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ABSTRACT 

Does Baseline HDL-C Influence the Dose and Response Relationship Between Acute 

Exercise and Post-exercise HDL-C Improvement? Purpose: The purpose of this study 

was to determine if high density lipoprotein cholesterol (HDL-C) status (low vs. normal) 

affects the magnitude of post-exercise HDL-C changes�over a 24 hour period and whether 

different caloric expenditures (300, 500 and 700 kcals) augment this relationship.  

Methods:  Two groups of healthy untrained male volunteers participated in this study.  

Subjects were assigned to one of two groups based upon their resting HDL-C level.  The 

LOW HDL-C group consisted of 13 subjects with clinically low HDL-C (< 40mg/dl) and 

the NORMAL HDL-C group consisted of 14 subjects with normal HDL-C (≥ 45mg/dl).  

Age, diet, VO2max and anthropometric data were collected prior to initiation of the 

experimental protocol and were similar for both groups.  The characteristics of the LOW 

group were 21.9 ± 2.0 yrs of age, 1.8 ± 0.1 m tall, weighed 80.9 ± 7.9 kg, and had a BMI 

of 25.2 ± 2.2 kg/m
2
, a VO2max of 45.8 ± 5.1 ml/kg/min and a resting HDL-C of 35.7 ± 2.7 

mg/dl.  Characteristics of the NORMAL group were 23.4 ± 7.1yrs of age, 1.8 ± 0.1 m tall, 

weighed 78.6 ± 7.6 kg, and had a BMI of 24.3 ± 2.5 kg/m
2
, a VO2max of 47.5 ± 4.8 

ml/kg/min and a resting HDL-C of 53.9 ± 5.8 mg/dl.  Subjects randomly completed three 

nonconsecutive exercise trials (300, 500, and 700 kcals) on a treadmill at 65% of VO2max.  

Blood samples were collected pre-exercise (PRE), immediately post-exercise (IP), and 24 

hours post-exercise (+24).  Each sample was analyzed for HDL-C and its subfractions 

(HDL2-C and HDL3-C) and was corrected for plasma volume shifts.  Results:  There was 

no significant main effect of group or condition (kcal expenditure) and no interactions 

among variables.  HDL3-C increased significantly IP regardless of group or caloric 

expenditure, but was not different from PRE at +24.  HDL-C increased (5.6%) 

significantly IP regardless of group when the 500 and 700 kcal trials were combined, 

again the effect was transient.  Individually, no caloric expenditure produced HDL-C or 

subfraction changes that were significantly different from one another.  Conclusions:  

Baseline HDL-C status had no significant effect on the magnitude of post-exercise HDL-

C alterations.  Furthermore, post-exercise improvements of HDL-C in untrained men 

occur via increases in HDL3-C and primarily at caloric expenditures above 300 kcals. 
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CHAPTER 1 

INTRODUCTION  

Research has shown a strong relationship between blood lipoprotein levels and 

atherosclerosis, particularly in the case of the major cholesterol carrying lipoproteins, low 

density lipoprotein cholesterol (LDL-C) and high density lipoprotein cholesterol (HDL-

C).  LDL-C is directly related to the risk of developing atherosclerosis, hence the 

reputation as “bad cholesterol” (NCEP 2002).  HDL-C has an opposing relationship with 

atherosclerosis, thus increases in serum HDL-C are beneficial to heart health (Castelli, 

Doyle et al. 1977; Gordon, Probstfield et al. 1989; Després, Lemieux et al. 2000).  Due to 

the research exposing these relationships there has been a drive in the medical 

community to find ways to lower LDL-C and raise HDL-C in persons who are at risk of 

developing atherosclerosis.  Several successful therapies for creating favorable changes 

in blood lipoprotein levels have been developed, including: diet, pharmaceuticals, and 

exercise.   

The role of exercise in influencing blood lipoprotein levels is an area of important 

research, particularly because exercise is beneficial to other health parameters and has 

few if any detrimental side effects.  Research has shown that LDL-C has a poor response 

to exercise, both acutely and chronically (Durstine, Grandjean et al. 2001; Thompson, 

Crouse et al. 2001).  HDL-C levels have proven much more susceptible to the influence 

of exercise and clinical recommendations for increasing HDL-C now contain provisions 

for increased physical activity (NCEP 2002).  HDL-C levels are commonly higher in 

aerobically trained individuals and exercise interventions have demonstrated a direct link 

with HDL-C improvement (Durstine, Grandjean et al. 2001).   

The higher levels of HDL-C in trained individuals are almost certainly due to an 

interaction between acute exercise response and chronic adaptation.  Increases in HDL-C 

have been demonstrated with both chronic and acute exercise, although the relative 

contribution of acute exercise to chronic elevation of HDL-C is still unclear (Durstine, 

Grandjean et al. 2001; Thompson, Crouse et al. 2001).  A large amount of basic 

information regarding the volume, intensity, and type of exercise necessary for HDL-C 

improvement has been researched; however it is still very difficult to predict HDL-C 
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response to exercise.  The difficulty in predicting HDL-C response to exercise probably 

stems from the numerous other factors besides exercise, which are known to influence 

HDL-C levels.  A few of the factors known to influence the response of lipoprotein levels 

and HDL-C in particular are: training variables, body composition, dietary intake, genetic 

variation and baseline lipid levels (Pérusse, Rice et al. 1997; Abbasi, McLaughlin et al. 

2000; Durstine, Grandjean et al. 2001; Rice, Després et al. 2002; Archer, Lamarche et al. 

2003; McLaughlin, Allison et al. 2004; Onat, Avci et al. 2004).   

The effect that baseline blood lipid levels have on HDL-C response to acute 

exercise is of particular significance when recommending exercise as a therapeutic tool.  

Exercise may be an effective therapy for isolated low HDL-C, but only if it is reasonable 

to attain the amount of exercise necessary for benefit.  A few investigations have shown 

that HDL-C response to aerobic training is attenuated in those with low baseline HDL-C 

levels, perhaps making improvement via exercise unlikely in this population (Raz, 

Rosenblit et al. 1988; Williams, Stefanick et al. 1994; Zmuda, Yurgalevitch et al. 1998; 

Williams 2004). At this time the most compelling evidence for this phenomenon comes 

from studies using exercise training, however, a similar relationship likely exists in 

regard to acute exercise (Raz, Rosenblit et al. 1988; Zmuda, Yurgalevitch et al. 1998).    

It is clinically relevant for treatment of lipid abnormalities that we fully understand how 

baseline HDL-C levels affect the magnitude of HDL-C response to acute exercise.  The 

present study may help to determine the interaction between low baseline HDL-C and 

acute exercise, as well as quantify the dose/response relationship within a population that 

has low HDL-C levels. 

Statement of the Problem 

 Exercise is routinely recommended to individuals in order to improve their blood 

lipid profiles (NCEP 2002).  Exercise can certainly benefit all individuals in some way; 

however, the ability of exercise to improve blood lipids, particularly HDL-C, may not be 

universal.  Some research has shown that the level of improvement in HDL-C after 

exercise training is attenuated in subjects with initially low HDL-C levels (Raz, Rosenblit 

et al. 1988; Williams, Stefanick et al. 1994; Zmuda, Yurgalevitch et al. 1998; Williams 

2004).  Elevated HDL-C levels related to chronic exercise are likely influenced by recent 

acute bouts of exercise; therefore it is important to fully understand the effect of baseline 
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HDL-C levels on acute exercise response of HDL-C.  Individuals with isolated low HDL-

C levels may have a genetic abnormality in HDL-C metabolism, which could result in a 

poor HDL-C response to acute exercise.   Several mechanisms are currently being 

explored (Hagberg, Ferrell et al. 1999; Halverstadt, Phares et al. 2003).  Consequently 

persons with low baseline HDL-C levels may require a larger volume of exercise to 

produce the same magnitude of improvement in HDL-C as their counterparts with higher 

baseline HDL-C values.  Research regarding the effect of low baseline HDL-C on the 

HDL-C response to acute exercise is incomplete.  Research in this area is necessary to 

understand the interaction between low baseline HDL-C and acute exercise, as well as 

quantification of a dose/response relationship from which treatment guidelines can be 

established. 

 Significance of the Study 

 The main aim of this study was to determine whether subjects with isolated low 

baseline HDL-C (< 40mg/dl) display a different dose/response (HDL-C response) 

relationship to acute exercise than normocholesterolemic (≥45mg/dl) subjects.  Although 

a small body of research has begun exploring the ramifications of low baseline HDL-C 

and HDL-C response in regard to chronic exercise no research has specifically 

investigated acute exercise.  The response of HDL-C to acute exercise has been studied in 

hypercholesterolemic men; however, these subjects had normal baseline HDL-C levels 

and consequently cannot provide insight into the current query (Crouse, O'Brien et al. 

1995; Crouse, O'Brien et al. 1997).  If a different dose/response relationship to acute 

exercise can be demonstrated, than it argues against the ability to generalize the data 

found in normocholesterolemic subjects to subjects with low HDL-C levels.  Such a 

finding could potentially change the way in which exercise is prescribed for the treatment 

of low HDL-C and may help pave the way towards practical guidelines for clinicians to 

use with patients with low HDL-C. 

Hypotheses 

1. Untrained subjects with isolated low HDL-C (< 40 mg/dl) will have an attenuated 

HDL-C response to aerobic exercise of a given caloric expenditure when 

compared with subjects having normal baseline HDL-C (≥ 45 mg/dl).  
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2.  Due to the expected attenuation of HDL-C response in subjects with low HDL-C 

a greater caloric expenditure will be required to obtain elevation of HDL-C when 

compared to subjects having normal HDL-C. 

3. HDL-C improvement in subjects with normal baseline HDL-C will preferentially 

occur via HDL2-C while HDL-C improvement in the low baseline HDL-C group 

will preferentially occur via HDL3-C. 

Delimitations 

The following delimitations were recognized for this study 

1. Two groups of eight untrained males between the ages of 18 and 44 were 

recruited from Florida State University and the surrounding area. 

2. Subjects had no significant health problems (not receiving treatment or 

medication for lipid abnormalities and had no pertinent injuries which would be 

contraindicated for exercise). 

3. Subjects were not involved in a vigorous exercise program. 

4. Subjects were free of extraneous factors known to influence HDL-C, such as: 

obesity, smoking, or other lipid disorders.  

5. Subjects were weight stable and did not adjust their food intakes during the study. 

6. During the study subjects replicated their diets prior to each experimental trial. 

7. All exercise trials were performed in random order. 

8. All exercise trials were separated by at least four days from the previous exercise 

bout. 

9. All subjects received the same instructions in order to avoid between subject 

variations in behavior. 

Limitations 

The following limitations were recognized for this study: 

1. Subjects were volunteers; individual characteristics may have affected the 

experimental outcome. 

2. HDL-C levels are influenced by a variety of factors and interactions, many of 

which are not fully understood.  Every attempt was made to minimize the effect 

of any confounding variables. 
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3. Isolated low HDL-C is not prevalent in the general population, thus the 

availability of subjects may influence the statistical power of the study. 

Definition of Terms 

Acute exercise – A single isolated bout of exercise. 

Apolipoprotein – The protein component of a lipoprotein, which helps make it soluble in 

water (Brewer, Gregg et al. 1988).  

Body mass index (BMI) – Also known as the Quetelet index, is an index used to 

determine appropriate bodyweight calculated by: weight(kg)/height
2
(m) (Nieman 1999). 

Chronic exercise – Regular exercise over a period of time, generally weeks or months, 

synonymous with exercise training. 

Graded exercise test (GXT) – An exercise test in which workload is increased at regular 

intervals in a stepwise fashion to volitional failure (Nieman 1999). 

