5-13 consecutive days of exercise

(= 60 minutes / day, 60-75% of Vngeak) on the tissue expression of LPL in 32 untrained,
weight stable adults. Blood and biopsy samples were obtained 14 h -18 h after the last
exercise session. Significant decreases in plasma TG (26%), TC (3.9%), and VLDL-C
(27%) were noted after exercise. Furthermore, the concentrations of HDL-C and HDL,-
C were significantly elevated after the exercise. In skeletal muscle, short-term exercise
training increased the mean LPL mRNA level by 117%, LPL protein mass by 53%, and
the total LPLa by 35%. In contrast, no changes in adipose tissue LPL metabolism were
observed.

Baumstark and colleagues™”® examined the effects of a 30 km cross-country run
on serum lipoprotein-lipid concentrations and on the composition of lipoprotein
subfractions in 13 trained men. Fasting blood samples were obtained before, 1 h, and 20
h after the run. Serum TG concentrations were significantly reduced (36%) as a
consequence of a reduction in the number of VLDL particles (31%). It was reported that
the prolonged exercise did not induce significant changes in the average concentration of
the LDL subfractions. Similar to the work of Lamon-Fava,® a reduction in dense LDL
occurred in subjects who experienced large reductions in serum TG. Immediately after
the run (1 h) the TG content was significantly reduced in all LDL subfractions. As
previously mentioned, it is generally accepted that beneficial changes in the lipid profile

which occur after exercise are the result of increased LPLa producing an increase in the
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peripheral clearance of TG-rich lipoproteins. This enables the body to replenish
intramuscular TG stores which may have been used as a source of fuel during the actual
exercise session. If increased lipolysis were the only factor leading to the decreased TG
levels after exercise one would not expect a reduction in VLDL number but a reduced
lipid content of the VLDL particle. In this study, Baumstark and coworkers have shown
that the secretion of VLDL may be reduced after a prolonged exercise session. These
findings were reiterated by Borsheim and colleagues®' after they determined VLDL and

VLDL related particles were decreased after 90 minutes of cycle ergometer exercise

(58% of VOapear) in active young men. >’

Magkos et al.*”* examined alterations in lipid metabolism after a single,

prolonged session (2 h) of cycle ergometer exercise (60% of VOypea). Fasting blood
samples were obtained before and 24 h after exercise. Skeletal muscle LPLa was not
altered but plasma LPLa was significantly elevated (20%) after exercise. Both HTGLa
and LCATa were not affected by the exercise session, whereas CETP concentration was
decreased (10%) after exercise.

Zhang and coworkers'” examined the time course changes in LPLa and RCT

variables after an acute bout (60 minutes) of treadmill exercise (60% VOzpeak) in 16
sedentary men with normal and abnormal lipid profiles. Fasting blood samples were
obtained before, 4 h, 8 h, 12 h, and 24 h after the exercise session. It was noted that

LPLa was significantly elevated 24 h after the exercise session. Furthermore, HTGLa
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was significantly elevated at 8 h, 12 h, and 24 h post-exercise compared with the 4 h
time-point. The activities of LCAT and CETP did not change over the 24 h time period.
In an effort to evaluate the effect of different volumes (kcals) of exercise on

LPLa, Visich and coworkers'*® examined the lipoprotein-lipid response in 12 trained

men after treadmill exercise (75% VOapeax) of varying energy expenditures (expending ~
400, 600, and 800 kcals). Blood samples were obtained before, immediately, 1 h, 6 h,
and 24 h after exercise. No exercise volume by time interactions were significant for
any of the dependent variables. Data collapsed across exercise volumes revealed an
increase in plasma volume adjusted HDL-C (5.8%) and HDL3-C (11.7%) 24 h after
exercise. The concentration of TG was also significantly depressed (13%) 24 h after
exercise. LPLa was significantly elevated (19%) while HTGLa was alternately
depressed (14%) 24 h after exercise. The authors were not able to determine an exercise
threshold necessary to significantly alter HDL-C.

Subsequently, Visich and coworkers™" evaluated the effects of a single session

(600 kcals) of treadmill running (75% VOzpeak) on LPLa in 12 trained men. Blood
samples were obtained before, 6 h, and 24 h after exercise. No significant time changes
were noted for any of the plasma volume adjusted lipoprotein-lipids. However, LPLa
was significantly elevated (27.5%) 24 h after exercise. Researchers determined that a
caloric volume of 600 kcals was insufficient to promote beneficial alterations in lipid
metabolism despite an increase in LPLa.

