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ABSTRACT 
 

CHRISTOPHER MURRAY JR. 
 

EFFECTS OF A BOUT OF EXERCISE USING MULTIPLE INTENSITIES ON SERUM 
LIPIDS AND LIPOPROTEINS 

 
DECEMBER 2019 

 This study investigated the effects of a 400 kcal continuous exercise session 

using high then moderate exercise intensities on serum lipids and lipoproteins. The 

variables TC, TG, HDL-C, and LDL-C concentration were investigated in healthy 

young adults.  

Ten participants completed the exercise and control trials. The exercise 

session consisted of continuous exercise at a high-intensity (70% of VO2max) for 200 

kcals followed immediately by moderate-intensity (50% of VO2max) exercise for 

another 200 kcals. Blood samples were taken immediately before exercise and 24 hr 

post exercise for biochemical analysis.  

Two-Way ANOVA revealed no significant effect of exercise and time for TC  
(p = .762), TG (p = .686), HDL-C (p = .403), and LDL-C (p = .863).  

It was concluded that a bout of exercise using high and moderate intensities 

has the same effect of exercise done at either intensity alone and provided no 

additional benefits on serum lipids and lipoproteins.  
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CHAPTER I 
 

INTRODUCTION       
 

   Lipids  
 

Lipids refer to a variety of fats such as fatty acids, cholesterol, and 

triacylglycerol. Lipids serve a variety of physiological purposes. Lipids are an 

important fuel in metabolism, insulation, steroid hormone production; and they 

build plasma membranes (Ehrman, Gordon, Visich, & Keteyian, 2013). Lipids form 

the adipose tissue or extra body fat that contributes to obesity. Lipids are only 

directly associated with cardiovascular disease (CVD) when serum triacylglycerol 

(TG), low-density lipoprotein-cholesterol (LDL-C), or total cholesterol (TC) are 

elevated chronically above threshold. Furthermore, a low high-density lipoprotein-

cholesterol (HDL-C) concentration is also a risk factor for CVD. 

Categories 

 Lipoproteins can be classified into five categories based on their density: 

chylomicrons, very low-density lipoprotein (VLDL), low-density protein (LDL), 

intermediate-density lipoprotein (IDL), and high-density lipoprotein (HDL). 

Lipoproteins serve the purpose of solubilizing lipids and transporting them. The 

densest lipoproteins are HDLs. HDLs are inversely related to CVD because of their 

anti-atherogenic effects (Durstine, Grandjean, Cox, & Thompson, 2002). LDL is the 

primary transporter of cholesterol in the blood to the tissues (Durstine et al., 2002). 
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High serum LDL-C, TG, TC, and low HDL-C concentrations are associated with 

dyslipidemia and CVD. Appendix E contains a table that shows the composition of 

lipid and protein for lipids and lipoproteins.     

Risk Factors 

Dyslipidemia is defined as abnormal serum lipid and lipoprotein 

concentrations due to genetic or environmental stressors (Durstine et al., 2002). A 

high total cholesterol/HDL-C also increases the risk of CVD. The American Heart 

Association has identified dyslipidemia along with smoking, hypertension, a 

sedentary lifestyle, obesity, and pre-diabetes as modifiable risk factors that can alter 

CVD risk (Pearson et al., 2002). Age and family history are listed as non-modifiable 

risk factors. Often a cluster of these risk factors is seen in combination in individuals 

and is referred to as metabolic syndrome or Syndrome X. The National Cholesterol 

Education Program (NCEP; 1993) defines metabolic syndrome as three of the five 

following risk factors: elevated serum TG concentration, low HDL-C concentration, 

fasting glucose of 110 mg/dl, hypertension, and an elevated waist circumference. 

Exercise 

Endurance training is the preferred method of exercising for decreasing 

serum lipids and losing weight due to its higher caloric cost of the exercise and using 

lipids as a fuel for exercise. Regular exercise can affect the metabolism of some 

lipids and lipoproteins, while others are more affected by changes in body 

composition (Durstine et al., 2002). Exercise related benefits on lipid and 

lipoprotein concentrations are reliant on total volume of exercise rather than 
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intensity. Exercise that does not meet the energy expenditure threshold to alter 

serum lipid or lipoprotein concentrations may stabilize the concentrations and 

prevent them from worsening (Crouse, O’Brien, Grandjean, Lowe, Rohack, & Green, 

1997a). A single session of exercise can alter lipid and lipoprotein concentrations 

immediately post-exercise to 72 hr postexercise, which typically returns to near 

baseline levels after 72 hr (Weise, Grandjean, Rohack, Womack, & Crouse, 2005).  

Effects of Endurance Training on Lipids and Lipoproteins 

A meta-analysis by Leon and Sanchez (2001) reported a mean 5% decrease 

in LDL-C with endurance training in the absence of weight loss. Endurance training 

usually does not affect LDL-C (Durstine et al., 2002; Franklin, Durstine, Roberts, & 

Barnard, 2014; Kraus et al., 2002), but if it does affect, the changes are usually small. 

Greater LDL-C reductions are found when weight loss accompanies endurance 

training (Grandjean, Crouse, & Rohack, 2000; Trejo-Gutierrez & Fletcher, 2007). The 

effects of endurance training on LDL-C concentration are conflicting because LDL-C 

is an inconsistent responder to exercise. Some studies found a decrease in LDL-C 

concentration while others reported no change. Furthermore, studies by Williams et 

al. (1989), Kraus et al. (2002), Gaesser and Rich (1984), and Crouse et al. (1997b) 

reported no change in LDL-C concentration after endurance training. Even with 

weight loss, there was still no change in LDL-C concentration for some studies 

(Williams et al., 1989).  

HDL-C usually responds to endurance training in a dose-dependent manner 

(Durstine et al., 2002; Leon & Sanchez, 2001). Greater energy expenditure usually 
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results in greater HDL-C changes. A meta-analysis by Leon and Sanchez (2001) 

found an exercise-induced HDL-C change of -5.8% to 25%, or on average 4.3% to 

4.6% (Durstine et al., 2002; Franklin et al., 2014; Leon & Sanchez, 2001). HDL-C has 

a more consistent, positive response to endurance training than LDL-C and TC 

(Kraus et al., 2002; Leon & Sanchez, 2001; Slentz et al. 2007). The literature 

indicates endurance training increases HDL-C concentration. There appears to be a 

caloric threshold for an increase in HDL-C concentration for various populations due 

to their metabolic differences. Greene, Martin, and Crouse. (2012) and Kraus et al. 

(2002) demonstrated that adults with obesity and hypercholesterolemia might 

require at least 1,500 kcals of exercise to increase HDL-C concentration due to their 

altered lipid profile while healthy adults may require a smaller energy expenditure.  

TC usually does not change with endurance training; Leon and Sanchez 

(2001) reported a 1% decrease in TC with endurance training. When endurance 

training is accompanied by weight loss or a reduced dietary lipid intake, TC usually 

decreases (Durstine et al. 2002; Franklin et al. 2014). Gaesser and Rich (1984), 

Kraus et al. (2002), and Crouse et al. (1997b) reported no change in TC with 

endurance training.  

Effects of a Bout of Exercise on Lipids and Lipoproteins 

A single session of exercise has also been shown to produce favorable 

changes in LDL-C, HDL-C, and TC (Crouse et al., 1997a; Grandjean et al., 2000). 

Ferguson, Alderson, Trost, Essig, Burke, and Durstine (1998) and others found that 

LDL-C concentration decreased by 10 to 19% after a single session of exercise 



 5 

(Thompson, Cullinane, Henderson, & Herbert, 1980; Kantor, Cullinane, Sady, 

Herbert, & Thompson, 1987), while Grandjean et al. (2000) reported no change. A 

single session of exercise may increase HDL-C by 10 - 25% (Crouse et al., 1997a; 

Ferguson et al., 1998; Grandjean et al., 2000). Ferguson et al. (1998) reported a 

significant 15% to 29% significant increase in HDL-C after expending 800 to 1,500 

kcals in trained males. Similarly, Grandjean et al. (2000) reported a 16% increase in 

HDL-C in sedentary males after expending only 500 kcals. This demonstrates that 

the energy expenditure threshold to increase HDL-C concentration may be related 

to the VO2max of the individual. Therefore, individuals with a higher VO2max will 

require a greater energy expenditure to increase HDL-C concentration than those 

with a lower VO2max. TC may decrease after a single session of exercise. In some 

instances, very exhaustive exercise can reduce TC (Franklin et al., 2014). Ferguson 

et al. (1998) found a 9% decrease in TC after a 1,300 kcal exercise session. Crouse et 

al. (1997a) reported normo- and hypercholesterolemic males had a 4 - 6% decrease 

in TC immediately after expending 350 kcals. Others have reported up to a 13% 

decrease in TC after an hr long exercise session. Changes in TC may be related to 

energy expenditure or level of fitness.  

Statement of the Problem 

 It is known that endurance training has positive effects on serum lipid and 

lipoprotein concentrations for males and females. The serum lipid and lipoprotein 

changes promoted by endurance training can be described as the result of repeated 

acute lipid modifications (Grandjean et al., 2000). The benefits of a single session of 
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exercise at various intensities are documented and may last up to 72 hr post-

exercise (Crouse et al., 1997a). Exercise sessions ranging from 350 to 1,500 kcals of 

energy expenditure are sufficient to alter lipid metabolism, more importantly, the 

sedentary population will respond to lower doses of energy expenditure. Slentz et 

al. (2007), Kraus et al. (2002), and Crouse et al. (1997a) revealed that with any 

amount of exercise, moderate-intensity exercise (40% - 55% of VO2max) reduces 

serum TG concentration more than high-intensity exercise at 24 hr post-exercise. 

Also, Grandjean et al. (2000) found a decrease in serum TG concentration 24 hr after 

a high-intensity exercise (70% of VO2max) session. This shows exercise at both high- 

and moderate-intensity may decrease serum TG concentration.  

Most acute studies involving normo-cholesterolemic people reported an 

increase in HDL-C concentration after a high-intensity exercise (>65% of VO2max) 

session (Angelopoulos, Robertson, Goss, Metz, & LaPorte, 1993; Ferguson et al., 

1998; Gordon, Fowler, Warty, Visich, & Keteyian, 1998; Grandjean et al. 2000; 

Kantor et al., 1987; Mestek et al., 2006; Thompson, Cullinane, Sady, Flynn, 

Chenevert, & Herbert, 1991). Kokkinos, Narayan, Colleran, Fletcher, Lakshman, and 

Papademetriou (1998) suggested HDL-C concentration has a greater response to 

higher intensity exercise, while Kraus et al. (2002) suggested HDL-C concentration 

has a greater response to moderate-intensity exercise. Kokkinos et al. (1998), Kraus 

et al. (2002), and Crouse et al. (1997a) showed that exercise of at least moderate-

intensity may increase HDL-C concentration and may decrease serum TG 

concentration. The effects of one exercise intensity on serum lipids and lipoproteins 
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have been investigated previously. Traditionally, continuous exercise at one 

exercise intensity is how aerobic exercise is commonly performed. Interval training 

has become more common recently. This study investigated the effects of an aerobic 

exercise session using two different intensities on serum lipids and lipoproteins. 

The exercise session consisted of continuous exercise at a high- (70% of VO2max) and 

then moderate-intensity (50% of VO2max). This study provided some insight on how 

useful aerobic exercise at two different intensities is at modifying lipid metabolism. 

The variables LDL-C, TC, HDL-C, and serum TG concentration will be studied in 

healthy adult males and females.   

Research Hypothesis 

1. 400 kcals of accumulated exercise at 70% and 50% of VO2max will decrease 

serum TG concentration at 24 hr post-exercise. 

2. 400 kcals of accumulated exercise at 70% and 50% of VO2max will increase 

HDL-C concentration at 24 hr post exercise. 

Assumptions 

The study was conducted under the following assumptions:  

1. No additional exercise will be performed.  

2. Participants will abstain from alcohol. 

 3. The participants did not alter their diet during the study. 

 4. No new medications or supplements were taken during the study. 
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Significance of the Study 

 With CVD being the leading cause of death in the U.S., steps must be taken to 

reduce the number of risk factors for CVD. ACSM, the CDC, and other health-related 

organizations recommend a multifactorial approach to a lifestyle change to modify 

these risk factors. It is recommended that this lifestyle change include increased 

physical activity most days of the week to maximize energy expenditure and reduce 

times of inactivity. A session exercise can induce favorable changes in ones’ lipid 

profile based on the volume and intensity of exercise. A number of combinations 

regarding volume and intensity have been used to study the effects of a session of 

exercise on serum lipids and lipoproteins (Crouse et al., 1997a; Grandjean et al., 

2000; Kraus et al., 2002). Data regarding multiple exercise intensities within the 

same session or trial is sparse. The purpose of this study was to investigate the 

effects of a session of exercise on serum lipids and lipoproteins using two different 

exercise intensities compared to a control trial. The exercise session will first 

expend 200 kcals at a high-intensity (70% of VO2max) then 200 more kcals at a 

moderate-intensity (50% of VO2max).  

Important Terms 
 

Anti-atherogenic – preventing or inhibiting atherosclerosis. 

Antioxidant  - molecule that inhibits oxidation (loss of electrons) of other molecules. 

Apolipoproteins  - proteins that bind with lipids to form lipoproteins to enhance 

lipid’s solubility (Durstine et al., 2002). 

Atherogenic – stimulating atherosclerosis. 
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Atherosclerosis – disease process that may result in blood flow-limiting lesions in 

the arteries by narrowing of the tunica intima due to fibrous-plaque buildup 

(Ehrman et al., 2013). 

Cardiovascular Disease (CVD) – disease of heart and blood vessels including 

coronary artery disease, valvular heart disease, peripheral vascular disease, 

cardiomyopathy, congenital heart defects, stroke, hypertension, and chronic heart 

failure (Brooks, Fahey, & Baldwin, 2005). 

Cholesterol – C27H45OH, a steroid alcohol that is a structural component in the cell 

membrane and a precursor to bile, vitamin D, and steroid hormones. 