Hematocrit – The proportion of blood volume consisting of packed red blood cells 

(McCall and Tankersley 1998). 

Lipid – An organic compound such as wax, oil, or fat, which is insoluble in water, but 

soluble in organic solvents (2000). 

Lipoprotein – Any of several varieties of lipid and protein complexes, which function to 

transport lipids throughout the body (Durstine, Grandjean et al. 2002). 

Maximal aerobic capacity (VO2max) – The maximal amount of oxygen consumed per 

minute during a maximal exercise test (Nieman 1999). 

Plasma – The pale yellow fluid remainder of blood after red blood cells are separated, 

which is 90% water (McCall and Tankersley 1998). 

Plasma volume shift – Expansion or contraction of blood plasma volume, as measured 

by an increase or decrease in the proportion of plasma in a given series of blood samples. 
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CHAPTER 2 

LITERATURE REVIEW 

Lipoproteins: Characteristics and Functions 

 Lipoproteins are organic molecules consisting of a combination of lipids and 

proteins; these molecules are essential to the function of the human body.  Several classes 

of lipoprotein exist in humans; however, all of them serve one primary function: the 

transportation of lipids within the bloodstream.  Lipid molecules are hydrophobic, they 

do not dissolve in an aqueous solution, and thus they must have an “escort” in order to 

travel within the bloodstream.  Water molecules are polar, while most lipid molecules are 

not, thus these molecules have no attraction to one another and will not mix in raw form.  

In order to produce a molecule that will dissolve in the blood stream hydrophobic lipids 

are combined with phospholipids and proteins that are amphipathic, neutral on one side 

while charged on the other (Davis and Wagganer 2006).  The neutral side faces inward 

toward a core of lipid material, while the charged side faces outward and allows 

interaction with water molecules in the blood plasma.  The end product is a spherical 

molecule of measurable size that contains apolipoproteins, triglycerides, phospholipids 

and cholesterol (Durstine, Grandjean et al. 2002).  Lipoproteins are most often classified 

based on their density; four to five distinct categories are generally recognized: 

chylomicrons, very low density lipoproteins (VLDL-C), intermediate density lipoproteins 

(IDL-C), LDL-C and HDL-C (Durstine, Grandjean et al. 2002; Davis and Wagganer 

2006).  Each of the variety of lipoproteins has a specific metabolic function and the lipid 

content of lipoproteins generally reflects this.  Chylomicrons and VLDL-C contain 

mostly triglycerides which are hydrolyzed by the enzyme lipoprotein lipase (LPL) which 

releases fatty acids to be taken up by body tissues (Davis and Wagganer 2006).  The 

remnants of chylomicrons are generally catabolized by the liver while triglyceride 

depleted VLDL-C enters a transitional phase as IDL-C (Davis and Wagganer 2006).  The 

VLDL-C is further hydrolyzed by LPL and hepatic lipase (HL) which further reduces 

triglyceride content and produces a LDL-C particle which contains mostly esterified 

cholesterol (Davis and Wagganer 2006).  The major role of the LDL-C particle is the 

transport of cholesterol to peripheral tissues for uptake and subsequent use (Durstine, 
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Grandjean et al. 2002).  The smallest and most dense lipoprotein, HDL-C, is formed via 

an alternate pathway and has an altogether different function.   

 The HDL-C particle starts as a disc shaped, lipid depleted, lipoprotein formed 

from apolipoprotein A-I (apo A-I) along with small amounts of phospholipids and 

cholesterol (Eisenberg 1984; Davis and Wagganer 2006).  The immature HDL-C particle 

interacts with peripheral tissues and plasma lipoproteins gathering additional free 

cholesterol and phospholipids (Eisenberg 1984; Davis and Wagganer 2006).  The 

accumulation of free cholesterol and phospholipids is largely dependant on lipolysis and 

consequently LPL (and HL), as triglyceride rich lipoproteins become hydrolyzed by LPL 

the remnants are incorporated into the immature HDL-C particle (Eisenberg 1984).  Free 

cholesterol becomes esterified through the action of lecithin cholesterol acyltransferase 

(LCAT) and migrates to the core of the HDL-C particle forming the mature spherical 

lipoprotein (Eisenberg 1984; Davis and Wagganer 2006).  In the mature HDL-C particle 

there is rapid turnover of lipid molecules; cholesterol esters are exchanged with other 

lipoproteins via the action of cholesterol ester transfer protein (CETP) and additional 

cholesterol esters are accumulated via the LCAT reaction (Eisenberg 1984).  This 

constant flux of lipids makes the HDL-C particle highly dynamic and prone to fluctuate 

in density as lipids are exchanged with other lipoproteins and delivered to body tissues 

(Eisenberg 1984; Davis and Wagganer 2006).  The direct delivery of cholesterol to cells 

via HDL-C occurs mainly through the scavenger receptor class B type I (SR-BI) which is 

associated mainly with hepatic and steroid producing cells which require additional 

cholesterol for production of bile and hormones (Davis and Wagganer 2006).  Delivery of 

cholesterol to the liver via HDL-C (directly or indirectly) is termed reverse cholesterol 

transport and is a dominant pathway for the removal of cholesterol from circulation, 

which may play a role in prevention of atherosclerosis. 

  Cholesterol and Lipoproteins: Incidence of Mortality and Morbidity 

 Heart disease is the leading cause of death in Americans above the age of 44 years 

and the 3
rd

 leading cause of death in Americans age 25-44 years (NCHS 2005).  The term 

“heart disease” is a blanket term that refers to several cardiovascular pathologies, chief 

among those being coronary heart disease (CHD).  CHD is the end stage of a progression 
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of fatty lesions within the coronary arteries that causes partial or total occlusion of blood 

flow to heart tissue (Chilton 2004).   

 The lipid/lipoprotein content of atherosclerotic lesions illustrates the existence of 

a link between blood lipoprotein levels and the development of CHD.  This relationship 

has been studied extensively and indeed strong correlations between blood lipoproteins 

and CHD are evident.  It has been demonstrated consistently that incidence of CHD 

development increases as total serum cholesterol levels increase (Castelli, Doyle et al. 

1977; LaRosa, Hunninghake et al. 1990; Klag, Ford et al. 1993; Lloyd-Jones, Wilson et 

al. 2003).  Serum cholesterol levels have also been positively correlated with an increase 

in cardiac events and mortality in CHD (Verschuren, Jacobs et al. 1995; Mabuchi, Kita et 

al. 2002; Menotti, Lanti et al. 2006).   

 Total serum cholesterol has become a useful predictor of CHD morbidity and 

mortality because it generally reflects the levels of potentially atherogenic lipoproteins 

within the blood.  This makes total cholesterol particularly useful for epidemiological 

data because trends can be established despite wide variation amongst individuals in the 

population (Sullivan 2002).  At the individual level total cholesterol loses much of its 

predictive value in part because it cannot distinguish between individual lipoprotein types 

(Sullivan 2002). 

 The measure of total serum cholesterol includes both HDL-C and non-HDL-C 

sources of cholesterol, each of which has a different relation to CHD.  LDL-C contains 

roughly 60-70% of the total serum cholesterol, while VLDL-C contains 10-15%, the 

remaining 20-30% is contained within HDL-C (NCEP 2002).  It is the non-HDL-C 

component, particularly LDL-C, of total cholesterol that is associated with development 

of CHD (NCEP 2002).    

 In contrast, the HDL-C component of total cholesterol has consistently shown a 

negative relationship with CHD morbidity (Castelli, Doyle et al. 1977; Gordon, 

Probstfield et al. 1989; Després, Lemieux et al. 2000).  Epidemiological data indicate that 

a 1 mg/dl increase in HDL-C is associated with a 2-3% decrease in CHD risk (Gordon, 

Probstfield et al. 1989). Low HDL-C levels are an independent risk factor for CHD and 

as such HDL-C increase is considered a therapeutic treatment goal by the National 

Cholesterol Education Program (NCEP 2002).  
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 HDL-C is believed to protect the arteries from atherosclerosis and consequently 

CHD primarily through reverse cholesterol transport, although several other mechanisms 

have been shown to play a role (Stein and Stein 1999; Ohashi, Mu et al. 2005; Davis and 

Wagganer 2006).  Although the full extent to which HDL-C functions to protect against 

CHD is unknown there is compelling evidence that it plays a direct role in slowing the 

progress of atherosclerosis.  HDL-C and VHDL-C (very high density) infusion has been 

demonstrated to significantly decrease the progression of atherosclerotic lesions in rabbits 

(Badimon, Badimon et al. 1990).  In addition, induced increases in apo A-I and 

subsequent increase in HDL-C has been shown to have a similar effect on atherosclerotic 

lesions in mice (Tangirala, Tsukamoto et al. 1999).  The progression of atherosclerotic 

lesions in humans has also been shown to have a negative correlation with HDL-C levels 

(Johnsen, Mathiesen et al. 2005).  

Factors that Affect HDL-C Levels 

 There are many factors that influence HDL-C levels, those that are common and 

relevant to this discussion are: 

• body mass index (BMI) and obesity 

• insulin resistance 

• smoking 

• diet 

• medication/drugs 

• genetics 

• physical activity 

 Weight reduction is generally associated with favorable blood lipid changes in 

overweight and obese individuals (Dattilo and Kris-Etherton 1992).  During active 

weight-loss there is usually a small reduction in HDL-C, while during maintenance of 

weight loss there is about a .009 mmol/L increase per kilogram of weight reduction 

(Dattilo and Kris-Etherton 1992).  Regardless of weight loss a negative relationship 

between HDL-C and BMI has been demonstrated; more specifically obesity of the 

abdomen has a strong link to decreased HDL-C levels (McLaughlin, Allison et al. 2004; 

Onat, Avci et al. 2004).   

 Obesity is probably associated with decreased HDL-C partly because of its link 

with insulin resistance.  A solid relationship between BMI and insulin resistance has 

been demonstrated; as BMI increases insulin resistance also increases (Ohnishi, Saitoh 
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et al. 2002; McLaughlin, Allison et al. 2004).  Obesity, particularly abdominal obesity, 

is believed to play a pivotal role in the development of insulin resistance and a related 

disorder called metabolic syndrome (Ben-Ezra 2006).  Although specific criteria for 

diagnosing metabolic syndrome are variable, it is most commonly associated with 

insulin resistance, dyslipidemia, high blood pressure and abdominal obesity (Wubben 

and Adams 2006).  As expected low HDL-C is a feature of insulin resistance related 

dyslipidemia, consequently a negative linear relationship between insulin resistance and 

HDL-C is evident (Ohnishi, Saitoh et al. 2002; McLaughlin, Allison et al. 2004). 

 Smoking is another common factor that directly contributes to chronically low 

HDL-C levels (Moffatt, Chelland et al. 2006).  There is clear evidence that smokers 

have lower levels of HDL-C than non-smokers and there seems to be somewhat of a 

dose dependant relationship (Craig, Palomaki et al. 1989; Imamura, Tanaka et al. 1996; 

Imamura, Miyamoto et al. 2001; Moffatt, Chelland et al. 2006).  The reduction in HDL-

C is not limited to long time smokers, acute exposure to tobacco smoke can also 

significantly lower HDL-C for 24 hours or more (Moffatt, Chelland et al. 2004).  

Conversely a significant increase in HDL-C is demonstrated after cessation of cigarette 

smoking, on the order of approximately 6-12% (Maeda, Noguchi et al. 2003).  Although 

HDL-C can be expected to increase after cessation, this normalization may be retarded 

by the use of nicotine containing cessation aids, however, evidence is equivocal in this 

regard (Moffatt, Biggerstaff et al. 2000).   

