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ABSTRACT
Effects of acute bouts of continuous versusccumulated exercise of isocaloric energy
expenditure on blood lipids, lipopraeins and related enzyme activitiesPurpose:
The purpose of this study was to detereninexercise, whether continuous (CE:
completed all in one session) or intermittern(pleted in either two (IE 2) or three (IE
3) exercise sessions) expendihg same number of caloripeoduced similar changes in
the lipid/lipoprotein profile asvell as transport enzymeslethods: Sixteen healthy
(22+2.1 year old) men (Vmax = 37.0+3.3 mL-kg-mil) randomly completed three
exercise trials, CE, IE 2 and IE 3, expending dalories. Baseline data were collected
in the evening and included anthropomeinieasurements, diet records and venous blood
samples. The CE trial was done during oartinuous time period and the intermittent
trials were separated by 4-5 hrs all overdberse of one day between the hours of 7 am
and 9 pm. In addition to baseline bloodgdes were drawn immediately post exercise
(IPE) and 24 and 48 hours following exerci§ach exercise trial sample was analyzed
for total cholesterol (TC), triglycerides @), low density lipoprotein (LDL-C), high
density lipoprotein (HDL-Cand subfractions (HDL-£HDL-C3). Samples were also
analyzed to determine LDL-C gele size, lecithin cholesterol acyl transferase activity
(LCATa) and cholesterol ester tsdar protein activity (CETPa)Results: While no
significant alterations in HDL-@nd LDL-C were observed HDL,@vas shown to
increase compared to baseline by 44% for CE 48 hours post exercise, 44% for IE 2 48
hours post exercise, 39% for IE 3 IPE a@odtinued to rise for IE 3 48 hours post
exercise by 66%. Furthermore, LCATa wagdicantly increased compared to baseline
by 12% for CE 48 hours post exercise and 12% IE 3 48 hours post exercise.
Furthermore, there was a 10% increasemtomparing CE IPE to CE 48 hours post
exercise, a 3% increase between |IE h@drs post exercise and IE 2 48 hours post
exercise, a 2% increase between IE 3 IRE & 3 24 hours post exercise and an 11%
increase when comparing IE 3 24 hours post@se and IE 3 48 hasipost exercise.
No other significant differences were foundonclusions: The results of this study
indicate that whether the exercisedtinuous or intermittent, keeping calorie
expenditure the same, causes significant changes in the HBUb@action, which was
augmented by an increase in LCATa.

Vii



CHAPTER 1

INTRODUCTION

Early research has shown that reducinvg dtensity lipoprotein cholesterol (LDL-
C) and triglyceride (TG) whilencreasing high density lipoprotein cholesterol (HDL-C) is
associated with a reduced risk for cakdiscular disease (CVD; Kannel et al., 1971).
Furthermore, the larger ateks dense particles of each lipoprotein are also associated
with a reduced CVD risk. Regular aerobiemise has been shown to exert favorable
influences over the lipid andplbprotein profile. More spdtcally, the effects of acute
exercise are consistent shagireductions in TG and incressin HDL-C reflected in the
HDL-C, subfraction hence exercise is typicglhescribed for those individuals with
elevated TG or decrease HDL-C centrations (Kannel et al., 1971).

Additional data have provided researcherth information that show a positive
change in the lipid and lipopmn profiles with an acute boaf exercise. In sedentary
men elevations in HDL-C and decreases incb@centrations have been reported after
expending between 350 and 500 kcals by eithelirgy or treadmill walking (Alhassan et
al., 2001; Crouse et al., 1997; Grandjean etl896). These changes can persist for up
to 48 hours post exercise and are mediateddrgased lipoprotein lipase (LPL) activity.
LPL activity acts to facilitate the hydrolgsand clearance of TG rich lipoproteins and
will furthermore influence the transfer ofetfi'G to the HDL-C for clearance. Hence,
after exercise as LPL activityicreases it will move greater concentrations of TG into the
HDL-C, making a denser HDL-(particle which allows for greater clearance and lower
total TG concentrations in the plasma. Tjrigcess can also be influenced by decreasing
the activity of hepatic lipase (HL) and cheterol ester transfer protein (CETP), but
changes in these enzymes are reported lessefindy after acute exercise then those of
LPL.

Recent research on the particle siaé density of LDL-C suggests that long,
intense exercise as well as chronic exercms@ing can favorable alter particle size,
influencing them to become larger anddalense (Frey et al993; Houmard et al.,

1994). Changes in particle size have not been well documented with acute exercise and
this study intends to investigate the implioas of a 450 kcal bout of exercise on the
acute changes in LDL-C pate size and density.

Addressing the issue of intermittent bouterércise on fitness is not new. It has
been established that intermittent bouts of exercise over the course of several months can
show positive changes in cardiorespiratory fitness, as reflected by maximal oxygen
uptake (VQ max), but few studies have examintedeffects on the lipid/lipoprotein
profile and the enzymes related to lipid transpéristudy by Ebisu (1985) used
untrained, college-aged men and was desigoevaluate aerobic fitness and blood
lipids. There were three exercise growgm;h group ran the same distance differing only
in the number of sessions per day, one, twihi@e sessions. Thethars failed to report
exact times taken to complete each sessiorthieutxercise was considered complete
when each subject attained their given distsn Results showed that all the exercise
groups significantly improvederobic fithess and thttere were no significant
differences in VQ max between the groups. Howeweside note of this study was that
HDL-C levels only improved in the sudgts who exercised three times per day.



Despite surmountable evidence statirgf {hhysical activityhas a variety of
positive health benefits on the lipid profile as well as enhancing glucose tolerance and
insulin sensitivity, Americans are sedentang @aeports show that 20 of individuals are
inactive contributing to 250,000 deaths pearygHahn et al.1986; McGinnis et al.,

1993). A striking reality is that most Ameains simply state lack of time as the number
one reason why they do not participateggular activity (Martin et al., 1982).

Researchers have diligentlyetd to conjure up exerciseqgrams designed to fit a busy
lifestyle and also provide sufficient stimulus to elicit health benefits. Given this dilemma
a group of experts from the Centers fordaise Control (CDC) and the American College
of Sports Medicine (ACSM) releasedexommendation for adults on physical activity,
which states that every US adult should accumulate 30 minutes or more of moderate-
intensity physical activity (approximately 50-70% Yf@ax) on most, preferably all,

days of the week (Pate et al., 1995).

This recommendation was designed to emphasize the benefits of moderate-
intensity exercise and that this exerais@ be accumulated over short bouts through out
the day rather than one long continuous bdite recommendation reflescthat it is not
necessarily the intensity, mode or duration of the activity bouts, but rather the total
amount of activity performed that linked to a decrease €VvD mortality. Research to
support these claims comes from Leon e{E87), who showed a significantly lower
death rate as a result of CVD in individualso performed 47 minas of activity versus
15 minutes of activity per day. FurthermdPaffenburger et al. (198@emonstrated that
men who expended an estimated 2000 kcal/weskledd a lower death rate compared to
those who expended 500 or less kcal/week.

The most important aspect of thissenmendation is that unlike the previous
statements, the CDC/ACSM acknowledged theafisiort intermittent bouts of exercise
as being as effective as one continuous béupair of studies we referenced in the
recommendations that made a credible argument for adherence to intermittent exercise
(DeBusk et al., 1990; Ebisu, 1985).

The study by DeBusk et al. (1990) exagaurthe effects of three 10-minute bouts
of moderate to vigorous intensity exerctsmpared to a single 30-minute bout for 8
weeks and they found that timtermittent bouts shoed a higher retention rate than the
single 30-minute bout. Jacobsen et al. 283 orted these results when evaluating
adherence to exercise during a 72-week prograhey found thabverall retention was
higher amongst the intermittent exercise gsoap compared to the single continuous
bout group. Together these studies suggestusing intermittent exercise may be an
effective tool in improving adherence in additito altering the lipid/lipoprotein profile.

Statement of the Problem

To date there are few studies that haxamined the acutdfects of intermittent
exercise bouts on the lipid/lipogtein profile. Furthermore, none have examined the full
lipid/lipoprotein profile including lipid transpt enzymes. There are important health
implications in validating multiple dailgessions of accumulated exercise. Multiple
bouts of exercise may encourage more petmpéxercise and it has been shown that
adherence may be better insttype of program. Thereferthe purpose of this study was
to ascertain the effects of continuous vesusumulated, intermittent acute exercise, of
similar calorie expenditure orpids and lipoproteins as well as enzymes related to lipid
transport.



Research Hypotheses
Hypothesis 1: The total caloric expenditure 450 kcal will be sufficient enough that
subjects will show favorable changes te tipid profile for bah the continuous and
intermittent exercise groups. These chang# include increasing HDL-C and lowering
TG concentrations.
Hypothesis 2: After an acute intermint and continuous exercibeut there will be an
increase in the total HDL-C cholesterol tiall be reflected in an increased HDL-C
subfraction. Furthermore, the LDL-C particensity will decrease allowing for a larger
more buoyant particle that is not implicatecheart disease. These changes will occur in
both groups due to the fact that totaloce expenditure will be kept constant.
Hypothesis 3: The effects of the two exercise pyobls will produce changes in plasma
lecithin cholesterol acyl-transferase (LCAdQtivity with no changes in cholesterol ester
transfer protein (CETP) activit Finally, these changes should occur in both groups,
again due to the equivalecalorie expenditure.
Hypothesis 4: The changes to the lipoproteins, specifically reduced TG and increased
HDL-C, will exists for up to 48-hours posterxise regardless of the patterning of
exercise sessions.
Operational Definitions

The following terms have been identdi® aid in the comprehension of the
following study.
Lipid — Particles that are insoluble in watadanclude free and estited cholesterol,
triglycerides, and free fatty acids.
Lipoprotein — A lipid protein complex that is sponsible for transporting lipids in the
plasma, making them water soluble.
Apolipoprotein — This is the protein portion of a lipoprotein.
Continuous exercise bout- This can be defined as oneinterrupted period of daily
exercise and for this study wilkpend a total of 450 kilocalories.
Intermittent exercise bout— This can be defined as atitwo 225 kilocalorie or three
150 kilocalorie intempted exercise sessions, ovex tourse of one 10 hour day,
separated by a minimum of four hours andmare than five hours, used to expend a
total of 450 kilocalories.
Maximal Oxygen Consumption (VO max) — The maximal amount of oxygen taken up
in one minute during a maximal exercise test.
Lipoprotein Lipase (LPL) — The enzyme that catalyzéhe reaction responsible for
hydrolyzing lipids from lipoprotei. It is found in the endothelial walls of the adipose
and muscle capillaries.
Hepatic Lipase (HL) — A liver enzyme that catalyzése reaction that will convert HDL-
C, into HDL-Gs.
Lecithin Cholesterol acyl-transferase (LCAT)— This enzyme is responsible for
catalyzing the reaction forming cholesterol estard then transfers these esters into the
HDL-C particle core.
Cholesterol Ester Transfer Protein (CETP)— This enzyme is thought to be responsible
for mediating the exchangd TG and cholesterol estebetween HDL-C, VLDL-C,
LDL-C and chylomicron remnants.
Hematocrit — Percentage of bloodahis the red blood cells.




Plasma volume shifts- The relative increase in redbd cell percentage of total blood
volume due to the increase in figid percentagef the blood.
Assumptions
The following assumptions were made in this study:
1. All subjects were equally motivated and performed to the best of their abilities on
all tests.
2. All subjects followed pre-test rules they related to fasting, alcohol
consumption, exercise, and medication.
3. Allindividual observations were independent of each other.
4. Analysis of variance isobust to variables that ane@t normally distributed and
have unequal variances.

Delimitations
The following limitations are gpicable to this study:
1. The results can only be applied to thosd#ividuals who are skentary, defined as

VO, max ” 40 ml-kg-min'*

2. The subjects are limited to tRrida State University and surrounding
Tallahassee area.
3. Subject age was limited to 18-35 years old

Significance of the study

The significance of this study has braagblications in that it will provide
important information on the aetivity of blood lipids and lipoproteins,ral particle size
to an acute bout of continuous and intermittent exercise. Furthermore, the results on the
lipid and lipoprotein transport enzymes sholaddp clarify mechanisms responsible for
mediating cholesterol balance as a resudtroéxercise intervention. This study will
generate scientific knowledgeathcan be used by practitiasgrescribing exercise for
CVD risk reductions among the population.

Another benefit of the proposed studyhat it will provide the necessary
framework to propose long-term studies andluate the chronkffects of a large
volume (450 kcals) of exercise on blood lipidd lipoprotein markersThis acute bout of
exercise was designed to avatle the changes that ocat only with 450 kcals of
energy expenditure but also determine if continuous and intermittent exercise stimuli
produce similar results.



CHAPTER 2

REVIEW OF LITERATURE
Atherogenesis

The process of atherogenesis can Iserlged as the gradual closing of the
arterial lumen due to deposition of lipigs|cification and the ptiferation of smooth
cells. Fatty streaks appeaithin the intima of the artery, at a young age and gradually
worsen with the aging process. These fattgaks are a result of an oxidized LDL-C,
which is produced because of free radical formation due to the lipid peroxidation process.
This oxidized LDL-C particle traversesetlendothelial lining and becomes embedded
producing macrophages and foam cells.

After the LDL-C becomes lodged in the endothelial lining the development of the
fibrous plaque is initiated. Thplaque is formed by the enlarging fatty streaks that push
against the endothelial celtsausing them to rupture, which exposes the smooth muscle
to the blood stream. This exposure causeglplatto aggregate tite injured tissue site
and a paracrine factor known as platelet derived growth factor is released, which will
cause smooth muscle cell proliferation.abidition, excess amounts of fibrous tissue will
develop around the macrophages. Furtheentbie amount of lipid deposited, smooth
muscle cell proliferation and connectitresue formation are the three critical
components determining how narrove tarterial lumen will become.

The final stage of the atherosclerotiogess is the development of the lesion.
This lesion can lead to serious complicatiasghe plague may cause deformation of the
artery and ultimately leading to ruptunedsbleeding. This bleeding may calcify causing
the fibrous plaque to crack and a thrommasy develop. Ultimately, the atherosclerotic
plaque formation will result in a diminishéxdbod flow through the artery and further
reduce oxygen delivery.

Cardiovascular Disease, Lipoproteins and Health

Cardiovascular disease is the leading cause of mortality and morbidity in the
United States, claiming approximat&ge million (440,175 males and 505,661 females)
lives per year and 6.3 million worldwide (US stment of Health and Human Services,
2001). Cardiovascular diseasan be attributed to bothadifiable and non-modifiable
risk factors. The non-modé#ble factors are those thatnnot be changed and include
genetic predisposition tine disease, age, and genddiodifiable risk factors are ones
that can be altered by lifestyle intention, and include obesity, hypertension,
hypercholesterolemia, diabetes, lackpbf/sical activity, psychological stress and
cigarette smoking.