Energy expenditure threshold – the amount of physical work that must be done to 

elicit a certain change. 

Fatty acids – carboxylic acid with a long carbon and hydrogen chain that is either 

saturated or unsaturated derived from triacylglycerols or phospholipids and serves 

as an important fuel source. 

Hyperlipidemia – chronic elevated fasting blood lipid and lipoprotein 

concentrations (Grandjean et al., 2000). 

Insulin resistance – insulin-sensitive tissues no longer respond to insulin causing 

elevated blood glucose concentrations. 
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CHAPTER II 
 

LITERATURE REVIEW 
 

Lipids and Apolipoproteins 

Lipids serve a variety of important physiological roles for metabolism and 

structural components of many of the body’s cells. Lipids combine with 

apolipoproteins, forming lipoproteins to enhance their solubility and transport in 

blood. Lipoproteins are composed of various apolipoproteins, TG, phospholipid, and 

cholesterol (Durstine et al., 2002). Apolipoproteins B-48, B-100, and (a) are directly 

related to CVD, and apolipoprotein A-I is inversely related to CVD.  

Lipoproteins 

There are five categories of lipoprotein, and each category is classified 

according to the density of the lipoprotein. Chylomicrons are the largest and least 

dense lipoprotein. Chylomicrons are produced in the intestines from dietary fat 

intake. Chylomicrons transport dietary-derived TG to the body tissues for storage. 

Chylomicrons are metabolized and removed quickly from the blood, but 

chylomicron remnants are related to CVD risk (Durstine et al., 2002).  VLDL, 

sometimes called TG-rich lipoprotein, is slightly smaller than a chylomicron, but 

slightly denser. It is produced in the liver, and is involved in TG exchange between 

lipoprotein particles and tissues. LDL is smaller and denser than VLDL, and is the 

primary lipid transporter in the blood to peripheral tissues, making it the primary 
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targeted lipoprotein for interventions improving serum lipid profile. IDL is smaller 

and denser than LDL, but exists only in small amounts in humans. HDL is the 

smallest, densest lipoprotein. It is responsible for reverse cholesterol transport, 

which removes lipids from the blood before they are stored, and transports them to 

the liver where the lipids are metabolized. HDL also has anti-oxidant effects. This 

process makes HDL the other targeted lipoprotein, for interventions that improve 

serum lipid profile. Each category of lipoprotein has various sub-fractions that 

function slightly differently due to the slightly different composition of their lipid 

and protein (Durstine et al., 2002). The composition gives certain lipoproteins their 

atherogenic or anti-atherogenic properties. This also makes the atherogenic or anti-

atherogenic properties of certain sub-fractions more potent. Appendix E displays 

the composition and sources of lipoproteins.  

Lipoprotein Enzymes  

Several enzymes regulate lipoprotein metabolism. Lipoprotein lipase (LPL) is 

bound to the capillary walls of most tissues, and is most active in adipose tissue, 

heart muscle, and skeletal muscle (Durstine et al., 2002). The primary function of 

LPL is to hydrolyze the TG core of chylomicron and VLDL, converting VLDL to IDL 

and LDL (Durstine & Thompson, 2001). Hepatic lipase (HL) is bound to the capillary 

endothelium of the liver (Durstine et al., 2002; Bruce, Chouinard, & Tall, 1998).  HL 

indirectly converts chylomicron and VLDL remnants into LDL particles. HL also 

works concomitantly with cholesterol ester protein transfer (CEPT) to convert HDL2 

to HDL3 particles (Bruce et al., 1998; Durstine et al., 2002). CEPT may also mediate 
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the transfer of esterified cholesterol from HDL2 particles to VLDL and chylomicron 

remnants. This also converts HDL2 to HDL3 particles (Bruce et al., 1998; Durstine et 

al., 2002). Lecithin-cholesterol acyltransferase (LCAT) is synthesized in the liver. In 

the presence of apolipoprotein A-I, LCAT binds to HDL3 and catalyzes the 

esterification of free cholesterol on the surface of HDL (Durstine et al., 2002; Tall, 

1998). This leads to the internalization of esterified cholesterol into the HDL core 

that forms the HDL2 particle (Shepherd, 1992; Tall, 1998). 

Metabolic Pathways 

Serum lipoproteins transport cholesterol and TG between the liver, intestine, 

and extrahepatic tissue. Two distinct pathways carry out these processes. When 

these processes are genetically or environmentally stressed, an altered lipid profile 

and CVD risk results. The LDL receptor pathway consists of steps that result in the 

delivery of cholesterol to extrahepatic tissue. Reverse cholesterol transport is the 

process of cholesterol delivery to the liver from extrahepatic tissue (Durstine et al., 

2002). 

LDL Receptor Pathway 

 After a meal, dietary fat is digested by the small intestine and is absorbed as 

fatty acids and free cholesterol. During intestinal absorption, fatty acids and free 

cholesterol combine with apolipoproteins B-48, A-I, A-II, A-IV, and E, and are 

internalized into the core of the chylomicron. The chylomicrons then enter the 

circulatory system by the lymphatic system via the thoracic duct and left subclavian 

vein (Durstine et al., 2002; Shepherd, 1992). Once in systemic circulation, 
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chylomicrons react with LPL via apolipoproteins C-II and hydrolyze the TG core to 

release fatty acids (Brown & Goldstein, 1985; Durstine et al., 2002; Durstine & 

Thompson, 2001). Next, chylomicron remnants containing apolipoproteins C and E 

are picked up by nascent, newly formed HDL and transported to the liver (Durstine 

& Thompson, 2001). Once in the liver, chylomicrons and its remnants are removed 

by hepatic cells via apolipoprotein B and E receptor-stimulated uptake (Durstine & 

Thompson, 2001). VLDL particles are then synthesized in the liver. Next, LPL 

hydrolyzes the TG core, releasing fatty acids that are taken up by extrahepatic tissue 

(Shepherd, 1992). This results in the conversion of VLDL to an IDL particle 

(Shepherd, 1992). IDL particles are rapidly cleared from circulation (Brown & 

Goldstein, 1985). HL and LPL converts IDL to LDL (Shepherd, 1992). The remaining 

VLDL remnants are removed from circulation after binding to hepatic 

apolipoprotein E receptors (Brown & Goldstein, 1985; Durstine & Thompson, 2001).  

 The LDL particle is the primary cholesterol transporter to extrahepatic 

tissues. The LDL particle binds to LDL-apolipoprotein B-100 and E receptors on the 

surface of cells (Brown & Goldstein, 1985). The LDL particle is internalized and 

digested by lysosomes releasing cholesterol for cellular needs (Brown & Goldstein, 

1985). The released cholesterol starts a negative feedback system that reduces 

cholesterol synthesis and promotes cholesterol storage. The negative feedback 

system also suppresses LDL receptor synthesis and LDL uptake (Brown & Goldstein, 

1985).  
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Reverse Cholesterol Transport  

 Several processes result in the removal of HDL from circulation. The most 

accepted pathway begins with nascent HDL particles secreted by the liver, which is 

enriched with free cholesterol, phospholipid from LPL mediated chylomicron, and 

VLDL catabolism (Duratine et al., 2002; Shepherd, 1992). Apolipoprotein A-I and 

LCAT esterify free cholesterol (Bruce et al., 1998) into cholesterol esters that is 

internalized into the HDL3 core (Durstine et al., 2002; Shepherd, 1992). The 

internalization of the cholesterol ester creates a chemical gradient that causes an 

influx of cholesterol into the HDL3 core for the LCAT reaction (Bruce et al., 1998; 

Durstine et al., 2002). The internalization of the cholesterol ester causes the HDL 

particle to expand converting it to the HDL2 particle (Durstine et al., 2002). The 

nascent HDL2 particle results in two other pathways. 

 The first pathway is facilitated by CEPT. The nascent HDL2 cholesterol ester 

is exchanged with TG from chylomicron and VLDL remnants. Chylomicron and VLDL 

remnants are now loaded with cholesterol ester enriched by CEPT, and then 

transported to the liver and metabolized (Bruce et al., 1998; Durstine et al., 2002).  

The second pathway is facilitated by HL. TG is removed from HDL2 that was 

enriched by CEPT in the previously mentioned pathway. This results in the 

formation of HDL3 and enters into circulation to continue the cycle (Bruce et al., 

1998; Durstine et al., 2002). 

There are two HDL-C clearance pathways. The first pathway is direct 

clearance of HDL2-C from circulation via phospholipase and HL activity (Bruce et al., 
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1998; Durstine et al., 2002; Durstine & Thompson, 2001). The other pathway is 

clearance of HDL2 particles rich in cholesterol ester and containing apolipoprotein E 

via hepatic LDL receptor-stimulated uptake (Bruce et al., 1998; Durstine et al., 2002; 

Durstine & Thompson, 2001). 

Effects of Dietary Fat Intake on Serum Lipids and Lipoproteins 

Low Fat 

Studies show diets high in carbohydrates and low in fat lowers TC (Mensink 

& Katan, 1992) and LDL-C concentration (Kris-Etherton et al., 1999). High 

carbohydrate diets also decrease HDL-C concentration and raise serum TG 

concentrations (Kris-Etherton et al., 1999; Mensink & Katan, 1992; West et al., 

1990). These effects may adversely alter risk for CVD. When a percentage of dietary 

carbohydrates are replaced with fat, TC may increase or decrease depending on the 

type of fat (Hegsted, McGandy, Meyers, & Stare, 1965; Mensink & Katan, 1992). Diets 

with a higher percentage of fat may raise HDL-C, and decrease LDL-C concentration 

and serum TG concentration (Mensink & Katan, 1992).  

High Saturated Fat 

 Mensink and Katan (1992) conducted a meta-analysis and showed when 1% 

of carbohydrates are replaced with 1% of saturated fat, serum TG concentration can 

decrease more than 1.77 mg/dl.  This also increased HDL-C concentration by about 

0.8 mg/dl (Mensink & Katan, 1992). Saturated fat increases HDL-C concentration to 

a greater extent compared to unsaturated fats (Mensink & Katan, 1992; Shepherd et 

al., 1980). A high saturated fat diet also increases TC and LDL-C concentration to 
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similar extents by more than 2 mg/dl. Hegsted et al. (1965) also reported replacing 

carbohydrates with saturated fat raises TC. Mensink annd Katan (1992) 

demonstrated that TC and LDL-C concentration increases similarly with a diet high 

in saturated fat. 

High Monounsaturated Fat 

 Mensink and Katan (1992) demonstrated replacing 1% of carbohydrates 

with monounsaturated fats also decreased serum TG concentration. It also 

increased HDL-C concentration to a similar but lesser extent than saturated fats. 

Kris-Etherton et al. (1999) also reported high monounsaturated fat diets did not 

decrease HDL-C concentration or increase serum TG concentration. Kris-Etherton et 

al. (1999) and Mensink and Katan (1992) reported a high monounsaturated fat diet 

modestly decreased TC and LDL-C concentration to a similar extent, but decreased 

LDL-C concentration more. 

High Polyunsaturated Fat 

 Mensink and Katan (1992) showed replacing 1% of carbohydrates with 

polyunsaturated fats decreased serum TG concentration to a similar but even 

greater extent than saturated fats. While Mensink and Katan (1992) meta-analysis 

demonstrated a high polyunsaturated fat diet increases HDL-C concentration, but 

less than saturated or monounsaturated fats, other studies reported a decrease in 

HDL-C concentration (Vega, Groszeck, Wolf & Grundy, 1982; Shepherd et al., 1980). 

A diet high in unsaturated fats doubled the decrease in TC and LDL-C concentration 

compared to monounsaturated fats (Mensink & Katan, 1992).  
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 In summary, when a high carbohydrate diet is replaced with saturated fat, TC 

(Hegsted et al., 1965; Mensink & Katan, 1992), HDL-C, and LDL-C concentration 

increases and serum TG concentration decreases (Mensink & Katan, 1992; West et 

al., 1990). TC and LDL-C concentrations increase to a much greater extent than HDL-

C concentration. Saturated fat has greater effects on HDL-C concentration compared 

to unsaturated fats (Mensink & Katan, 1992; Shepherd et al., 1980). 

Monounsaturated fats increase HDL-C concentration and decrease serum TG 

concentration to a similar but to lesser extent than saturated fats. Monounsaturated 

fats also modestly decrease TC and LDL-C concentration (Mensink & Katan, 1992). 

Polyunsaturated fats increase HDL-C concentration less compared to other fats 

(Mensink & Katan, 1992), and may decrease HDL-C concentration (Vega et al., 1982; 

Shepherd et al., 1980). Polyunsaturated fats have the greatest effect on decreasing 

serum TG concentration, TC, and LDL-C concentration (Vega et al., 1982; Mensink & 

Katan, 1992). 

Obesity 

Obesity is the result of a chronic positive energy balance, and the excess 

energy is stored as fat by the body in existing adipocytes (Kahn & Valdez, 2003). 

Obesity is a BMI of 30 kg/m2 or above while a BMI of 25 to 29.9 kg/m2 is considered 

overweight. Obesity is a well-known risk factor for CVD and other diseases (Eckel, 

Grundy, & Zimmet, 2005). Android obesity also known as male-type obesity is 

characterized by excess body fat stored centrally as visceral fat. Android obesity is 

more associated with metabolic syndrome and CVD than gynoid obesity, also known 
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as female-type obesity (Kwiterovich, 2002). Visceral fat is a greater risk for 

metabolic disease than subcutaneous fat because visceral fat releases fatty 

substrates directly to the liver, inducing gluconeogenesis and lipid synthesis (Eckel 

et al., 2005; Kwiterovich, 2002). This leads to greater fat stores and other metabolic 

consequences.  