 Diet plays a key role in the management of all blood lipid and lipoprotein levels 

and HDL-C is no exception.  In the past a diet low in fat and cholesterol has been 

advocated for the reduction of potentially atherogenic LDL-C; now the goal is more 

centered on reduction of saturated fats rather than simply lowering fat intake (NCEP 

2002).  This paradigm shift may be due partly to the fact that a low fat, high 

carbohydrate diet (CHO) may reduce HDL-C levels (Morgan, O'Dea et al. 1997; 

Abbasi, McLaughlin et al. 2000; Archer, Lamarche et al. 2003).  In contrast, a moderate 

fat diet (26%) low in saturated and high in monounsaturated fats has been demonstrated 

to lower triglycerides and LDL-C similar to a low fat diet (10%) while negating most of 

the detrimental effects on HDL-C (Morgan, O'Dea et al. 1997).  
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 A large variety of drugs can influence HDL-C levels; as the full scope of this 

topic is unnecessary a very brief summary shall suffice here.  In general the major 

categories of drugs used in the treatment of hypercholesterolemia all have some 

beneficial effect on HDL-C levels (NCEP 2002).  The four major classes of medication 

for hypercholesterolemia in common use are: statins, fibrates, nicotinic acid, and bile acid 

sequestrants (NCEP 2002).  Hypertension and hypercholesterolemia often coexist; as 

such the interaction of antihypertensives with lipid and lipoprotein levels is important.  

Most classes of antihypertensives seem to have little effect on HDL-C, with the exception 

of beta-blockers which reduce HDL-C levels (Marques-Vidal, Montaye et al. 2000; 

Kuster, Amann et al. 2002).  Finally, alcohol is another very common drug that has been 

shown to influence HDL-C levels.  Moderate alcohol consumption is associated with 

increases in HDL-C; meta-analysis reveals an increase of .133 mg/dl of HDL-C per gram 

of alcohol consumed (Rimm, Williams et al. 1999; Koppes, Twisk et al. 2005). 

 Of all of the factors that are known to influence HDL-C levels, genetics plays one 

of the largest roles, yet it is the one factor that we can exert no control over.  The 

importance of genotype in the expression of HDL-C cannot be overstated; the evidence 

demonstrates a large percentage of variance in HDL-C is explained by heritable factors.  

The influence of genetic factors has been estimated at approximately 56–62% of the total 

variance in HDL-C levels within certain races (Cohen, Wang et al. 1994; Pérusse, Rice et 

al. 1997).  Some of the actual genomic regions responsible for this variation have also 

been identified, it appears that regions controlling the expression of HL and 

apolipoprotein AI/CIII/AIV account for 25 and 22% of this variation, respectively 

(Cohen, Wang et al. 1994).  Heredity has also been demonstrated to account for 

approximately 30% of the variation in HDL-C response to exercise training (Rice, 

Després et al. 2002).  The role of genetic influence on HDL-C levels continues to become 

more evident as research uncovers a growing number of genes that regulate HDL-C 

metabolism. 

Physical Activity, Training and HDL-C 

 Physical activity is associated with a reduction in risk of cardiovascular disease 

(CVD) and cardiovascular disease mortality (Hu, Tuomilehto et al. 2004; Richardson, 

Kriska et al. 2004).  Although there are several mechanisms through which physical 
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activity may reduce CVD morbidity and mortality, it is likely that exercise associated 

changes in blood lipid parameters play a considerable role. 

 Physical activity (interchangeable with ‘exercise’) can have an effect on all 

fractions of blood lipids and lipoproteins, although some are more resistant to change 

than others.  The type of physical activity studied most closely in conjunction with lipid 

and lipoprotein changes is aerobic exercise.  There is a logical (not always direct) 

connection between blood lipid parameters and energy metabolism.  Thus, conventional 

wisdom holds that generally only exercise, which expends considerable energy, will 

affect blood lipid parameters.  Because substantial caloric expenditure is considered 

necessary for blood lipid changes little attention has been devoted to resistance training, 

which typically does not expend large amounts of calories.   

 The small amount of research that has investigated resistance training appears to 

confirm that this type of exercise has little effect on lipid parameters (LeMura, von 

Duvillard et al. 2000; Elliott, Sale et al. 2002; Banz, Maher et al. 2003; Cortez-Cooper, 

DeVan et al. 2005).  Some studies have shown that resistance training can alter blood 

lipid profiles, however, this data are inconclusive because significant changes in body 

composition also occurred during the experiments (Joseph, Davey et al. 1999; 

Prabhakaran, Dowling et al. 1999).  This is not to say, however, that resistance training 

cannot affect blood lipids under certain circumstances.  For instance, it has been 

demonstrated that a resistance regimen of sufficient volume (i.e. bodybuilding) can 

induce an acute increase in HDL-C and HDL3-Clasting up to 24 hours (Wallace, Moffatt 

et al. 1991).  Although resistance training may have an impact on blood lipids under 

certain circumstances, all further discussion will concentrate on aerobic training. 

 Meta-analysis reveals that aerobic training results in a significant mean reduction 

of 3.7% and 5% for triglycerides and LDL-C respectively, with an increase of 4.6% in 

HDL-C (Leon and Sanchez 2001).  This translates to an HDL-C improvement of 

approximately 2 mg/dl (.052 mmol/L), which corroborates the results of a previous meta-

analysis in which the average HDL-C improvement was .05 mmol/L (Halbert, Silagy et 

al. 1999).   Although the most consistent change associated with aerobic exercise in the 

more recent analysis was an increase in HDL-C, there was still marked variability among 

trials (Leon and Sanchez 2001).  The change in HDL-C between studies varied from 
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about a 6% decrease to a 25% increase (Leon and Sanchez 2001).  The large variability 

between studies may be due to a number of factors including differences among training 

variables, weight loss and intervention length.   

 Weight loss in particular can be problematic; it often occurs in exercise training 

studies and may independently improve HDL-C levels.  Improvements in HDL-C 

attributed to exercise may in fact be influenced by weight-loss produced during a given 

study.  Conversely, recall that ongoing weight-loss may actually lower HDL-C 

temporarily, thus potentially negating the effect of exercise altogether (Dattilo and Kris-

Etherton 1992).  Analysis of one of the largest controlled studies of blood lipids and 

exercise, the Heritage study, indicated that change in HDL-C was not correlated with 

changes in fitness level (VO2max), but rather significantly correlated with changes in body 

fat mass (Katzmarzyk, Leon et al. 2001).  Some confusion exists as to whether exercise 

training without concurrent weight loss can improve HDL-C levels.   Despite confusion, 

evidence for an exercise only effect has been repeatedly demonstrated in studies 

specifically undertaken to maintain body weight and in studies in which weight loss was 

insignificant (Thompson, Yurgalevitch et al. 1997; Spate-Douglas and Keyser 1999; 

Sunami, Motoyama et al. 1999).  Exercise training can clearly increase HDL-C without 

concomitant weight loss, however, the combination of exercise and weight loss appears 

to have an additive effect on HDL-C improvement (Sopko, Leon et al. 1985). 

 The extent to which different training parameters affect the chronic adaptation of 

HDL-C level is still being explored.  The subject of training intensity is one of the 

training variables that have been thoroughly scrutinized in relation to HDL-C response.  

It appears that a threshold for training intensity does not exist for improvements in HDL-

C levels.  Exercise has been demonstrated to improve HDL-C at a broad sampling of 

intensities from 60% to 100% of VO2max (Brownell, Bachorik et al. 1982; Williams, 

Stefanick et al. 1994; Nicklas, Katzel et al. 1997; Stefanick, Mackey et al. 1998; Zmuda, 

Yurgalevitch et al. 1998; Sunami, Motoyama et al. 1999; Leon, Rice et al. 2000; Park, 

Park et al. 2003; Savage, Brochu et al. 2004).  Attempts to control work volume (i.e. 

matching caloric expenditure or total distance) have indicated statistically similar 

increases in HDL-C between intensity levels (Crouse, O'Brien et al. 1997; Spate-Douglas 

and Keyser 1999). 
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 Rather than intensity, it is likely the overall volume of work (measured via 

calories expended) is the most influential training variable for improving HDL-C.  A 

comprehensive analysis of relevant literature indicates that significant improvements in 

HDL-C levels rarely occur below a threshold of approximately 1200 kcal/week of 

exercise (Durstine, Grandjean et al. 2001).   

 It appears that the 1200 kcal/week threshold is valid in both genders (Durstine, 

Grandjean et al. 2001).  In general men and women have a similar HDL-C response to 

training, exhibiting both a similar threshold and pattern of change (Durstine, Grandjean et 

al. 2001; Leon and Sanchez 2001).  Favorable changes in HDL-C in women, however, 

have been reported less frequently than in men (Durstine, Grandjean et al. 2001).  There 

are a number of reasons speculated to account for the decreased frequency of 

improvements in women such as: fat mass/distribution, menstrual cycle, oral 

contraceptive use, and menopausal status (Durstine, Grandjean et al. 2001). 

 The frequency of exercise and the duration of training necessary to elicit 

improvements in HDL-C are both uncertain.  Part of the uncertainty regarding these 

exercise parameters has to do with the interaction between chronic and acute adaptation 

to exercise.  The confusion stems from the fact that an acute bout of exercise can also 

increase HDL-C, particularly in the days afterward.  Unfortunately many of the studies 

that have attempted to quantify training induced changes in HDL-C may not reflect 

training adaptations because the final blood draws were acquired too near to the last 

exercise session.  Acute HDL-C response to exercise generally peaks approximately 24 

hours after an acute exercise bout (Visich, Goss et al. 1996; Crouse, O'Brien et al. 1997; 

Ferguson, Alderson et al. 1998; Bounds, Grandjean et al. 2000), however, a significant 

response is common up to 48 hours (Kantor, Cullinane et al. 1984; Crouse, O'Brien et al. 

1995; Crouse, O'Brien et al. 1997; Gordon, Fowler et al. 1998; Bounds, Grandjean et al. 

2000; Grandjean, Crouse et al. 2000) but rarely up to 72 hours post-exercise(Kantor, 

Cullinane et al. 1987).  Because it is common to see an acute effect up to 48 hours, any 

studies claiming to document a chronic adaptation should collect final specimens no 

earlier than 72 hours after the last exercise session.  A large portion of exercise training 

studies have collected post-training blood specimens 48 hours or less after the final 

exercise session, thereby negating the ability to differentiate an acute bout of exercise 
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from a training response (Brownell, Bachorik et al. 1982; Raz, Rosenblit et al. 1988; 

Williams, Stefanick et al. 1994; Nicklas, Katzel et al. 1997; Stefanick, Mackey et al. 

1998; Zmuda, Yurgalevitch et al. 1998; Spate-Douglas and Keyser 1999; Sunami, 

Motoyama et al. 1999; LeMura, von Duvillard et al. 2000; Savage, Brochu et al. 2004). 

Acute Exercise and HDL-C 

 The acute response of HDL-C to an individual exercise session may be important 

in the overall reduction of CVD risk in trained persons.  If a single bout of exercise can 

elevate HDL-C for 48 hours or more, than a regular exercise regimen has the ability to 

lower CVD risk regardless of whether a training effect is present or not.  The idea that an 

individual exercise session may reduce risk independent of training has sparked a 

growing body of research to catalog the dose/response relationship of HDL-C to acute 

exercise. 

 The acute response of HDL-C to a single bout of exercise has been extensively 

studied in relation to several exercise variables.  Just as with training studies a good deal 

of research regarding acute response has been devoted to the influence of intensity.  