Since the inception of the National Heart Institute and the American Heart
Association in 1948 there hatbeen several large cohort studies, which have examined
the effects of the modifiable risk factas CVD. The Framingham, Oslo, and Bogalusa
Heart Studies as well as the Multiple Riskckor Intervention Trials (MRFIT) were all
designed to examine the etiology of CvVidaurthermore how to reduce its prevalence
(Holme et al., 1982; Kannel et al., 1964; MIR Research Group, 1986; Srinivasan et al.,
1982). The Framingham Heart Study was amondjisieto reveal thathe incidence of
atherosclerosis is proportional to higher ptascholesterol levels, and in fact, was among
the strongest predictors of mortality (Kaneehl., 1964). The MRFIT studies showed an
independent contribution to increased rabiy for cholesterol and a substantial



escalation in risk when elevated cholestevas combined with other risk factors
(MRFIT Research Group). These resulis @smmon to other emdhiological studies
with diverse populations (Lipid Research Clinics, Oslo Badalusa Heart Studies).

Eventually, investigations broadenedriolude the examination of the various
classes of lipoproteins andeih contribution to CVD (Kostner, 1983). Results of the
Framingham heart studies reveal thatittoedence of atherosclerosis and CVD is
proportional to higher plasma cholesterol leyeaisre specifically the level of LDL-C in
plasma (Kannel, et al., 1971). Generalbeaking incidece of heart disease rises
dramatically when totatholesterol levels approach 280 mg/dL and LDL-C
concentrations are above 200 mg/dL (Karetall., 1971). When concentrations reach
these levels the thickening of the arteridinma accelerates resulting in a blockage that
can inhibit coronary blood flow. The development of these lesions can be directly
attributed to the accumulation of LDL-¢Dolesterol on the artery wall. This
accumulation is due to LDL receptor satuwatand suppression. Beally, the receptors
become saturated and the rate of LDL-Caeat is significantly reduced because without
receptors to remove the LDL-C they musheen in circulation or rely on alternate
pathways of degradation that operata idiminished capacity (Brown et al., 1986;
Kovanen et al., 1981).

The increase in LDL-C in circulation increases the propensity for the particle to
become oxidized and further display a ¢gtic effect on the artery primarily by
releasing paracrine factors tlatract platelets to the site ddmage. The aggregation of
the platelets results in the characteri&tzm cell that will eventually become the
atherosclerotic plaque. Brovet al., (1986) also found an association between very low
density lipoprotein (VLDL-C) and CVD mori#}, but that it washot as strong as the
relationship with LDL-C.

Kostner (1983) reported that HDL-C denstrated an inverse relationship with
CVD. This information provided additional evidence and helped to solidify the
connection between HDL-C and CVD that veaginally proposed by the Framingham,
Tromoso and Honolulu Heart Studies of i18¥0’s (Castelli, 1977; Kannel et al., 1979;
Miller et al., 1977). The cardioprotective nagwf HDL-C is due to its association with
the process known as reverse chielles transport, which will bdiscussed in detail later.
The general idea is that the HELL particles are responsilfiar taking cholesterol esters
to the liver for catabolism and excretion via thile. This process rids the body of excess
cholesterol that could potentially be reincoigted into the LDL-C; remain in circulation
and cause atherosclerosis. This inhibitiodelay of the atherosclerotic process as well
as the enhancement of HDL-C in circulatiwas been a focus of a plethora of research
aimed at “figuring out” how talter the lipid profile to benore cardioprotective and
hence reduce the occurrence of CVD. These ideas have focused on exercise, diet alone
or a combination of the two interventions.

The Lipid Profile

Lipid and lipoprotein metabolism is aroplex process that involves several
enzymes, co-factors and transportation paylswva hey are designed to allow for the
exchange of cholesterahd TG between particles fanaintenance of cholesterol
homeostasis as well as normal functioning@feral cholesterol dependent activities,
such as hormone formation and function. Ehearticles are named for their density and
their respective composition of varying anmts of cholesterol, TG, phospholipid and



apolipoprotein (apo). These lipoproteine arnecessary part of a complex transport
system designed to move exogenous and emdogdipids between the liver, peripheral
tissues and intestine. The four major typebpoproteins are: chylomicrons, VLDL-C or
pre- -lipoprotein, LDL-C or -lipoprotein, and HDL-C or.-lipoprotein.

Normal lipid metabolism at rest requirse fatty acids (FFA) to generate
adenosine triphosphate (ATP) to support basaitioning. The primary source for these
FFA is TG stores within the adipose tissuml the muscle. These FFA are liberated by
LPL, which produces three FFA and glycerdhe glycerol is transported thru the blood
to the liver and metabolized whereas thaecpss for obtaining energy from the FFA is
more complicated. The FFA must be sparted into the mitochondria, which is a
complex process that involves specialig@shsporter enzymes knovas carnitine-acyl
transferase | and Il (CAT-lI and CAT-Il). Thesnzymes are used to bring the FFA from
the outer membrane to the inner membranera/they are then subjected to oxidative
phosphorylation to produce ATP.

The normal process of lipid metabolisndisrupted during exercise, specifically
it is accelerated in order fovide enough ATP to sustain physical activity of low to
moderate intensity (25-75% \i@ax) and increased duration (>30 minutes of activity).
The acceleration is aided by the ede of catecholamines stimulatingdrenergic
receptors, specifically,-receptors. These receptors &rpically found on adipocytes
and in the muscle, both caming increased amount of T@&hich is convenient for
energy liberation and productiomuring low intensity (25-55% Vé@nax) exercise the
main source of FFA comes from the adipocyed thus as intensity of exercise increases
(60-80% VQOmax) intramuscular TG (IMTG) becomes the primary source of FFA
(Romijn et al., 1993).

Chylomicrons are the largest lipoproteimdahe least dense;a are responsible
for transporting the fat, as TG, derived frontestinal absorption to the peripheral tissues
for storage. The chylomicron is associatéth the apolipoprotein B-48, which will
govern its metabolism. As chylomicroresnain in circulation and are acted upon by
LPL, present in the peripheral tissue, via gagrotein C-Il. This causes the release of
the FFA and a hydrolization of the TG maki&ghylomicron remnant. The chylomicron
remnants are scavenged by the HDL-C, whedognize the apolipoprotiens C and E that
are associated with the particle.

A slightly denser particle known as VLDLA€ also involved in moving TG to the
peripheral tissue, but more importanthheavily involved withLPL in circulation.

These reactions are aimed at producing LDL-C (associated with apolipoprotein B-100)
via continuous TG hydrolysis, which now ietprimary way cholesterol is transported to
the peripheral tissues. This has already bestudsed because this is the initiation of the
atherosclerotic process.

Finally, the smallest and most dense ipltknown as HDL-C (associated with
apolipoprotein A-I and A-Il) haia cardioprotective role inglmaintenance of cholesterol
balance. Studies have supported a ral¢tdL-C particles irreverse cholesterol
transport, an important modulating maaism to transport cholesterol from the
peripheral tissue back to the liver for tkdawn (Durstine et al., 2000, Grandjean et al.,
1998).

These individual particles can further digided within each class based on
density. For example, there are four distindt -C species that ést in circulation.



They typically have different diameteshich will govern how dense they are as
measured by units of nanomoles of particlelper. They are classified as IDL-C or
LDL-C4(23-27 nm), LDL-G (21.3-23 nm), LDL-G (19.8-21.2 nm) LDL-¢(18.3-
19.7nm). LDL-G.4 can be generalized by the nomehala of Pattern A particles (>20.5
nm) or Pattern B particles (<20.5 nm). Simyghe HDL-C particlesan also be divided
into HDL-C, and HDL-G also by density as units ofg/dL cholesterol. The HDL-Qs
the larger particle ranging fro8 to 13 nm whereas the HDLs@articles are smaller
ranging from 7.3 to 8.7 nm. Both HDL-C patrticles seem to play important roles in CVD.
Research has found that the smaller, ndemesely packed LDL-C particles are more
likely to cross the endothelibhrrier and become lodged irethrterial wall (Ranallo et
al., 1998). An important side teis that although having laagLDL-C particle size is
more favorable than smaller LDL-C partisJénigh concentrations of LDL-C regardless
of size is unfavorable to élipid/lipoprotein profile. Ahigh concentration of HDL-£
particles may have a protective effect on CWbBereas a larger cuating concentration
of HDL-C3 may suggest an inefficiency of cholesterol collection and catabolism.
Reverse Cholesterol Transport

Reverse cholesterol transport is a pesctat involves sevdrsteps intended to
move plasma cholesterol from the peripheraiigs back to the liver for catabolism. The
process of reverse cholesterol transpomésliated by HDL-C acting in association with
lecithin cholesterol acyl trafierase (LCAT) through apo A-Research has supported a
role for both HDL-C particles playing a rale cholesterol removal, but the pre-beta
HDL-C particle (HDL-G) has a special ability to remove cholesterol more efficiently.
To complete the picture other key enzymestribute to cholestel flux during reverse
transport, these include HL, CETP, and LPL.

The activity of each of these enzymesx$remely important in maintenance of
internal cholesterol balance. Lipopeot lipase is utiied to breakdown the
chylomicrons and VLDL-C particles, withe intent of removing TG to produce an
HDL-C particle. This reaction will esterifyde cholesterol and shift it to the core of the
HDL-C3 particle. With the continual influx of cholesterol ester the HRLp&rticle now
becomes a less dense HDL{@article. This influx i-due to CETP, which takes
cholesterol ester from the HDL-C partigjeres it to the chylomicron and VLDL-C in
exchange for TG, which are being given to the HQL-Once the HDL-gparticle
reaches a sufficient size it will accumulate npiéticopies of apo E. This apo E is then
recognized by the scavger receptor B-1 on the liver amih HL the HDL-C patrticle is
degraded and the cholesterol is calizkd and excreted in the bile.

Cross-Sectional Data on Lipid Profies (Total cholesterol and LDL-C)

Limited evidence exists supporting exerdisguced changes in total cholesterol
(TC) and LDL-C, in addition there is littevidence for differences in trained versus
sedentary individuals (Hartung et al., 19B0kkinos et al., 1995Kokkinos et al., 1995;
Lakka et al., 1992; Matrtin et al., 1977; Woetdal., 1977). These pgaular studies have
demonstrated that exercise may perhape lam affect on the lipid profile but upon
further analysis these observational stutti@ge failed to control for several key
extraneous variables. These includediilike differences in body weight, body fat,
calorie intake and lifegle habits such as alcohol camsption and smoking. All of these
factors are known to affectaHipid profile and when they are included in statistical
models, there is no difference between aciive sedentary individis(Lakka et al.,



1992; Leclerc et al., 1985; Williams et al., 199& pidemiological data also fail to
consistently find evidence to support the notioat exercise alters TC and LDL-C levels
(Gordon et al., 1983; Gordon et al., 1984).

High Density Lipoproteins and Triglycerides

Present literature suggests that the HDL-C particles and plasma TG
concentrations can be altered with exereisé can be a target for intervention when an
individual’'s goal is to lowecholesterol and reduce thekiof CVD (Durstine et al.,

1994; Durstine et al., 2000). These studies furthermore support a role for lower TG and
higher HDL-C levels in trairindividuals compared to ¢ir sedentary counterparts.
Significant TG differences beeen groups have been demoai&td in several studies and
these differences range from 18 to 77/ahg(Kokkinos et al., 1995; Wood et al., 1977;
Martin et al., 1977; Hartung et al., 198@kka et al., 1992 okkinos et al., 1995;

Williams et al., 1998; Lehtonen et al., 19FH&gan et al., 1983; Williams et al., 1986;
Thompson et al., 1991; Blessing et al., 199&da et al., 1991; Reaven et al., 1990;
Williams et al., 1997). In addition, HDL-Cuels are significantly higher in trained
individuals, 4 to 24 mg/dLcompared to sedentary indilials (Wood et al., 1977; Martin

et al., 1977; Hartung et al., 198bnger et al., 1998; Lehtonet al., 1978; Lehtonen et

al., 1978; Aedner et al., 1980; Rotkis et #882; Hagan et al., 1983; Thompson et al.,
1983; Herbert et al., 1984; Stevenson et al./1@8ada et al., 1991; Reaven et al., 1990;
Williams, 1993, 1996, 1997). These changes ang imgportant due to the fact that
increases in HDL-C will facilitee an increase in reverse cholesterol transport to rid the
body of excess cholesterol. Furthermoexrdasing TG in circulation will reduce the
incidence of incorporation into other lipopratgias well as being stored as adipose tissue
increasing body fat percentage and body weight.

Cross-sectional data have also providédrmation regarding an approximate
threshold of exercise to induce theserges in HDL-C and TG. Research has shown
that those previously sedany individuals exposed to axercise intervention will
experience increases ranging from 3.5 to 6 mg/dL in HDL-C by having an energy
expenditure equivalent to 1500 to 2200 kcal/week (Williams, 1996, 1997, 1998;
Kokkinos et al., 1999). In addin there appear to be resulhat support that there are
additional increases in HDL-C, 1.5 tax®/dL, with every increase in energy
expenditure. This energy expenditure reeedbe equivalent to 1100 kcal/week or
approximately 10 miles in volume, in addition to the 1500 to 2200 kcal already
suggested, to attain these values. Currendgetis no literature tepecify whether or not
changes occur beyond a certain threshokhefrgy expenditure, which is another area
that needs to researched. Similarly TG concentrations will decrease, by 7 to 20 mg/dL,
with expenditures of 1500 to 2000 kcad@k and again with an additional 1100
kcal/week TG can be further decreased by 3 to 8 mg/dL (Williams, 1996, 1997, 1998,
Kokkinos et al., 1999).

Despite these positive changes that oedgthr the lipid profle, one must be
cautious about the findings from cross-sectional data. This is primarily due to the fact
that this type of researchabservational and may tend to over exaggerate the results and
relationships between the lipids and lipopnasei To fully appreciate the changes that
might occur to the lipid profile with exes® it is important t@also consider the
longitudinal data, which will specifically exane the results of the lipid profile after a
specific intervention.