Increased LPLa has also been observed in exercise training studies. In addition,

exercise training has also been shown to increase intramuscular TG stores as well as
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oxidative enzymes, which will ultimately aide skeletal muscle in taking up and

53.215 Increases in muscle capillary density have

metabolizing fat for energy production.
also been reported in addition to increased gene expression, production, and secretion of
skeletal muscle LPL.>" 721

Svedenhag et al.*"” investigated the effects of 8 weeks of cycle ergometer
training on thigh muscle LPLa and capillary density in healthy young men. In addition,
they blocked the sympatho-adrenal influence on the LPLa response to training by

treating a subgroup of volunteers with propranolol (beta blocker). The training sessions

were held four times per week and each session lasted 40 minutes. Training intensities
started at 60% of Vngeak during the first week, eventually progressing to 75% VOzpeak

during weeks 5-8. VOzpeak increased 8% by the end of the program. Muscle LPLa
increased 47% in the placebo group and 31% in the subgroup receiving propranolol.
Capillary density increased 19% in the placebo group and 17% in the subgroup receiving
propranolol.

Duncan and coworkers*'® reported that LPLa was significantly higher after 6
months of endurance exercise training, (30 minutes / day, 45-75% of heart rate reserve,
3-7 days per week) without weight loss, in previously sedentary adults.

Stubbe and coworkers™® evaluated lipoprotein enzyme activity after 6 weeks of
endurance training in 18 healthy sedentary men. A 50% increase in AT LPLa was noted
after the training program. Likewise, Peltonen and colleagues’® observed increases in
both plasma (33%) and AT (56%) LPLa, respectively, after a 15 week endurance

training program in 20 middle-aged men.
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An investigation by Hamilton and colleagues''® provided evidence that local
contractile activity can be a major determinant of LPL regulation in skeletal muscle.
Rats that had access to voluntary running wheels and were estimated to have run about 3
hours a day demonstrated significant increases in LPL mRNA, protein concentration,
total LPL enzyme activity, and heparin-releasable activity in skeletal muscles with a
large increase in contractile activity (recruited for running). The high activity of LPL
mRNA, mass, and activity in the soleus muscle decreased significantly after the hind
limbs of a group of rats were immobilized for 7 days. This suggests that the activation
of postural muscles (local contractile activity) primarily caused the increased LPL levels.
Furthermore, expression of LPL mRNA, protein, and activity was significantly greater in
the tibialis anterior muscle after electrical stimulation for 4 hours a day compared to the
inactive tibialis anterior muscle in the contralateral leg.

There are two schools of thought on how muscle senses “exercise signals” to
induce LPL expression. One category of stimuli is “systemic signals” related to plasma
hormones and the other category is “local signals” related to contractile activity. Results
from Hamilton et al.''® clearly support the latter category. Moreover, support for the
humoral hypothesis might be indicated if LPLa was induced in a non-contracting
muscle. However, there were no increases in LPL mRNA, mass, total activity, or
heparin-releasable activity in the masseter muscle (jaw muscle), which was not recruited
during voluntary cage running. Overall, these studies have demonstrated that local

contractile activity is a major determinant of LPL regulation in skeletal muscle.
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Hepatic triglyceride lipase (HTGL) activity (HTGLa) has also been shown to be
altered in response to a single prolonged exercise session as well as with exercise
training. HTGL also plays a role in the regulation of plasma HDL levels. HTGL has
been shown to participate in the conversion of HDL,-C particles into the smaller and
denser HDL3-C. This occurs through the hydrolysis of TG and phospholipids from the
HDL,-C substrate and the subsequent transfer of cholesterol esters to other
lipoproteins.”” It has been reported that concentration of HDL-C is inversely correlated
to postheparin plasma HTGL activity (HTGLa).**>?** Thus, a decrease in HTGLa
should result in an increase in HDL,-C due to a slower catabolism thereby promoting a
favorable lipid profile, changes indicative of decreased CHD risk.'"” In contrast, an
increase in HTGLa is associated with the lowering of plasma HDL,-C.*%