Some studies have shown that higher intensity (> 70% VO2max) exercise results in a 

greater improvement in HDL-C subsequent to exercise, even when caloric expenditure or 

total distance is held constant (Hicks, MacDougall et al. 1987; Gordon, Goss et al. 1994; 

Park and Ransone 2003).  On the other hand some research has indicated the opposite, 

when caloric expenditure is held constant intensity has no significant effect on HDL-C 

response post-exercise (Crouse, O'Brien et al. 1995; Crouse, O'Brien et al. 1997).  One 

group of researchers has shown that the lactate threshold (LT) may be the minimal 

intensity at which a significant HDL-C response will be observed (Park and Ransone 

2003).  Although this hypothesis has only been tested specifically in one instance (to the 

knowledge of the author) an analysis of relevant literature lends some indirect support.  

In untrained subjects LT usually occurs at an intensity of 50-60% of VO2max, while in 

trained subjects the LT is generally 65-80% of VO2max. In two of the previously 

mentioned studies that showed a significant effect of intensity, both used well-trained 

subjects and neither showed an HDL-C response at 60% of VO2max, but an improvement 

was seen at intensities at or above 75% of VO2max (Hicks, MacDougall et al. 1987; 

Gordon, Goss et al. 1994).  In the studies in which intensity was not shown to have a 
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significant effect, both were conducted using untrained subjects and showed HDL-C 

response at 50% VO2max and above (Crouse, O'Brien et al. 1995; Crouse, O'Brien et al. 

1997).  If there is some significance to the LT in regards to HDL-C response, than the 

results from the above experiments fit nicely with what would be expected to happen.  

Although the evidence regarding the influence of intensity is equivocal one thing is fairly 

clear: moderate intensity exercise (i.e. 70-75% VO2max) consistently produces increases in 

HDL-C if sufficient calories are expended (Gordon, Goss et al. 1994; Visich, Goss et al. 

1996; Ferguson, Alderson et al. 1998; Gordon, Fowler et al. 1998; Bounds, Grandjean et 

al. 2000; Grandjean, Crouse et al. 2000; Park and Ransone 2003). 

 Although intensity may have a role in HDL-C response to an exercise session, 

there seems to be general agreement among experts that total caloric expenditure is 

probably more influential.  The evidence regarding HDL-C and caloric expenditure of an 

exercise session is definitely less uncertain than that for an effect of intensity.  In 

untrained men a significant increase in HDL-C of approximately 7% has been 

demonstrated at caloric expenditures as low as 350 kcals per session (Crouse, O'Brien et 

al. 1995; Crouse, O'Brien et al. 1997; Park and Ransone 2003).  In trained men a much 

higher caloric expenditure is likely necessary to elicit improvements in HDL-C after 

exercise.  The threshold necessary for a significant improvement of 10-20% in trained 

men appears to be in the vicinity of 1100 kcal (Ferguson, Alderson et al. 1998).  Exercise 

sessions below 1000 kcals in volume have repeatedly shown a trend toward HDL-C 

improvement in trained men; however these results were not significant in any individual 

trial (Davis, Bartoli et al. 1992; Visich, Goss et al. 1996; Ferguson, Alderson et al. 1998).  

The evidence certainly speaks for a continuum in response between untrained and highly 

trained males, which is certainly logical; there is no reason to believe that some magic 

number exists above which all changes occur.    

 There are many acute exercise studies investigating caloric expenditure necessary 

for HDL-C response in men, far fewer studies have been conducted in women.  The 

studies that have been undertaken with women indicate that a higher energy expenditure 

than that in men may be necessary to produce significant improvements in HDL-C.  

Exercise of 800 kcal has increased HDL-C by approximately 9% in trained women, 

conversely studies with sedentary women have failed to show increases at 350, 700 or 
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even 1300 kcals (Pronk, Crouse et al. 1995; Gordon, Fowler et al. 1998; Imamura, 

Katagiri et al. 2000).  In the study involving trained females (800 kcals) a significant 

effect was only evident at 48 hours post-exercise (Gordon, Fowler et al. 1998).  The 

sedentary females exercising at 700 and 1300 kcals showed no improvements up to 24 

hours, but a 48 hour measure was not taken (Imamura, Katagiri et al. 2000).  Obviously 

more research needs to be conducted with women, but based on current evidence it may 

be speculated that improvements in HDL-C occur at relatively greater caloric 

expenditures and may be slower to appear than in men. 

 It would seem the preponderance of evidence speaks for a caloric threshold for 

HDL-C improvement after acute exercise; however, not all data support this conclusion.  

For instance, HDL-C is also improved immediately after short duration maximal exercise 

in both athletes and untrained subjects (Sgouraki, Tsopanakis et al. 2004).  Short duration 

submaximal interval training (15 minutes) has also been demonstrated to improve HDL-

C by 8% in a cardiac rehabilitation setting (Bermingham, Mahajan et al. 2004).  It is 

unlikely that 15 minutes or less of exercise at any intensity can produce the caloric 

expenditure necessary to meet the thresholds discussed previously.  In light of this 

evidence, it would appear that totally discounting variables such as intensity in favor of 

caloric expenditure would be a mistake until a better understanding of underlying 

mechanisms is obtained. 

   Training status also has an effect on the HDL-C response to an acute bout of 

exercise.  Much of the available research indicates that improvements in HDL-C after 

exercise occur via different subfractions in highly trained versus less well-trained or 

sedentary subjects.  Improvements in HDL-C after exercise in well trained men occur 

largely via increases in the HDL2-C subfraction (Kantor, Cullinane et al. 1984; Kantor, 

Cullinane et al. 1987; Sgouraki, Tsopanakis et al. 2001), while improvements in 

untrained or recreational athletes usually occur via greater improvements in the HDL3-C 

subfraction (Gordon, Goss et al. 1994; Crouse, O'Brien et al. 1995; Bounds, Grandjean et 

al. 2000; Grandjean, Crouse et al. 2000; Park and Ransone 2003).  A shift to an increased 

HDL2-C response and a decreased HDL3-C response has also been demonstrated after a 

single exercise session when measurements were conducted pre-training and post-

training (Crouse, O'Brien et al. 1997).  Because the HDL2-C subfraction has a stronger 
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inverse relationship to CVD than HDL3-C any improvements in the ratio between these 

subfractions would be desirable to reduce risk of CVD. 

Physical Activity and Baseline HDL-C 

 In most cases it is the persons with the worst risk profiles who reap the most 

significant benefits from physical activity.  This phenomenon is intuitive based on the 

“ceiling effect” which is present in most physiological systems, i.e. those who are already 

closer to an optimal level will experience less gains because there are less gains to be 

had.  Using the same logic it makes perfect sense to expect the greatest changes to be 

seen in subjects who are farthest from this “physiological ceiling”.   

 It makes sense to assume that the relationship between physical activity and HDL-

C would demonstrate that the greatest improvements are evident in those who have the 

lowest baseline HDL-C levels.  In fact, this is indeed the relationship that is demonstrated 

when the data are examined on the large scale.  Meta-analyses indicate that there is a 

significant inverse correlation between baseline HDL-C levels and the magnitude of 

improvement associated with aerobic training (Tran, Weltman et al. 1983; Leon and 

Sanchez 2001).  In the general population we would expect to see an inverse relationship 

between baseline HDL-C and the magnitude of improvement associated with physical 

activity, this however, may not be the case in certain subpopulations.  For example: a 

subpopulation of subjects that had a genetic predisposition to low HDL-C levels might 

resist the improvements normally associated with physical activity.  There is evidence 

that seems to support this idea; certain studies have demonstrated a direct, rather than an 

inverse, relationship between baseline HDL-C and the magnitude of HDL-C 

improvement following exercise training (Zmuda, Yurgalevitch et al. 1998; Williams 

2004). 

 One of the first studies to collect data directly on subjects with low baseline HDL-

C in regard to exercise training was published nearly 20 years ago.  This particular study 

found that a group of 28 young men with HDL-C baseline below 40 mg/dl who 

underwent 9 weeks of aerobic training (3 x 45min at 70-85% HRmax) had no significant 

improvement in HDL-C versus controls, despite significant improvements in VO2max and 

plasma triglycerides (Raz, Rosenblit et al. 1988).  Another study attempted to investigate 

the effect of diet, exercise or a combination on changes in blood lipids in men and post-
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menopausal women with low HDL-C (men < 44mg/dl, women < 59mg/dl) and high 

LDL-C (Stefanick, Mackey et al. 1998).  This study also found no significant 

improvements in HDL-C for the exercise or diet plus exercise (exercise was equivalent to 

10 mile/week of jogging) groups in either men or women despite significant increases in 

VO2max (Stefanick, Mackey et al. 1998).  Another recent study has given much more 

definitive evidence that HDL-C response to exercise is attenuated in subjects, particularly 

men, with low HDL-C.  This study involved 17 men divided into either a low (mean 32.4 

mg/dl) or normal (mean 43.3 mg/dl) baseline HDL-C category, each group exercised for 

50 minutes four times weekly at 60-80 HRmax over a period of 12 months while 

maintaining body weight (Zmuda, Yurgalevitch et al. 1998).  After training there was no 

significant HDL-C improvement (1.9 mg/dl) detected in the low HDL-C group whereas 

the normal HDL-C group had significant improvements on the order of 5 mg/dl (Zmuda, 

Yurgalevitch et al. 1998).  In addition to small studies, at least one larger scale study has 

demonstrated that the HDL-C response to exercise training may favor those with already 

higher HDL-C levels.   The investigator performed statistical analyses on data obtained 

from the records of over 9000 male and female runners, analyses indicated that running 

distance (per week) had a progressively larger effect on HDL-C improvement when 

moving from the 5
th

 (28 mg/dl) to the 95
th

 (72 mg/dl) percentile of HDL-C levels 

(Williams 2004).  These findings indicate that at any given volume of weekly running the 

improvement in HDL-C should be of greater magnitude in subjects with higher initial 

HDL-C. 

 There is also a very small, but tantalizing, amount of data that suggest that low 

baseline HDL-C may play a part not only in post-exercise HDL-C response, but also in 

the response of HDL subfractions.  In the study by Zmuda et al. (1998) discussed above, 

it was noted that HDL-C improved significantly as a result of training in the normal 

HDL-C group while insignificantly in the low HDL-C group.  What was particularly 

interesting is the fact that improvements in HDL3–C were similar between groups (≈ 1.5 

mg/dl), whereas, the HDL2–C subfraction improved by 3.8 mg/dl in the normal HDL-C 

group versus .4 mg/dl in the low group (Zmuda, Yurgalevitch et al. 1998).  Another study 

which compared the effect of weight-loss via exercise or diet, provided even more 

compelling evidence (Williams, Stefanick et al. 1994).  In this study the effect of weight-
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loss on HDL-C was compared in three groups of men (dieters, exercisers, and controls) 

after one year, groups were further categorized as low, intermediate or high baseline 

HDL-C.  In the exercise group it was found that the HDL-C improvement was similar per 

unit of weight-loss across all categories, however, the increase in HDL2-C mass of the 

intermediate and high groups was four times greater than in the low group.        

 At this time it is unclear as to whether the peculiar relationship between low 

HDL-C and HDL-C improvement after training can be reproduced with an individual 

exercise session.  It is possible to speculate that several of the studies showing an 

attenuated response to training in subjects with low baseline HDL-C have actually 

demonstrated an acute response, as the final specimens were collected less than 48 hours 

post-exercise (Williams, Stefanick et al. 1994; Stefanick, Mackey et al. 1998; Zmuda, 

Yurgalevitch et al. 1998).  

 Although a substantial amount of evidence indicates that baseline HDL-C affects 

subsequent HDL-C response to exercise, the question remains as to why this occurs?  