Longitudinal Studies (Total choleserol and Low density lipoproteins)

The longitudinal study literature provides support for the cross-sectional data in
that there seems to be no changes i@ LDL-C despite vanus types of training
interventions. There are some studies thatsat best a modeshange in TC and LDL-

C ranging from 4 to 7% in both men andmen (Kiens et al., 1980; Raz et al., 1988;
Binder et al., 1996; Boyden ak, 1993; Ready etl., 1995). Furthermore, the changes
that are reported are typically in subjestso were previouslgedentary and who are
trained to expend 1200 or more kcal/weekdRruse et al., 1973 onjee et al., 1995;
Nye et al., 1981; Despres et al., 1991; Kiens et al., 1980; Ready et al., 1995; Shepard et
al., 1979; Baker et al., 198bgespres et al., 1988, 1990; Peltoret al., 1981). Finally,
there seems to be no association betvbagly weight or fat changes, and exercise
intensity with the changes seen in TAL@L_-C (Hill et al., 1989; Lopez et al., 1974;
Nye et al., 1981; Kiens et al., 1980; Woodkt 1988; Baker et al., 1986; Peltonen et al.,
1981; Rotkis et al., 1984; Moll et al., 1979;9Batt-Frey et al., 1996; Franklin et al.,
1979; Houmard et al., 1994; Lewis et al., 1978¢n et al., 1979; Milesis et al., 1976;
Whitehurst et al., 1991; Schwaset al., 1987; Van der Eemas al., 1985; Wirth et al.,
1985; Wood et al., 1983). Furthermore, dag¢a support that changes in TC and LDL-C
with an exercise interventicare usually due to diet intezmtions that are also placed on
the subjects.

High density Lipoproteins and Triglycerides

In contrast to the reta found with TC and LDLE, the majority of the
longitudinal research does support a rolesiarcise in increasing HDL-C and lowering
plasma TG. Only a few studies do not supploese findings (Leoat al., 1979; Gaesser
et al., 1984; Barr et al., 1991T.he reason for the differencerisults can be due to the
fact that there are differences in trainingineens, baseline subjectaracteristics and
changes in body weight and that are not always takentinconsideration Despite
some disparities the changes in HDL-C dlare typically seen with both genders,
however it is important to note that chasge TG are more commonly reported in men
than women (Gaesser et,dl984; Barr et al., 1991).

There are certain factors that are gdimdpe important when analyzing HDL-C
and TG data; this includasitial HDL-C status, body fatlistribution and body weight.
Research has suggested that those indilsduigh normal or high HDL-C levels (>38
mg/dL) show more favorable changes in HBlthan those with levels lower than 37
mg/dL (Houmard et al., 1994; Williams et,&994; Zmuda et al., 1998; Nicklas et al.,
1997), although this may not always be thgeca suggested by a meta-analysis (Tran et
al., 1983). Therefore, it seems prudent to st an individual's HDL-C level prior to
testing in order to establish a baseline value.

The notion that baseline values (FIDL-C) must be condered prior to
intervention is not true for TG, the literatutees not support that §&line TG levels will
influence how they will respond to exercide.addition, there are several studies that
support that changes in HDL-C and &@ong men can only occur when body weight
and body fat are reduced (Raz et al., 1988; Waial., 1988; Baker et al., 1986; Despres
1988, 1990; Houmard et al., 1994; Leon et79; Schwartz, 1987; Wood et al., 1983,
Schwartz et al., 1992; Huttunenal., 1989; Wynne et al., 1980). However other studies
have shown that changes in HDL-C and TG can occur independent of body weight
reduction (Tomiysau et al., 1996; Kiens et 4080; Stein et 311990; Zmuda et al.,
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1998; Aellen et al., 1993; Dressendorfer, 198@uchi et al., 1984; Riack et al., 1969;
Sutherland et al., 1983; Thompson et al., 1988, 198intraub et al., 1989). Again, this
is similar for women. Most of the studisgpport a role for increasing HDL-C with
exercise despite body weight changes (Goodgeal., 1986; Rotkis et al., 1984; Van der
Eems et al., 1985; Blumenthaladt, 1988, 1991; Duncan et al., 1991).

It seems that regular exercise can increase HDL-C by 2 to 8 mg/dL and reduce
TG by 5 to 38 mg/dL in both men and womedResearch supportlat the training
threshold seems to be a minimum of 1200 keoatk energy expenditure to elicit these
changes. Several studies have found thatggnexpenditures lessah 1000 kcal/week is
not enough to alter HDL-C in both mendglen et al., 1993; Brawwell et al., 1982;
Bassett-Frey et al., 1996; Iidin et al., 1979; Manning etl., 1991; Suter et al., 1992;
Szmedra et al., 1998; Williforelt al., 1988; Woods et all986) and women (Binder et
al., 1996; Whitehurst et al., 1991; Van #sms et al., 1985; Hardman et al., 1989;
Blumenthal et al., 1991). Triglycerides aleered with a similacaloric expenditure
threshold as HDL-C. Research has shovat éhweekly energy expenditure of greater
than or equal to 1200 kcal will produce nas in TG regardless of baseline levels
(Tomiysau et al., 1996; Baker et al., 1996spres et al., 1988; Schwartz et al., 1992;
Dressendorfer et al., 1982; Thompson etl&®88; Thompson et al., 1997; Weintraub et
al., 1989; Despres et al., 1990). Additionally, TG concentrations have been also shown to
decrease with expenditures of only 1000-1204l/keek (Lopez et al1974; Kiens et al.,
1980; Raz et al., 1988; Wood et al., 1988ukhard et al., 1994; Huttunen et al., 1979;
Wynne et al., 1980; Pollack et al., 1969; Lammet al., 1985) but this not consistent
and therefore, it is recommentithat there be a minimum af least 1200 kcal/week to
produce favorable changes.

Research using Total Caloric Expenditure as an Intervention

The recent direction of thedirature has been to have a consistent independent
variable to manipulate. Thadependent variable that most studies have used is calorie
expenditure. Several studies have utilitdd methodology and have observed beneficial
changes in lipid and lipoptein profiles (Aellen eal., 1993; Crouse et al., 1995, 1997,
1997a; Davis et al., 1992; Grandjean etl#98; Kim et al., 2001; Leon et al., 2002;
Marrugat et al., 1996; Pronk et al., 199%polf-May et al., 1999; Williams, 1998).

These projects have all focused on extemalgpulations including men, women, trained,
untrained, normocholesterolemic, hypercholesterolemic as well as examining menstrual
status. Most of the studiegercised their population atrnaus intensities ranging from
~50% to 85% V@max. The goal of each of these studies was to keep calorie
expenditure equivalent regardless of ithtensity used within a certain study.

The earliest of these studies by Davigale{1992) examined trained runners
(mean VQmax 62+4 ml/kg/miit) who were exercised foitker 60 minutes at 75% of
VO,max or 90 minutes at 50% \(@ax so that approximately 950 kcal were being
expended. Their results wesemewhat disappointing since no differences were seen in
any of their blood lipid paranters including HDL-C and HDL-&£ The authors
speculated that the lack of significance cdudete been due to plasma volume changes,
duration or intensity of the exa@se. Furthermore, they suggied that these subjects had
very high values to begin the study and peshiyeir stimulus wasot enough to produce
significant changes in their measured values.
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Subsequent studiesmducted by Crouse et al., (1995, 1997, 1997a) examined
two groups of approximately ninete middle-aged (47 yrs), unfit (\@ax 31.1+1
mL/kg/min®) hypercholesterolemic (TC = 258 mg/dhlen who exercised at either 50 or
80% VOmax at expended 350 kcal per sessibhe purpose of these experiments was
to quantify changes in lipid and lipoproteirofites, differentiate between acute and long-
term effects and analyze djpoprotein concentrations. The findings of these studies
suggest that expending 350 keals sufficient to reduce T@vels 24 and 48 hours post
exercise compared to baseline (Bage= 195+17, 24 hrs= 159+15%, 48 hrs= 164+18*
mg/dL; *p<0.05, significantly different from aline). In addition increases in HDL-C
(Baseline= 44+2, 24 hrs.= 48+3*, 48 hrd$+2* mg/dL; *p<0.05, significantly different
from baseline) and HDL-{Baseline= 6.2+.9, 24 hrs.= 6.4£1.1*, 48 hrs.= 7.2+1.1*
mg/dL; *p<0.05, significantly different from ksaline) were seen and this will tend to
cause an increase the HDL-C to TC ratiopélivhich are known toeduce the risk of
CVD.

Chronic and acute apolipoprotein resporsssm to vary and are dependent upon
the changes seen in the lipoproteins theyassociated witfior example if HDL-C
increases there is typically an increasepalipoprotein A-1. Iraddition, it has been
shown that 24 weeks of training is sufficient to reduce TC by -5.5% in
hypercholesterolemic men whereas normocholesterolemic men do not react the same way
(Davis et al., 1992; Gordon et al., 1994his may be due to the fact that
hypercholesterolemic individuals tend todeerweight and have bad eating habits and
therefore regular exerciseay promote weight loss and better eating, both factors
contributing to lowering TC. Another imponifinding within this group of data were
that there seemed to be tsgant changes seen with theiscbouts of exercise which led
the experimenters to suggest that expendingkB&Devery other day is adequate due to
the elevated HDL-C levels 48 hauafter one exercise session.

Kokkinos et al., (1995) furthermore sugted that there is a dose response
relationship between miles run per week &2l -C levels. They found that there was a
0.008 mmolL" increase in HDL-C with each mitein per week, an average of 1670
kcal/week, above sedentary individuals/éés. This was supported by the US National
Runners’ Health Study (1997) that found ttihet most important derminant of HDL-C
change was with the number of miles runyweek. More recent research including the
HERITAGE study (Leon et al., 2002) examin@tb sedentary, healthy, white and black
men and women aged 17 to 65 years dlde subjects were followed for 20 weeks and
asked to perform supervised cycle ergomatrthe same relative intensity, starting at
55% VOymax and progressing to 75% Y@ax a weekly volume of approximately 328
kcal/session or about 984 lkveeek. Results of thiswstly showed that there were
significant increases in HDL-(1.4 mg/dL or +3.6%), HDL-gand decreases in HDL;C
(p<0.001). The research (Kokkinosagt 1995; Crouse et al., 1995, 1997, 1997a; Leon
2002) suggests that the minimum amount obas an individual must expend in one
exercise session is approximately 350 kcal.

Acute Exercise, Lipoproteinsand Transport Enzymes

The literature examining acute exercssssions has flourished due to the
curiosity surrounding the questi asking “how much exes® is necessary?” The
primary rationale behind studying a single exercise session is so that exercise
prescriptions may be tailored an individual’s goals for &ring the lipid and lipoprotein
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profile. Results of acute studies on lipidd lipoprotein changes and how long these
changes persist can allow clinicians to reatend exercise programs that can best fit
their client’'s scheduleThe acute lipid/lipoprotein response can be summarized by
stating that TG decreases by an averddel-50% and HDL-C increases on average by
4-18%. No other lipid/lipotein variables change witttute exercise, with the

exception that TC may change, but only if @xercise is of a prolonged period of time (3
hours or greater). Furthermore, the transport enzyme literature suggests that there are
changes in LPLa, but that this can take ug tours post-exercige fully activate, and
LCATa increases.

Early studies (Durstine et al., 1983; Lennon et al., 1983; Kantor, 1984, 1987) all
show that acute exercise sessions increidie-C. Durstine et al (1983) examined ten
physically active male subjects (¥i®ax 60.39+6.53 mL/kg/mif) during low intensity
exercise (45% V@max) until exhaustion on plasma lipidFurthermore, the researchers
described the time segments with their charigeghe profile. Results showed that
subjects exercised on average 268+11 minutes and that HDL-C ettkei#isin 2 hours
of the exercise bout compared to basel#7.4+1.8 to 50.1+1.7 mg/dL. HDL-C values
continued to increase aseggise continued into théand 4" hour as well as post
exercise (51.6+2.1, 52.5+2.3, 52.7+2.4 mg/dalues from 2 hours up until recovery
were all significantly differenthan pre-exercise levels (p<0)05This increase in HDL-C
in turn increased the HDL-C/LDL-C ratproducing a more favorable lipid profile.
These were significant findings and thereus suggested that one low intensity
prolonged exercise session can increase HDL-C.

A study by Lennon (1983) supports Durstsmé&hdings (1983). Lennon used 28
subjects (14 male, 14 female) who wergssified as well &ined (M-52.6+3.81; F-
47.9+6.92 ml/kg/mif) or moderately traine(M-42.6+4.67; F-38.1+2.2 mL/kg/mim.
These subjects exercised for forty minutes at 55% M&x on the cycle ergometer. The
researchers found that within 10 minuteshaf start of the exercise session and
regardless of gender or training statdBL-C increased compared to baseline
(53.1+13.4 vs. 58.8+13.9 mg/dL). These changesigted over the course of the forty
minute exercise bout, but declined by the 15-minute post-exeegdeng. Lennon et al.
commented that these are positive changéseimprofile, but they are transient as they
had diminished within 24 hours. The diminished values may be due to a low caloric
expenditure compared to the study by Durstine (1983).

Kantor et al (1984), simitao Durstine (1983), used trained runners and examined
the effects of one prolonged exercise sessin LPLa, HDL-C and their relationship.
Subjects performed at 42-kilometer foot racel had cholesterol levels measured the day
before and after the race. Results of #higly showed a decrease in TC and LDL-C
immediately post exercise, but similar to Lennstated that these weetransient changes
as they normalized by the 48 hour blood drdwrther, they found that there was a
decrease in TG that persisted for 48 hounselbas an increase in HDL-C, reflected in
HDL-C,, at 48 hours post exercisi addition, LPLa was incread after exercise, which
can explain the increase in HDL-@nd the decrease in T&antor later reported (1987)
increases in HDL-C and decreases inim@ained men that again were present
immediately post exercise andrpisted 48 hours after exercise.

Acute exercise studiesgésted through the 1990’s, biginded to focus now on
untrained individuals. Previously massearch was completed on highly trained
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subjects, but with the prevalence of C¢iddies were needed to examine how to
decrease an individualissk via exercise. Past al (1992) compared 22,
normolipidemic, healthy, trained and uritied men (61.3+1.2 vs. 53.9+2.3 mL/kg/Min
and women (54.9+2.4 vs. 37.3+1.8 mL/kg/Miwho were asked to walk at 30% YO
max on a treadmill for two hours. Results showet there was a significant increase in
HDL-C in both trained and untrained sebijs regardless of gender (T- .88£.06 vs.
1.10+.08 mg/dL and UT- .73£.09 vs. .76£.08 mg/dL). It is important to note that the
untrained individuals showeah interesting pattern overetl2-hour exercise bout. The
first hour of exercise was marked by a mdramatic increase compared to the 2-hour
reading (.92+.13 vs. .76+.08 mg/dL). Pay €118PB2) suggest that this may be due to the
training adaptations that occur within indiuals to enhance chotesol metabolism, but
points out that one session adter HDL-C profile. The prdem with this study is that
they did not quantify energy expenditure sereise prescriptions were limited to very
low intensity exercise for long durations.