Gordon and coworkers’' evaluated the effects of two isocaloric (800 kcals)

sessions of treadmill running at 60% or 75% Vngeak in 12 recreational runners. The
plasma volume adjusted concentration of HDL-C was significantly elevated (5 mg/ dL)
24 h after exercise only with the higher intensity (75%). The increase in HDL-C was
attributed to an increase in HDL;-C, with no change in HDL,-C. When trials were
combined, lipoprotein enzyme analysis revealed a significant increase in LPLa (15%) 24
h after exercise with a concomitant decrease in HTGLa (12.5%). These results suggest
that alterations in HDL metabolism following an acute session of endurance exercise
may be influenced by the intensity of exercise session.

Gordon et al. '’® demonstrated increases in plasma volume adjusted HDL-C and

HDL;-C in 12 moderately trained men after a prolonged running session on a treadmill.
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Subjects exercised at 75% of their VOzpeak for a duration that allowed them to expend
800 kcals. Analysis of lipoprotein enzyme data reveal that LPLa was elevated and
HTGLa depressed 24 h after the exercise session, although neither reached significance.

In an effort to determine the energy expenditure necessary to favorably alter
lipoprotein-lipids, Ferguson and coworkers'** examined the lipid response in 11 well-
trained men after completing 4 different exercise sessions of varying energy

expenditures (expending ~ 800, 1100, 1300, 1500 kcals). Exercise sessions were spaced

2 weeks apart at 70% of the subject’s VOzpeak. Blood samples were obtained before,
immediately, 24 h, and 48 h after exercise. A transient decrease in TG (26%) was noted
to occur 24 h after the 800 kcal exercise session. Plasma concentrations of HDL-C were
only significantly elevated in exercise sessions that consisted of energy expenditures of
1100 kcal or more. The authors concluded that energy thresholds for trained men do
indeed exist. Energy expenditures of 1100 kcal were required in order to elevate plasma
HDL-C, while 1300 kcal expenditure was necessary to decrease LDL-C. LPLa was
significantly elevated 24 h after exercise in the 1100, 1300, and 1500 kcal sessions, and
continued to remain elevated 48 h after exercise in the 1500 kcal session. A significant
decrease in HTGLa was noted to occur 24 h after exercise in the 1300 kcal session.

While there are studies supporting a reduced HTGLa with prolonged exercise,”" *** ***

399 76,77

others have demonstrated that HTGLa was not altered prolonged exercise.
Inconsistent responses of HTGLa with exercise training have also been reported.
Stubbe et al.” reported a reduction in HTGLa (6%), in addition to the increase in AT

LPLa previously reported. Thompson and coworkers®’ also reported a lowered HTGLa
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several weeks of stationary cycle training. Leon et al.'® reported significant increases in
LPLa for both men (18%) and women (6.6%). HTGLa was significantly reduced 6.9%
in men and 5.1% in women following 20 weeks of supervised bicycle training. The
authors stated that a possible heritable factor contributing to the HDL-C responsiveness
to exercise training was the relative proportion of type 1 red skeletal muscle fibers in
their subjects, which are known to have higher LPLa. Conversely, Grandjean et al.'®
reported that HTGLa did not change in response to exercise training in pre- and
postmenopausal women.
Lecithin: Cholesterol Acyltransferase

LCAT catalyzes a transesterification reaction in which an acyl group from the 2-
position of phosphatidylcholine (PC) is transferred to the 3-hydroxyl group of

cholesterol, converting PC to lyso-PC and cholesterol to cholesterol ester.>”*** Th

e
optimal substrate for LCAT is discoidal HDL. The activity of LCAT decreases as CE
accumulates in the core of the spherical molecule. With the increase in the uptake of
CE, HDL will increase in size to form the HDL; particle. A continual transfer of
cholesterol esters into the hydrophobic core eventually yields the larger HDL,

241, 246, 256

particle. In addition, exercise may increase the concentration of LCAT’s

42,56, 85, 131, 140, 169, 390, 393
cofactor, apo A-1."> 7> 7 725 75 0 2

It is generally accepted that high cholesterol
esterification rates promote efflux of cholesterol from peripheral tissues, and that
elevated LCAT activity presumably protects against atherosclerosis.