Adipocytes can expand to store large amounts of lipid compared to 

nonadipose tissue, such as skeletal muscle, which has a limited storage capacity for 

lipids (Scahffer, 2003). Over time fat deposits accumulate, resulting in obesity as 

lipid influx exceeds lipid usage. As adipocytes reach their storage capacity, lipids 

stay in the blood, increasing serum lipid concentrations (Kahn & Valdez, 2003; 

Kwiterovich, 2002; Stannard & Johnson, 2004). This forces lipids to be stored in 

non-adipose tissue like skeletal muscle and the pancreas where storage capacity is 

low. Lipid stored in skeletal muscle is termed intramuscular triacylglycerol (IMTG) 

(Kelley, Goodpaster, & Storlien, 2002). Excess lipids in nonadipose tissue may lead 

to insulin resistance by cell dysfunction due to lipotoxicity and eventually 

lipoapotosis or cell death (Kelley et al., 2002; Schaffer, 2003). Cell dysfunction is a 

contributing factor to the obese population having a limited capacity to oxidize 

lipids for fuel compared to those who are trained, even though both have an 

increased IMTG storage (Kelley et al., 2002; Stannard & Johnson, 2004).  
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Dyslipidemia 

Dyslipidemia is characterized by an elevated serum cholesterol 

concentration. The NCEP diagnoses dyslipidemia with a presence of LDL-C (130 

mg/dl or greater), HDL-C (35 mg/dl or less), or TC (200 mg/dl or greater). 

Dyslipidemia is also associated with a predominance of small dense LDL particles. 

The composition of LDL changes so that cholesterol and phospholipid are depleted 

with no change or an increase in LDL-TG concentration, a function of CEPT. Small 

dense LDL particles are more atherogenic than larger LDL particles because of 

enhanced adhesion and transition to the endothelium and increased susceptibility 

to oxidation. This makes small dense LDL particles an independent risk factor for 

CVD (Eckel et al., 2005; Kwiterovich, 2002). Dyslipidemia is also associated with 

changes in HDL composition characterized by decreased cholesterol and increased 

TG content, making HDL small and dense. This also increases HDL particle clearance 

from circulation (Brinton, Eisenberg, & Breslow, 1991; Eckel et al., 2005; Murakami 

et al., 1995). 

When serum cholesterol is elevated, an increased influx of free fatty acids 

stimulates the liver to produce excess LDL and VLDL particles (Eckel et al., 2005; 

Kahn & Valdez, 2003; Kwiterovich, 2002).  Serum VLDL-C is inversely related to 

HDL-C. As serum VLDL-C and LDL-C increase, CEPT transfers cholesterol from HDL-

C to VLDL-C at a rate proportional to the difference in concentration of VLDL-C and 

HDL-C (Murakami et al., 1995; Reaven, 2006). The elevated serum lipid 

concentration may lead to lipid deposition in adipose and non-adipose tissue 
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contributing to insulin resistance (Kelley et al., 2002). Elevated serum and 

intracellular lipid stores result in decreased beta oxidization and increased non-beta 

oxidation, producing ceramide or malonyl-CoA (Kelley et al., 2002). These are 

products of lipotoxicity that are known to contribute to cell dysfunction and cell 

death (Kelley et al., 2002; Unger & Orci, 2001).  

Metabolic Syndrome 

Metabolic syndrome is the prevalence of a cluster of CVD risk factors, 

including glucose intolerance, central obesity, dyslipidemia, and hypertension 

(Eckel et al., 2005). Metabolic syndrome is also known as insulin resistance 

syndrome or dysmetabolic syndrome (Eckel et al., 2005; Kahn & Valdez, 2003). The 

NCEP suggests metabolic syndrome is diagnosed when at least three of the five 

following risk factors are present: elevated waist circumference, low HDL-C 

concentration, elevated serum TG concentration, hypertension, and fasting glucose 

of 110 mg/dl. Metabolic syndrome is also associated with an increased risk for CVD.  

Insulin resistance is the most accepted metabolic defect of metabolic 

syndrome as insulin resistance is present in those with obesity, dyslipidemia, and 

diabetes; three of the criteria for metabolic syndrome (Eckel et al., 2005; Kelley et 

al., 2002). IMTG is the suggested cause of insulin resistance (Kahn & Valdez, 2003; 

Kelley et al., 2002).  

Elevated IMTG may increase usage of lipids as fuel, slowing glucose 

metabolism and inducing hyperglycemia. Increased fatty acid delivery to the liver 

also promotes gluconeogenesis, inducing hyperglycemia. The pancreas may produce 
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extra insulin to overcompensate for the elevated serum glucose level (Lewis & 

Steiner; 1996). Hyperinsulinemia also contributes to insulin resistance (Lewis & 

Steiner; 1996; Loon & Goodpaster, 2006).  

Effects of Physical Inactivity on Serum Lipids and Lipoproteins 

 Unger and Orci (2001) state that over-nutrition and under-exertion, which 

describes modern society, leads to a chronic positive energy balance and an 

increased prevalence of metabolic syndrome and CVD. Exercise may decrease 

lipotoxicity by decreasing lipid content in the blood and nonadipose tissue (Schaffer, 

2003; Kelley et al., 2002). Exercise acts as a buffer by increasing the turnover rate of 

lipids through beta-oxidation, thus improving insulin sensitivity by reducing IMTG 

(Unger & Orci, 2001). Leisure time activity should include more active behavior and 

times of physical inactivity should be reduced because chronic physical activity 

reduces all risk factors for metabolic syndrome and CVD (Eckel et al., 2005). 

Exercise is also the only nonpharmacological intervention that directly reduces 

IMTG (Kelley et al., 2002; Stannard & Johnson, 2003).  

Low-Density Lipoprotein and Exercise  

LDL is the main transporter of cholesterol and TG in the blood to the 

periphery for cellular metabolism (Durstine et al., 2002).  Elevated LDL-C has been 

established as a risk factor for CVD for some time now due to its atherogenic effect 

(Fuster, Gotto, Libby, Loscalzo, & McGill, 1996). The NCEP and Adult Treatment 

Panel III (ATP III) set LDL-C concentrations of 130 mg/dl and above as the threshold 

for dyslipidemia and an increased risk for CVD. The literature shows LDL-C rarely 
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responds to exercise. A meta-analysis by Leon and Sanchez (2001) reported a 5% 

decrease in LDL-C concentration (p < .05) after endurance training. Furthermore, 

most studies show endurance training has no effect LDL-C concentration (Crouse et 

al., 1997b; Gaesser & Rich, 1984; Greene et al., 2012; Thompson et al., 1997; 

Williams et al., 1989). A single session of exercise may or may not reduce LDL-C 

(Ferguson et al., 1998; Grandjean et al., 2000). The exercise-induced lipid and 

lipoprotein changes can last up to 72 hr (Weise et al., 2005). The serum lipid and 

lipoprotein changes promoted by endurance training may be a result of repeated 

acute lipid modification due to the last exercise session (Grandjean et al., 2000).  

Effects of Endurance Training on LDL-C in Healthy Populations 

Endurance training generally does not decrease serum LDL-C concentration 

in healthy populations. Kokkinos et al. (1995) analyzed the lipid profile of over 

2,900 adults 30 to 64 years old and categorized them based on how many miles they 

ran weekly: 0, 5, 9, 12, 17, and 31 miles per week. As the number of miles ran per 

week increased there was a trend for significantly lower LDL-C concentrations  

(p < .001).  

Leon et al. (2000) conducted a large biracial study called the HERITAGE 

Family Study. The study included 745 healthy but sedentary members of two 

generations from white and black families. The study consisted of three exercise 

sessions per week for 20 weeks, progressing from 30 to 50 min per session for the 

last 6 weeks of training. Exercise intensity also progressed from 55 to 75% of VO2max 

for the last 8 weeks of training. There were no significant changes in LDL-C 
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concentration in the HERITAGE Family Study (Leon et al., 2000). Katzmarzyk et al. 

(2001) also reported no change in LDL-C concentration in sedentary adults using 

the same methodology as Leon et al. (2000).  

Gaesser and Rich (1984) performed a study on healthy, young-adult males. 

The participants were assigned to a high-intensity exercise group (80-85% of 

VO2max) or a moderate-intensity exercise group (45% of VO2max) expending 350 

kcals 3 days per week for 18 weeks. Gaesser and Rich (1984) reported no change in 

LDL-C concentration despite the significant weight loss. Kokkinos et al. (1998) also 

reported no change in LDL-C concentration in sedentary adults after 16 to 32 weeks 

of training at 60 to 80% of heart rate max. Williams et al. (1989) studied healthy 

adult males for a year. They were assigned to an exercise group that required them 

to run for 45 min, 5 days per week, which is equivalent to about 8 miles per week. 

Williams et al. (1989) reported no changes in small LDL concentration or large LDL 

concentration although Wood et al. (1983) concluded running 8 miles may be the 

threshold for beneficial changes in serum lipoproteins for adult males. Thompson et 

al. (1988) also reported no change in LDL-C concentration in sedentary adults after 

52 weeks of training. Despres et al. (1988) reported a nonsignificant 16% decreases 

in LDL-C concentration of six pairs of adult male twins after two 500 kcal exercise 

sessions at 58% of VO2max per day, for 22 consecutive days. Despres et al. (1988) 

also reported a strong positive correlation between the decrease in LDL-C 

concentration and the reduction in trunk fat (r = .78).  
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 The 1,050 kcals of energy expenditure per week for Gaesser and Rich (1984) 

and the 8 miles of running per week for Williams et al. (1989) is below the energy 

expenditure of jogging 17 to 18 miles per week mentioned by Kraus et al. (2002) for 

beneficial effects on lipoprotein size and number. Perhaps exercise volumes greater 

than 1,050 kcals of energy expenditure or running 8 miles per week is required to 

elicit LDL-C changes in healthy adult males (Kraus et al., 2002). These studies 

reported no change in LDL-C concentration even in the presence of significant fat 

loss (Gaesser & Rich, 1984). 

Contrary to the studies above, Huttunen et al. (1979) found a decreased LDL-

C concentration (p < .05) in adult males after endurance training. The males in the 

study also had a decreased body weight (p < .01). In this study, the participants 

trained three to four days per week at 40% of heart rate reserve for the first 2 

months and 66% of heart rate for the next 2 months. Huttunen et al. (1979) 

calculated the lipid concentrations again separately using only the participants who 

maintained their body weight within 1 kg and found that LDL-C concentration was 

still significantly decreased. The 10% reduction in LDL-C is twice the reduction Leon 

and Sanchez (2001) found in their meta-analysis. Huttunen et al. (1979) concluded 

the randomization of the experimental and control group made it difficult to 

determine if the exercise program caused the decrease in LDL-C concentration.  

Effects of Endurance Training on LDL-C in Adults with Obesity 

Endurance training does not decrease serum LDL-C concentration in the 

obese population. Thompson et al. (1997) reported no change in LDL-C 
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concentration in overweight males after an hour of walking, four times per week at 

60 or 80% of maximum heart rate, for a year. Greene et al. (2012) also reported no 

change in LDL-C concentration after 12 weeks of training. The exercise protocol was 

three sessions per week and it progressed from 250 kcals at 60% of VO2max to 500 

kcals at 85% of VO2max.  

Slentz et al. (2007) performed a detraining study that included over 100 

adults with obesity. The participants were randomly assigned to the low-

volume/moderate-intensity, low-volume/high-intensity, and the high-volume/high-

intensity exercise groups for eight months. The energy expenditure corresponded to 

walking 12 miles per week at 40 to 55% of VO2max, jogging 12 miles per week at 65 

to 80% of VO2max, and jogging 20 miles per week at 65 to 80% of VO2max, 

respectively. Both low-volume groups had an energy expenditure of 14 kcals/kg of 

body weight, per week and the high-volume group had an energy expenditure of 23 

kcal/kg of body weight per week. The participants were required to maintain their 

current diet and weight. Slentz et al. (2007) reported both high-intensity groups had 

a significant increase in LDL particle size at 24 hr and only the high-volume group 

significantly reduced LDL particle concentration (p < .05). Only the low-

volume/high-intensity group reduced LDL-C concentration (p < .01) but this change 

occurred after five days of detraining (Slentz et al., 2007). The high-intensity groups 

had the greatest improvements in LDL profile. Kraus et al. (2002) states that there 

might be an energy expenditure threshold equivalent to jogging 17 to 18 miles per 

week at moderate intensity to elicit LDL changes. This suggests volume prioritizes 
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over intensity in reducing LDL-C concentration. With equivalent volumes of 

exercise, it appears that high-intensity exercise produces more favorable LDL 

changes than moderate-intensity exercise. 

Effects of Endurance Training on LDL-C in Adults with Hypercholesterolemia  

 Endurance training does not decrease serum LDL-C concentration in adults 

with hypercholesterolemia. Kraus et al. (2002) performed a study that included 

over 100 adults with hypercholesterolemia. The participants were randomly 

assigned to the low-volume/moderate-intensity, low-volume/high-intensity, and 

the high-volume/high-intensity exercise groups for 8 months. The energy 

expenditure corresponded to walking 12 miles per week at 40 to 55% of VO2max, 

jogging 12 miles per week at 65 to 80% of VO2max, and jogging 20 miles per week at 

65 to 80% of VO2max, respectively. Both low-volume exercise groups had an energy 

expenditure of 14 kcals/kg per week and the high- volume exercise group had an 

energy expenditure of 23 kcal/kg per week. Kraus et al. (2002) reported no change 

in LDL-C concentration. Crouse et al. (1997b) performed a study on adult males with 

hypercholesterolemia. The participants were assigned to a high-intensity exercise 

group (80% of VO2max) or a moderate-intensity exercise group (45% of VO2max) 

expending 350 kcals three days per week for 24 weeks. Crouse et al. (1997b) also 

reported no change in LDL-C concentration. Kraus et al. (2002) reported only the 

high-volume group significantly reduced concentrations of LDL and small LDL 

particles and increased the size of LDL particles. Kraus et al. (2002) analyzed effects 

of intensity and volume on exercise and found LDL-C is most responsive to a greater 
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volume and intensity. Hypercholesterolemia often results in abnormal resting lipid 

metabolism and abnormal responses to exercise (Crouse et al., 1997b). The 

hypercholesterolemic status of the participants may have blunted the response of 

LDL-C concentration to exercise for these studies. 