Logic dictates that individuals with isolated low HDL-C almost certainly possess one or 

more genetic variations that predispose them to the condition, as there are no other 

explanations for its occurrence.  It has already been mentioned that genetic factors 

account for 56-62% of the HDL-C variation in the population (Cohen, Wang et al. 1994; 

Pérusse, Rice et al. 1997).  In addition, an estimated 30% of the variation in HDL-C 

response to exercise is due to genetic factors (Rice, Després et al. 2002).  Given this 

information it is not unreasonable to suspect a genetic cause for low HDL-C response to 

exercise.  There are in fact a number of laboratories that are currently investigating the 

relationship between genotype and HDL-C response to exercise.  Emerging data indicate 

that there are several possible genetic foci that influence HDL-C response to exercise.  In 

particular the variation amongst HDL-C response to exercise within different genotypes 

of endothelial lipase show a similarity to the patterns described previously.  A recent 

study demonstrated that subjects with certain endothelial lipase genotypes have lower 

initial HDL2-C levels and produce only half the improvement in HDL-C after training 

(Halverstadt, Phares et al. 2003).  Another study from the same group has recently 

demonstrated that the genotype associated with the inflammatory cytokine interleukin-6 

(IL-6) also influences HDL-C response to exercise (Halverstadt, Phares et al. 2005).  In 
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addition it appears that variation amongst the apolipoprotein E genotype has some effect 

on HDL-C response to training, although the data regarding what genotype(s) may be 

beneficial is conflicting (Mukherjee and Shetty 2004; Thompson, Tsongalis et al. 2004).  

Lastly, there is some evidence that the CETP genotype may exert an effect on the 

response of HDL-C subfractions to exercise training (Wilund, Ferrell et al. 2002).  

  Although it is still too early for definitive conclusions, given the current 

evidence, it is reasonable to speculate that the cause of poor HDL-C response to exercise 

is indeed genetic.  Despite the infancy of this line of research there is already promising 

data pointing to several mechanisms by which genetics may determine HDL-C response 

to exercise.  Further exploration in the upcoming years will surely yield an exponential 

growth in our understanding of the genetic underpinning of HDL-C metabolism and how 

it interacts with exercise.           

Review Highlights 

 Heart disease continues to be the number one killer for middle-aged Americans 

and is fast approaching number one for younger adults.  It is clear that there is not one, 

but a combination of many physiological processes that cause atherosclerosis and hence 

heart disease.  Lipid metabolism is one of the most influential and researched topics in 

the realm of heart disease and its treatment.  There is an abundance of evidence that 

lipoproteins involved in lipid metabolism, particularly cholesterol-laden lipoproteins, 

play a central role in the development or resistance to heart disease.  LDL-C has been 

shown to be directly related to the development or risk of development of heart disease.  

In contrast HDL-C has been associated with a negative relationship with the development 

and risk of development of heart disease.  Because of the negative relationship, HDL-C 

has become a target for improvement to reduce cardiovascular risk. 

 One of the treatments that are generally effective in producing moderate 

improvement in HDL-C is physical activity.  Improvements in HDL-C have been 

demonstrated repeatedly in both chronic and acute exercise studies.  The HDL-C benefit 

reaped via exercise depends on several factors including certain training variables such as 

frequency and volume of activity; however, one of the biggest factors determining HDL-

C in response to exercise (or otherwise) is genetics.  In certain individuals with isolated 

low HDL-C it is likely that genetics play a central role in the chronically low HDL-C 
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seen in these individuals.  For individuals such as this it is extremely important to 

improve HDL-C levels in order to reduce cardiovascular risk, is exercise the answer?  

Unfortunately it may be that the same genetic heritage that produces chronically low 

HDL-C also undermines the ability of exercise to improve these levels.  The role in 

which exercise will play in the future for individuals with low HDL-C is yet to be 

determined, only time and further study will provide an answer.  Therefore, the purpose 

of the current study is to answer some of the questions regarding acute exercise and low 

HDL-C.  
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CHAPTER 3 

RESEARCH METHODS 

Subjects 

 The experimental protocol required two groups of nine untrained males in the age 

range of 18 to 44 years.  Subjects were recruited from Florida State University (FSU) and 

the surrounding community by posted flyers, newspaper advertisements and 

announcements made in classes on the FSU campus (Appendix A).  The following 

criteria were the basis for inclusion into the study: 

1. Male age 18-44 years 

2. No significant health problems (not receiving treatment for lipid abnormalities 

or metabolic diseases) 

3. BMI < 30 kg/m
2
 

4. Not currently dieting or manipulating food intake  

5. Weight stable for the previous three months (± 2kg)  

6. Not involved in vigorous aerobic exercise during the previous three months 

7. Total cholesterol (TC) < 240 mg/dl and triglycerides (TG) < 200 mg/dl 

8. Non-smoker 

9. Non-hypertensive 

 

During the first meeting volunteers completed an informed consent (Appendix B) 

and underwent an initial screening to ensure suitability for participation.  During the 

initial screening a health history questionnaire (Appendix C) was completed, in addition 

to height, weight, blood pressure and collection of a preliminary blood sample.  Capillary 

blood was collected via finger prick and applied to test strips for immediate 

determination of HDL-C, total cholesterol and triglycerides using a CardioChek 

(Indianapolis, IN) testing module.  Volunteers who passed the initial screening were 

assigned to one of two groups based on preliminary HDL-C measures.  The LOW group 

consisted of subjects with baseline HDL-C levels < 40 mg/dl, the clinical cut-off for low 

HDL-C (NCEP 2002).  The NORMAL group consisted of subjects with baseline HDL-C 

levels ≥ 45 mg/dl, those above the 50
th

 percentile for men 20 years and over from 

NHANES III (NCEP 2002).  After assignment to an experimental group arrangements 

were made for each subject to return for procurement of baseline data. This study was 

approved by the University Institutional Review Board (Appendix D). 
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Experimental Design 

 The experiment consisted of three separate exercise trials performed with no less 

than 96 hours between trials.  At least 96 hours prior to the first experimental trial each 

subject visited the laboratory for collection of baseline: height, weight, blood lipids and 

maximal aerobic power (VO2max); instructions were given for completion of a four day 

diet log and preparation for the upcoming exercise trials.   

All baseline measures were collected after an 8-12 hour fast, subjects were asked 

to consume only water and avoid over-the-counter medications during the fasting period 

(Grandjean and Alhassan 2006).  Blood pressure was measured in the seated position 

after five minutes of quiet rest; height and weight measures were recorded in minimal 

clothing with shoes off.  A venous blood sample was drawn from an antecubital vein into 

a vacuum container for analysis as described below.  VO2max was determined with a 

graded maximal exercise test (GXT) using a treadmill, oxygen uptake was measured via 

open circuit spirometry and gas analysis using a Truemax 2400 metabolic measurement 

system.  After completion of the GXT subjects rested for 15 minutes before 

determination of the exercise workload required to elicit 65% VO2max for use during the 

experimental trials.   

 Exercise trials were conducted after an 8-12 hour fast using a treadmill in a 

thermoneutral environment.  All trials were performed at approximately the same time of 

day (± 2hrs) in order to avoid error based on daily fluctuations of cholesterol (Peterson, 

Wilcox et al. 1960).  Diet was replicated for three days prior and 24 hours after each 

exercise trial.  Exercise was performed at approximately 65% of the subject’s 

predetermined VO2 max for a duration necessary to expend 300, 500, or 700 kilocalories, 

respectively.  Oxygen consumption was monitored to calculate caloric expenditure and 

monitor exercise intensity; treadmill grade was adjusted as needed to maintain the desired 

VO2.  Venous blood samples were collected using a vacutainer immediately prior, 

immediately post and 24 hours post exercise.  A small amount of whole blood was used 

to calculate plasma volume to correct for shifts in plasma volume that can occur in 

response to heavy exercise (Dill and Costill 1974; Wallace, Moffatt et al. 1990).  The 

remainder of the blood collected was prepared (as described below) for analysis of HDL-

C and HDL subfractions.   
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Data Collection Procedures 

Preliminary 

 Height was assessed using a stadiometer to the nearest 0.5 cm and weight, in 

kilograms, on a balance scale with the subject wearing minimal clothing (shorts, T-shirt 

and socks).  BMI was then calculated by dividing height squared into mass (kg/m
2
).  

Blood pressure was measured during the baseline session after at least five minutes of 

seated rest.  Blood pressure was measured indirectly using a mercury 

sphygmomanometer and stethoscope at the brachial artery with the arm resting at chest 

level.    

 During the baseline testing session subjects were given instructions for 

completing a four-day food log.  The subjects were then asked to replicate their diet 

during the weeks they participated in the experimental trials.  Subjects were asked to 

attempt to maintain a typical diet during the assessment period in order to make future 

replication easier.  The diet log was completed on a standardized form (Appendix E) and 

consisted of a list of all food and fluid (that contained calories) intake by each subject 

during the specified period. 

 Subjects received instructions regarding the preparation for clinical trials.  

Subjects were asked to refrain from physical activity, alcohol, medication and exposure 

to tobacco smoke for two days prior to each trial.  Subjects were instructed to avoid 

caffeine during the day of each trial.  Subjects also received instructions on how to 

replicate diet as reported from the food logs.  Confirmation that the diet had been 

replicated and other instructions were followed was procured verbally during each 

laboratory visit.  Non-compliance resulted in dismissal from the study.   

Exercise Testing 

 VO2max was determined with a GXT performed on a treadmill; oxygen uptake was 

measured via open circuit spirometry and gas analysis using the Truemax 2400 metabolic 

measurement system.  The metabolic measurement system was calibrated prior to each 

use using known gas volumes and proportions (3 liter, O2 = 16%, CO2 = 4%)  A one-way 

breathing apparatus and nose-clip ensured that all expired gases were collected.  Heart 

rate was monitored continuously throughout the test using a Polar (Oulu, Finland) heart 

rate monitor.   The protocol began with a three-minute warm-up at a speed of three mph 
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and a grade of 0%. The GXT was conducted at a comfortable jogging pace specific to 

each subject, with grade starting at 0% and increasing 1% each minute until volitional 

exhaustion occurred.  VO2max was considered as the highest value of oxygen uptake 

recorded during the protocol provided the subject met criteria for a successful test.  

Criteria for a successful VO2max test included evidence of a plateau in oxygen 

consumption (± 2 ml/kg) despite an increase in workload or at least two of the following:  

a) heart rate ± 10 beats of age-predicted maximum   b) respiratory exchange ratio ≥ 1.15  

c) rate of perceived exertion ≥ 18 (Fox, Naughton et al. 1971).    

 Upon completion of the GXT subjects rested for 15 minutes before determination 

of the workload necessary to elicit 65% of VO2max, measurements were acquired via the 

metabolic apparatus described above.  The correct workload was determined by treadmill 

walking at a brisk walking pace with a 1% increase of grade each minute until the subject 

reached 65% of VO2max.  Walking continued for an additional five minutes to determine 

if any treadmill grade adjustments were necessary to ensure that steady state was 

achieved at the desired 65% of VO2max. 

Exercise Trials 

 Exercise trials were conducted after an 8-12 hour fast using a treadmill in a 

thermoneutral environment.  Trials for each subject were performed at approximately the 

same time of day (± 2hrs) in order to avoid error based on daily fluctuations in lipid 

values and metabolism (Peterson, Wilcox et al. 1960).  All subjects completed three 

exercise trials (300, 500 and 700 kcals) in random order, chosen by blind drawing.  A 

minimum of 96 hours separated each trial to avoid any effects of the previous exercise 

session.    

 Each trial began with a verbal confirmation that diet had been replicated and other 

instructions followed during the pretrial period.  Before any physical activity commenced 

a blood sample was drawn in the seated position after 5 minutes of rest, the sample was 

then refrigerated until the trial was completed.  Next the breathing apparatus (to monitor 

oxygen consumption as described) was fitted and a three-minute warm-up was conducted 

at a low intensity.  The exercise trial consisted of a continuous exercise bout conducted at 

65% of predetermined VO2max for the duration necessary to produce a caloric expenditure 

of 300, 500, or 700 kilocalories.  Oxygen consumption was monitored for ten of every 15 
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minutes of exercise in order to calculate caloric expenditure and monitor exercise 

intensity.  Treadmill grade was adjusted as needed to maintain the desired 65% VO2.  