Cross-sectional investigations have reported elevated LCAT activity in

physically fit subjects when compared to sedentary controls.”> Marniemi et al.*'” and
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Tsopanakis et al.*'"® both reported elevated LCAT activity in endurance trained men.
Furthermore, Gupta and colleagues™ reported increased LCAT activity in athletes when
compared to sedentary control subjects.

Alterations in LCAT activity in response to prolonged exercise have been

inconsistent. Magkos et al.*”® examined alterations in lipid metabolism after a single,

prolonged session (2 h) of cycle ergometer exercise (60% of VOapeax). LCAT activity
was not affected by the exercise session. Zhang and coworkers'”” examined the time

course changes in reverse cholesterol transport variables after an acute bout (60 minutes)

of treadmill exercise (60% VOzpeak) in 16 sedentary men with normal and abnormal lipid
profiles. The activity of LCAT did not change over a 24 h time period. Grandjean et
al."** did not observe any changes in LCAT activity in normo- and hypercholesterolemic
men after a single session of treadmill walking. Berger et al.** investigated the effects
of a moderate exercise session on LCAT activity in a group of 12 moderately fit men.
Blood samples were collected before and after the 5.5 km run. LCAT activity was not
significantly altered in response to the exercise session; however a small elevation was
noted.

In contrast, Dufaux et al.” noted a significant increase in LCAT activity in 14
active men after completing a 3 h treadmill run. Campbell et al.*** examined the

differences in the lipid response to an isocaloric session (expending ~ 450 kcals) of

treadmill running (65% of VOzpeak) in 1 continuous session or 2 intermittent and 3

intermittent sessions, each separated by 4 hours. LCAT activity was significantly
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elevated 48 h after exercise in the continuous (12%), and 3 intermittent (12%) exercise
sessions.
There are few exercise training studies that have examined LCAT changes.

Thomas et al.*"’

observed no change in LCAT activity or HDL-C concentrations in
college students after 11 weeks of interval or continuous exercise training. In addition,
Grandjean et al.'®found that LCAT activity was unaltered after 12 weeks of exercise
training in pre- and postmenopausal women. In contrast, Sutherland and coworkers**
reported increases in the fractional rate of cholesterol esterification (indices for LCAT
activity) in both normo and hypercholesterolemic subjects completing a 16 week
exercise training program. It appears that both a single session of exercise and exercise
training can induce alterations in LCAT activity. However, the reported results are
inconsistent.
Cholesterol Ester Transfer Protein

CETP is not considered an enzyme, but a protein that has an affinity for non-
polar lipid transfer.”>’ CETP mediates the transfer of CE (produced from the LCAT
reaction) from HDL to VLDL or LDL and of TG from VLDL and LDL to HDL. The
CETP mediated transfer of these non-polar lipids is reversible; however, this net transfer
is driven by preexisting concentration gradients. The rate and direction of the net lipid
transfer is established by gradients maintained by LPL and LCAT.*’

The CETP reaction increases the capacity of the plasma to clear CE, by reusing

VLDL, IDL, and LDL molecules to transfer the CE back to the liver for catabolism.

Thus, the CETP-mediated transfer of neutral lipids is a process that works in concert
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with the LCAT reaction. Furthermore, the utilization of HDL to transfer TG back to the
liver provides an additional pathway involving HTGL.*’

The atherogenicity of CETP activity has been consistently debated. It has been
suggested that CETP can potentially inhibit atherogenesis by enhancing the rate of
reverse cholesterol transport. CETP mediated transfers from HDL to VLDL and LDL
provide a potential indirect pathway by which HDL CE’s can be delivered to the liver

for catabolism.?*> 2%

Prolonged exercise, which commonly results in reduced TG
concentrations after lipolysis, might decrease the rate of CETP activity. This would
allow HDL-C to remain elevated in the circulation. Human subjects with a homozygous
CETP deficiency have elevated concentrations of HDL cholesterol, apo A-I, apo A-II,
and apo E. The increased HDL concentration is primarily due to a reduction in the rate
of catabolism, with a markedly delayed catabolism of apo A-I and apo A-II. However, if
elevated HDL,-C levels occur due to a CETP deficiency a reduced capacity for
cholesterol efflux occurs.”’”* The HDL,-C from CETP-deficient patients has a reduced
ability for cholesterol efflux compared to normal HDL,. Conversely, species with high
or moderate levels of CETP activity are susceptible to atherosclerosis, and do not
develop prominent HDL-C. Enhanced CETP activity may promote increased
cholesterol-rich IDL particles and cholesterol-poor HDL particles, which may lead to
promoting premature atherosclerosis.”’®