Effects of Endurance Training on LDL-C in Older Adults 

 Endurance training does decrease serum LDL-C concentration in older 

adults. Halverstadt et al. (2007) conducted a study on 100 healthy, sedentary adults 

50 to 75 years old. They started training at 50% of VO2max for the first 10 weeks 

then progressed to 70% of VO2max for 40 mins for the next 14 weeks. They also 

added a lower intensity exercise that was not quantified for 45 to 60 min during the 

last 12 weeks and trained three days per week. At the end of the 24 weeks LDL-C 

concentration decreased by .7 mg/dl (p < .0001), total LDL particle concentration 

decreased (p = .02), medium LDL particle concentration decreased (p = .002), and 

small LDL particle concentration decreased significantly (p = .01) (Halverstadt et al., 

2007). In a similar study, Verissimo et al. (2002) studied the lipid response in older 

adults 65 to 94 years old. The participants trained at 60 to 80% of maximum heart 

rate 3 days per week for 8 months. Verissimo et al. (2002) reported LDL-C 

concentration decreased by 20 mg/dl  (p < .001). Weight loss may have contributed 

to the change in LDL-C concentration for Verissimo et al. (2002), as it was 

mentioned but not quantified. Halverstadt et al. (2007) reported body fat and total 

body weight were significantly reduced (p < .0001). After adjusting for baseline 

body fat or fat loss, the changes were still significant. Another major important 
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finding from these studies is that older adults have similar exercise-induced lipid 

changes and may have a greater exercise-induced response compared to younger 

adults. 

Effects of Endurance Training on LDL-C in Postmenopausal Females 

 Endurance training does not decrease LDL-C concentration in pre- or 

postmenopausal females (Grandjean, Crouse, O’Brien, Rohack, & Brown, 1998). The 

exercise protocol consisted of brisk walking or jogging at 50% of VO2max expending 

200 kcals for the first 6 weeks then expending 300 kcals at 75% of VO2max the next 6 

weeks. The study concluded due to the lack of change in body fat percentage or 

lipoprotein enzymes, LDL-C concentration failed to decrease (Grandjean et al., 

1998). 

Effects of Acute Exercise on LDL-C in Healthy Populations 

 A session of exercise may decrease serum LDL-C concentration in healthy 

populations in cases of very high-energy expenditures. Ferguson et al. (1998) 

conducted a study on trained adult males. On different days the participants 

completed an exercise session at 70% of VO2max expending 800, 1,100, 1,300, and 

1,500 kcals per session. Immediately after the 1,300 and 1,500 kcal exercise session, 

LDL-C concentration decreased significantly from 103 mg/dl to 85 mg/dl (p < .05) 

and 105 mg/dl to 86 mg/dl (p < .05), respectively (Ferguson et al., 1998). At 24 hr 

postexercise, LDL-C concentration remained decreased at 93 mg/dl for the 1,500 

kcal exercise session only (Ferguson et al., 1998). Although the 800 or 1,100 kcal 

exercise session did not change LDL-C concentration, the exercise may have been 
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sufficient enough to transiently alter LDL-C metabolism. This was speculated due to 

LDL-C concentration rising at 24 hr before dropping again at 48 hr. Thompson, 

Cullinane, Henderson, and Herbert (1980) reported LDL-C concentration remained 

decreased by 11 to 12 mg/dl 4 to 66 hr after a 42-km run (p < .01). Kantor, 

Cullinane, Sady, Herbert, and Thompson (1987) reported a 13% decrease in LDL-C 

concentration in untrained and trained males 24 hr after an hour exercise session 

and a two hour exercise session, respectively at 80% of heart rate max. Cullinane, 

Lazarus, Thompson, Saratelli, and Herbert (1981) reported a 10 mg/dl decrease in 

LDL-C concentration 66 hr after a 30 min exercise session at 75% of maximal heart 

rate and stated the decrease was not an effect of exercise due to the decrease 

occurring so late. 

Gordon et al. (1998) failed to find a change in LDL-C concentration in trained 

females after an 800 kcal exercise session at 75% of VO2max. Visich et al. (1996) also 

reported no change in LDL-C concentration after a 400, 600, and 800 kcal exercise 

session at 75% of VO2max. Cullinane, Siconolfi, Saritelli, and Thompson (1982) also 

reported no change in LDL-C concentration after a 1 hr exercise session in untrained 

males or after a 2 hr exercise session in trained males after plasma volume 

corrections. The 800 kcal exercise session was below the threshold to elicit LDL-C 

changes in trained males and females as well.  There may be a high-energy 

expenditure threshold to decrease LDL-C concentration in healthy adults (Ferguson 

et al., 1998). The threshold may depend on the training status so the untrained 
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population should require a smaller energy expenditure to decrease LDL-C 

concentration (Kantor et al., 1987).  

Effects of Acute Exercise on LDL-C in Adults with Hypercholesterolemia  

 A single session of exercise does not decrease serum LDL-C concentration in 

adults with hypercholesterolemia. Grandjean et al. (2000) and Crouse et al. (1997a) 

reported no change in LDL-C concentration after a 500 kcal and 350 kcal exercise 

session, respectively. Grandjean et al. (2000) studied normo- and 

hypercholesterolemic males and Crouse et al. (1997a) studied hypercholesterolemic 

men. Crouse et al. (1997a) reported a drop in LDL-C concentration immediately post 

exercise following a 350 kcal exercise session at 50 and 80% of VO2max followed by a 

transient 4 to 12% nonsignificant increase above resting LDL-C concentrations at 24 

to 48 hr post exercise. An important finding was normo- and hypercholesterolemic 

males have similar exercise-induced lipid changes. Cholesterol status does not seem 

to influence LDL-C concentration post exercise (Grandjean et al., 2000).  

Effects of Acute Exercise on LDL-C in Adults with Obesity 

 A session of exercise does not decrease LDL-C concentration in adults with 

obesity. Greene et al. (2012) conducted a study on adults with obesity. The 

participants completed a 400 kcal exercise session at 70% of VO2max. Greene et al. 

(2012) reported no change in LDL-C concentration at 24 hr postexercise. The 400 

kcal exercise session was below the energy expenditure threshold to decrease LDL-

C concentration. Due to hypercholesterolemic and obese individuals having similar 
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physiological characteristics, it could be assumed that the two have similar 

requirements to decrease LDL-C concentration.  

Effects of Acute Exercise on LDL-C in Postmenopausal Females 

 A session of exercise does not decrease LDL-C concentration in 

postmenopausal females. Weise, Grandjean, Rohack, Womack, and Crouse (2005) 

studied postmenopausal, normo- and hypercholesterolemic females. Weise et al. 

(2005) reported no change in LDL-C concentration after a 400 kcal exercise session 

at 70% of VO2max. Weise et al. (2005) also reported normo- and 

hypercholesterolemic, post-menopausal females had similar lipid responses to 

exercise. Likewise, Koh, Ben-Ezra, Biggerstaff, and Nichols (2010) also failed to find 

a change in LDL-C concentration in postmenopausal females after a 400 kcal 

exercise session at 60% of heart rate reserve. Koh et al. (2010) examined the effects 

of exercise and niacin supplementation on lipid and lipoproteins. Exercise, niacin, or 

its combined effects did not alter LDL-C concentration. For postmenopausal females, 

regardless of cholesterol status, 400 kcals of exercise does not decrease LDL-C 

concentration. 

Effects of Endurance Training on LDL-C Metabolism Following Acute Exercise 

 Endurance training may affect postexercise lipid metabolism of acute 

exercise (Crouse et al., 1997a). This section will focus on the effects of endurance 

training on postexercise lipid metabolism of acute exercise in individuals with 

hypercholesterolemia and obesity. Crouse et al. (1997a) conducted a 350 kcal 

exercise session at 50 and 80% of VO2max every 8 weeks to see how training 
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influenced postexercise lipid metabolism of acute exercise. The training protocol 

was three 350 kcal exercise sessions per week at 50 and 80% of VO2max. From 

baseline to 16 weeks of training, postexercise LDL-C concentration of the single 

exercise session was elevated by 4 to 12% above resting values at 24 to 48 hr 

postexercise (Crouse et al., 1997a). This transient increase in LDL-C concentration 

at 24 to 48 hr postexercise declined with each subsequent single exercise session at 

weeks 8, 16, and 24 (Crouse et al., 1997a). At week 24, LDL-C concentration at 24 hr 

postexercise was lower than LDL-C concentration at rest and immediately 

postexercise. By 48 hr postexercise, LDL-C concentration did not exceed resting 

concentrations (Crouse et al., 1997a). It seems that the length of the exercise 

intervention is an important factor since postexercise LDL-C response did not 

exceed baseline concentrations after 6 months. Perhaps 6 months of endurance 

training nullifies the transient rise in LDL-C concentration for adults with 

hypercholesterolemia. Crouse et al. (1997a) concluded endurance training 

attenuates the transient rise in LDL-C concentration postexercise in adults with 

hypercholesterolemia.  

Endurance training did not influence LDL-C concentration of acute exercise 

in overweight and obese males and females after 12 weeks of training (Greene et al., 

2012). The exercise protocol consisted of three exercise sessions per week and it 

progressed from 250 kcals at 60% of VO2max to 500 kcals at 85% of VO2max. Greene 

et al. (2012) trained the participants for only 12 weeks compared to Crouse et al. 

(1997a) who trained participants for 24 weeks. Also, Crouse et al. (1997a) re-tested 
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lipid response every 8 weeks and Greene et al. (2012) tested lipid response only at 

the beginning and the end of the study.  

Effects of Continuous Exercise Vs. Accumulated Exercise on LDL-C 

 Mestek et al. (2006) conducted a study to examine how continuous and 

accumulated exercise of equivalent energy expenditure affects lipid metabolism. 

Nine healthy adult males completed a 500 kcal exercise session or three 167 kcal 

exercise sessions separated by 4 hr at 70% of VO2max. LDL-C concentration was 

unaltered by continuous or accumulated exercise (Mestek et al., 2006). This volume 

of exercise may not have been sufficient to decrease LDL-C concentration.  

Effects of Consecutive Days vs. Non-Consecutive Days of Exercise on LDL-C 

 Wooten, Biggerstaff, and Ben-Ezra (2009) studied lipid response to 3 

consecutive days of exercise with and without omega-3 supplementation. Wooten et 

al. (2009) reported an increase in LDL peak particle size following 3 consecutive 

days of treadmill walking at 3.5 mph and an incline yielding 65% of VO2max. No 

changes were found in LDL-C concentration (Wooten et al., 2009). Contrary to 

Wooten et al. (2009), Angelopoulos et al. (1993) studied lipid response to 

nonconsecutive days of exercise, but unfortunately LDL-C was not included in the 

study. 

Low-Density Lipoprotein Summary 

Individual differences and timing of blood sampling may affect exercise 

induced LDL-C concentration changes, but to what extent they impact is still to be 

determined. Individual differences such as metabolic status, gender, cholesterol 
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status, body composition, training status, exercise intensity, and volume influence 

how endurance training alters lipid and lipoprotein metabolism, confounding the 

results (Crouse et al., 1997a; Durstine et al., 2002; Halverstadt et al., 2006). In a 

majority of the training studies serum lipid was collected at varying times between 

0 to 48 hr postexercise. The lack of consistency between studies regarding blood 

sampling timing can make it difficult to compare results. There was more 

consistency with blood sampling timing in the acute studies (Angelopoulos et al., 

1993; Crouse et al., 1997a; Ferguson et al., 1998; Grandjean et al., 2000; Greene et 

al., 2012; Gordon et al., 1998; Mestek et al., 2006; Weise et al., 2005; Wooten et al., 

2009). An important fact to consider is if LDL-C concentration does not change with 

exercise, there are still cardio-protective LDL adaptations. With exercise, LDL 

particles usually shift from the small-dense particles to the less dense larger LDL 

particles by composition modification (Durstine et al., 2002; Trejo-Gutierrez et al., 

2007; Kraus et al., 2002). Large LDL particles are less atherogenic than their smaller, 

denser counterparts Durstine et al. (2002). If exercise is not accompanied with 

weight loss (Despres et al., 1988; Huttunen et al., 1979) a high-energy expenditure 

greater than 1,000 kcals or 1,000 kcals/week may be required to induce LDL-C 

changes (Ferguson et al., 1998; Slentz et al., 2007). 

Total Cholesterol 

TC is the sum of all serum cholesterol. The NCEP classified a TC of less than 

200 mg/dl as normal, 200-239 mg/dl as elevated, and 240 mg/dl or greater as high. 

Leon and Sanchez (2001) reported a non-significant 1% change in TC after 
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endurance training without dietary intervention in their meta-analysis. Review 

articles by Franklin et al. (2014) and Durstine et al. (2002) also supported this by 

stating TC does not change with exercise training unless accompanied with a 

reduced dietary fat intake (Hegsted et al., 1965) or a reduction in body fat (Despres 

et al., 1988). Most studies show no change in TC after endurance training for various 

populations (Angelopoulos et al., 1993; Crouse et al., 1997b; Greene et al., 2012; 

Huttunen et al., 1979; Kraus et al., 2002; Mestek et al., 2006; Slentz et al., 2007; 

Thompson et al., 1997; Weise et al., 2005).  

Effects of Endurance Training on TC in Healthy Populations 

 The effect of endurance training on TC in healthy individuals is consistent 

with Leon and Sanchez (2001) meta-analysis showing no effect of training on TC. 

Kokkinos et al. (1995) demonstrated runners had lower TC than sedentary adults. 

Although TC trended lower as distance ran increased, the differences were non-

significant.  

Similarly, the HERITAGE Family Study and others reported no change in TC 

after 20 weeks of training (Katzmarzyk et al., 2001; Leon et al., 2000). Huttunen et 

al. (1979) and Kokkinos et al. (1998) found no change in TC of sedentary males after 

training at 60 to 80% of heart rate reserve, 3 to 4 days per week for 4 months. 