Within ten minutes of the conclusion of exercise a second blood sample was drawn and 

refrigerated.  The final blood sample was collected when the subject returned 23-25 hours 

post-exercise.   

  Blood Collection and Preparation 

 Venous blood was collected from an antecubital vein with the subject seated 

comfortably using a 21-gauge needle and vacuum container.  Samples were collected in 

vacutainers containing an anticoagulant and inverted gently five times to ensure even 

mixing of blood and additives.  One sample was procured during each draw, a single 10 

ml tube using a sodium heparin additive.  Samples were refrigerated at 4°C until final 

preparations were made.       

 A small portion of whole blood was transferred to a micro-centrifuge tube and 

remained refrigerated until hematocrit and hemoglobin measurements were performed 

(within 72 hours).  The remainder of the blood sample was centrifuged in a refrigerated 

unit (4°C) at 4000 rpms for 20 minutes.  Plasma was collected in 1.5 ml aliquots using a 

disposable pipette; containers were labeled and frozen (-80
o
C) until final analysis. 

Blood Analysis 

 Plasma volume changes were determined from pre and post exercise blood 

samples using hematocrit and hemoglobin values via the method described by Dill and 

Costill (Dill and Costill 1974).  Hematocrit was measured in triplicate using the 

microcapillary method.  Whole blood was drawn into microcapillary tubes and 

centrifuged in a microhematocrit centrifuge for 8 minutes prior to hematocrit 

determination using a circular microcapillary reader.  Hemoglobin was measured in 

duplicate using the cyanmethemoglobin method.  Samples were prepared by adding 

whole blood to a commercially available reagent and incubated for three minutes before 

colorimetric measurement; prepared samples have a maximum absorbance at 540nm.  All 

blood sample values were corrected for shifts in plasma volume prior to reporting.   

 All blood samples collected during the experiment were analyzed for HDL-C and 

HDL-C subfractions: HDL2–C and HDL3-C.  Whenever possible, samples for each 

subject were analyzed in a single session to avoid interassay variation.   
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 HDL-C was isolated from plasma by precipitation of apolipoprotein B containing 

particles via addition of heparin-Mn
2+

 reagent; the supernatant contains the HDL-C 

fraction for analysis (Demacker, Vos-Janssen et al. 1980).  A portion of the supernatant 

was set-aside for HDL2–C precipitation; the remainder was used to determine HDL-C.  

HDL2–C particles were precipitated from the remaining sample by adding a dextran 

sulfate solution leaving behind the HDL3–C particle (Gidez, Miller et al. 1982).  The total 

cholesterol content of the HDL and HDL3 supernatants was quantified using a Stanbio 

Sirrus (Boerne, TX) clinical chemistry analyzer.  The Sirrus analyzer uses the enzymatic 

method for cholesterol determination and measures the result via colorimetry.  This 

method involves introduction of a reagent to the supernatant, this reagent contains 

enzymes (cholesterol esterase, cholesterol oxidase, and peroxidase) which liberate and 

oxidize cholesterol esters in lipoproteins (in this case HDL or HDL3) resulting in the 

formation of a quinoneimine dye which can be measured at 500nm (Allain, Poon et al. 

1974; Grandjean and Alhassan 2006).  HDL2 –C was calculated as the difference between 

the cholesterol content of the HDL and HDL3 supernatants.  The reliability coefficient for 

cholesterol determination using the Sirrus analyzer was determined to be 0.989 and the 

total error of measurement was ± .68 mg/dl (1.4%). 

Statistical analysis 

The experimental design utilized a 2 x 3 x 3 (group x trial x time) factorial design.  

The groups consisted of LOW HDL-C (< 40mg/dl) and NORMAL HDL-C (≥ 45mg/dl), 

each performed three exercise trials (300, 500 and 700 kcal) and blood was collected at 3 

time points (pre, post and 24 post-exercise).  Sample size estimation was determined 

based on the effect size (ES), the significance value (α) and the statistical power of an 

existing study using similar groups and procedures (Zmuda, Yurgalevitch et al. 1998).  

Effect size was calculated using the formula: ES = (∆1- ∆0)/Φ, where “∆1” and “∆0” are 

∆HDL-C for the experimental groups and “Φ” is the mean standard deviation of ∆HDL-

C; the ES for Zmuda et al. (1998) was .91 (ES = (5.1mg/dl – 1.9mg/dl)/3.5mg/dl).  Based 

on these data significance was designated at α = 0.05 and ES = .9, resulting in a sample 

size of 9 subjects per group.   

The dependent variables, HDL-C, HDL2-C, and HDL3-C, were measured in 

mg/dl; absolute changes in these variables was calculated as the difference between the 
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pre-exercise and post-exercise values corrected for shifts in plasma volume.  Baseline 

differences in physiological variables between groups were measured using a one-way 

analysis of variance (ANOVA). Repeated measures ANOVAs were performed on the raw 

data for HDL-C and each subfraction, values were corrected for shifts in plasma volume 

prior to statistical analysis.  In addition, ANOVAs were performed with the subject pool 

categorized into group by age, BMI, or fitness level instead of categorization by baseline 

HDL-C level.  Significant results were analyzed post hoc utilizing the Student’s T-test to 

determine where significance existed.  Additionally, a paired T-test was performed with 

groups and conditions pooled.  Lastly, Pearson product-moment correlation coefficients 

were obtained for major variables.   Results are presented in tabular form as means ± 

standard deviation and in graph form as means ± standard error.  Significance was 

accepted at p<0.05. 
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CHAPTER 4 

RESULTS 

Baseline Data 

Forty eight males were recruited from FSU and the surrounding community to 

take part in this study.  Each volunteer completed a medical history; informed consent 

and screening procedure.  Thirty-five males passed the screening procedure and 

completed one or more of the experimental trials.  Of the thirty-five males who 

participated in the study, twenty seven were included in the final analysis; the remaining 

six were excluded due to noncompliance with the previously established criteria. The 

characteristics of the subjects by group are presented in Table 1. 

Subjects were considered to be of average cardiovascular fitness based on VO2max. 

Subjects were self-described as recreationally active, the majority of whom engaged in 

strength training with little emphasis placed on cardiovascular fitness.  LOW consisted of 

subjects who met the criteria for inclusion into the low HDL-C group (< 40mg/dl), while 

NORMAL consisted of those subjects that met the criteria for the normal HDL-C group 

(≥ 45mg/dl).  Baseline values presented for HDL-C and HDL-C subfractions are the 

mean of the pre-exercise values for all three trials.  No significant group differences were 

observed for: age, height, weight, VO2max, or BMI (p>0.1).  The groups differed 

significantly on baseline HDL-C and HDL-C subfractions (p=.001). 

 

 

 

Table 1: Mean age, fitness, anthropometric and lipoprotein data for low and high groups. 

 LOW, n=13 

<40 mg/dl 

NORMAL, n=14
a
 

≥45 mg/dl 

Age (years) 22.0 ± 2.0 23.0 ± 7.0 

Height (m)   1.8 ± 0.1   1.8 ± 0.1 

Weight (kg) 80.9 ± 7.9 78.6 ± 7.6 

BMI (kg/m
2
) 25.2 ± 2.2 24.3 ± 2.5 

VO2max (ml/kg/min) 45.8 ± 5.1 47.5 ± 4.8 

HDL-C (mg/dl) 35.7 ± 2.7 53.9 ± 5.8* 

HDL3-C (mg/dl) 22.2 ± 3.1 28.5 ± 3.5* 

HDL2-C (mg/dl) 13.5 ± 3.5 25.3 ± 7.0* 
a
 = one subject did not complete all trials, *p<0.05 different from LOW, values are means ± SD 
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Experimental Values 

Mean values for HDL-C (Table 2) and HDL-C subfractions (Tables 3 and 4) are 

provided below. 

 

 

 

Table 2: Mean HDL-C values pre-exercise (PRE), immediately post (IP) and 24hrs 

post exercise (+24) by condition 

Condition Time Group 

  LOW, n=13 NORMAL, n=14 

 PRE 35.6 ± 4.7 55.4 ± 8.0 

300 kcal IP 37.1 ± 4.4 52.8 ± 7.6 

 +24 36.0 ± 3.7 54.6 ± 7.0 

 PRE 34.9 ± 4.2 51.9 ± 9.5 

500 kcal IP 39.0 ± 5.5 55.0 ± 1.6 

 +24 38.0 ± 5.5 51.0 ± 7.7 

 PRE 36.6 ± 3.7 54.0 ± 7.1 

700 kcal IP 37.4 ± 3.6 56.0 ± 9.2 

 +24 37.4 ± 5.1 53.5 ± 8.3 

Values are means ± standard deviations 

 

 

 

 

Table 3: Mean HDL3-C values pre-exercise (PRE), immediately post (IP) and 24hrs 

post exercise (+24) by condition 

Condition Time Group 

  LOW, n=13 NORMAL, n=14 

 PRE 21.5 ± 3.7 27.2 ± 5.5 

300 kcal IP 23.7 ± 5.0 30.3 ± 6.3 

 +24 26.3 ± 5.5 26.5 ± 5.8 

 PRE 22.2 ± 4.5 29.4 ± 5.1 

500 kcal IP 27.3 ± 6.3 30.2 ± 8.0 

 +24 22.9 ± 4.9 27.0 ± 7.8 

 PRE 22.9 ± 4.2 28.8 ± 4.6 

700 kcal IP 25.9 ± 6.0   34.2 ± 10.2 

 +24 25.0 ± 8.0 29.7 ± 9.3 

Values are means ± standard deviations 
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Table 4: Mean HDL2-C values pre-exercise (PRE), immediately post (IP) and 24hrs 

post exercise (+24) by condition 

Condition Time Group 

  LOW, n=13 NORMAL, n=14 

 PRE 14.1 ± 4.5 28.2 ± 9.6 

300 kcal IP 13.4 ± 3.4 22.5 ± 8.9 

 +24   9.7 ± 4.5 28.0 ± 9.5 

 PRE 12.7 ± 4.7 22.5 ± 9.6 

500 kcal IP 11.8 ± 7.0 24.8 ± 14.7 

 +24 15.1 ± 8.2 24.0 ± 9.9 

 PRE 13.7 ± 4.0 25.2 ± 8.6 

700 kcal IP 11.5 ± 7.0 21.8 ± 10.2 

 +24 12.5 ± 8.3 23.8 ± 10.3 

 Values are means ± standard deviations 

 

 

 

 

There were no significant interactions for group by time by condition or for time 

by condition.  There were no significant main effects of group (LOW or NORMAL) or 

condition (300, 500 or 700 kcal) on HDL-C or HDL-C subfraction response.  As there 

was no effect of group on any of the statistical procedures performed, all further results 

are reported with group LOW and NORMAL collapsed across time.   

There was a significant main effect of time for HDL3-C (Figure 1).  HDL3-C was 

significantly higher IP than it was PRE or at +24, there was no significant difference 

between PRE and +24.  
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Figure 1: HDL3-C response (groups combined, n= 26 for 300 and 500kcal, n= 27 for 700kcal) means 

± SE (* =different from PRE † = different from +24). Time points are: pre-exercise (PRE), 

immediately post (IP) and 24hrs post exercise (+24).  

  

 

 

 

As previously mentioned there were no significant interactions or main effects for 

HDL-C, however, when the 500 and 700 kcal treatments were pooled, a paired t-test 

revealed that IP was significantly higher than PRE (5.6%) and +24 (4.0%) (Figure 2).  