Serrat-Serrat et al.*! reported that CETP activity was lower in marathon runners

compared to sedentary control subjects. The runners also had lower TG, VLDL-C, and

higher HDL-C concentrations than the control group. A positive correlation between
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CETP activity and TC and LDL-C was noted, while apo A-I was negatively associated
with CETP activity in the marathon runners. In contrast, Gupta et al.” examined lipid
metabolism and reverse cholesterol transport in athletes and sedentary control subjects.
The athletes were reported to have higher CETP activity compared to their sedentary
counterparts.

Seip et al. ® compared plasma CETP concentrations in sedentary men and
women before and after 1 year of exercise training. HDL-C significantly rose (4.9%) in
response to exercise training, with most of the increase attributed to an increase in
HDL;-C. The concentrations of CETP was lower (13.5%) in response to the training
program. It has previously been demonstrated that concentrations of CETP have been
positively correlated with CETP ac‘[ivity.421 Moreover, the concentration of CETP
decreased in both subjects who lost weight and in those who remained weight stable.
Thus, exercise training decreased plasma CETP independent of weight change.

Takanami and colleagues*** reported that CETP concentrations were
significantly lower, while HDL-C was elevated, in 32 male athletes 24 h after
completing an endurance triathlon. Magkos et al.*** reported that CETP concentrations

were lower (10%) after a single, prolonged session (2 h) of cycle ergometer exercise

(60% of VOzpeak). This result approached, but did not reach statistical significance.
Foger and colleagues®'® examined lipoprotein-lipid changes associated with a bicycle
marathon (230 km) in 8 well-trained men. Blood samples were taken 2 days before, then
up to 8 days after the race. The HDL-C concentration increased significantly by day

two, resulting from equal increases in both HDL,-C and HDL;-C. CETP mass and
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CETP activity were significantly reduced (44% and 33%) 24 h after exertion; which may
help explain the increases in HDL,-C.
In contrast, Zhang and coworkers'” examined the time course changes in

reverse cholesterol transport variables after an acute bout (60 minutes) of treadmill

exercise (60% VOapeax) in 16 sedentary men with normal and abnormal lipid profiles.
The CETP activity did not change over the 24 h time period. Furthermore, Campbell

and coworkers*” determined that CETP activity was unaltered after subjects completed

an isocaloric session (expending ~ 450 kcals) of treadmill running (65% of VOppeat) in 1
continuous session or 2 intermittent and 3 intermittent sessions. Grandjean and

138 .. . .
coworkers ™ reported similar results in sedentary normo- and hypercholesterolemic men

after a single session of treadmill walking (70% VOapeak, 500 kcals expended).

The concentration of CETP and / or CETP activity can be altered in response to
exercise training or a single prolonged exercise session.””®"*"*%% Simijlar to the
literature regarding LCAT, consistent data is lacking. Additional research is warranted
before definite mechanisms in response to exercise can be established.

Non-Traditional Risk Markers
Hs-Crp

Numerous research studies have reported a significant association between
elevated serum or plasma concentrations of hs-Crp and the prevalence of underlying
atherosclerosis and the incidence of first cardiovascular events among individuals at risk

for atherosclerosis.'”” Furthermore, hs-Crp levels > 6 mg / | were associated with a 75%
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higher risk of restenosis compared to subjects with values < 1 mg /1 during a 5-year
follow-up study in patients with CVD.*** Among patients with stable angina and
established CHD, levels of hs-Crp have consistently demonstrated an association with
the recurrent risk of cardiovascular events.**?

General population studies report that there is an inverse association between
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serum hs-Crp levels and self-reported physical activity and physical fitness.”™ It is

believed that regular exercise might favorably lower hs-Crp levels by an anti-

inflammatory action. Mattusch et al.'*

evaluated the hs-Crp levels in the blood of 12
moderately trained runners (34 yrs) preparing for a marathon. In 10 of 12 runners the
baseline hs-Crp levels were significantly reduced (31%) after training. No changes were
noted in the non-exercising control group, suggesting that endurance training may have a
suppressive effect on certain inflammatory processes in the body. The authors
hypothesized that after training less interleukin-6 and other cytokines are produced in the
exercising muscle as a result of an enhanced antioxidative protection.