Thompson et al. (1988) reported the same after 52 weeks of training at 80% of 

heart rate max. Similarly, Thompson et al. (1997) and Wood et al. (1983) found no 

change in TC of sedentary males after 1 year of training. Gasser and Rich (1984) 

conducted a study on healthy sedentary adults and found no change in TC. The 
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individuals were required to complete three 350 kcal exercise sessions weekly for 

18 weeks, at either 80 to 85% of VO2max or 45% of VO2max. Body weight did not 

change, but there was a significant reduction in body fat percentage and a slight gain 

in lean mass. The lack of change in TC was no surprise and was expected with the 

individuals having initially low TC values (Gaesser & Rich, 1984). Franklin et al. 

(2014) and Grandjean et al. (1998) suggested TC changes might be independent of 

baseline concentrations. Despres et al. (1988) reported a nonsignificant 11% 

decrease in TC in six pairs of male twins after two 500 kcal exercise sessions at 58% 

of VO2max, for 22 days. TC ranged from a 27% decrease to a 21% increase. Despres et 

al. (1988) also reported a strong positive correlation between the decrease in TC 

and the reduction in trunk fat (r = .70). Spearman’s correlation coefficient by Wood 

et al. (1983) revealed TC appears to decrease when running 4 miles per week or 

more when compared to sedentary controls.  

Contrary to the studies above, Spate-Douglas and Keyser (1999) conducted 

an all-female study, and a decrease in TC was reported. The female participants 

were healthy young adults. The participants walked two miles at 60 or 80% of their 

heart rate reserve three times per week for 12 weeks. The high-intensity group had 

a significant drop in TC from 193 to 181 mg/dl (p ≤ .025). Most lipid and lipoprotein 

studies include males only or mostly men. Compared to males, females may have a 

higher capacity to oxidize lipids as fuel noted by a decreased RER value 

(Tarnopolsky, Atkinson, Phillips, & MacDougall, 1995). More studies should be done 
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on females or comparing males to females to see how gender differences influence 

lipid metabolism.  

Effects of Endurance Training on TC In Adults with Obesity 

Endurance training has no effect on TC in individuals with obesity. Slentz et 

al. (2007) conducted a detraining study and examined the effects on TC in 

overweight adults. The individuals were divided into the low-volume/moderate-

intensity, low- volume/high-intensity, and the high-volume/high-intensity exercise 

groups for eight months. The energy expenditure corresponded to walking 12 miles 

per week at 40 to 55% of VO2max, jogging 12 miles per week at 65 to 80% of VO2max, 

and jogging 20 miles per week at 65 to 80% of VO2max, respectively. Slentz et al. 

(2007) reported no change in TC at 24 hr, 5 days, and 15 days postexercise. Greene 

et al. (2012) also reported no change in TC after 12 weeks of training. The exercise 

protocol consisted of 3 sessions per week and it progressed from 250 kcals at 60% 

of VO2max to 500 kcals at 85% of VO2max.  

Effects of Endurance Training on TC in Adults with Hypercholesterolemia 

Endurance training does not decrease TC in individuals with 

hypercholesterolemia. Kraus et al. (2002) conducted a study on males and females 

with hypercholesterolemia. The individuals were divided into the low-

volume/moderate-intensity, low-volume/high-intensity, and the high-volume/high-

intensity exercise groups for eight months. The energy expenditure corresponded to 

walking 12 miles per week at 40 to 55% of VO2max, jogging 12 miles per week at 65 

to 80% of VO2max, and jogging 20 miles per week at 65 to 80% of VO2max, 
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respectively. Kraus et al. (2002) reported no change in TC for all groups. Crouse et 

al. (1997b) also examined effects of training on TC in adults with 

hypercholesterolemia. The training protocol consisted of three 350 kcal exercise 

sessions at 50 and 80% of VO2max for 24 weeks. Interestingly, Crouse et al. (1997b) 

reported a significant reduction in TC after 16 weeks of training before returning to 

near-baseline concentrations at week 24. Also, by week 16 body weight was 

significantly reduced (p = .0001) and remained stable through week 24. Perhaps the 

significant reduction in TC at week 16 could be attributed to the initial significant 

weight loss at week 16. The participants had some form of dyslipidemia, which may 

have blunted any exercise-induced response after weight loss.  

Effects of Endurance Training on TC in Older Adults  

 Endurance training does decrease TC in older adults. Halverstadt et al. 

(2007) conducted a study on older adult males and females 50 to 75 years old. The 

participants exercised 3 days per week for 24 weeks progressing to 40 mins at 70% 

of VO2max. An additional 45 to 60 min lower-intensity exercise was added during the 

last 12 weeks. Halverstadt et al. (2007) reported a 2.1 mg/dl decrease in TC (p = 

.001). Verissimo et al. (2002) conducted a study on older adults 65 to 94 years old. 

The study required them to exercise an hour, three times per week for 8 months, at 

60 to 80% of heart rate reserve. Verissimo et al. (2002) reported TC decreased from 

231 to 211 mg/dl (p < .001). This is the biggest change in TC seen yet. Halverstadt et 

al. (2007) mentioned the high initial cholesterol concentration may have attributed 

to the decrease in TC, but reductions in TC may occur independent of initial 
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cholesterol concentrations (Franklin et al., 2014; Grandjean et al., 1998). Franklin et 

al. (2014) and others agree that TC usually decreases with weight loss or decreased 

body fat percentage (Despres et al. 1988). Body weight and percentage of body fat 

also decreased (p < .0001) for Halverstadt et al. (2007). Verissimo et al. (2002) did 

not report body weight. The two studies show the elderly population may have a 

greater lipid metabolism response to exercise compared to younger adults. This 

could also be due to the low initial fitness level.  

Effects of Endurance Training on TC in Postmenopausal Females 

 Endurance training has no effect on TC in postmenopausal females. 

Grandjean et al. (1998) reported no change in TC in pre- or postmenopausal 

females. The participants walked or jogged at 50% of VO2max expending 200 kcals 

for the first 6 weeks then expending 300 kcals at 75% of VO2max for the next 6 

weeks. The study concluded TC did not change due to the lack of change in body fat 

percentage or lipoprotein enzymes (Grandjean et al., 1998). 

Effects of Acute Exercise on TC in Healthy Populations 

 A single session of exercise generally does not affect TC in healthy 

individuals. Ferguson et al. (1998) showed trained males did not have a change in 

TC after an 800, 1,100, or 1,500 kcal exercise session. Interestingly, only the 1,300 

kcal exercise session had a significant decrease in TC 24 hr postexercise. Ferguson 

concluded the decline in TC was a result of LDL-C concentration being significantly 

decreased after exercise. LDL-C concentration also decreased for the 1,500 kcal 

exercise session, although TC failed to decrease. Visich et al. (1996) and Gordon et 
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al. (1998) also found no change in TC in trained males or females following an 800 

kcal exercise session at 75% of VO2max. Cullinane et al. (1982) and Cullinane et al. 

(1981) reported no change in TC in trained or untrained individuals after 30 mins to 

2 hr of exercise. An exercise session of at least 1,300 kcals may decrease TC in 

trained adults. 

 Thompson et al. (1980) reported TC decreasing 11 to 19 mg/dl at 4 to 66 hr 

after a 42-km run (p < .01). Thompson et al. (1980) also calculated the initial drop in 

TC was due to the drop in LDL-C concentration. Kantor et al. (1987) reported a 13% 

decrease in TC in trained and untrained males 24 hr postexercise. The untrained 

males exercised for 1 hr and the trained males exercised for 2 hr at 80% of maximal 

heart rate. At 48 hr postexercise, TC was significantly increased due to the increase 

in HDL-C concentration. 

Effects of Acute Exercise on TC In Adults with Obesity  

 A session of exercise does not decrease TC in individuals with obesity. 

Greene et al. (2012) reported no change in TC in obese males and females after a 

400 kcal exercise session at 70% of VO2max. Although TC decreased nonsignificantly, 

the TC/HDL-C ratio was significantly reduced (-0.16, p < .01), but for males only. The 

TC/HDL-C ratio is sometimes used to assess CVD risk. A reduction in body fat may 

be required for an exercise session to decrease TC in males and females with 

obesity. 
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Effects of Acute Exercise on TC In Adults with Hypercholesterolemia 

A session of exercise does not decrease TC in individuals with 

hypercholesterolemia. Grandjean et al. (2000) reported no change in TC for normo- 

and hypercholesterolemic makes expending 500 kcals at 70% of VO2max. Crouse et 

al. (1997a) reported a significant decrease in TC in males with hypercholesterolemia 

but immediately after exercise. The exercise protocol consisted of a 350 kcal 

exercise session at 50% of VO2max  (moderate-intensity) or 80% of VO2max (high-

intensity). TC decreased from 252 to 237 mg/dl and 264 to 253 mg/dl (p = 0.05) for 

high- and moderate-intensity exercise groups, respectively. Crouse et al. (1997a) 

also displayed a significant transient rise in TC at 24 and 48 hr postexercise. TC rose 

from 237 to 265 mg/dl and 253 to 275 mg/dl for moderate and high-intensity 

exercise groups, respectively (Crouse et al., 1997a). Crouse et al. (1997a) suggested 

the transient rise in TC may be a characteristic of hypercholesterolemia, but 

Grandjean et al. (2000) did not display the same transient rise in TC. Both groups 

responded similarly relative to their study, so sedentary males have similar TC 

responses to exercise regardless of cholesterol status. An exercise session of 

moderate or high-intensity expending at least 350 kcal may decrease TC in males 

with hypercholesterolemia immediately after exercise. 

Effects of Acute Exercise on TC in Postmenopausal Females 

 A session of exercise does not decrease TC in postmenopausal females. Weise 

et al. (2005) found no change in TC in post-menopausal females following a 400 kcal 

exercise session at 70% of VO2max. Koh et al. (2010) examined the effects of exercise 
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and niacin supplementation on lipids in postmenopausal females. The participants 

completed a 400 kcal exercise session at 60% of heart rate reserve and no change 

was reported for TC. Weise et al. (2005) concluded postmenopausal females have 

similar exercise-induced response regardless of cholesterol status. 

Effects of Endurance Training on TC Metabolism Following Acute Exercise 

 Greene et al. (2012) and Crouse et al. (1997a) attempted to see if endurance 

training influenced TC response to a session of exercise in individuals with obesity 

and hypercholesterolemia. After three sessions per week and progressing from 250 

kcals at 60% of VO2max to 500 kcals at 85% of VO2max, Greene et al. (2012) found no 

change in TC in obese males or females. Endurance training also did not affect the 

TC/HDL-C ratio. Crouse et al. (1997a) retested every 8 weeks for 24 weeks. After 

training at 50 and 80% of VO2max for 24 weeks, the transient rise in TC at 24 to 48 hr 

postexercise was not affected. Endurance training had no effect on TC response to 

acute exercise in individuals with hypercholesterolemia or individuals with obesity. 

Effects of Continuous Exercise Vs. Accumulated Exercise on TC 

 Mestek et al. (2006) conducted a study to examine how continuous and 

accumulated exercise of equivalent energy expenditure affects lipid metabolism. 

Nine healthy adult males completed a 500 kcal exercise session or three 167 kcal 

exercise sessions separated by 4 hr at 70% of VO2max. There was no change in TC in 

either group.  
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Effects Consecutive Days Vs. Non-Consecutive Days of Exercise on TC 

 Wooten et al. (2009) studied lipid response to 3 consecutive days of exercise 

with and without omega-3 supplementation. After 3 consecutive days of walking at 

3.5 mph and an incline to yield 65% of VO2max, Wooten et al. (2009) found a 9.2% 

decrease in TC (p = .001).  

Angelopoulos et al. (1993) found no change in TC after a single exercise 

session, two exercise sessions on nonconsecutive days, or three exercise sessions on 

nonconsecutive days. The exercise sessions consisted of walking at 3 mph and an 

incline to induce 65% of VO2max for 30 min and the sessions were separated by 48 

hr. Consecutive days of exercise had a greater effect on TC. It could be the altered 

lipid metabolism of acute exercise had additive effects on lipid metabolism. Lipid 

metabolism is known to last up to 48 to 72 hr postexercise. The exercise sessions 

being separated by 48 hr may have allowed time for any changes in lipid 

metabolism to diminish before subsequent exercise sessions therefore not changing 

TC with nonconsecutive days (Angelopoulos et al., 1993). 

Total Cholesterol Summary 

 Individual differences and timing of blood sampling can also affect TC values 

postexercise. Even after 4 months, 8 months, or a year, TC failed to change for 

Hutten et al. (1979), Slentz et al. (2007), and Thompson et al. (1997), respectively. 

Some stated changes in TC are usually unrelated to the length of the program 

(Despres et al. 1988; Franklin et al., 2014). Huttunen et al. (1979) reported a small 

significant reduction in weight loss but TC failed to decrease. TC may decrease with 
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a single session of exercise with sufficient energy expenditure. A few conclusions 

can be made after reviewing the literature. Females may have a greater training-

induced TC response compared to males (Spate-Douglas & Keyser, 1999), but TC 

appears to be less responsive to acute exercise in females compared to males 

(Gordon et al., 2005; Weise et al., 2005). TC in older adults also appears to decrease 

more consistently compared to younger adults (Halverstadt et al., 2007; Verissimo 

et al., 2002). Adults with hypercholesterolemia may have a transient rise in TC 

postexercise (Crouse et al., 1997a). If TC fails to decrease after exercise, a slight 

reduction in TC and a slight increase in HDL-C concentration may significantly 

increase the HDL-C/TC ratio, reducing the risk of CVD (Despres et al., 1988; Greene 

et al., 2012). 

High-Density Lipoprotein 

 The smallest and most dense class of lipoproteins is the HDL (Durstine et al., 

2002). HDL is the primary transporter of lipid from the periphery to the liver where 

lipids are metabolized or excreted as bile (Durstine et al., 2002; Shepherd, 1992). 