There was no significant difference in HDL-C response between groups even with 500 

and 700kcal trials combined.   
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Figure 2: Pooled HDL-C (excluding 300 kcals, n= 53) ± SE (*=different from PRE, †= different from 

+24). Time points are: pre-exercise (PRE), immediately post (IP) and 24hrs post exercise (+24).  

 

 

 

 

In addition, ANOVAs were performed with the subject pool categorized into 

group by age, BMI, or fitness level instead of categorization by baseline HDL-C level.  

With these separate analyses there were no interactions and no main effects.  Therefore 

they are not included in this section.  

Finally, Pearson correlations showed no significant correlation between pre-

exercise HDL-C (or HDL-C subfractions) and BMI, VO2max, or age.  There was also no 

significant correlation between post-exercise changes in HDL-C (or HDL-C subfractions) 

and BMI, VO2max, or age.       
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CHAPTER 5 

DISCUSSION 

 The purpose of this study was to examine whether HDL-C response to an acute 

bout of exercise was different in men with low HDL-C as opposed to those with normal 

HDL-C.  The desire to understand this relationship is of obvious practical value, as 

exercise is routinely recommended as a method to improve HDL-C levels (NCEP 2002).  

Although the prescription of exercise for improving health should never be looked upon 

as remiss; clinically it is of utmost importance to have evidence that exercise will reliably 

provide the outcome desired in the target population.  In this case, the target population is 

men with low HDL-C. 

 With the aforementioned goal firmly in mind, three related hypotheses were 

proposed in order to test whether current knowledge accurately reflects the HDL-C 

response to acute exercise in the target population.  The first hypothesis states that men 

with low HDL-C will have a less desirable HDL-C response to acute exercise than men 

with normal HDL-C.  The second hypothesis is directly related to the outcome of the 

first, postulating that men with low HDL-C will require a greater volume of exercise to 

achieve a similar HDL-C increase compared to men with normal HDL-C.  The final 

hypothesis centered on HDL-C subfractions, this provides that improvements in HDL2-C 

will occur preferentially in those with normal HDL-C, while improvements in HDL3-C 

will occur preferentially in those with low HDL-C. 

 This study was the first to compare HDL-C response to an acute exercise bout 

between men with low HDL-C and those with normal HDL-C.  It was also the first to 

make this comparison on HDL-C subfractions.  The outcome of this study does not 

support the hypotheses tested.  The response of HDL-C and HDL-C subfractions to an 

acute bout of exercise was not significantly different between men with low HDL-C and 

those with normal HDL-C for any of the exercise conditions across time.  The case 

against the hypotheses can be made only in light of the fact that a treatment effect of 

exercise was demonstrated, yet this effect was not different between groups; had no 

treatment effect been evident no conclusive statement could be made.  However the effect 

of exercise became significant for HDL-C when energy expenditures meeting or 
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exceeding those previously shown to affect HDL-C levels (500 and 700 kcal) were 

pooled (Crouse, O'Brien et al. 1995; Visich, Goss et al. 1996; Crouse, O'Brien et al. 1997; 

Grandjean, Crouse et al. 2000).  The practice of pooling data can be helpful when several 

levels of the same treatment are performed and this method has been used successfully in 

previous work closely related to the current study (Visich, Goss et al. 1996).  For 

purposes of the following discussion all comparisons made regarding the exercise effect 

on HDL-C are done with data pooled as mentioned.            

 Because this was the first study to compare men with low HDL-C and men with 

normal HDL-C in regard to acute exercise, no literature exists to compare the current 

findings.  The comparison has been made previously only in studies using exercise 

training, which gives at least some context in which to view these results.  It should be 

noted that the difference between the acute and chronic affect of exercise on HDL-C has 

not been fully characterized, thus comparisons between the two may not always be 

appropriate.  The most carefully conducted training study was performed by Zmuda et al. 

using 1 year of training, 4 times weekly at 60-80% of HR max for 50 minutes (Zmuda, 

Yurgalevitch et al. 1998).  The mean baseline HDL-C in the low HDL-C group was 

32.4±3.8 mg/dl, while it was 43.3±5.2 mg/dl for the normal HDL-C group.  Zmuda et al. 

found that after training, HDL-C was significantly increased in the normal HDL-C group 

(5.1 mg/dl) but not in the low HDL-C group (1.9 mg/dl).  Findings for the current study 

do not agree with Zmuda et al., as no significant difference in response was found 

between groups.  This may illustrate a difference between an acute and chronic effect of 

exercise.  Two other training studies have examined the HDL-C response in men and 

women with low baseline HDL-C, these studies showed no improvement in HDL-C after 

training (Raz, Rosenblit et al. 1988; Stefanick, Mackey et al. 1998).  These studies also 

appear to conflict with the current results; however, the evidence provides an incomplete 

picture.  Only individuals with below average HDL-C were involved, individuals with 

normal HDL-C were not represented, thus no comparison of low vs. normal HDL-C 

groups could be made (Raz, Rosenblit et al. 1988; Stefanick, Mackey et al. 1998).  These 

two studies show only that training did not significantly improve HDL-C, which is not 

relevant to the hypotheses in the current study.   
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 Although the outcome of the current study does not support the hypotheses tested, 

the information gained still provides valuable data.  The difference in results between this 

study and Zmuda et al. provides evidence for an adaptation that occurs in response to 

long term training that is not related to acute exercise.  The improvement in HDL-C for 

the normal HDL-C group in Zmuda et al. resulted almost exclusively from an increase in 

HDL2-C (Zmuda, Yurgalevitch et al. 1998).  In previous studies it has been demonstrated 

that improvement in HDL2-C rarely occurs in untrained or recreationally active subjects, 

while it does occur in trained subjects (Kantor, Cullinane et al. 1984; Kantor, Cullinane et 

al. 1987; Gordon, Goss et al. 1994; Crouse, O'Brien et al. 1995).  Again, this can be taken 

as evidence for an effect of training independent of acute exercise.  Furthermore, 

synthesis of the results from this study and Zmuda et al. show that it is the training effect 

on HDL-C metabolism which is likely missing or blunted in men with low HDL-C.  This 

would indicate that baseline HDL-C in untrained subjects may be of little value as a 

predictor of post-exercise HDL-C response, while it may play a more important role as 

predictor in trained subjects. 

 The training effect may also explain why the outcome of the current study does 

not support the final hypothesis regarding HDL-C subfractions.  It was supposed that 

HDL2-C would increase in the normal HDL-C group, while HDL3-C would increase in 

the low HDL-C group in response to exercise.  The data show that for both groups only 

HDL3-C improved.  While this outcome is contrary to predictions, it is logical if HDL-C 

subfraction response is influenced by training status rather than baseline HDL-C.  

Mentioned briefly above, data from several studies indicate that with untrained subjects it 

is primarily HDL3-C which responds to acute exercise, while in trained subjects it is 

usually HDL2-C which improves (Kantor, Cullinane et al. 1984; Kantor, Cullinane et al. 

1987; Gordon, Goss et al. 1994; Crouse, O'Brien et al. 1995).  Furthermore, one study 

which evaluated HDL subfractions in various athletes demonstrated that HDL2-C showed 

a greater correlation with VO2max than with any other variable, including HDL-C itself 

(Sgouraki, Tsopanakis et al. 2001). When correlations were completed in the present 

study no significant correlations were found between HDL2-C and VO2max.   The aerobic 

capacity of the subjects in the current study would place them in an average fitness 
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category and untrained, thus the observed increase in HDL3-C (without a concomitant 

increase in HDL2-C) after exercise is consistent with previous findings.  

It is possible that training may directly affect the portion of the metabolic pathway 

responsible for the conversion and/or catabolism of the denser HDL2-C molecule.  For 

example, it has been demonstrated that the venous concentration of HDL2-C during 

exercise for a trained limb is higher than the arterial concentration, while the 

concentration is no different during exercise in an untrained limb (Kiens and Lithell 

1989).  This phenomenon was highly correlated with increased lipoprotein lipase (LPL) 

activity in the trained limb.  Increased muscle LPL activity is associated with training and 

LPL is an important metabolic link in the production of HDL2-C (Eisenberg 1984; Kiens 

and Lithell 1989; Seip, Angelopoulos et al. 1995).   Another, more obvious scenario is 

that training increases exercise capacity and the concomitant increase in exercise volume 

is the impetus for the change in HDL-C subfraction response to acute exercise.  The 

second scenario may help explain why improvements in HDL-C generally occur only at 

acute caloric expenditures higher than 1000 kcals in trained individuals (Davis, Bartoli et 

al. 1992; Visich, Goss et al. 1996; Ferguson, Alderson et al. 1998).    

 It is also important to explore how the current study fits in with the greater body 

of literature regarding the general response of HDL-C to exercise.  For HDL-C, 

significant changes occurred over time when the 500 and 700 kcal treatments were 

pooled.  The 300 kcal condition was not included in the pooling of data because it was 

deemed that this caloric expenditure was not a large enough impetus for HDL-C 

improvement.  In fact, the smallest acute caloric expenditure that has been previously 

shown to significantly increase HDL-C is 350 kcals, slightly larger than the 300 kcal 

expenditure in the current study (Crouse, O'Brien et al. 1995; Crouse, O'Brien et al. 1997; 

Park and Ransone 2003).  As such 350 kcals is probably very close to the minimal caloric 

expenditure necessary to produce significant HDL-C improvements with acute exercise.  

This lower threshold for HDL-C improvement is supported with the outcome of this 

study, as the improvement in HDL-C with exercise was attenuated when the 300 kcal 

condition was included in the pooled data.   

Pooled data from both the 500 and 700 kcal conditions demonstrated that HDL-C 

improvement reached 5.6% at IP and was not significantly different from pre-exercise by 
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+24 hours.  This outcome is consistent with several other acute studies which have shown 

HDL-C increases of less than 10% during a 24 hour recovery period (Kantor, Cullinane 

et al. 1987; Crouse, O'Brien et al. 1995; Visich, Goss et al. 1996; Crouse, O'Brien et al. 

1997; Grandjean, Crouse et al. 2000).  The context regarding the outcome of the current 

study can be further extended by also examining training studies.  Meta-analysis indicates 

an average HDL-C increase of 4-4.5% (about 2 mg/dl) in response to training, with a 

range of approximately -6% to 25% (Halbert, Silagy et al. 1999; Leon and Sanchez 

2001).  The changes observed from training are quite similar to the acute changes 

produced in this study.   

 Although the general outcome of the study agrees with previous literature, the 

time course of HDL-C and HDL-C subfraction response to exercise does not.  The 

greatest increase in HDL-C occurred by IP and decreased significantly by +24.  Generally 

HDL-C improvements are largest at 24-48 hours post exercise, so these results are 

incongruent with previous studies.  There are several studies which show small increases 

of HDL-C immediately post-exercise, however most of these show further increases at 

later time-points (Kantor, Cullinane et al. 1987; Visich, Goss et al. 1996; Ferguson, 

Alderson et al. 1998; Bounds, Grandjean et al. 2000; Grandjean, Crouse et al. 2000).  As 

with HDL-C the improvement in HDL3-C peaked at IP and decreased thereafter; again 

this is incongruent with previous work in which changes are generally maintained or 

increased over a 24 hour recovery (Kantor, Cullinane et al. 1987; Gordon, Goss et al. 

1994; Visich, Goss et al. 1996; Grandjean, Crouse et al. 2000).  It is unclear why HDL-C 

and HDL3-C failed to increase beyond IP, but rather decreased toward baseline values 

over the 24 hour post-exercise period.    