However, another explanation provided is that exercise lowers hs-Crp levels by
reducing total or abdominal body fat. It is known that adipocytes synthesize cytokines
that are involved in the production of hs-Crp. It has been proposed that adipose tissue-
secreted IL-6 and TNF-alpha may contribute to elevated levels of hs-Crp observed in

e 366
obese subjects.

Thus, exercise training may reduce hs-Crp levels by reducing
adiposity. It is also known that interleukin release from adipose tissue is augmented by

increased sympathetic stimulation, which is down regulated by physical activity.
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Research also suggests that exercise favorably influences the inflammatory
process through additional mechanisms. One other potential mechanism is that exercise
exerts its beneficial effects through improvements in endothelial function. Endothelial
cells can also secrete IL-6 and IL-1, which can induce an acute phase response. It is
known that exercise can improve endothelial function, thus attenuating the secretion of
these pro inflammatory cytokines.”’®*"" Thus, the end result is a lower level of hs-Crp.
LDL Subfractions

Increasing evidence suggests that several subfractions of LDL, which are
characterized by variations in size, flotation rate, density, and chemical composition of
LDL particles, have important clinical significance in relation to CHD risk reduction.
Given a certain level of LDL-C, the risk for developing CHD can differ depending
primarily on the LDL particle number as well as the size of the lipoprotein particle.2*®2*
One’s risk for developing CHD is increased if they have larger numbers of LDL
particles and smaller rather than larger LDL diameters.”®’

Production of these small dense, atherogenic LDL particles have been mentioned
previously. Enhanced VLDL secretion from the liver is often accompanied by a
subsequent series of events involving 2 key proteins in lipoprotein metabolism, CETP
and HTGL. As TG-enriched VLDL enters the plasma at an accelerated rate, the TG in
the VLDL are exchanged for the cholesterol ester in the core of LDL, producing a
depleted, but TG-enriched LDL particle. The TG in the core of LDL is then hydrolyzed

by HTGL producing small dense LDL particles. The CE in the core of the HDL may

also be exchanged by CETP for the TG in VLDL, producing a TG-enriched but CE



346

depleted HDL particle. The TG—enriched HDL appears to be catabolized more rapidly

by the kidney, thus resulting in low HDL levels, > 216 241, 245,246

Theoretically, decreased activities of both HTGL and CETP would prohibit these
conversions from occurring. A lower CETP activity would diminish the exchange of TG
from VLDL to LDL, thus preventing the eventual hydrolysis of the TG-enriched LDL
particle and production of a small dense LDL particle. Furthermore, a lower HTGL
activity would limit the hydrolysis of both TG-enriched LDL and HDL particles,
changes indicative of decreased CHD risk.'"”

Small, dense LDL particles may also be generated when excess TG on VLDL are
exchanged for cholesterol esters on LDL by CETP, producing TG-rich LDL, which then
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undergoes lipolysis by HTGL to produce smaller and denser LDL particles.”” In a

cross-sectional investigation Zambon et al.** reported that high HTGLa is associated
with an increase in small, dense LDL particles and a decrease in HDL,-C. As previously

mentioned, a single prolonged exercise session and exercise training have both been

59-61, 376, 400

reported to lower the activities of CETP. While there are studies supporting a

56,57, 181 71,394, 396, 399

reduced HTGLa with exercise training and prolonged exercise, others

have demonstrated that HTGLa was not altered prolonged exercise.”* "’
Resistance Exercise and Excess Post Exercise Oxygen Consumption (EPOC)
Energy expenditure associated with exercise consists of both the energy
expended during the actual exercise session as well as the energy expended during the

post exercise recovery period. The elevation in energy expenditure above resting levels

during the post exercise period is often referred to as excess post exercise oxygen
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consumption or EPOC.*** Researchers have found that high intensity intermittent
exercise may favor increased lipid oxidation during recovery when compared with
steady state exercise.*”* Since resistance training is considered to be intermittent in
nature; thus, it may induce a prolonged EPOC and a greater use of fat during recovery.
Some indicate that the greater the exercise perturbation, the greater the magnitude of
EPOC. Such metabolic perturbations may include elevated blood lactate levels,
resynthesis of glycogen from lactate, elevated body temperature, phosphagen
resynthesis, elevated catecholamines, and residual hormonal effects.**®