A later study by Crouse et @l995) set out to characiee the short-term changes
in blood lipid concentrations in hypercholesiemic men and to compare the effects of
intensity on post-exercise lipid respossé his study ulized two groups of
approximately nineteen middle-aged (47 yrs.), unfit {v@x 31.1+1 mL/kg/min)
hypercholesterolemic (TC = 258 mg/dL) meho exercised at #ier 50 or 80% V@nax
and expended 350 kcal per session. Resutti®study showed that both TC and LDL-
C decreased significantly immediately pesercise, but normalized within 48 hours,
similar to Kantor et al (1984). In additioRG was significantly decreased at 24 and 48
hours post exercise (Baseline= 195+17h&% 159+15, 48 hrs= 164+18 mg/dL), in
addition HDL-C (Baseline= 44+2, 24 hrg8+3, 48 hrs= 49+2 mg/dL) and HDL;C
(Baseline= 6.2+.9, 24 hrs= 6.4+1.1, 48 hrs= 7.2#1g/dL) were sigificantly increased
by 24 hours post exercise and persistedugyn the 48 hour reading. This occurred
regardless of intensity and the authors suggekted re-digibution of dolesterol was
likely to have occurred and that there wpeghaps roles for CETP, LCAT, LPL or HL,
but since they did not test for these namgksuggested thatttue research might
elucidate a mechanism.

A recent study by Grandjean et al (206K the next step and analyzed the lipid
transport enzymes. Their study set muéxamine the responses of blood
lipid/lipoproteins as well as LPLa, CETR4]GLa, and LCATa to a single session of
aerobic exercise. Subjects were physically inactive hypercholesterolemic@xO
31.3+1 mL/kg/mift) and normocholesterolemic (\d@ax 35.4+1.6 mL/kg/mif) men
(TC- 252+5 vs. 17915 mg/dL). They meeasked to exercise at 70% Y@eak to expend
500 kcal on a treadmill. This study concluded that prior cholesterol status did not govern
the magnitude of change either immeelgapost exercise (IPE), 24 or 48 hours post
exercise. For example TG levels in normocholesterolemic men were reported as
baseline, IPE, 24 and 48 hours 132+17 and 131+18, 115+14 and 117+13 mg/dL,
respectively compared to/percholesterolemic menladseline 155+13 and then 14848,
140+12, and 136+11 mg/dL, respectively. Egabup showed decreases that persisted
48 hours post exercise. Similar changes weperted for HDL-C, which showed an
increase IPE, 24 and 48 hours post exercise compared to baseline. A threshold for
exercise should be based on the individualerance level or aerobic capacity.
Additionally, the authors postulated that an @ase in CETPa was directly related to an
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increase in TC and LDL-C andversely related to HDL-C and HDL,C Furthermore,
similar to Crouse (1997) and Kantor (198hgy found that TC and LDL-C decreased
immediately post exercise and then normal&tiin 24 hours. Again, similar to other
studies TG decreased and HQLincreased and these chyas persisted for 48 hours post
exercise. Enzyme results showed thatdlveas no change in LCATa, and that HTGLa
or CETPa did not change contributing toab# HDL-C particle.LPLa did increase and
this was thought to be responsible for itherease in HDL-C and decrease in TG, the
authors suggest that perlsdpPL can regulate the convins of the two particles.

In summary, the response of the lifigbprotein profileand lipid transport
enzymes after an acute baiditexercise support a more [toge profile, in that HDL-C
increases and TG decreases. Furthermesearch supports that acute exercise can
change the activity of critical lipid mddalism enzymes to facilitate these positive
changes.

Lipids/Lipoproteins and Intermittent Exercise Bouts

Previously, the major focus on lipid eesch had been the effects of acute bouts
of exercise on lipid changes and how longsh changes persist. Furthermore, another
focus had been to establish the amount (&Eahergy expenditure) of exercise necessary
to elicit positive changes itle lipid/lipoprotein profile.The early debate between
volume of exercise and intensity of exeraiges settled by numerous studies that stated
while the intensity of exercise is importdat type of substrate utilized (Romjin, 1993)
the total volume (kcal) of exercise was meficient in producing consistent positive
changes in the lipid/lipoprotein profil&Crouse et al (1995) sougtat characterize the
short-term changes in blood lipids in hygestesterolemic men. Hy found that energy
expenditure of approximately 350 kcals sad significant immediate post exercise
decreases in TC and LDL-C, which wer@malized within 24 hours (Crouse et al.,
1995). More importantly they reported a sigant decrease in TG at 24 and 48 hours as
well as increased HDL-C by 24 hours that peesighru 48 hoursSubsequent research
(Crouse et al., 1997; Grandjeanal., 2000; Kraus et a002) validated these changes
and changed the way exercise was piiesdrfor various populations including
hypercholesterolemic men, normocholesterolemic men and women and premenopausal
women. These changes however were alsalref one continuous bout of exercise.

To date there have only been six puldid studies examining the effects of
intermittent exercise on blood lipids (Ebisuakt 1985; Snyder et al., 1997; Woolf-May
et al., 1998; Woolf-May et al1999; Altena et al., 2006; Met#t et al., 2006 Table 1).

Table 1. Summary of Intermittent Exercise Studies and Lipoproteins

Reference Subjects Exercisgervention TC TG HDL-C LDL-C

Ebisu, 1985 53 Males  Group A- One session/day NSD NSD All Groups increased | NSD
Group B- Two sessions/day HDL, but only Group C
Group C- Three sessions/day increased significantly
10 weeks TM Running (80% HR max) from baseline
for 3-6 miles/day
Group D- Sedentary control

Snyder et al., 13 Walking at 50-65% HRR for 10 min, | NSD NSD NSD NSD

1997 Females | 3x/day for 32 weeks
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Table 1. Continued

Woolf-May et 49 Group A- long walkers (20-40 min NSD NSD NSD NSD
al., 1998 Males/ | sessions/day)

Females | Group B- Repetitive short walkers (10-

15 mins/session, no more than 3

sessions per day)

18 weeks, 70-75% V4nax start at 60

mins work up to 200 mins

Group C- sedentary control

Group A- Long walkers (20-40 NSD NSD NSD Long walkers and intermediate
Woolf-May et 56 min/sessions) walkers
al., 1999 Females | Group B- Intermediate Walkers (10-15 significant decrease from
min/sessions) baseline.
Group C- Short Walkers (5-10
min/sessions) Control group significantly
18 weeks walking 70-75% V£ nax increase
start at 60 mins work up to 200 mins from baseline.

Group D- sedentary control

Only two of the six studies included kcal gtification as parbf their methodology, and

this appears to be a central focus when exagichanges in the lipid/lipoprotein profile.
In addition, all but one of #se studies was long-term, gfeortest study being 10 weeks
in length and two studies used middleed@verweight or obese individuals.

Ebisu et al. (1985) examined 53 untedrcollege-aged males (21 yrs) and
exercised them for 10 weeks at 80% maximwarhrate for 3 days per week starting at 3
miles and progressing to 6 miles. Their sutgeeere divided into four groups, the first
group running once per day, the second grouping twice per da the third group
running three times per day and a fourttiesgary control group. The number of miles
run was consistent between each of the@siag groups, but, there was no comment on
kcal expenditure, fasting time between sassiand all sessions were conducted outside
of the lab and based on exercise logs cotaglby each participant. Furthermore, this
intensity would seem to be impracticaf tbe general sedentary population, as one may
not be able to sustain this intensity feore than several minutes, but Ebisu et al.
reported pre-V@max values ranging from 53.8+1.5 to 58.2+1.5 ml/kg/mauggesting
their subjects could be considerechaghly fit according taaerobic capacity.

Results of this study showdlgiat all exercise groups,gardless of the number of
sessions per day, showed sfgraint increases in both \VM@nax (from 55.90 to 60.23
mL/kg/min*) and running time (from 11 mins/1.5lento 9:30 mins/1.5mile) during the
1.5 mile run trial. In addition, there wassignificant increase in HDL-C (46.67 vs. 51.17
mg/dL) only in the group who exercised ®bouts per day. The other groups did not
show significant improvements, Gnp 1, 46.0 vs. 47.5 mg/dL; Group 2, 45.56 vs. 47.72
mg/dL and control group 50.28 vs. 52.0 mg/dilhe authors concluded that perhaps
three exercise sessions are more effectiaa tinme or two for changing HDL-C levels and
failed to comment on why they thoughethon-exercising control group showed
fluctuations in HDL-C values. These resuttowever, provide an incentive to further
investigate one continuous session versus multiple exercise bouts in one day.
Furthermore, these results were repodeer a 10-week study, the benefit of the
proposed study would be that it would allowgearchers to quantify the acute effects of
these types of exercises and use tf@nfuture chronic studies.
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Later studies by Snyder et al. (19@nd Woolf-May et al. (1998) found no
significant differences in any blood lipghrameters following 32 and 18 weeks of
exercise, respectively. The study by Snyded.@mplemented an intermittent exercise
program requiring their subjedis exercise for 10 minutgeer session, 3 sessions per day
for 32 weeks. The exercise protocol waskwslking (50-65% heart rate reserve, HRR)
and with this they estimated energy expamd via the ACSM equation. In addition,
they used 24-hour diet recalls to monikoergy intake, which research has shown that
obese subjects, when asked to perform ad@4-recall, underestimate kcal consumption
(Johnson et al., 1994). This in concert vk subjects only expending 610 kcal/week,
equaling roughly 122 kcal/day, and may not hbeen enough of a stimulus to elicit the
necessary changes needed as suggested by Crouse, Grandjean, Krauss, and Gordon. The
study by Woolf-May et al.1998) expended approximate387 kcal/week (long walk
group) and 756 kcal/week (short walk group), this is still only equivalent to 177 kcal and
151 kcal/day, respectively, again not sufficient to cause changes to the lipid/lipoprotein
profile as previously suggested. These resulyg be due to thett that neither study
controlled for energy intake andld their subjects to maintain their normal diet for the
duration of the study.

Woolf-May et al. (1999) examined th#fexts of single and accumulated short
bouts of walking during an 18-week trimh 56 men and women, aged 40 to 66, who
were considered unfit (V&nax ranging from 22.6+6.6 to 34.7+11.6 mL/kg/Min The
researchers implemented four groups wallahdiffering frequencie and durations. The
first group designated the long walkers (LWAlked 20-40 min/bout. The second group
was the intermediate walkers (IW) and thegre told to walk 10-15 min/bout, the third
group was the short walkers (SW) and theyenastructed to walk 5-10 min/bout, and
the fourth group was designed to be the contfdle exercise was digned to start at 60
minutes per week and gradually increas2d® minutes per week @falking at 70-75%
VO,max. The results showed that there wagaificant decreases in pre- versus post-
intervention values for LDL-C (W 4.95+1.54 vs. 4.66+1.52; IW 4.94+0.68 vs.
4.53+£0.83 mmol/L) and Apo-Il (LW 0.46+0.08 vs. 0.41+0.08; IW 0.45+0.08 vs.
0.43+0.08 mmol/L) in both the long walk andeémnmediate walk groups and hence an
increase in the Apo I/Apo-Il ratio in theng walk group only. There were no other
changes in any other lipid/lipopgen variables, which inclutl Apo A-1, Apo-B, TC, TG
and HDL-C. The researchers failed to reép@al consumption during the study, which is
known to have a greater affect on LDL-C levislan exercise. Ere are a few studies
which report decreases in LDL-C with exerciget this is usuallyeen in highly trained
athletes expending large numbers of kcals.inAbe other studiethe subjects in this
experiment only expended on average 54 1\egdk, equivalent to 108 kcal/day. Again,
the problem with this study, agth the previous three, that they may have provided
enough stimuli to improve aerobic fithess but nathiange the lipid/lipoprotein profile.

Recently there have been two a@idaial studies published contributing to the
intermittent body of literature. The first bytAha et al (2006) is yet another training
study examining the effects of continuoxggsus intermittent exercise at 60% )/iQax
(75% HR max). The trainingoasisted of either jogging evalking at the appropriately
prescribed exercise intensity to expepg@raximately 245 kcal/ss®n for a total of 1225
kcal/week. The intermittent sessions weeeformed in three 10-minute bouts separated
by 20-minute rest periods, during which the sebjvere seated quigtreading or doing

17



paperwork. Both the continuous and intgtemt sessions totaled 30 minutes and heart
rate was monitored to ensure intensiBesults showed thabst training TC was
significantly decreased in both groupsiftinuous -4.7% and intermittent -11.3%),
however the groups were not significant freach other suggesting both continuous and
intermittent exercise exerted the same infagenNo group differences were reported for
HDL-C and its subfractions. LDL-C wagsificantly decreased post-training for both
groups (continuous -2.9%, inteittent -11.2%), but similar td C the difference was not
significant between groups. ILBC particle size did not chge significantly in either
group post training.

These results suggest that traininghit$ magnitude may alter both TC and LDL-
C, but have no effect on HDL. Results of Aléeet al (2006) arersilar to Woolf-May et
al (1999) who found training dezaised LDL-C, but similar to Woolf-May did not report
calorie intake over the trainingeriod so that we may considthe effects that diet may
have had over the lipiand lipoprotein response.

The most recent and perhaps most similar study to the proposed project was
completed by Mestek et al (2006) who congahbthe effects of one continuous 500 kcal
exercise session versus three accumuldtéd Kcal/session) exesa sessions. This
study used 9 males participants of simédge and anthropometric characteristics, one
difference was that this study proposed to use subjects whoseaiQvas less than or
equal to 40 ml/kg/mit and the Mestek study had paigints who ranged from 40.0 to
45.3 ml/kg/min*. Results showed that TC wagrsficantly lower in the continuous
session compared to the accumulated sesbigingere subsequently unaltered by
exercise. Both TG and LDL-C showed ngrsficant differences aa result of either
exercise intervention, however there wasnenease in HDL-C for both the continuous
session (2 mg/dL) and the accumulated sessions (7 mg/dL). Furthermore, there was a
significant difference between conditions, gpeally the accumulated sessions produced
a greater increase in HDL-C comparedhe continuous session (50+7 vs. 52+7 mg/dL
for continuous; 49+8 vs. 56+7 mg/dL for accunbedf). The authors concluded that three
intermittent exercise sessis separated by at leagtdurs was more effective at
increasing HDL-C compared to one coniwus session. Unfortunately, both Ebisu
(1985) and Mestek et al. (2006) state thaly cannot offer an explanation for those
findings.