This process is known as reverse cholesterol transport (Shepherd, 1992). This gives 

HDL its anti-atherogenic effect. Serum HDL concentrations are elevated in those 

with a higher aerobic capacity or exercise regularly (Franklin et al., 2014; Trejo-

Gutierrez & Fletcher, 2007). There is also an inverse relationship between HDL-C 

and body fat percentage (Durstine et al., 2002; Franklin et al., 2014; Herbert et al., 

1984). Females tend to have higher HDL-C concentrations than males. This may be 

why males generally have greater increases in HDL-C after exercise (Leon & 
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Sanchez, 2001). The NCEP set an HDL-C concentration of 35 mg/dl or less as low 

and is labeled as a risk factor for CVD. Also, an HDL-C concentration of 60 mg/dl or 

greater is high, having cardio-protective properties; making it a negative risk factor. 

The literature shows exercise usually increases serum HDL-C concentration (Greene 

et al., 2012; Huttunen et al., 1979; Slentz et al., 2007; Spate-Douglas and Keyser 

1999; Thompson et al., 1997; Verissimo et al., 2002; & Williams et al., 1989). HDL-C 

responds to endurance training in a dose-dependent manner (Durstine et al., 2002; 

Herbert et al., 1984; Leon & Sanchez, 2001; Wood et al., 1983), so greater energy 

expenditure usually results in greater HDL-C concentration changes. A meta-

analysis by Leon and Sanchez (2001) reported an exercise-induced HDL-C 

concentration change of -5.8 to 25%, with a mean increase of 4.3 to 4.6%. The 

absolute exercise-induced increase in HDL-C concentration ranges from 2 to 8 

mg/dl. Durstine et al. (2002) and Leon and Sanchez (2001) stated endurance 

training lasting longer than 12 weeks is more likely to increase HDL-C 

concentration.  

Effects of Endurance Training on HDL-C in Healthy Populations 

 Endurance training usually increases serum HDL-C concentration in healthy 

populations (Huttunen et al., 1979; Spate-Douglas & Keyser, 1999; Williams et al., 

1989). Herbert et al. (1984) and others demonstrated runners had significantly 

higher HDL-C concentration than sedentary individuals (65 mg/dl vs. 41 mg/dl) 

(Thompson et al., 1991; Williams et al., 1986). Kokkinos et al. (1995) divided over 

2,900 adults into groups based on the distance they ran per week: 0, 5, 9, 12, 17, and 
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31 miles per week. Those running nine miles per week had a significant higher HDL-

C concentration than those who were sedentary (p < .001). Those who ran 12 to 17 

miles per week had a significant higher HDL-C concentration than those running up 

to five miles per week (p < .001). Lastly, those who ran 31 miles per week had a 

significant higher HDL-C concentration than all other running groups (p < .01).  

The HERITAGE Family Study reported a significant increase in HDL-C and 

HDL2-C concentration at 24 to 72 hr postexercise after training at 55 to 75% of 

VO2max, for 30 to 50 min, 3 days per week for 20 weeks. There was a total 3.62% 

increase or a 1.2 mg/dl and 1.9 mg/dl increase in HDL-C concentration (p < .01) for 

males and females, respectively. Males also had a significant increase in HDL3-C 

concentration (p < .001) (Leon et al., 2000). Katzmarzyk et al. (2001) also reported a 

significant increase in HDL-C concentration with the increase being attributed to the 

increase in the HDL2-C sub-fraction.  

Huttunen et al. (1979) conducted a study on sedentary males and they 

exercised 3 to 4 times weekly at 66% of heart rate reserve for 4 months. At the end 

of the study, HDL-C concentration increased from 1.27 to 1.41 mmol/l or by 11%  

(p < 0.01). Williams et al. (1989) also studied sedentary males. The study required 

them to run for 45 mins five days per week, which is equivalent to about 8 miles, for 

a year. The increase in HDL-C concentration was only stated, but not quantified 

because the focus of the study was on LDL-C. Zmuda et al. (1998) also reported a 5.1 

mg/dl increase in HDL-C concentration (p < .0001) and a 3.8 mg/dl increase in 
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HDL2-C concentration in healthy men, but in only males with normal HDL-C 

concentration (> 44 mg/dl). The males exercised for 60 mins at 60% to 80% of 

maximal heart rate, 4 days per week for a year. Thompson et al. (1988) reported a 5 

mg/dl increase in HDL-C concentration (p < .01) in sedentary males after 14 weeks 

of training, and it did not increase beyond the 14th week even though training 

persisted. This supports Durstine et al. (2002) and Leon and Sanchez (2001) that 

endurance training lasting longer than 12 weeks should increase HDL-C 

concentration. The increase in HDL-C concentration was attributed to the 2 mg/dl 

increase in HDL2-C (p = .05) and the 3 mg/dl increase in HDL3-C (p = .03). The 

changes remained significant after being corrected for changes in plasma volume 

(Thompson et al., 1988).  

Spate-Douglas and Keyser (1999) focused on sedentary females. The 

participants walked 2 miles, 3 days per week at 60 or 80% of heart rate reserve. 

HDL-C concentration increased in both the high-intensity group from 31.6 to 

38.2mg/dl and moderate-intensity group from 32.3 to 40.3mg/dl (p ≤ 0.05), with 

the increase being attributed to the increase in the HDL2 sub-fraction. Leon and 

Sanchez (2001) mentioned exercise interventions lasting longer that 12 weeks are 

likely to increase HDL-C. The length of the exercise intervention was 12 weeks or 

greater in the studies discussed. 

Zmuda et al. (1998) reported no change in HDL-C concentration in healthy 

males with low HDL-C concentration (< 40 mg/dl) in the same study. Zmuda et al. 
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(1998) noted increases in males with low HDL-C concentration might have limited 

ability to alter serum TG concentration. Males with normal HDL-C concentration 

increased LPL activity (p < .01), fat clearance (p = .01), and decreased serum TG 

concentration (p = .02) compared to males with low HDL-C concentrations who did 

not increase LPL activity and fat clearance (Zmuda et al., 1998). Zmuda et al. (1998) 

also concluded endurance training has little effect in males with initially low HDL-C 

concentration compared to males with normal HDL-C concentrations.  

Kokkinos et al. (1998) also reported no change in HDL-C concentration in 

hypertensive adults after training 3 days per week at 60 to 80% of VO2max for 16 

weeks. Kokkinos et al. (1998) also noted exercise intensity correlated with HDL-C 

changes (r = 0.65). In a separate analysis of those who exercised above 75% of 

maximal heart rate, a 10% increase in HDL-C concentration was reported. No 

change was reported for those who exercised at 65% of maximal heart rate 

(Kokkinos et al., 1998). This demonstrated an intensity threshold for HDL-C 

concentration to increase.  

Despres et al. (1988) reported a nonsignificant 16% increase in HDL-C 

concentration after expending 1,000 kcals for 22 days despite the significant 

decrease in serum TG concentration. The fact HDL-C failed to increase for Gaesser 

and Rich (1984) after expending 1,050 kcals weekly and 1,000 kcals daily for 

Despres et al. (1988) is surprising. Baseline HDL-C values were similar between 

Gaesser and Rich (1984) and others who reported an increase in HDL-C 
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concentration. Gaesser and Rich (1984) also failed to find a decrease in serum TG or 

LDL-C concentration, which usually decreases as HDL-C concentration increases. 

Huttunen et al. (1979) found a decrease in LDL-C concentration and serum TG 

concomitantly with the increase in HDL-C concentration. Williams et al. (1989) also 

did not find a decrease in LDL-C concentration, but did have an increase in HDL-C 

concentration. Serum TG information was not reported, but most likely decreased 

since HDL-C concentration increased with no decrease in LDL-C concentration. 

Effects of Endurance Training on HDL-C in Adults with Obesity 

 Endurance training usually increases serum HDL-C concentration for 

individuals with obesity as well. Greene et al. (2012), Thompson et al. (1997), and 

Slentz et al. (2007) found an increase in HDL-C concentration after endurance 

training for adults with obesity. Greene et al. (2012) and Thompson et al. (1997) 

both found an increase in HDL-C concentration by 4 mg/dl. Greene et al. (2012) 

training protocol consisted of three exercise sessions per week, and it progressed 

from 250 kcals at 60% of VO2max to 500 kcals at 85% of VO2max. HDL-C concentration 

increased from 45 to 49 mg/dl (p < 0.05), but for males only. Thompson et al. (1997) 

reported an increase in HDL-C concentration from 1.01 to 1.11 mmol/l (10%) (p < 

.001) after an hour of walking at 60 or 80% of maximum heart rate 5 days per week 

for a year. The increase in HDL-C concentration was also attributed to the HDL2 sub-

fraction for Greene et al. (2012) and Thompson et al. (1997).  
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Slentz et al. (2007) conducted a detraining study and examined how lipid and 

lipoprotein responded at 24 hr postexercise, 5 days, and 15 days of detraining. The 

participants were randomly assigned to the low-volume/moderate-intensity, low-

volume/high-intensity, and the high-volume/high-intensity exercise groups for 

eight months. The energy expenditure corresponded to walking 12 miles per week 

at 40 to 55% of VO2max, jogging 12 miles per week at 65 to 80% of VO2max, and 

jogging 20 miles per week at 65 to 80% of VO2max, respectively. There was an 

increase in HDL-C concentration in only the high-volume/high-intensity exercise 

group (p < .03). The increase in HDL-C concentration was maintained through 15 

days.  

The studies found an increase in HDL-C concentration within the range Leon 

and Sanchez (2001) reported. Greene et al. (2012) did not find an increase in HDL-C 

concentration in females and this may be attributed to their initially high HDL-C 

concentrations of 60 mg/dl. HDL-C is believed to increase when initial values are 

low. Greene et al. (2012) concluded an energy expenditure of at least 1,500 kcals per 

week is required to increase HDL-C concentration in adults with obesity. This is also 

supported by Slentz et al. (2007), in which the participants expended 23 kcals 

per/kg of body weight (> 1500 kcals). 

Effects of Endurance Training on HDL-C in Adults with Hypercholesterolemia 

 Endurance training usually does not increase serum HDL-C concentration in 

individuals with hypercholesterolemia (Crouse et al., 1997b; Kraus et al., 2002), 

except in cases of very high-energy expenditures (Kraus et al., 2002). Crouse et al. 
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(1997b) and Kraus et al. (2002) investigated the effect of endurance training on 

HDL-C concentration in adults with hypercholesterolemia. The training protocol by 

Crouse et al. (1997b) consisted of three 350 kcal exercise sessions at 50 and 80% of 

VO2max for 24 weeks. HDL-C concentration did not change, but there was a 

significant decrease in the HDL3-C sub-fraction and a significant increase in the 

HDL2-C sub-fraction (Crouse et al., 1997b). Kraus et al. (2002) also failed to find a 

significant increase in HDL-C concentration in males with hypercholesterolemia 

exercising in the low-volume/high-intensity (jogging 12 miles per week at 65-80% 

of VO2max) and in the low-volume/moderate-intensity group (jogging 12 miles per 

week at 40-55% of VO2max). Despite these findings Kraus et al. (2002) did observe a 

significant 4.3 mg/dl increase in HDL-C concentration in the high-volume/high-

intensity group (jogging 20 miles per week at 60-85% of VO2max) (p < .0.0167). The 

high-volume/high-intensity group energy expenditure was also equivalent to 23 

kcals per/kg of body weight (Slentz et al., 2007), which is greater than 1,500 kcals. 

Despite the exercise intervention being longer than 12 weeks in both studies, HDL-C 

concentration did not increase except for when over 1,500 kcals were expended for 

Kraus et al. (2002). The 1,050 kcals of energy expenditure per week did not induce 

an increase in HDL-C concentration for Crouse et al. (1997b), so it is likely that an 

energy expenditure greater than 1,500 kcals is required for adults with 

hypercholesterolemia to increase HDL-C concentration.  
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Effects of Endurance Training on HDL-C in Older Adults 

 Endurance training may increase serum HDL-C cholesterol concentration in 

older adults (Verissimo et al. 2002). Leon and Sanchez (2001) stated that older 

adults might be more likely to increase HDL-C concentration after training than 

younger adults since age did not appear to be a predictor of lipid responsiveness in 

their meta-analysis. The HERITAGE Family Study also reported no significant 

differences in training-induced HDL-C concentration by gender, generation, or race 

(Leon et al., 2000). Verissimo et al. (2002) conducted a study on older adults, 65 to 

94 years old. The exercise protocol consisted of three 60-min exercise sessions per 

week, for 8 months, and at 60 or 80% of heart rate reserve. HDL-C concentration 

increased by 7.1mg/dl (p < 0.001), and the increase was attributed to the increase in 

the HDL2-C sub-fraction (p < 0.001).  

Halverstadt et al. (2007) found opposite results in adults 50 to 75 years old. 

Both HDL2-C and HDL3-C increased significantly (1.2 mg/dl, p = 0.02 and 1.9 mg/dl,  

p = 0.01, respectively), but did not result in a significant increase in HDL-C 

concentration although it increased by 3.3 mg/dl (p = 0.09). The exercise protocol 

consisted of three 40 min exercise sessions per week for 24 weeks, and at 70% of 

VO2max. A lower-intensity, 45 to 60 min exercise was added during the last 12 weeks. 

It is not exactly clear why Halverstadt et al. (2007) did not find a change in HDL-C 

concentration. The participants for Verissimo et al. (2002) had a lower baseline 

HDL-C concentration compared to Halverstadt et al. (2007) (41.8 vs. 48 mg/dl). It is 

believed that a lower baseline HDL-C concentration will result in a greater exercise-
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induced increase. Zmuda et al. (1998) provided evidence that adults with low HDL-C 

concentrations did not have the same increase after endurance training as adults 

with HDL-C concentrations above 44 mg/dl. 