As the intensity of exercise increases, the contribution of fat as a fuel source
decreases, resulting in a greater reliance of carbohydrate utilization during exercise.
Performing strenuous resistance exercise depends on the anaerobic metabolism of
phosphocreatine and glycogen for energy leading to a depletion of glycogen stores.
During recovery from exercises that deplete glycogen stores, lipid becomes the
predominate fuel. This indicates a shift towards elevated fat oxidation while sparing
CHO to be used for glycogen resynthesis.**® Vigorous, glycogen depleting, anaerobic
exercise may contribute to a possible lipid deficit, which may lead to greater lipid
oxidation in the post exercise state and an overall change in energy balance. However, it
is important to note that the amount of fat oxidized is very small and may be
physiologically insignificant in terms of any meaningful change in body fat or body
weight reduction.

Another possibility for differences in recovery energy relates to changes in

homeostasis resulting from the physiological response to exercise. Factors affecting post



348

exercise recovery include elevated body temp, additional cardio respiratory work,
phosphagen resynthesis, resynthesis of glycogen from lactate, resaturation of tissue
water, tissue repair, and residual effects of hormones. Hormonal perturbations for
catecholamines, cortisol, and growth hormone can be substantial if the repetitions per set
of resistance exercise are high and the rest periods between the sets are less than 1
minute. Tissue damage and stimulus for tissue hypertrophy resulting from resistance
training may be sufficient to contribute to the increased total energy required to
recover.*”’

The magnitude and duration of EPOC appears to be influenced more by intensity

than duration of exercise. Gore and Withers**® suggest that there is no sustained

elevation of metabolic rate after exercise of intensities less than 55% VOzpeak and 3 h
duration. Thus, the low to moderate intensity exercise capable of being performed by
the general public produces little excess energy expenditure during recovery and would
appear to have little impact on weight control.

Binzen et al.** examined the acute effects of 45 minutes of resistance exercise
on EPOC and substrate oxidation in 10 moderately trained women (premenopausal).
Subjects participated in 2 energy expenditure (EE) trials on separate days. EE measures
consisted of 3 time periods: pre-trial (20 min of baseline), trial (45 min of resistance
exercise or controlled sitting), and post-trial (120 min of recovery to assess EPOC). The
exercise session consisted of 3 sets of the following 9 exercises: chest press, shoulder
press, leg squat, leg extension, leg press, seated row, latissimus dorsi pull down, bicep

curl, and triceps extension (10 reps per set at 70% of 1RM). Rest intervals were
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controlled at 1 minute between sets. Measurements were made during the follicular
phase, 48 h after the last exercise session and 4-5 h postprandially. The exercise session
burned 155 kcals compared to 50 kcals for the control trial. Estimates of substrate
utilization were made during last 30 minutes of recovery when blood lactate levels
returned to steady state conditions. Fat oxidation was significantly elevated for the final
30 minutes of recovery after resistance exercise vs. the control trial. Although the total
EE was not different for the last 30 minutes, 79% more fat was used after the exercise
bout than controlled sitting. The major finding was that after 45 minutes of resistance
exercise, total EE remained significantly elevated above resting levels for at least 1 h and
that fuel utilization favored lipid oxidation in the post-exercise period. The RER was
lower after exercise demonstrating greater utilization of fats vs. controlled sitting.

Burleson et al.** determined that more energy can be required for recovery from
weight training than typical steady-state exercise when the exercise sessions are matched
for duration and oxygen consumption. EPOC was higher during the first 30 minutes of
recovery but not at 60 or 90 minutes, after completion of a circuit of resistance exercises
compared with EPOC measured after steady state endurance exercise.

Melby et al."'® determined that the metabolic rate remained elevated above
baseline levels during the post-exercise period for > 2 h and probably longer after a bout
of resistive exercise. Subjects performed 6 sets (8-12 repetitions) of 10 different
exercises at 70% 1 RM. Rest intervals were controlled at 3 minute turnovers. The total
exercise duration was 90 minutes. Exercises used in the protocol were: bench press,

bent-over row, leg extension, leg curl, military press, sit-ups, biceps curl, triceps
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extensions, half-squats, and lateral raises. The authors reported that a strenuous bout of
high-volume resistive exercise produced an elevation of post-exercise metabolic rate
during a 2 h measured recovery period and a significantly higher resting metabolic rate
(RMR) when measured 15 h after the exercise session. The RER was significantly lower
the morning after, reflecting greater fat oxidation.