Previous research on intermittent exercise has provided sufficient evidence to
support an increase in aerobic capacity,itsutffects on lipidsand lipoproteins are
ambiguous. This is perhaps due to the stgKact that the previous research has not
provided a sufficient stimulus (kcal expenditisession) to elicit thise changes. Ebisu
(1985) and Woolf-May et al1099) both reported changeddifferent lipoproteins after
their prescribed exercise intervention. EQ#E885) and Mestek et al. (2006) reported an
increase in HDL-C, but only in the three exercise sessions per day group as compared to
one and/or two exercise sessiq@es day and suggested thatight take three sessions
to stimulate a change. Furthermore, WddHy et al. found changes in LDL-C, which is
typically the lipoprotein least t&d for changing due to anaxise stimulus. Finally, no
one has analyzed the lipid transport enzyimeorder to try ad explain why HDL-C
changes with one stimulus and not anothEte variability of results and failure to
guantify kcal expenditure, an important facgmverning lipid/lipoprtein changes, merit
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research examining the effects of an atwaet of exercise delived in one continuous
session and either 2 or 3 multiple seassion lipid and lipoprotein profiles.

Practical Public Health Implications of Study

Healthy People 2010 was established wnprte health awareness in the United
States population. Their goals ma@wofold, first to improvehe quality of life and years
of healthy life and secondly to eliminatedifte disparities within the population. The
report listed physical activity as one oétleading health indicators that required
improvement, followed by a need to reduce dlccurrence of CVD. Specifically, the
report called for a decrease in physical inaitisnd an increase in moderate physical
activity for at least thirty minutes a d@yS Dept Health anBluman Services, 2000).
Furthermore in an attempt to curb the incesas the incidence &VD the report called
for decreases in total cholesterol and decreasthe number of individuals who have an
unfavorable lipid profile (US Depgtlealth and Human Services, 2000).

Despite epidemiological evidence statthgt physical activit has a variety of
positive health benefits on the lipid profile as well as enhancing glucose tolerance and
insulin sensitivity, Americans are sedentang @aeports show that 20 of individuals are
inactive contributing to 250,000 deaths peauyeA striking redty is that most
Americans simply state lack of time as thember one reason thdg not participate in
regular activity. Researchdnave diligently tried to @njure up exercise programs
designed to fit a busy lifestyle and alsoyde sufficient stimulus to elicit health
benefits. Given this dilemma a group &perts from the CDC and ACSM released a
recommendation for adults on physical actiwtfich states that evy US adult should
accumulate 30 minutes or more of modeiatensity physical dovity (approximately
50-70% VQ max) on most, preferably all, dagéthe week (Pate et al., 1995).

This recommendation was designed to emphasize the benefits of moderate-
intensity exercise and that this exercise lbarmccumulated ovehort bouts rather than
one long continuous bout. The recommendataiects that it is not necessarily the
intensity, mode or duration of the activity eubut rather the total amount of activity
performed that is linked to a decrease WDOmortality. This comes at a crucial time
when overweight and obese individuals ararasll time high anthis weight problem
continues to increase. Expehave suggested that researsineed to develop ways to
assess the physical activitytfgans of people and advocateeesise programs that the
American population will follow and that will pride the necessary health benefits. In
addition, as a scientific community we needrtake our research available to individuals
so that they can participate éxercise regimens specifically to tackle the problems they
are experiencing.

Research has shown that accumulating exercise is effective for weight control by
reducing body weight, body mass index, badynposition and waist to hip ratios
(Donnelly et al., 2000; Jakicic at., 1999; Schmidt et al., 2001frurthermore, several of
these studies report that adherence is eqaatigessful or greater with intermittent bouts
compared to continuous bouts of exerciskiGlc et al., 1999; Jacobson et al., 2003;
Jakicic et al., 1995). Bmic et al (1995) reported thatatt-bout exercisgroups reported
exercising on a greater number of day careg to long-bout groups (87.3£29.5 days vs.
69.1+£28.9 days) and for a longer talaration (223.8+69.5 min/week vs. 188.2+58.4
min/week).
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This brief synopsis finds value in intermitteexercise bouts and the goal of this
study is to add to the breadth of literaturattéxists, as well asontribute valuable
information regarding the influence of these intermittent bouts on an important CVD risk
factor, the lipid and poprotein profile.
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CHAPTER 3

METHODS
Subjects

Subjects were sixteen (M6) healthy males between the ages of 18-35 years old.
Participants met all of the following criten for admission into the study: 1) free of
major medical problems sues cardiovascular disease, heart attack, angina,
hypertension, lipid abnormalities, diabetes, or any injury or limitation that may have
prevented them from completing the exergsgtocols, 2) non-smokers, 3) sedentary,
having a VQ max between 25 and 40 ml-kg-ilj) body fat no higher than 25% and
no lower than 5% 5) baseline HDL-C levelegter than 37 mg/dL and 6) were willing to
have blood drawn and refrain from alcolsohsumption during the testing period.
Subjects were recruited from Florida Stdlt@versity and the surrounding community by
posted flyers, newspaper advertisementselsas announcements made in classes of
students on the Florida State University pasi(Appendix A). Subjects were made
aware of the nature of the study as wellresrisks and benefits of participation.

Initial Screening

All subjects signed an informed conseayproved by the Florida State University
Institutional Review Board (Appendix B), all as completed a health history and
physical activity questionnaire (Appendix C).

During the first laboratoryisit, subjects had rasty blood pressure taken
manually with a sphygmomanometer and stetbps. Subjects were excluded from the
study if the arterial blood pressure was tgeghan 140/85 mm/Hg. Height was assessed
using a stadiometer (Medart, St. Louis, MO) to the nearest 0.5 cm and weight, in
kilograms, on a Seca scale (Model 70&¢&Corporation, Columbia, MD), while the
subject was wearing exercis®ttling (shorts and T-shirt)Jsing the height and weight
measurements body mass index (BMI) wdsudated by taking pounds in kilograms and
dividing that by height imeters squared (kgfin Body composition, using the seven-
site skinfolds was taken using Lange calipers (Beta Technology Inc., Santa Cruz, CA)
and a VQ max test was performed (Appendix DFinally, the researchers used the
finger stick procedure to samplee subject’s blood to immediately assess HDL-C values
using the Quick Medical Bio Scanner20G@dDL-C specific test strips (CM:585).

Determination of Maximal Aerobic Capacity (VO, max)

Subjects completed a modified Balkeded exercise test on a motor driven
treadmill for the determination of \@nax during their initial screenings. The modified
Balke protocol consists of the subjeatslking at 3.3 — 3.6 miles per hour for three-
minute stages. The test began at 2.5% gaaddncreased by 2.5% per stage, when the
test reached 10% grade the stages thereiatreased by 0.2 miles per hour and 2.5%
grade until the subject reachedlitional exhaustion (Appendik). This protocol was
selected because it allows unfit men M@ax < 45 ml/kg/min) to achieve maximal
aerobic capacity while allowing ventilatory thresh (VT) to be established. Aellen et al
(1993) suggested that exeragiindividuals above VT magdversely affect the lipid
profile, specifically by lowering both HDL-C and HDL,@cutely. VT was established
using the Dmax methodology described by Karal €1999), and theriear regression of
the ventilatory equivalents. This informatiwas used to determine the subjects exercise
intensity during their experimental trials sess and kept all subjects below their VT.
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During the test expired gases were collected and recorded as 30-second averages.
Ratings of perceived exertion (RPE) usingBueg scale (1970) were collected at the
end of every stage. Theteria for attainment of V@max were as follows: 1) VO
plateau between the last two stages of <a/Rgimin; 2) a heart rate within +10 beats
per minute of age predicted maximum heat (220-age); 3) a respiratory exchange
ratio (RER) of«1.15 and 4) volitional fatigue deribed by the subject.

Measurement of Body Composition

Body composition was measured using sleven-site skinfold method. Lange
skinfold calipers (Beta Technology Inc.,réa Cruz, CA) were used to ascertain
subcutaneous fat deposits (millimeters) atttloeps, abdominal, suprailiac, thigh, chest,
midaxilla and subscapular regions of the botMeasurements were taken in duplicate by
the same individual trained in taking body composition measurements. All
measurements were within 1 mm, and if there not that region was tested a third time
after which the closest two were averag@énsure accuracy. The seven sites were
added together and then ugectalculate body fat percegeas per the Siri equation
(1956). Subject’s body fat was not to be higian 25% or lower than 5% to qualify for
entrance into the experiment.

Experimental Design

Subjects were required to complete all geof the experiment. All trials were
randomized, occurring during the same timel@y and separated by at least one week
from each other to avoid any residual effeaftthe previous exercise session. Baseline
testing took place in the evening and they subsequent exercise sessions were based
on that evening time. For example if theeseline measurement was completed at 6 pm,
then exercise trial one would occur at 5 pme, fibllowing day to ensure that they finished
exercise and could have blodchwn at 6 pm. This was dot®standardized blood draw
timing to account for any daily fluctuatiotisat might be seen in the lipid profile.
Furthermore, the subjects then reporteth&olab 15 minutes prior to 6 pm for both 24
and 48 hours post exercise blood draws. Intéznt sessions were based on the evening
session going backwards. Again if theioddl draws began at 6 pm, the 2 times per day
trial would occur before the blood draw gb and 1 pm for every subject and the three
times per day trials would occur at 53@, 1:30 pm and 9:30 am. Subjects were
required to come the to lab for each exersesgsion after at leagt4-hour fast so that
blood could be drawn for the determinatmfrbaseline measuremsrof TC, TG, HDL-

C, HDL-G,, HDL-C3, and TG levels as well as enzyme (CETP, LCAT) activitge
rationale behind only a 4 hourstavas to mimic the testirggssions, so that the study
examined the effect of the exercisghwut the confounding effects of diet.

Subjects underwent one of three trials eamsisting of exercise at 65% of the
previously established VVOnax to expend 450 kcals. If 65% was over the VT for a
subject the assignment of exercise intgnsids decreased by 5% in an attempt to
standardize all subjects. Fexample if 65% was above the VT then the workload for the
subject was reduced to 60%.

The three trials consisted of: 1) a $engontinuous exercise session to expend
450 kcals, 2) two intermittent exercise $ess designed to expd 225 kcals/session for
a total of 450 kcals and #)ree intermittent exercise sessions designed to burn 150
kcals/session for a total of 450 kcals. Ttermittent sessions took place a minimum of
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four hours apart. All exercise sessionseweompleted within one 12 to 14 hour period.

Table 2 represents the exaeeitesting and blood draw scduée for the subjects.

Table 2. Schedule of Exercise Sessions and Blood Draws

Group

Exercise Intervention

Blood Draws

Continuous Exercise (CE

TM Walking/Running at
65% VO, max. One
Continuous Session to
expend 450 kilocalories

Baseline blood draw
Immediately post-exercise
(IPE) (450 kcal)

24 hours post exercise

48 hours post exercise

Two Intermittent Sessiong
(IE 2)

5 TM Walking/Running at
65% VO, max. Two
sessions of 225 kilocalories
each separated by a
minimum of 4 hours.

Baseline blood draw

IPE of 2' exercise session
5 (450 kcal)

24 hours post exercise

48 hours post exercise

Three Intermittent
Sessions (IE 3)

TM Walking/Running at
65% VO, max. Three
sessions of 150 kilocalories
each separated by a

Baseline blood draw

IPE of 3¢ exercise session
5 (450 kcal)

24 hours post exercise

minimum of 4 hours.

48 hours post exercise

Dietary Assessment

Subjects were asked to complete a salegnfood diary one week prior to testing
to establish the subject’s eating habits. Tilgjexts were then asked to maintain this
eating pattern during the week®ytwere participating in thexperimental trials. This
was for the purpose of ensuring that subjects maintained their normal diets throughout the
testing periods to eliminate the confoundifigets of food intake on blood parameters.
Diet records were analyzersing Nutritionist Fiv&" (First DataBank, Inc., San Bruno,
CA).

Subject Compliance

Subjects were instructed to refréiom strenuous physical activity, alcohol,
medications and exposure to environmetthhcco smoke 36 hours prior to exercise
sessions. Subjects also had both written angievénstructions on how to maintain their
normal diets, as reported in their weekly giar Every time the subject returned to the
lab for testing verbal confirmation of colignce with these procedures was obtained.
Subjects were warned that thepuld be removed from tretudy if large deviations from
the protocol occurred, including a subject’s inability to comply with diet, alcohol
consumption and/or being exposed to smoke.

Exercise and Control Trials

All exercise testing began the evening hours, after asfaof at least 4 hours.
The intermittent trials containing two or threessions per day had a minimum of four to
five hours between each session. For exaifplgébject one had #ir first trial at
6:00pm, they were asked to come back nbezahan 1 pm but no later than 2 pm.
During the “break” between sesss subjects were askeddat a meal, consistent with
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what each subject reported in their diet records. This procedure of exercise, 4-5 hour
break and eating a meal was repeated éetvirials two and three for the three-
intermittent exercise sessions.

Prior to exercise the subject sat quidtly 15 minutes for the determination of
heart rate and blood pressure followed by blooltection. The subject then walked on
the treadmill at the previously determined 65%,\@ax to expend the pre-determined
number of kilocalories (450, 225, 150atlwas randomly assigned. Kilocalorie
expenditure was determined by the use ofrewlicalorimetry for the first 20 minutes of
each trial. This 20-minute period was desigteedonfirm that the subject had met steady
state at the appropriate ingty. The speed and gradetloé exercise trials was
determined from their VoOmax test, furthermore minor jadtments to speed and grade
were made during the exercise trial to bring their, \¢f@ser to their predetermined
exercise intensity of 65% (£5%). Afterthirst 20 minutes #subject removed the
mouthpiece for 10 minutes, at 30 minutes #rah every 10 minutes thereafter the
mouthpiece was placed backtire mouth of the subjectif® minutes to measure VO
ensuring the continuation ofestdy state exercise. This procedure was repeated for all
exercise trials, including ensuring thag¢ tbubject’s appropriate speed and grade was
maintained throughout each exercise session.

Testing Equipment

Gas exchange and ventilatory parameters was measured by open circuit
spirometry using a Truemax 2400 metabolic measurement system (Consentius
Technologies, Sandy, UT). This metabolisteyn provided data in 30-second intervals
on all metabolic parameter relevant to this study including, V@lume of carbon
dioxide (VCQ), respiratory exchange ratio (RERpdakcal calculations. This was used
to estimate relative substeatontribution to the exercismut. Prior to the testing
sessions the metabolic system was calibrasgper the specifitians supplied by the
manufacturer. These briefly are a flowilogation using a 3L calibration syringe (no.
5530, Hans Rudolf, Inc., Kansas City, MO) angdas calibration using tanks containing a
known mixture of 16% oxygemad 4% carbon dioxide (16%.4% CQ, Scott Medical
Products, Plumsteadville, PA). Temperatia,ometric pressure and relative humidity
of the testing environment were measuredgian indoor hygromet (Perception Il TM,
Davis Instruments, Hayward, CA) and thaput into the metabolic system for data
collection adjustments.