Effects of Endurance Training on HDL-C in Postmenopausal Females 

Endurance training may effect HDL-C concentration in pre- and 

postmenopausal females. Surprisingly, Grandjean et al. (1998) reported a significant 

decrease in HDL-C concentration in pre- and postmenopausal females after 12 

weeks of training at 50% VO2max and at 75% of VO2max the last 6 weeks. There was a 

2.5 mg/dl and a 3.1 mg/dl decrease in HDL-C concentration (p ≤ .05) for pre and 

postmenopausal females, respectively. The change in HDL-C concentration was 

attributed to the decrease in HDL3-C concentration (p < .0001). Pre and 

postmenopausal females responded similarly. 

Effects of Acute Exercise on HDL-C in Healthy Populations 

A single session of exercise does increase serum HDL-C concentration in 

healthy adults. Ferguson et al. (1998) conducted a study that required participants 

to expend 800, 1,100, 1,300, and 1,500 kcals at 70% of VO2max for a single exercise 

session. The 1,100 and 1,300 kcal exercise group displayed a significant increase in 

HDL-C concentration by 5 and 2 mg/dl, respectively at 24 hr postexercise. The 1,500 

kcal exercise group not only increased HDL-C concentration by 29% (42 to 51 

mg/dl) immediately postexercise, but also remained through 48 hr postexercise. 

This magnitude of HDL-C concentration increase is even greater than what Leon and 

Sanchez (2001) found in their meta-analysis of a peak HDL-C concentration increase 
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of 25%. After a 42 km footrace, Thompson et al. (1980) reported a 4 mg/dl increase 

in HDL-C concentration at 5 min postexercise and lasted up to 18 hr postexercise.  

Gordon et al. (1998) also found an increase in HDL-C concentration in trained 

females after an 800 kcal session at 75% of VO2max. HDL-C concentration increased 

from 1.46 to 1.62 mmol/l (p < 0.05) and the increase was attributed to an increase 

in the HDL3-C sub-fraction (p < 0.01). The increase in the HDL3-C, but not the HDL2-

C sub-fraction, opposes the findings of other studies (Halverstadt et al., 2007; Leon 

& Sanchez, 2001; Verissimo et al. 2002). This increase occurred immediately 

postexercise and was gone an hour after exercise. After being corrected for plasma 

volume shift, HDL-C concentration was increased significantly only at 48 hr (Gordon 

et al., 1998).  

Ferguson et al. (1998) concluded that an energy expenditure of 1,100 kcal at 

70% of VO2max is required to increase HDL-C concentration in trained men. 

Grandjean et al. (2000) supported this by mentioning the energy expenditure 

threshold may be related to the functional capacity, suggesting the untrained 

population may require a lower threshold to increase HDL-C concentration. Kantor 

et al. (1987) reported a 6 mg/dl increase in HDL-C concentration immediately 

postexercise, a 2 mg/dl increase at 48 hr, and a 3 mg/dl increase 72 hr postexercise 

in trained males (p < .05). The increase in HDL-C concentration was fully attributed 

to the increase in the HDL2 sub-fraction. The trained males exercised for 2 hr at 

80% of maximal heart rate. The untrained males exercised for 1 hr at 80% of 
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maximal heart rate, and only had a 2 mg/dl increase in HDL3-C concentration (p < 

.05), but no change in HDL-C concentration. 

Visich et al. (1996) reported no change in HDL-C concentration in healthy 

adult males after a 400, 600, and 800 kcal exercise session at 75% of VO2max. When 

the results were corrected for plasma volume shifts and analyzed as a whole and not 

by individual trials, an increase in HDL-C and HDL3-C concentration was observed at 

24 hr postexercise (p < .05). Cullinane et al. (1981) reported no change in HDL-C 

concentration after a 30 min exercise session at 75% of maximal heart rate in 

sedentary adults. Cullinane et al. (1982) reported no change in HDL-C concentration 

in trained or untrained males after an hour of exercise at anaerobic threshold, but 

did find a 4 mg/dl increase (p < 0.05) in trained males after a 2 hour exercise 

session at anaerobic threshold. 

Effects of Acute Exercise on HDL-C in Adults with Obesity  

 A session of exercise does not increase HDL-C concentration in individuals 

with obesity. Greene et al. (2012) reported no change in HDL-C concentration in 

obese males or females after a 400 kcal exercise session at 70% of VO2max. The 

females had a high baseline HDL-C concentration of 60 mg/dl, which may be why 

HDL-C concentration did not increase. Another possibility is the 400 kcal exercise 

session was below the energy expenditure threshold to increase HDL-C 

concentration in the obese population. Four hundred kcals of energy expenditure is 

definitely below the 1,500 kcals recommended for obese individuals suggested by 

Slentz et al. (2007). 
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Effects of Acute Exercise on HDL-C in Adults with Hypercholesterolemia 

A session of exercise does increase serum HDL-C concentration in individuals 

with hypercholesterolemia. The exercise protocol for Grandjean et al. (2000) was a 

500 kcal exercise session at 70% of VO2max. A 7 mg/dl and 5 mg/dl increase in HDL-

C concentration was reported for normo- and hypercholesterolemic men, 

respectively at 48 hr postexercise. The normocholesterolemic group had a  

2 mg/dl and 5 mg/dl increase in HDL2-C and HDL3-C (p < .05), respectively. The 

hypercholesterolemic group similarly reported a 3 mg/dl increase in the HDL3-C 

sub-fraction, but no change for the HDL2-C sub-fraction. Crouse et al. (1997a) also 

reported an increase in HDL-C concentration after a 350 kcal exercise session at 50 

and 80% of VO2max. Crouse et al. (1997a) reported a significant increase by 6 mg/dl 

and 3 mg/dl in HDL-C concentration for the moderate-intensity and high-intensity 

group, respectively at 48 hr postexercise. Both are within the range reported by 

Leon and Sanchez (2001). The increase in the HDL3-C sub-fraction and not HDL2-C 

is opposite of what Leon and Sanchez (2001) and others found. These findings show 

normo- and hypercholesterolemic sedentary males have similar HDL-C responses to 

acute exercise. An exercise session of at least 350 kcals seems to be the threshold to 

elicit an increase in HDL-C concentration in males with hypercholesterolemia.  

Effects of Acute Exercise on HDL-C in Postmenopausal Women 

 A session of exercise does not increase serum HDL-C concentration in 

postmenopausal women. Weise et al. (2005) reported no change in HDL-C 

concentration in normo- and hypercholesterolemia, postmenopausal women. The 
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protocol was a 400 kcal exercise session at 70% of VO2max. Baseline HDL-C 

concentration was 65 mg/dl, which is high compared to the mid 40 mg/dl ranges in 

other studies (Crouse et al., 1997a; Ferguson et al., 1998; Grandjean et al., 2000). 

Koh et al. (2010) examined the effects of exercise and niacin supplementation on 

HDL-C concentration in postmenopausal women. The participants completed a 400 

kcal exercise session at 60% of heart rate reserve. No effect of exercise was reported 

although niacin supplementation increased HDL-C concentration. 

Effects of Endurance Training on HDL-C Metabolism Following Acute Exercise 

 Crouse et al. (1997a) examined if endurance training had an effect on HDL-C 

concentration after a single exercise session. The training protocol consisted of 

three 350 kcal exercise sessions at 50 and 80% of VO2max, and for 24 weeks. At 8, 16, 

and 24 weeks HDL2-C concentration progressively increased as HDL3-C 

concentration progressively decreased (p = .05). Baseline HDL2-C concentration 

increased from 6.3 to 13.2 mg/dl and 5.9 to 9.3 mg/dl at week 24 (p = .05) for the 

high- and moderate-intensity exercise group, respectively. The HDL3-C 

concentration decreased by 7.1 mg/dl and 3.8 mg/dl for the high- and moderate-

intensity exercise groups, respectively. With endurance training of equivalent 

energy expenditure, high-intensity exercise produces greater HDL-C concentration 

changes. Endurance training influenced acute exercise effects on HDL-C 

concentration in males with hypercholesterolemia by shifting HDL3-C to HDL2-C.  

 Greene et al. (2012) also examined if endurance training had an effect on 

HDL-C concentration after a single exercise session.  The exercise protocol was 3 
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sessions per week and it progressed from 250 kcals at 60% of VO2max to 500 kcals at 

85% of VO2max. Endurance training did significantly increase HDL-C concentration in 

subsequent exercise sessions, but only in males by 4 mg/dl. The females only had 

significant shifting of HDL sub-fractions (Greene et al., 2012). The females had a 

baseline HDL-C concentration of 60 mg/dl, which may be the reason why it did not 

increase after training. Males and females had an increase in HDL2-C concentration, 

but the females had a greater increase. Only females had a decrease in HDL3-C 

concentration. Endurance training does increase acute effects of exercise on HDL-C 

by increasing HDL-C concentration when baseline values are lower and increases 

HDL2-C concentration for males and females with obesity.  

Effects of Continuous Exercise Vs. Accumulated Exercise on HDL-C 

 Mestek et al. (2006) conducted a study to examine HDL-C response to 500 

kcals of continuous exercise or 3 accumulated 167 kcal exercise sessions. The 

participants walked at 3 mph at 70% of VO2max. The HDL-C concentration increased 

by 2 mg/dl in the continuous exercise group, and by 7 mg/dl in the accumulated 

exercise group at 48 hr postexercise (p < .05). Accumulated exercise produced an 

increase in HDL-C concentration in the upper range (2 to 8 mg/dl) compared to 

continuous exercise with an increase comparable to the lower end reported by Leon 

and Sanchez (2001). Accumulated exercise produces a more favorable increase in 

HDL-C concentration than continuous exercise. 
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Effects of Consecutive Days Vs. Non-Consecutive Days of Exercise on HDL-C 

Wooten et al. (2009) examined the effects of 3 consecutive days of exercise 

and omega-3 fatty acid supplementation on lipid metabolism. The exercise consisted 

of walking at 3.5 mph, with an incline to yield 65% of VO2max. No change was found 

in HDL-C concentration. 

 Angelopoulos et al. (1993) examined the effects of nonconsecutive days of 

exercise on HDL-C concentration. The exercise protocol consisted of a 30 min 

exercise session at 65% of VO2max. A single bout (Pattern 1), two, and three bouts of 

exercise (Pattern 2 and 3) were completed. The bouts of exercise were separated by 

48 hr. For all patterns, HDL-C concentration was elevated at 5 min and 24 hr 

postexercise (p < .05). Patterns 1 and 2 had a significant 2 mg/dl increase, and 

pattern 3 had a 4 mg/dl increase in HDL-C concentration. At 5 min postexercise, 

HDL3-C concentration increased significantly and again at 48 hr postexercise  

(p < .05). At 48 hr postexercise, HDL2-C concentration decreased significantly 

causing HDL-C concentration to decrease below baseline at 48 hr postexercise for 

patterns 1 and 2.  The HDL-C concentration remained elevated for pattern 3 at 48 hr 

postexercise, but not significantly. These results show non-consecutive days of 

exercise may have greater effects on HDL-C concentration than consecutive days of 

exercise.  

High-Density Lipoprotein Summary 

 Training status, energy expenditure, and baseline HDL-C concentration 

seems to be the biggest factor determining how HDL-C will respond to exercise. 
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Individuals with a higher training status will require greater energy expenditure to 

increase HDL-C concentration compared to less trained and sedentary individuals. 

Those with a high baseline HDL-C concentration are less likely to increase HDL-C 

concentration compared to those with a low baseline HDL-C concentration 

(Grandjean et al., 1998; Greene et al., 2012; Leon et al., 2000; Weise et al., 2005) 

although Zmuda et al. (1998) determined the opposite. Kokkinos et al. (1998) 

demonstrated an exercise intensity threshold of 75% of maximal heart rate or above 

for beneficial changes in HDL-C. Furthermore, Kraus et al. (2002) and Slentz et al. 

(2007) both reported greater HDL-C changes in the high-volume/high-intensity 

exercise groups. Exercise sessions of most lipid and lipoprotein studies using 

sedentary individuals expended kcals ranging from a 350 kcals to 500 kcals (Crouse 

et al., 1997a; Gaesser & Rich, 1984; Grandjean et al., 1998; Grandjean et al., 2000; 

Greene et al., 2012; Koh et al., 2010; Mestek et al., 2006; Weise et al., 2005). 

Furthermore, this range of energy expenditure did increase HDL-C concentration 

(Crouse et al., 1997a; Grandjean et al., 2000; Greene et al., 2012; Mestek et al., 2006) 

except for when baseline HDL-C concentrations were high (Greene et al., 2012; 

Weise et al., 2005). Some studies increased the energy expenditure during the study 

to get a greater effect of exercise (Gaesser & Rich, 1984; Grandjean et al., 1998; 

Greene et al., 2012). 

With endurance training, HDL sub-fractions usually shift from HDL3 to HDL2. 

Angelopoulos et al. (1993) and others reported an increase in serum HDL-C 

concentration due to an increase in the HDL3-C sub-fraction. Kantor et al. (1987) 
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stated this might be an acute increase in the untrained state, while the trained state 

have increases in HDL2-C concentration. Angelopoulos et al. (1993) concluded the 

increase in the HDL3 sub-fraction is a change that is reversed with endurance 

training. Crouse et al. (1997a) provided evidence of this “reversed” shift from HDL3 

to HDL2. As HDL3-C decreased, HDL2-C increased, progressively from 8 to 24 weeks 

of endurance training. Also, Spearman’s correlation coefficient by Wood et al. (1983) 

revealed HDL3 mass decreases when about four miles are ran and HDL2 mass and 

HDL-C concentration appears to increase as running distance increases.  

The HDL2 sub-fraction associated with training also has greater cardio-

protective properties. No change in HDL-C concentration and shifting of HDL3 to 

HDL2 is usually a response seen in females (Greene et al., 2012). The benefits of 

endurance training on HDL-C are increased HDL-C concentration and a greater 

proportion of the HDL2 sub-fraction (Williams, Krauss, Vranizan, & Wood, 1990; 

Wood et al., 1989). 