Melby and coworkers*' determined the magnitude of EPOC during 60 minutes
of continuous measurement following a single 42 minutes session of moderate intensity
resistance exercise. Oxygen consumption was measured under resting conditions for 30
minutes before and 60 minutes after the exercise session. This procedure was repeated,
for control purposes, on a separate day of quiet sitting. Each subject performed 3
consecutive sets of 10 repetitions of 4 upper and 3 lower body lifts at a weight equal to a
12 RM. Exercises used in the protocol were: bench press, bicep curl, triceps extension,
leg extension, leg flexion, military press, and squats. A 2 minute turnover was used for
the rest periods. Oxygen consumption was significantly higher during the 60 minutes of
recovery following resistance exercise vs. pre-exercise and post-sitting values. The RER
fell below 0.70. However, the authors noted that this result was most likely due to the
conservation of CO, in response to the loss of excessive amounts of CO, during and
shortly after the exercise session which was needed to buffer the lowered blood pH due
to lactate accumulation. The EPOC was elevated for at least 60 minutes following the
exercise session. However, the elevated metabolic rate only accounted for an

expenditure of approximately 20 additional kcals.
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Elliot et al. >

measured the EPOC generated by: heavy-resistance, priority
lifting; low-resistance, circuit-style weight training; and cycling endurance exercise. It
was reported that both cycling and circuit training used significantly greater calories than
did heavy lifting. However, heavy lifting and circuit training produced a significantly
greater EPOC than cycling.

Osterberg et al.**> examined the effects of strenuous resistance exercise on
oxygen consumption in healthy, resistance trained women during the 3 h immediately
following the exercise session. Furthermore, the RMR was measured 16 h following the
exercise session. The exercise protocol (5 sets of 10-15 repetitions) consisted of the
following exercises: bench press / bent-over row, leg extension / curl, military press /sit
ups, bicep curl / triceps extension, and lunges followed by lateral raises. Resistance was
set at 70% of the 1 RM. Rest periods were controlled at 2 minute intervals with the total
exercise duration set at 100 minutes. During the final 30 minutes of the 3 h recovery,
oxygen consumption was 13% higher than the pre-exercise baseline values. The RER
measured during the 3 h recovery period was significantly lower compared to the pre-
exercise baseline RER values. A mean increase of 4.2% in RMR from day 1 to day 2
was also noted. There was a 62% increase in resting fat oxidation at the time the RMR
was measured on day 2 following resistance exercise compared to when measured on
day 1 prior to the exercise session.

Melanson et al.*** examined the effect of endurance and resistance exercises on
post- exercise and 24 h energy expenditure and substrate oxidation. The researchers

speculated that fat oxidation, post-exercise, and 24 h energy expenditures would be
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greater on a day in which resistance exercise was performed. It was determined that the
resistance exercise had a similar effect on 24 h energy expenditure and macronutrient
oxidation as a comparable bout of endurance exercise. The increase in 24 h EE on the
exercise days was primarily the result of an increase in the amount of CHO oxidized,
with no difference in 24 h fat oxidation across exercise conditions.

Researchers have found that high intensity intermittent exercise favors increased
lipid oxidation during recovery.*** Resistance exercise is believed to induce a prolonged
EPOC and a greater use of fat during recovery. This may occur in order to spare CHO
to be used for glycogen resynthesis.**® Vigorous, glycogen depleting, anacrobic exercise
may contribute to a possible lipid deficit, which may lead to greater lipid oxidation in the
post exercise state and an overall change in energy balance. Thus, this type of exercise
may induce favorable alterations in the lipid profile. However, as mentioned previously,
it is important to remember that the amount of fat oxidized is very small and may be
physiologically insignificant in terms of any meaningful change in body fat or body
weight reduction.

Conclusions

As mentioned previously, CHD is the single largest killer of American males and
females.” Evidence indicates that CHD is associated with high blood concentrations of
TC, LDL-C, TG, and with low concentrations of HDL-C.