A mouthpiece (no. 1003, Vacumed, Vet@A), attached to a two-way non-
rebreathing valve and six-foot tulgi (no. 112263 and 666120, Hans Rudolph, Inc.,
Kansas City, MO) was used to collect expiagdand deliver it to the metabolic system.
Heart rate data were collected using a pb&art rate monitor (Polar CIC Inc., Port
Washington, NY). During exerse, heart rate measurements were recorded using the
interface with the metabolic systems as a wegiso validate exercise intensity. Blood
pressure was taken before exercise ugisghygmomanometer and stethoscope (General
Medical Corp., Richmond, VA). The gradeckesise test as wedls exercise trial
sessions were performed on a motavetr treadmill (Q65/Series 90, Quinton
Instruments Co., Bothell, WA).

Blood Sampling and Storage

Blood samples were drawn in the eveningradit least a 4 hour fast at baseline,

24, and 48 hours post exercise. During intermittent sessions, the minimum time between
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testing sessions was 4 hours. All samplesevi@ken following 15 minutes of seated rest
and collected from an antecubital veimngsa Vacutainer bral collection set (no.
367251, Becton Dickinson, Franklin Lake, NJ) iatgacutainer tubeA total of 12 ml of
blood was collected for the determinatiorheimatocrit and hemoglobin (3 ml, sodium
heparin, no. 366387, Becton Dickinson, Franklakes, NJ), plasma TG, TC (3 ml,
Sodium heparin, no. 366387, Becton Dickinsomnktin Lakes, NJ), and plasma HDL-
C, HDL-G; and CETPa (6 ml, spray-dri&DTA (K2), no. 367861, Becton Dickinson,
Franklin Lakes, NJ).

Hematocrit and hemoglobin were deteradrwithin 48 hours of collection, and
the remaining blood was centrifuged (2,80@vghin 10 minutes of collection, at@ for
20 minutes using a refrigerated centrify§ervall RT7, DuPont Sorvall Products,
Newton, CT). Following centrifugation, plasreamples for the determination of TG and
TC were placed into 2.0ml microdeifuge tubes (no. CN1700-GTS T, National
Scientific Supply Co, Inc., Claremont, CA). Then, 2ml of plasma containing the
anticoagulant EDTA was used for the separation of HDL-C and HPLSOpernatent
for the determination of HDL-C and HDLs@vas transferred to microcentrifuge tubes for
storage. All microcentrifugaibes were then stored at €Z0until a time that all samples
for each parameter may be analyzed at theedane in an attempt to reduce inter- and
intra- assay variation.

Biochemical Analysis
Total Cholesterol and Lipoproteins

Total cholesterol was assayed accordinthétechnique developed by Allain et
al (1974) with the modifications pvided by Roeschlau (1974) (Infinlt{, Thermo
DMA, Louisville, CO). To summarizthe procedure, cholesterol esters are
enzymatically hydrolyzed by cholesterotezgase to cholesterol and FFA. Free
cholesterol is then oxidized by cholestesgidase to cholest-4-en-3-one and hydrogen
peroxide. The hydrogen peroxide then camb with HBA and 4-aminoantipyrine to
form a chromophore (quinoeimine dye), whaan be read spectopbmetrically at 500
nm.

Determination of plasma HDL-C and HDLz@as performed based on the
procedures developed by Warnick and Alq@&78) and Gidez et al (1982). A heparin-
manganese reagent was prepared firstdoipitate the Apo-B containing lipoproteins,
leaving behind a supernatant containinghiid_-C fraction. A small amount of this
supernatant was set aside for the deterimnaf HDL-C. Next, the less dense HDL-C
particles were precipitated using a dextsaffate solution (Dextrg) 15, Genzyme Corp.,
Cambridge, MA) leaving behind the HDLs@article. These samples were then analyzed
using the same technique as described above for TC. Plasma Hixds@hen
calculated as the difference between HDL-C and HRLHlasma LDL-C was
calculated according theiEdwald equation (1972).

Triglycerides

Determination of TG was performed Aycommercially available kit (Infinify’,
Thermo DMA, Louisville, CO). This paedure is based on the work of Bucolo and
David (1973) with modifications providdny McGowan (1983) and Fossati (1982). This
procedure allows for the TG to be enmtically hydrolyzed by lipase to FFA and
glycerol. The glycerol is then phosphorgldtby ATP and glycerol kinase to produce
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glycerol-3-phosphate and ADP. GlycerepBosphate is oxidized by dihydroxyacetone
phosphate (DHP) by glycerol phosphate oxidase producing hydrogen peroxide. The
hydrogen peroxide reacts with 4-amintpyrine and 3,5-dichloro-2-hydrobenzene
sulfonate to produce a red dye. The absorbaht@s dye at 520 nm is proportional to
the concentration of TG present in the sample.

Lipid Enzymes

The measurement of CETPa was deteeahiby the procedures of Tollefson and
Albers (1994), later modified by Tato et @l995). This proceder(CETP activity Kit,
Roar Biomedical, New York, NY) uses d&er substrate that introduced and
measured as the percent transferred from HREe@.DL-C, donator to acceptor
respectively. Donor and acceptor lipoproteins were prepared from normolipidemic
samples by preparative ultracentrifugation ptianalysis. This sample was incubated
at 37C for 1-3 hours to allow for the formation #1-CE. After the 1-3 hour incubation
the sample was read at a fluorescencensitg of 465 nm and 535 nm. The expressed
sample as read in picomoles (pmol) represents the transfer value.

LCATa was measured by the proceslof Stokke and Norum (1971) using a
LCAT activity kit (Roar Biomedical, New Y&t NY) in which trace amounts of labeled
cholesterol are added to plasma and incubagamples are incubated for 4 to 8 hours at
370C during this incubation time LCAT is inhtbd by a disulfide, this inhibition allows
the tracer to equilibrate wititne endogenous lipoprotein cholesterol. The sample is then
read at emission intensities of 390 nm and @m0 the activity of LCAT is then given as
a ratio of hydrolyzed (390 nm) and non-hydragiZ470 nm) substrate. This ratio will
indicate the increase in coentration of the 390 nm emitter and simultaneous decrease in
concentration of 470 nm emitter emin the presence of LCAT.

The size and distribution of the LDL+{éarticle subclasses was determined by
electrophoretic separatiaitilizing non-denaturing 2-16%olyacrylamine gradient gels
(Rainwater, 1999). The relative distributiontbé LDL-C subclassesre described as an
integrated diameter corresponding to theghitgd mean size of all LDL-C subclasses in
one sample. In addition, the relative prapmr of LDL-C subclasses <25.5 nm or >25.5
nm are reported for each sample (Striieiet al., 2001; Tchrof et al., 1996).

Hematocrit and Hemoglobin

Hemoglobin was assessed in dupliazng the cyanomethehemoglobin method
(Pointe Scientific, Ing Lincoln Park , MI). Hematocrit was determined in triplicate
using the microcapillary method where wholedd is placed into a heparinzed micro-
hematocrit capillary tube (no. 22-362-56%sher Scientific, Pittsburgh, PA) and
centrifuged using an IEC Micro MB centrifuge (Model 3411, Iraéional Equipment
Company, Needham Heights, MA) for sevemuates. Hematocrit was then determined
using a circular microcapillary tube reader (Model 2201, International Equipment
Company, Needham Height, MA). Hemaiband hemoglobin values were used to
estimate changes in plasma volume relativiaédbaseline of each trial and according to
Dill and Costill (1974). All blood samples takeuring the exercise period were adjusted
for plasma volume shifts thatcurred during aerobic activity.

Calculations and Statistical Analysis

Data were analyzed using a 3 x 4ofgp x time) repeated measure analysis of
variance (ANOVA). Groups were the contingaxercise group (450 kcal), two-session
exercise group (225 kcal/each) and thressiea exercise group (150 kcal/each).
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Dependent variables were measurethg/dL for TC, TG, HDL-C, HDL-G, HDL-C;,
LDL-C, furthermore, LCATa and CETPa memeasured in activity levels. Once
significance was detected a Tukey’s post test was employed to determine where
significance occurred, using ti#SS 10.0 statistical package.

Sample size estimation was determiasd function of effect size (ES), the
significance criterion () and the statistical power. E#s calculated using the following
formula: ES = (1— o)/ k). Using this formula ES was calculated for HDL-C based on
previous literature using similar subjeciteria and calorie xpenditure, ES= 43-41/2,
resulting in an ES of 1.0. Fthis experiment an ES of 0.80 was used as a modest value
based on this literature (Grandjearakt 2000). Significance was accepéegriori at the
p<0.05 and with the accepted ES of 0.80 aimum of sixteenbjects are required
(Cohen, 1988). Values were reported as meatandard deviation. Coefficient of
variations were established for TC, TG &hdL-C as less than 2%. In addition, in an
attempt to establish relationships thatyreaist between the dependent variables a
Pearson product-moment correlations wampleted to determine if relationships
existed between the dependent variablésrrelations were tested specifically for
enzyme activity and lipid/lipoprotein variables. For example correlations were tested
between CETP activity and TC, LDL-C and HDL-C and LCAT activity with HDL-C.
All significance was accepted at p<0.05.
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CHAPTER 4

RESULTS
Baseline Data

Thirty seven males were recruited from Florida State University and completed
both informed consent and a health histomyrfgrior to any exercise testing. Of the
thirty seven recruited, sixteen (N=16) waieeepted into the study because they met all
the prerequisites for participation in thioct, the other participants were dismissed
because of failure to meet those same preségai Subject’s descriptive characteristics
are presented in Table 3.

All participants achieved a V\Onax using standard criteria with, 14 of 16
subjects achieving a plateau, during the gradestimill exercise test with the mean ¥O
max equal to 37.0+3.3 mL.kg.min-1 (range 31.4 — 41.6 mL/kg/mi€orresponding
maximum RPE (19.0+0.8), maximum RER (1.00) and maximum HR (189+9) were
indicative of a maximal effort. Subjects cdude generally desdred as recreationally
active with most participating in regulaisistance training regimensgth little or no
emphasis on cardiovascular trainingradicated by their moderate to low Y@ax
values (37.0+3.3 mL/kg/mib).

Table 3. Descriptive Chacteristics of Subjects

Mean Range
Age (years) 221 +2.1 19-28
Height (m) 1.8 £0.1 1.66-1.91
Weight (kg) 86.4+14.6 68.5 —104.2
BMI (kg/m 9 26.9+4.0 20.0-32.1
HR (bpm) 719+12.1 50.0 - 88.0
VO, max 37.0+£ 3.3 31.4-41.6
(mL/kg/min ™)
Body fat (%) 16.7 + 6.8 6.9 — 25.0

BMI= Body mass index; HR= Heart rate; Y@ax= maximal oxygen consumption

Baseline lipid and lipoprotein values arpaged in Table 4 anserve as an initial
point of reference. Comparing the basetia¢a of the subjecta this study with
reported data from NCEP-ATP Il showed ti7&@6 (12 of 16) of the subjects fall within
normal limits for TC (TC <200 mg/dL) as Was for TG (<200 mg/dL). LDL-C results
showed that 37.5% (6 of 16) of the subgelead optimal values (LDL-C <100 mg/dL),
50% (8 of 16) had near optimal valud9Q-129 mg/dL), 1% (1 of 16) had borderline
high values (130-159 mg/dL) amah additional 1% (1 of 16)ad very high values (>190
mg/dL). Finally, HDL values for 13 of ¢h16 (81.25%) subjects were above 37 mg/dL,
considered normal, while three subjects (18.75%) had low vadB@emg/dL. Itis
important to comment that detgpthese subjects being below the previously established
criteria for minimum HDL-C levels, due tosiing equipment problems, it did not affect
the results of the study. Addinal statistics were done withdtiese subjects to validate
the data. When separating the HDLp&ticle into its subfractions HDL-Gnd HDL-G
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values were 13.7+£4.8 mg/dL (range 8.872 mg/dL) and 26.5£12.1 mg/dL (range 15.1
to 38.8 mg/dL) respectively. These resultséfane, suggest that the majority of the
subjects in this study are cadsred normocholesterolemic.

Table 4. Subject Baselingpid and Lipoprotein Values

Lipid or Lipoprotein Variable Mean £ SD Range

Total Cholesterol (mg/dL) 178.6 + 33.8 123 - 252
Triglycerides (mg/dL) 137.5+£ 63.8 61 -239
Low Density Lipoprotein (mg/dL) 106.0 + 34.0 59.1-194.3
High Density Lipoprotein (mg/dL) 39.4+10.5 26.0—- 68.9
High Density Lipoprotein, (mg/dL) 13.7+ 4.8 88 - 17.2
High Density Lipoproteins (mg/dL) 26.5+12.1 15.1- 60.1

Lipid transport enzymes CETP and LCAvEre analyzed for activity levels.
Baseline CETP activity were 25.4+9.1 pmokbblesterol esterdansferred over three
hours, while baseline LCAT activity was 1.69+0.1380l chol ester-I*-hr* of substrate
hydrolyzed.

Experimental Values

A repeated measures ANOVA was eoyad to identify differences between
means. There were no exercise effectdforand LDL-C (Tables 5 and 6 respectively),
when compared to their baseline valuethase lipid and lipoproteivalues are typically
more affected by diet as opposed to exercise.

Table 5. TC Response to Continuous and Intermittent Exercise

Treatment Mean + SD (mg/dL)

Baseline Immediately Post 24 hrs post 48 hrs post
CE 178.6+33.9 184.7+45.1 183.1+41.8 185.5+35.4
IE 2 178.6+33.9 175.0+39.2 173.2+37.0 172.4+33.0
IE 3 178.6+33.9 179.4+435 177.6x41.4 177.6+x44.6

Table 6. LDL-C Response to Continuous and Intermittent Exercise

Treatment Mean + SD (mg/dL)

Baseline Immediately Post 24 hrs post 48 hrs post
CE 106.0+33.9 109.1+39.5 110.8+36.1 115.1+29.4
IE 2 106.0+33.9 99.1+32.8 101.1+31.0 105.1+32.3
IE 3 106.0+33.9 102.6+35.0 107.8+31.0 113.1+38.9
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With regards to total HDL-C and TG nasificant differences were observed between
baseline values and subsequent timesghvimcluded immediately post exercise, 24 and
48 hours post exercise. An important obseoratdo note however is that despite TG
values not demonstrating a significant timietence there was a continual decrease over
the various time intervals following exerciggough 48 hours post exese (Table 7).