 Lastly, the additional information gained from analysis of the subject pool 

categorized by age, BMI and fitness should be examined.  When divided into two 

approximately equal groups based on age, there was no significant difference in HDL-C 

or HDL-C subfraction response between groups across different conditions.  It should be 

noted that more than 80% of the subject pool fell in the range of 19 to 24 years, thus there 

was very little separation in age between groups.  Regardless, it is unlikely that an effect 

of age would be evident in any case.  HDL-C appears to be very stable across the 

lifespan, the mean value ranging from 45 – 47 mg/dl for men from 20 – 75+ years of age 
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(NCEP 2002).  With HDL-C levels so stable throughout life, there is little reason to 

suspect that HDL-C response to exercise would inexplicably change.   

Similar to age, no significant difference in response was evident when the 

subjects were compared based on BMI, nor was BMI correlated with HDL-C or post-

exercise change in HDL-C.  Unlike age, the range of values for BMI was not nearly as 

tightly clustered; 48% of the subjects fell in the 18 – 25 kg/m
2 

range, while 52% fell in 

the 25 – 29.9 kg/m
2 

range.  It appears that a comparison of HDL-C response between men 

with differing BMI categories has never been completed using acute exercise, although 

the comparison has been made at least once using exercise training.  Four months of 

regular training (with a small but significant decrease in bodyfat of (< 1.5%) showed that 

men with the lowest BMI (25 ± 1 kg/m
2
) had a significant HDL-C improvement, while 

the borderline obese group (29 ± 1 kg/m
2
) had a significant but smaller improvement and 

the obese group (33 ± 2 kg/m
2
) showed no significant improvement (Nicklas, Katzel et al. 

1997).  A similar outcome might be expected in the current study; however, a majority of 

subjects in this study were resistance trained.  The usefulness of BMI as an accurate 

reflection of overweight/obesity is severely hampered in those that have a larger than 

average muscle mass, thus the current study is probably not an appropriate model for 

BMI category comparison.   

Lastly, the subject pool was compared based on aerobic fitness status, the subject 

pool was split in half at the median value of 47 mg/dl/min
-1

.  No significant difference in 

response was shown between the aerobic fitness categories, nor was fitness level 

correlated with baseline HDL-C or post-exercise change in HDL-C.  As mentioned 

previously, HDL-C subfraction response to exercise may be sensitive to training status.  

This is probably not evident in the current study because fitness levels were fairly 

homogenous.   

Summary and Conclusions 

 This study demonstrates that baseline HDL-C is not an important factor in 

predicting the magnitude of HDL-C or HDL-C subfraction response to acute aerobic 

exercise in untrained men.  This study also shows that caloric expenditure in the range of 

300 – 700 kcal provided a similar HDL-C and HDL-C subfraction response for individual 

trials, however when conditions expending ≥ 500 kcals were combined the HDL-C 
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response was significant, but transient, lasting less than 24 hours.  The overall response to 

the exercise bouts can best be described as a small increase in HDL-C occurring as a 

result of an increase in HDL3-C, also being transient in nature.  No effect of age, aerobic 

fitness or BMI was evident.  The outcome is, for the most part, consistent with the current 

body of literature regarding HDL-C and HDL-C subfraction response to acute exercise. 

Future Research 

 The current available data are equivocal regarding the importance of baseline 

HDL-C in regard to HDL-C response to both acute exercise and training; further 

investigation is warranted to more accurately characterize this relationship.  

Investigations of specific genes that regulate HDL-C metabolism continue to progress 

and will assist in laying the ground work for future studies on HDL-C response to 

exercise.  Current studies must also be duplicated with women in order to elucidate any 

gender differences.  The ability to differentiate between the effects of acute exercise and 

training is still inadequate regarding blood lipid response, all exercise studies would 

benefit from additional examination of this topic.  Finally, all of the information available 

needs to be utilized to organize clinical trials that can be used to characterize the best way 

to incorporate exercise in the treatment of low HDL-C.   
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APPENDIX A 

ADVERTISEMENT 

Volunteers Needed 
Support research at FSU by getting involved! 

 

 
 

Would you be interested in learning about your 

cholesterol status and how exercise might affect it?  

 

 
 

Male subjects needed to investigate the effect of 

aerobic exercise on HDL cholesterol.   
  

Volunteers must be 18-44 years old, non-smoker, and not currently 

involved in a regular exercise program.  History of low HDL 

cholesterol is a plus! 

 

Please contact Tait Lawrence at (850)224-8213 or tlawrence@fsu.edu 
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APPENDIX B 

INFORMED CONSENT 

 
1. I freely and voluntarily, without element of force or coercion, consent to be a participant in the 

research project entitled “Does Baseline HDL-C Influence the Dose and Response Relationship 

Between Acute Exercise and Post-exercise HDL-C Improvement?”.  The research will be 

conducted by Tait Lawrence under the supervision of Dr. Robert Moffatt, who are student and 

faculty member, respectively, within the Florida State University department of nutrition, food, 

and exercise science. 

2. I understand that the purpose of this research is to investigate the difference in response between 

individuals with low or normal HDL cholesterol after completion of an isolated bout of exercise.  

3. Participation is voluntary and I may withdraw at anytime without penalty 

4. I understand that my participation will require attendance of additional research sessions at the 

FSU exercise physiology laboratories as discussed below. 

a.  I will attend the lab after an 8-12 hour fast for completion of my baseline testing.  This 

session will include collection of a 12 ml (0.4oz) blood sample and measurement of 

height, weight, blood pressure, and maximal aerobic power.  Maximal aerobic power will 

be assessed via a treadmill test in which strenuous effort will be required.  

b. I will attend three trials, each of which will require an 8-12 hour fast and will be 

conducted with no less than four days between each trial.  During each of these trials I 

will participate in a treadmill exercise session lasting approximately 30, 50, or 65 minutes 

(dependant upon which trial is being completed, my fitness level, and my body weight) 

and will require moderate effort.  A 12 ml (0.4oz) blood sample will be collected before 

and after exercise. 

c. 24 hours after each exercise trial I will attend the laboratory for collection of an 

additional 12 ml blood sample. 

d. I understand that my full participation will require me to attend the lab a total of seven 

times, four of which will include exercise.  Each exercise trial will require 36 ml (1.2oz) 

of blood to be drawn, with a total of 120 ml (4oz, which is 1/4
th

 the amount drawn when 

donating blood) for the entire study.  All blood samples will be collected from veins in 

the right or left arm using a needle and collection vial.  All blood samples will be 

analyzed for HDL cholesterol, HDL subfractions, hematocrit and hemoglobin. 

5. I understand that the validity of this research requires that I follow instructions given to me and I 

will follow all instructions to the best of my ability.  

6. I understand that I will receive a one-time payment of 20.00 dollars for my participation, to be 

provided during the final appointment when all required tasks have been completed. 
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7. I understand that there is some risk involved with participation in this research project.   I also 

understand that risks will be minimized through the use of proper techniques, equipment and 

instructions.  All standard safety precautions will be utilized and all reusable equipment will be 

properly sanitized.  Reusable equipment (such as the mouth-piece for the gas collection 

equipment) will be sanitized by rinsing with cold water then soaking in Cidex disinfectant for > 

5min.  The risk of blood borne infection will be minimized through the use of new sterile 

equipment which will be opened in plain sight of me.  Needles and blood vials will be disposed 

into appropriate biohazard containers; contaminated needles will be disposed of immediately and 

blood vials will be stored until analysis then disposed of.   

8. All information obtained during the course of the study will remain confidential, to the extent 

allowed by law.  The results of this research may be published; however, no private information 

will be included in publication.  Medical histories, consent forms and any other sensitive 

documents will be kept in a locked file in the office of the supervising professor (Dr. Bob Moffatt) 

and will be destroyed approximately 5 years after the completion of research in January of the year 

2013. 

9. Any questions I have may be regarded to the investigator, Tait Lawrence, at (850)224-8213 or 

tlawrence@fsu.edu  

10. The major professor supervising this project, Dr. Bob Moffatt, may be reached at (850)644-1520 

11. If I have additional questions about my rights or if I feel I have been placed at risk; I may contact 

the FSU Institutional Review Board at (850)644-7900. 

12. The nature, demands, benefits and risks of participation have been explained to me and all of my 

questions have been answered to my satisfaction. 

 

I have read and understand the information provided above.  I understand that I may withdraw from this 

research project for any reason and by signing this consent I am not waiving any legal rights.  A copy of 

this consent form will be provided to me.   

 

 

Print: _______________________________________________  

 

 

Sign: _______________________________________________ Date: ______________   
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APPENDIX C  

HEALTH HISTORY  

HEALTH HISTORY QUESTIONNAIRE 

ALL INFORMATION CONTAINED IN THIS QUESTIONNAIRE WILL 

Name (Last, First)  �  M    �  F Age: Height: 

Weight:    BMI: Phone #: Emergency contact:                                             Phone #: 

Date of last physical 

exam: 
 

 

PERSONAL HEALTH HISTORY 

 
Indicate any current or past medical problems & injuries  

Musculoskeletal 
[ ] Muscle Pains [ ] Neck Pain [ ] Hip Pain  
[ ] Muscle Weakness [ ] Shoulder Pain [ ] Knee Pain  

[ ] Osteoarthritis [ ] Back Pain [ ] Foot/Ankle Pain  
 
Respiratory 

[ ] Chronic Cough [ ] Asthma   [ ] Respiratory Allergies  

[ ] Pneumonia [ ] Chronic Bronchitis   
 
Heart & Circulation 

[ ] Heart Disease [ ] High Blood Pressure [ ] Blood Clots  

[ ] Heart Attack [ ] Chest Pain  [ ] Shortness of Breath  

[ ] Edema (ankle swelling) [ ] Irregular Heartbeat [ ] Dizziness  

Other 
[ ] Diabetes [ ] Seizures [ ] Other (not listed)  

 

 Any other relevant medical concerns? Please describe: 

 

 

Have you ever had your cholesterol checked? [ ] Yes [ ] No 

If yes, do you know your? Total cholesterol: _______ HDL cholesterol: _______ Triglycerides: ________  

Surgeries 

Year Reason Hospital 



 46 

   

   

   

List your prescription and over-the-counter medications 

Name the Drug Strength Frequency Taken 

   

   

   

   

HEALTH HABITS  

 
ALL INFORMATION CONTAINED IN THIS QUESTIONNAIRE WILL BE KEPT CONFIDENTIAL 

� Sedentary (No regular exercise) 

� Mild exercise (i.e., climb stairs, walk leisurely, golf, bowling, light yard-work) 

� Occasional moderate or vigorous exercise (i.e., walk uphill, jogging, basketball, heavy yard-work; 30 min 1-2x/week) 

Exercise 

� Regular moderate or vigorous exercise (more than 2x/week for 30 minutes) 

Are you dieting? � Yes � No 

Have you gained or lost weight over the past 3 months (5lbs or more) � Yes � No 

# of meals you eat in an average day? 

Rank salt intake � Hi � Average � Low 

Diet 

Rank fat intake � Hi � Average � Low 

� None � Coffee � Tea � Cola Caffeine 

# of cups/cans per day? 

Do you drink alcohol? � Yes � No Alcohol 

How many drinks per week? 

Do you use tobacco? � Yes � No 

�  Cigarettes – pks./day �  Chew - #/day �  Pipe - #/day �  Cigars - #/day 

Tobacco 

�  # of years �  Or year quit 

 

FAMILY HEALTH HISTORY 

Have your grandparents or immediate family ever had? 

 
[ ] Heart Attack [ ] High Blood Pressure [ ] High Cholesterol [ ] Stroke 

[ ] Diabetes  [ ] Other Heart Problems [ ] Premature death (<60) [ ] Other Major Illness 
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APPENDIX D  

IRB HUMAN SUBJECTS APPROVAL 
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APPENDIX E 

FOOD LOG 

������ �

FOOD LOG 
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Is this a typical day?      □ Yes  □ No 
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