Table 7. The Effect of Exercise on Blooddlycerides Across the Experimental Time
Points

Treatment Mean £ SD (mg/dL)

Baseline Immediately Post 24 hrs post 48 hrs post
CE 137.5£63.8 144.7+67.8 139.2+57.1 125.8+67.4
IE 2 137.5+63.8 154.5+65.8 138.0+66.7 120.7+50.0
IE 3 137.5+63.8 161.6+83.4 135.9+459.0 117.2+46.7

So as can be seen in Table 7 immediate gxastcise TG valuesoatinued to decrease for
all treatment groups up to 48 hours.

While there were no significant chang#sserved for total HDL-C concentration
(Table 8) analysis of thdDL-C particles revealedgmificant differences in the
concentration of HDL-gand HDL-G during the experiment (Figures 1 and 2
respectively)

Table 8. Post Exercise HDL-C Levels

Treatment Mean + SD (mg/dL)

Baseline Immediately Post 24 hrs post 48 hrs post
CE 39.4+£10.5 39.9+9.7 40.2+11.8  41.8+13.0
IE 2 39.4+£10.5 40.0£6.2 40.5£7.1 40.61£7.1
IE 3 39.4+£10.5 41.4+9.8 41.5£10.6  42.9+14.2

Specifically significance was found for HDL@hen comparing baseline to specific
subsequent time points for #liree trials (Figure 1).
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Figure 1. HDL-G Response to Continuous and Intermittent Exercise
* denotes a significant difference from baselifa” denotes significantly different from

each other (p <0.05)

Significant increases of 44% were obserwdetn comparing baseline (12.9+4.8 mg/dL)
to CE 48 hours post exerci€8.7+5.3 mg/dL) and to IE 2 48 hours post exercise
(18.6£4.1 mg/dL) respectively. Furthermore HDkwzas found to be significantly
elevated at all three post exercise time @irResulting from the IE 3 exercise session
HDL-C, rose 39% immediately post exercise 8tA.5 mg/dL), and continued to rise to
21.5+3.9 mg/dL (66%) by 48 hours post exercise. Furthermore, significance was found
for HDL-C, when comparing CE immediately p@xercise (14.5+4.9 mg/dL) and IE 3
immediately post exercise (17.5£3.9 mg/dL).

Along with the increases in HDL:Ghere are also significant decreases in HDL-

Cs (Figure 2).
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27
\ a
26 N
~ 25 \ ™
3 L
= -
£ a. * =T——\N
:m 24 2 F~ -~
4 * \\\ *
g NN
23 N \‘1
N\ *
N 1
—Oo—CE 22 NF
—=— |E 2 S 4
—a — |E 3
21
Baseline IPE 24 hr Post 48 hr Post

Blood Draw Time Point

Figure 2. HDL-G Response to Continuous and Intermittent Exercise
* denotes a significant difference from baselite” denotes significantly different from
each other.

First, when comparing basee (26.5+12.1 mg/dL) HDL-gdropped significantly by
10% at CE 48 hours post exercise (23.6x1igidL). The IE 2 trial also carried a
significant 15% reduction from baselindwes (26.5£12.1 mg/dL) at 48 hours post
exercise (22.5+8.9 mg/dL)Finally significance was fourmthen comparing baseline
(26.5+12.1 mg/dL) to each subsequent time plointhe IE 3 trial. Specifically, a 8%
reduction was found for IE 3 immediatelygp@xercise (24.2+10.1 mg/dL), IE 3 24
hours post exercise (24.2+11.3 mg/dhyla 17% reduction for IE 3 48 hours post
exercise (21.9+14.2 mg/dL). Furthermore, HDi was found to be significantly
reduced when comparing CE immediately post exercise (26.1+10.6 mg/dL) and IE 3
immediately post exercise (24.2+10.1 mg/dL).

The activity of CETP did not change ovane for CE, IE 2 and IE 3 nor were
there differences between treatments at any time during post exercise (Table 9).

Table 9. Cholesterol Estéransfer Protein Activity

Treatment Mean + SD (%CE transferred/4h)

Baseline Immediately Post 24 hrs post 48 hrs post
CE 25.4+9.1 24.2+9.2 24.6+9.3 23.9+8.9
IE 2 25.4+9.1 24.9+10.6 23.4+8.6 22.7+8.7
IE 3 25.4+£9.1 25.4+£11.6 23.5£11.0 23.3t11.5
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Conversely, there were significant changbserved for LCATa. As can be seen
in Table 10 observed during the CE tti@dATa increased by 12% from baseline
(1.69+.13 mol chol est-I*-h™") to 48 hours post exercise (1.89+.280l chol est-[*-hY).

A similar increase was also seen witcemparing baseline activity (1.69+.1610l chol
est-L>h™) to IE 3 48 hours post exercise (1.89+.838ol chol est-[*-hY).

Table 10. Lecithin Cholestdrdcyl Transferase Activity

Treatment Mean+ SD( mol chol est-L'*h)

Baseline Immediately Post 24 hrs post 48 hrs post
CE 1.69+0.13 1.72+0.21 1.83+0.29  1.89+0.28
IE 2 1.69+0.13 1.69+0.26 1.66+0.18  1.71+0.18
IE 3 1.69+0.13 1.69+0.26 1.73+0.24° 1.89+0.38°

(Values sharing common superscrigts significantly different p<0.05)

There were no treatment by time differenobserved for IE 2. No significant
changes occurred immediately post exercisamgrtreatment. The CE trial also showed
a significant 10% increase in LCATafn CE immediately post exercise (1.72+.240l
chol est.I-h™) to CE 48 hours post exercise (1.89+.2%0l chol est-[*:h™"). This
observation was made for thénet trials including the IE 2 trial where there was a 3%
increase in activity from the 2a@bur post exercise time point (1.66+.180l chol est-L
L") to the 48 hour time point (1.71+.18&0l chol est.[*:h™*) and again noted in the IE
3 trial. A significant 2% increase wasuind between IE 3 immediately post exercise
(1.69+.26 mol chol est-[*:h™) and IE 3 24 hours post exercise (1.73+.8%l chol
est-L'*-h?) and then again activity showed anathignificant 11% increase from IE 3 24
hours post exercise (1.73.2¢ol chol est-[*-h™) to IE 3 48 hours post exercise
(1.89+.39 mol chol est-[:hY). The data suggests that exercise, whether continuous or
intermittent, was sufficient to cause LCATa to increase continuously throughout the time
immediately post exercise through 48 hours post exercise.

No significant time by treatment chasger LDL peak particle size were
observed (Table 11).

Table 11. LDL peak particle size

Treatment Mean = SD (nm)

Baseline Immediately Post 24 hrs post 48 hrs post
CE 25.0+0.80 25.3+0.7 25.1+0.74  25.2+0.85
IE 2 25.0£0.80 25.1+1.0 25.2+0.87 25.0+0.92
IE 3 25.0+£0.80 25.3x1.0 25.2+0.88  25.4+0.86
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Correlationabnalysisevealed significant relationships (p<0.05) between LCATa
and the HDL-C subfractions. Specificaltilere was a significant positive correlation (r
=.62) between LCATa and HDL,@nd a significant negagvcorrelation (r = -.57)
between LCATa and HDL-£ These results suggest that as LCAT activity increases the
concentration of HDL-gwill also increase, while the concentration of HDt-C
decreases. Furthermore, CETP was oohfl to be significantly correlated to TC, LDL-
C or HDL-C.
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CHAPTER 5

DISCUSSION

The purpose of this study was rootegbracticality, simply designed to examine
whether exercising once a day compared todwihree shorter sessions in one day was
affective in modifying the lipid and lipoprein profile. Recognizig the difficulty that
people have in dedicating time to exer@seh day this information should allow the
implementation of a more effective exercisgime for individuals who are unable to
dedicate extended time (60-90 mins.) to es&r, but could easilycorporate shorter
sessions throughout the day, with a particglzal of alterindipid and lipoprotein
profiles.

With that goal in mind this study gvosed four main hypotheses related to
whether one continuous exercggssion per day or intermittesgssions (either 2 or 3 per
day), keeping calorie expeiture the same, was more effective at altering the
lipid/lipoprotein profile includng transport enzymes. Thest hypothesis posits that 450
kcal of energy expenditure would be sufficient in both continuous and intermittent groups
to increase HDL-C and decrease TG. Hypsithévo stated thdhe change in HDL-C
would be reflected as an increase in the HDLs@bfraction and that the size of the LDL-
C particle size would inelase thereby makirtge LDL-C more buoyant. The third
hypothesis was that all exercigmtocols would be sufficient to increase LCAT activity
but produce no changes in CETP activityndflly, hypothesis foustated that these
changes, regardless of protocol, would [g&fer up to 48 hours post exercise. As such,
this discussion will be centered on relevant findings related to the previously stated
hypotheses with an emphasis on inéign of the mechanism of change.

The present study was the first to gualthe effects of continuous versus
intermittent exercise on the HDL-C subftiacs, LCTAa, CETPa and LDL-C patrticle
size. Likewise, this is the first study eport significant canges in the HDL-C
subfractions and LCATa as a result of intermittent exercise.

The Effect of Continuous versus Intermittent Exercise on TG and HDL-C

Results of this study do not support hypste®ne, in that the exercise stimulus
of 450 kcal was not sufficient to produce changes in TG or HDL-C (Table 5 and 6). Itis
well-documented that continuous acute exer@@euse et al., 1995; Crouse et al., 1997,
Grandjean et al., 2000) will lead to deased TG concentrations while HDL-C
concentrations increase. The findings af g8tudy were similar to those in another
documented intermittent study by Mestek e{2006). Mestek et al. (2006) found no
changes in TG concentration however, thelreport an increase in HDL-C but only
after three intermittent exercise sessions, which was also similar to Ebisu (1985). No
explanation is offered by the authors of #hetudies (Mestek et al 2006; Ebisu 1985) as
to the lack of change in TG. It is hover plausible to suggest that these findings
(Mestek et al., 2006; Ebisu 1985) along witik results of the psent study may be
related to the timing of blood Bection to the ingested meabince blood was collected
in both the present study and the Mesteil ef2006) study after four to six hours of
fasting the remnants of the meal may haviei@mced the TG concentration. TG levels
may have still been elevated prior te txercise sessions contributing to the non-
significant decline seen inithstudy (Table 5). Research examining the effects of
exercise on TG clearance in the postpranst@te suggest that T€earance is most
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effective when exercise is done from 16 hdagfore a meal to 1.5 hours after a meal, is
of moderate intensity and is a minimum5®&f0 kcals or greater (Katsanos, 2006). The
present study only fulfills onef the three requirementsxercising at a moderate
intensity, to optimize TG clearance in thaestprandial state and furthermore, was not
designed to meet those requirements.

HDL-C concentrations for the three exercsssions (IE 3) were unaltered in this
study unlike previous resear@bisu, 1985; Mestek et al., 2006). However, the present
study is similar to those studiasthat HDL-C concentrations did not change with the
continuous exercise bouts. At presemir¢ghis no mechanism to explain why this
occurred with the HDL-C and further why iteseed to only occur in the three exercise
session trial. It is possibtbat HDL-C may be influencelly food intake and subsequent
timing of blood draw, however this has neelm examined and may provide an area of
future research.

HDL-C Subfraction and LDL- C Patrticle Size Response to Continuous and
Intermittent Exercise

Whether exercise was continuous or tintiétent, 450 kcals of energy expenditure
was sufficient to increase concentrations of HDLa€48 hours post exercise for all the
trials (31% for CE, 31% for IE 2, 46% for IE 3), while HDIls-®as significantly
decreased during these times. In addition, HRlw&s also significantly increased
immediately post (13%) and 2urs (13%) after thie 3 exercise ssion (Figures 2
and 3).

Changes in the HDL-C subfractions arell documented after continuous acute
exercise (Crouse et al., 1995, Crouse etl897, Grandjean et.aR000). Typically,
acute exercise is responsilide an increase in HDL-amongst untrained individuals,
but is not always the case (Crouse etl&®95). Crouse et al1995) reported a non-
significant 27% increase in HDL>@oncentrations 48 hours afte single 350 kcal bout
of exercise. It was suggestdtt in these hypercholesterolemic men there may be a time
delay necessary to alter lipid metabolis8imilar to the present study both the
continuous and IE 2 session trial®sled a significant increase in HDLy@t 48 hours
and the IE 3 session trial showed increaseseadiately post exercise as both 24 and 48
hours. The exercise stimulus in this studyWa0 kcal greater than Crouse et al (1995)
reported and perhaps the distribution of thereise stimulus over the course of the day
contributed to the changes seen in the tiaB. This was suppted by the result that
found HDL-G concentrations significantly highertaie IE 3 immediately post exercise
value compared to the CE immediately pogreise value. It seems however that 450
kcals whether expended in one continuous boulivided over intermittent sessions
throughout the day elicit increases in HAt 48 hours. Furthermore, three intermittent
sessions throughout the day show significhfierences in immeditely post exercise
and 24 hours post exercise as well.

The lack of change in LDL-C particle siseperhaps due in paxt the low caloric
expenditure in this study. Most documentd@dnges in LDL-C particle size have been
observed with high levels of total energy expgene and also after prolonged exercise in
highly trained subjects (Lamon-Fava et 4889). Lamon-Fava et al. (1989) reported
that in subjects who completed an enduranaghlon the change seen in LDL particle
size was associated with a decline in d@hcentrations. It was hypothesized that
decreases in plasma TG levels allow for a compositional modification of the LDL-C
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particle. The increase in lipolysis via LPlould decrease the TG content of the core of
the LDL-C particle making it larger andskedense. There were no changes in TG
concentrations in the present study and tloeecthe size of the LDICG particle would not
alter its composition or density. Currentiyere are no studies that report a caloric
expenditure threshold for LDL-C particééze change in untrained individuals.
Furthermore there is no previous researckhereffects of intermittent exercise on LDL-
C patrticle size. Given this information it is difficult to compare the results of this study
to those of others, it seems reasonable toladadhowever that thé50 kcal stimulus in
this study was not sufficient &ter LDL-C patrticle size.

The Role of Continuous and Intermitent Exercise on LCATa and CETPa

The results of the present study showet exercise, whether continuous or
intermittent, was sufficient to increase LCATa 48 hours post exercise for the CE (12%)
and IE 3 (12%) trials (Table 8). Furtheara, LCATa for IE 2 increased by 3% from 24
hours to 48 hours post exercise and IE 3iooally increased from immediately post
exercise by 2% at 24 hours and 11% ahd@8rs post exercise. Additional analysis
revealed a significant and positive correlation (r = 0.62) to the HpsuBfraction as
well as a significant negative correlation (r = -0.57) to the HRIsuibfraction. The
results of the correlation analysisggest that as LCATa increases HDLals0 increases
and furthermore, when LCATa increases HD4 vi@ll decrease, thereby supporting the
notion that LCATa directly influences tlanount of cholesterol influx to the HDL-C
core allowing for the conversion of HDL;@ HDL-C,.

Furthermore, the lack of change seethWCETPa also supports this hypothesis in
that Pearson product moment correlationgated a small non-significant relationship
between CETPa and HDL,@ = -0.26) thereby suggesgj that the activity of this
enzyme does not apparently influertdDL-C subfraction distribution.

It has been shown that both exerdrsgning (Taskinen et al., 1981) and acute
exercise (Dufaux et al., 1986, Frey et 8891) can increase LCATa which will facilitate
an increase in HDL-£and further regulate the HDL,E&IDL-C; ratio. LCAT in the
presence of apolipoprotein Adsterifies free cholesterol into a cholesterol ester that is
moved into the HDL-gcore. This reaction causes a clehgradient that generates a
cholesterol supply for LCAT. Additional chotesol supply fuels th internalization of
these cholesterol esters into the HD4 e@re and as a result when the core expands it is
converted to the HDL-{particle (Durstine et al., 2002Results of this study support
those of the previous studies asaujgest that the changes in HDL-#hd HDL-G are
due to the significant increases in LCATBhe observed changes in HDL-C subfractions
could also be due to changes in the activitsheflipid transport enzymes. While HL and
LPL were not measured in the presentgtthe activity of HL has been shown the
decrease after acute exercise (Gordon e1@94). It seems likely decreased HL activity
contributed to the observed increase in Hicirculation. Asa further result, HDL to
HDL; ratio becomes altered due to decreddk and lessens the conversion of HDL-C
to HDL-C; at the liver.

The results of this study were similargevious research ithat no changes in
CETPa were found following an acute bouegércise (Grandjean et al., 2000). Again,
since the role of CETP has not been fullygarched it is hard to speculate why changes
do not occur although it has been suggesteddtbegible influential factors may include
TG composition of VLDL-C (Bagdade et 4991). However the CETP concentrations
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in this study fall within normal range adleeted by normal HDL-C levels. Furthermore,
research has not examined whether baselinenemigvels play a rola their ability to
become modified as a result of an exsgantervention. Regardless, the correlation
analysis revealed that there were rgniicant relationship between CETPa and the
lipid/lipoprotein variable suggesting that the activity tis enzyme was not critical in
regulating the changes obseniedhe HDL-C subfractions.

Intermittent Study Comparisons

There have only been a few chronigdés examining a similar protocol,
continuous versus intermittent exerciseidt, 1985; Snyder et al., 1997; Woolf-May et
al., 1998; Woolf-May et al., 199@nd only one examining the effects of acute exercise
in a continuous bout versugenmittent bouts (Mestek et al0@6). Similar to all of these
previous studies no changes in TG were se@my exercise intervention across time.
This may be a result of several differéattors including inconsistent reporting of
dietary intake and low calorie expenditure as seen in the Woolf-May studies (1998, 1999)
or the differences in subject characteristisseen in the Ebisu study (1985). TG are
influenced by diet and typically are measuadigr a 12-hour fastlespite control over
diet like in the current study and the Messtlidy (2006), it was siply not possible to
get blood TG measurements during intermittent sessions over the course of one day
allowing for a 12-hour fast. Therefore, T@ncentrations may have been influenced by
previous food consumption. It is howevepiontant to mention thah the present study
there is a non-significant decline in T@ncentration in all three trials from the
immediate post exercise readito the 48 hour post exercisading (see Table 5).

In addition, the results of hstudy are similar to thesof Mestek et al. (2006)
who reported no changes in TC or LDL-C agsult of the exercise intervention. These
results are also supported by the vast bodycafe continuous exercise literature that
also shows no significant diffences in TC and LDL-C (Davet al., 1992; Durstine et
al., 1996; Durstine et al., 1983; Ferguson gt1#198; Kantor et al1984). The subject
population in this study could generally éescribed as normocholesterolemic and as
reported by the health history questionnairé ha underlying metabolic conditions that
contribute to high cholesterolsiven these characteristics a single exercise session may
not influence an apparently normal chedesl profile. TC and LDL-C changes are
typically observed when dietamterventions are made, suab reducing fat intake or
when a reduction in body composition occ(Dsirstine et al., 2001). The present study
did not require weight loss or a changeha participants’ dietherefore we did not
expect nor see changes in TC or LDL-C.

The difference between the presentdgtand the other tarmittent studies,
particularly Ebisu (1985) and Mtk et al (2006) is th#éhe present study reported no
significant changes in total HDL-C valuestla¢ three exercise session time point (see
Table 6). Both Ebisu (1985), utilizing arohic protocol and M&tek et al (2006)
utilizing an acute protocdbund significantly higher HDL-C values for those participants
in their three exercise session group. NeitBeearch group canquide an explanation
for this finding merely reporting that it exist¥he present study did demonstrate a very
small non-significant increase (8%) in HDL-Clwas but not comparable to those of
Ebisu (1985) or Mestek et.4dR006). HDL-C has been shown to change with acute
continuous exercise in hypercholestemic men after expending 350 kcals and
normocholesterolemic men after expamb00 kcals (Crouse et al., 1995, 1997;
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Grandjean et al., 2000), it is possible to sjegeuthat perhaps thb0 kcals in the present
study may be below the necessary threshold of energy expenditure for change in a
normocholesterolemic population. It is inténeg that in the presnt study total HDL-C
did not change but the subften concentration did. One gsibility for this finding is
that total HDL-C concentrations are govermad only by the enzymes related to lipid
transport but also by other mediators of regansolesterol transport such as transporter
proteins and receptors whereas the subfractbmeentrations in citdation may be more
susceptible to the enzymes also presentroulztion contributing to the changes seen in
the present study.
Summary and Conclusions

Specifically, this study indicates that 8roduced greater changes in the HDL-C
subfractions compared to CE or IE 2. tddion, LCATa values seemed to increase in
both CE and IE 3 compared to IE 2. It censpeculated that perhaps performing three
sessions over the course of one day, itlegmergy expenditure remaining constant,
provides an “all-day” stimulus that allows the body to carry out lipid/lipoprotein
metabolism more efficiently than one oreevwo sessions alone. The IE 3 session was
designed to expend 150 calories every 8 tmurs and was timed around meals. This
may suggest that eating and exercising taingervals may allow for enhanced HDL-C
metabolism that is facilitated by an increas LCATa. Most importantly from a
practical standpoint the charsgim HDL-C subfractions andCATa are seen in all three
interventions suggesting thidln individual is looking talter the lipid/lipoprotein
profile it can be done emplayy various types protocols.

Future Research

The results seen not only in this study btlter intermittent lipid studies warrant
further research designedreplicate the findings as well as continue to examine the
effects of intermittent exercise on other markers of health. There is still no intermittent
data on the effects of the #ipe (HL and LPL) enzymes, weh may help to provide a
rationale for why three sessions appear tbditer than one sessiokurther, the concept
of a threshold is a very important underlyingiahle that still neesito be evaluated not
only in the acute continuous exercise resednut now within the intermittent data as
well. This can further help clinicians togwide more accurate exercise prescriptions for
their clients or patients based on specifiashsas gender, cholesterol status, and even
fitness level. It would be important torduct this study using arfeale population to see
if the effects are similar between men avamen so that gender specific exercise
prescriptions can be made.né&ily, the literature on baselitdDL-C levels and how they
are affected by exercise stimuli are still vag@search designed to look at intermittent
exercise stimuli and participants withryeng HDL-C levels is also warranted.
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APPENDIX A

Study Recruitment Flyer
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EXERCISE STUDY!!!
PARTICIPANTS NEEDED!!

You can participate if you ARE:
MALE

between 18-35 years old

i1 NON-smoker

INOT participating in regular exercise

BENEFITS:

FFREE Blood test
tfCholesterol
TTriglycerides
tLow Density Lipoprotein
tHigh Density Lipoprotein

FREE diet analysis

FREE fitness test

CALL or E-MAIL SARA CHELLAND at 850-443-
4843 orschelland@yahoo.com
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Human Subjects Approval and Informed Consent
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Florida State
UNIVERSITY
Office of the Vice President For Research
Human Subjects Committee

Tallahassee, Florida 32306-2763
(850) B44-8633 - FAX (850) 544-4382

APPROVAL MEMORANDUM

Date: 12/3/2004

To:
Sara Chelland
MC 1493

Dept: NUTRITION FOOD AND MOV [ SCIENCEZ ’

»
From: John Tomkowiak, Chair ; ﬁ-ﬂ
Re: Use of Human Subjects in Research

The effects of an Acute Bout of Continuous versus Accumulated Exercise of
Isocaloric Energy Expenditure on blood lipids, lipoproteins and related enzyme activities

The forms that you submitted to this office in regard to the use of human subjects in the proposal
referenced above have been reviewed by the Human Subjects Committee at its meeting on
11/10/2004. Your project was approved by the Committes.

The Human Subjects Committee has not evaluated your propesal for scientific merit, except to weigh
the rigk to the human participants and the aspects of the proposal related to potential risk and
enefit. This approval does not repiace any departmental or other approvale which may be requirad

If the project has not been completed by 11/9/2005 you must request renewed approval for
continuaticn of the project.

You are advised that any change in protocol in this project must bé approved by resubmission of the
project to the Committee for approval. Also, the principal investigator must promptly report, in
writing, any unexpected problems causing risks to research subjects or others,

By copy of this memarandum, the chairman of your department and/or your major professor is
reminded that he/she is responsible for being informed concermning research projects invalving
human subjects in the department, and shaould review protocols of such investigations as often as
needed to insure that the project is being conducted in compliance with our institution and with DHHS
regulations.

This institution has an Assurance on file with the Office for Protection from Research Risks. The
Assurance Number is IRBO0000446.

cc: R.J. Moffatt
HSC No, 2004.772
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Florida State
UNIVERSITY

Office of the Vice President For Research

Human Subjects Committee
Tallshassee, Florida 32306-2763
(850) 644-8633- FAX (850) 644-4382

REAPPROVAL MEMORANDUM

Date: 10/26/2005

To:
Sara Chelland
MC 1493

Dept.: NUTRITION FOOD AND MOVEMENT SCIENCES

From: Thomas L. Jacobson, Chair %@-—

Re: Reapproval of Use of Human subjects in Research:
The effects of an Acute Bout of Continuous versus Accumulated Exercise of Isocaloric
Energy Expenditure on blood lipids, lipoproteins and related enzyme activities

Yeour reguest to continue the research project listed above invelving human subjects has been approved
by the Human Subjects Committes. If your project has not been completed by 10/18/2006 piease
request renewed approval.

You are reminded that a change in protecol in this project must be approved by resubmission of the
project to the Committee for approval. Also, the principal investigator must report to the Chair promptly,
and in writing, any unanticipated problems involving risks to subjects or others.

By copy of this memaorandum, the Chairman of your department andfor your major professor are
reminded of their responsibility for being informed concerning research projects involving human
subjects in their department. They are advised to review the protocols of such investigations as often
as necessary fo insure that the project is being conducted in compliance with our institution and with
DHHS regulations.

Ce: R.J. Moffatt
HSC No. 2005.754-R
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All subjacts whe sign an informed consent will be assigned a code. Infarmation for subjects will be kept within a petsonal folder
Identified by their respective codes. A master list will be kept in-a locked filling cabinet in Dr. Robert J. Moffatt's offica (406 Sandals
Building) and will be the only way e fink coded subject informaticn to the subiect. Following completion of the project, the principle
investigators will keep all files in 2 locked file drawer (408 Sandels Building) for a pericd of five years, al this tims the data will be destroved.

6. IS THE RESEARCH AREA CONTROVERSIAL AND IS THERE A POSSIBILITY YOUR PROJECT WILL GENERATE
PUBLIC CONCERN? if SO, PLEASE EXFLAIN.

Mo controversy is anticipated over this research.

7. DESCRIBE THE PROCEDURE TO BE USED FOR SUBJECT DEBRIEFING AT THE END OF THE PROJECT. IF YOU DO
NOT INTEND TO PROVIDE DEBRIEFING, PLEASE EXPLAIN,

Data coilected will not be discussed with subjects unfil they have completed the project. Following completion the subjects will be
provided with ail information and a detailed expianation of the results. Subjects will have the opfion of providing a mailing address where their

results can be sent following analysis of the data,

INFORMED CONSENT FORM

I, freely and voluntarily and without any element of force or coercion, consent to be a

participant in the research project entitlad “The effects of an Acute Bout of Continuous versus Accumulated Exercise of Isocaloric Energy
Expenditure an blood lipids and lipoproteins and the lipid related transport enzyme activities.” This research is being conducted by Sara
Chelland, a graduate student in exercise physiology under the supervision of Dr Robert J. Moffatt at Florida State University. | understand
that physical activity has a variety of positive health benefits on the lipid profile. | understand the purpose of the research project is to
determine if two or three intermittent exercise session has the same effect as one continuous exercise session on lipids, lipoproteins and
lipid transport related enzymes. Sacondly, If any changes occur, how long do they persist after the last exercise session?

| understand that | will be asked to report to the laboratory on four separate occasions. The first lab
visit will consist be a familiarization where | will be asked to sign an informed consent form, provide a basline
blood draw and perform a treadmill maximal oxygen consumption test. | understand that | will then be asked
to perform threo separate trials each consisting of exercise at 65% of the previously established VO; max, to expend 600 kcals.
The three trials will consist of 1) a single continuous exercise session to expend 600 kcals, 2) two intermittent exercise sessions
designed to expend 300 kcals/session for a total of 600 kcals and 3) three intermittent exercise sessions designed to burn 200
keals/session for a total of 600 keals, The intermittent sessions will take place a minimum of four hours apart, with the subjects
being encouraged to eat immediately after each session and then not again until after the next session. Prior to the start of
each collection period a baseline blood draw will be performed. Blood draws will be taken immediately post
exercise, 24 and 48 hours post exercise. The total time commitment to the study, including post exposure
blood draws will vary by day depending on the trial, but in total will require of twenty (20) hours of laboratory

time.
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APPENDIX D

Anthropometric Data Sheet
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APPENDIX E

Maximal Exercise Test Data Sheet
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