Triacylglycerol  

TG is derived from dietary lipid intake and the liver. Post-prandially, TG is 

transported by chylomicrons. In the fasted state VLDL is the primary carrier of TG 

(Leon & Sanchez, 2001). VLDL is sometimes called TG-rich lipoprotein because it is 

composed of about 56% TG (Durstine et al., 2002). Serum TG concentration is 

elevated in those with a high carbohydrate intake and a sedentary lifestyle. The 

NCEP classified a serum TG concentration of 200 to 400 mg/dl as borderline and a 

serum TG concentration of 400 mg/dl or greater as elevated (Leon & Sanchez, 
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2001). Elevated serum TG concentrations are usually accompanied with low HDL-C 

concentrations. Serum TG concentration is thought to decrease in a dose-response 

fashion with exercise (Kokkinos et al., 1995; Mestek et al., 2006). The literature 

shows exercise usually decreases serum TG concentration (Crouse et al., 1997b; 

Despres et al., 1988; Ferguson et al.,1998; Gordon et al., 1997; Grandjean et al., 

2000; Halverstadt et al., 2006; Huttunen et al., 1979; Kraus et al., 2002; Slentz et al., 

2007; Thompson et al., 1997; Verrisimo et al., 2002; Weise et al., 2005). Two review 

articles suggest a 4 to 37% decrease in TG concentrations but a mean decrease of 

24% with endurance training (Durstine et al., 2002; Franklin et al., 2014). A meta-

analysis by Leon and Sanchez (2001) stated that a mean decrease of only 3.7% (p < 

.05). Males usually have greater exercise associated serum TG reductions than 

females (Leon and Sanchez, 2001; Leon et al., 2000). Franklin et al. (2014) and 

others agree baseline serum TG concentrations and training status are important 

factors influencing exercise-induced serum TG changes. Greater serum TG 

reductions are usually seen in those with higher baseline serum TG concentrations 

or a sedentary lifestyle.  

Effects of Endurance Training on Serum TG in Healthy Populations 

 Endurance training may decrease serum TG concentration in healthy adults. 

Kokkinos et al. (1995) demonstrated serum TG concentration trended lower as 

distance ran increased. Significantly lower serum TG concentrations were seen in 

those running 9 to 12 miles per week (p < .001). Those running 17 miles per week 

had a significant lower serum TG concentration than those running up to 5 miles per 
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week. Those who ran 31 miles per week had a significant lower serum TG 

concentration than all other running groups (p < .01) (Kokkinos et al., 1995).  

After 20 weeks of training, the HERITAGE Family Study reported a 13.1 

mg/dl and 1.4 mg/dl significant decrease in serum TG concentration (p < .0001) at 

24 hr postexercise in males and females, respectively (Leon et al., 2000). Huttunen 

et al. (1979) reported a decrease in serum TG concentration in healthy males after 4 

months of endurance training. The exercise protocol consisted of 3 to 4 55-min 

exercise sessions per week at 40 or 66% of heart rate reserve. Serum TG 

concentrations decreased from 1.54 mmol/l to 1.27 mmol/l (p < 0.001). Huttunen et 

al. (1979) found an approximate 20% decrease in serum TG concentration, which is 

greater than Leon and Sanchez (2001) reported and within the range suggested in 

the review articles of Durstine et al. (2002) and Franklin et al. (2014). Despres et al. 

(1988) reported a huge 32% decrease in serum TG concentration after expending 

1,000 kcals for 22 days. For Thompson et al. (1988), serum TG concentrations 

paralleled HDL-C concentration changes. Serum TG concentration decreased 19 

mg/dl (p < .025) after 14 weeks of training, and did not decrease with further 

training. 

Kokkinos et al. (1998) and Katzmarzyk et al. (2001) reported no change in 

serum TG concentration in sedentary adults after 16 to 20 weeks of training at 

55%to 75% of VO2max for 30 to 50 min, 3 days per week. Gaesser and Rich (1984) 

also reported no change in serum TG concentration after 18 weeks of training. 

Gaesser and Rich (1984) exercise protocol consisted of three 50 min exercise 
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sessions weekly at 45% of VO2max or 80 to 85% of VO2max. Gaesser and Rich (1984) 

suggested the lack of change in serum TG concentration could be attributed to the 

lack of change in HDL-C concentration. Significant decreases in serum TG 

concentration with significant increases in HDL-C concentration is well documented 

(Huttunen et al., 1979), but decreases in TG concentration can occur independent of 

HDL-C concentration change (Gaesser & Rich, 1984). Gaesser and Rich (1984) 

suggested the low baseline serum TG concentration of the sample might have 

precluded exercise-induced increase in HDL-C concentration thus leaving serum TG 

concentration unchanged.  

Effects of Endurance Training on Serum TG in Adults with Obesity 

 Endurance training may decrease serum TG concentration in adults with 

obesity. Thompson et al. (1997) conducted a one-year study on males with obesity 

and a found a decrease of 9 mg/dl or 7% in serum TG concentration (p < .001). The 

exercise protocol consisted of four 1 hr exercise sessions at 60 or 80% of maximum 

heart rate. Serum TG concentration decreased from 1.45 mmol/L to 1.33 mmol/L (p 

< 0.001). Slentz et al. (2007) conducted a detraining study on overweight adults and 

examined how serum TG concentration responded at 24 hr, 5 days, and 15 days of 

detraining. The participants were randomly assigned to the low-volume/moderate-

intensity, low-volume/high-intensity, and high-volume/high-intensity exercise 

groups for eight months. The energy expenditure corresponded to walking 12 miles 

per week at 40 to 55% of VO2max, jogging 12 miles per week at 65 to 80% of VO2max, 

and jogging 20 miles per week at 65 to 80% of VO2max, respectively. The low-
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volume/moderate-intensity group had a decrease in serum TG concentration of 36.5 

mg/dl, the low volume/high-intensity group had a decrease in serum TG 

concentration of 13.3 mg/dl, and the high-volume/high-intensity group had a 

decrease in serum TG concentration of 17.8 mg/dl at 24 hr postexercise.  

Thompson et al. (1997) and Slentz et al. (2007) found a greater decrease in 

serum TG concentration than Leon and Sanchez (2001) reported in their meta-

analysis, but within the range of the review articles by Durstine et al. (2002) and 

Franklin et al. (2014). Slentz et al. reported (2007) the low-volume/moderate-

intensity group had double the decrease in TG concentration compared to both 

high-intensity groups. This could be explained by moderate-intensity exercise 

relying more on lipid as a fuel source than high-intensity exercise. Slentz et al. 

(2007) suggested moderate-intensity exercise might have prolonged effects on LPL 

and HL, resulting in increased lipid oxidation and decreased serum TG 

concentrations. 

Greene et al. (2012) reported no change in serum TG concentration in males 

and females with obesity after 12 weeks of endurance training. The exercise 

protocol consisted of three exercise sessions per week and it progressed from 250 

kcals at 60% of VO2max to 500 kcals at 85% of VO2max. Relative to the previous two 

studies, the participants for Greene et al. (2012) had lower baseline serum TG 

concentrations by 40 to 50 mg/dl, which may be the reason serum TG concentration 

failed to decrease.  
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Effects of Endurance Training on Serum TG in Adults with 

Hypercholesterolemia 

 Endurance training may decrease serum TG concentration in adults with 

hypercholesterolemia. Kraus et al. (2002) found a decrease in serum TG 

concentration in adults with hypercholesterolemia of the same magnitude as Slentz 

et al. (2007). Kraus et al. (2002) assigned the participants to the low-

volume/moderate-intensity, low-volume/high-intensity, and the high-volume/high-

intensity exercise groups. Serum TG concentrations decreased by 51.6 mg/dl  

(p < .001), 13.1 mg/dl (p = .07), and 28.4 mg/dl (p = .006), respectively. Moderate-

intensity exercise seems to have more favorable effects on serum TG concentration. 

This may be due to moderate-intensity exercise having prolonged effects on LPL and 

HL. 

 Crouse et al. (1997b) found no change in serum TG concentration in adults 

with hypercholesterolemia after 24 weeks of training. The exercise protocol 

consisted of three 350 kcal exercise sessions per week at 50 and 80% of VO2max. 

Crouse et al. (1997b) did not have a rise in HDL-C concentration, which could be 

attributed to serum TG concentration not changing significantly. The participants 

for Crouse et al. (1997b) expended significantly less kcals per week than Kraus et al. 

(2002). This could also be the reason that serum TG concentration did not decrease.  

Effects of Endurance Training on Serum TG in Older Adults  

 Endurance training does decrease serum TG concentration in older adults. 

Verrisimo et al. (2002) and Halverstadt et al. (2007) found a 33 and 16 mg/dl 
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decrease TG concentration in older adults, respectively. Verrisimo et al. (2002) 

exercise protocol consisted of three 60 min exercise sessions per week for 8 months 

and at 60 or 80% of heart rate reserve. Halverstadt et al. (2007) exercise protocol 

consisted of three 40 min exercise sessions per week at 70% of VO2max, for 24 

weeks. A lower-intensity 45 to 60 min exercise was added during the last 12 weeks. 

Verrisimo et al. (2002) reported twice the decrease in TG concentration and twice 

the increase in HDL-C concentration. HDL-C concentration increased by 7.7 mg/dl 

and 3.3 mg/dl for Verrisimo et al. (2002) and Halverstadt et al. (2007), respectively.  

Effects of Endurance Training on Serum TG in Postmenopausal Females 

 Endurance training may not decrease serum TG concentration in pre- or 

postmenopausal females. Grandjean et al. (1998) reported no change in serum TG 

concentration. The participants trained at 50% of VO2max the first 6 weeks then at 

75% of VO2max the next 6 weeks. Pre- and postmenopausal females responded 

similarly, but postmenopausal females had a significant higher baseline serum TG 

concentration (103 vs. 158 mg/dl). 

Effects of Acute Exercise on Serum TG in Healthy Populations 

 A single session of exercise may decrease serum TG concentration by 10 to 

25% (Ferguson et al., 1998; Grandjean et al., 2000). Ferguson et al. (1998) reported 

a significant decrease in serum TG concentration in trained males after an 800, 

1,100, 1,300, and a 1,500 kcal exercise session at 70% of VO2max. The 800, 1,100, 

1,300, and 1,500 kcal exercise session resulted in a 31 mg/dl (26%), 31 mg/dl 

(30%), 28 mg/dl (28%), and a 40mg/dl (36%) decrease in serum TG concentration 
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at 24 hr postexercise, respectively. Serum TG concentration remained decreased by 

22 mg/dl (20%) and significant only for the 1,500 kcal exercise session at 48 hr 

postexercise. The increase in HDL-C concentration paralleled the decreases in 

serum TG concentration except HDL-C concentration did not increase significantly 

for the 800 kcal exercise session (Ferguson et al., 1998). Cullinane et al. (1982) 

reported a similar 33% decrease in serum TG concentration (p < .01) in trained 

males 24 hr after a 2 hr exercise session at anaerobic threshold. Thompson et al. 

(1980) reported serum TG concentration decreased by 60 mg/dl (p < .01), 35 mg/dl  

(p < .01), and 25 mg/dl (p < .05) at 18, 42, and 66 hr after a 42-km run. Gordon et al. 

(1997) found a significant decrease in serum TG concentration in trained females 

from 1.06 mmol/l to 0.82 mmol/l 24 hr after an 800 kcal exercise session at 75% of 

VO2max. After correcting for the decrease in plasma volume, the decrease in serum 

TG concentration was no longer significant. An energy expenditure greater than 800 

kcals may decrease serum TG concentration in trained males and females. 

 Contrary to the previous studies, Visich et al. (1996) reported no change in 

serum TG concentration in healthy males after a 400, 600, and 800 kcal exercise 

session at 75% of VO2max. After being corrected for plasma volume shift and 

analyzed as a whole trial instead of individually, serum TG concentration decreased 

immediately and 24 hr postexercise (p < .05). Cullinane et al. (1981) also reported 

no change in serum TG concentration after a 30-min exercise session at 75% of 

maximal heart rate. Kantor et al. (1987) reported no change in serum TG 
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concentration in trained or untrained males after one or two hr of exercise at 80% 

of maximal heart rate.  

Effects of Acute Exercise on Serum TG in Adults with Obesity 

 A session of exercise does not decrease serum TG concentration in 

individuals with obesity. Greene et al. (2012) failed to find a decrease in serum TG 

concentration in males and females with obesity after a 400 kcal exercise session at 

70% of VO2max. HDL-C concentration also failed to increase after the exercise 

session. A 400 kcal exercise session is not sufficient to reduce serum TG 

concentration for individuals with obesity.  

Effects of Acute Exercise on Serum TG in Adults with Hypercholesterolemia 

 A session of exercise does decrease serum TG concentration in individuals 

with hypercholesterolemia. Grandjean et al. (2000) reported a 17 mg/dl and  

15 mg/dl decrease (p < .05) in serum TG concentration in normo- and 

hypercholesterolemic males 24 hr after a 500 kcal exercise session at 70% of 

VO2max, respectively. The decrease in serum TG concentration also remained 

significant at 48 hr postexercise (Grandjean et al., 2000). Crouse et al. (1997a) 

reported a significant decrease in serum TG concentration for the moderate-

intensity group after a 350 kcal exercise session, but not the high-intensity group. 

Serum TG concentration decreased by 44 mg/dl at 24 hr postexercise and was still 

decreased by 34 mg/dl at 48 hr postexercise (Crouse et al., 1997a). The moderate-

intensity exercise may have resulted in greater lipid oxidation, which may be why 

that group had a greater decrease in serum TG concentration. The moderate-
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intensity exercise group also had a significantly higher baseline serum TG 

concentration compared to the high-intensity group (207 vs. 123 mg/dl; Crouse et 

al., 1997a). Grandjean et al. (2000) reported HDL-C concentration increased though 

48 hr as serum TG concentration decreased. An exercise session of 350 kcal is 

sufficient to reduce serum TG concentration in males with hypercholesterolemia. 

Grandjean et al. (2000) displayed sedentary males have similar serum TG responses 

to exercise regardless of cholesterol status.  

Effects of Acute Exercise on Serum TG in Postmenopausal Females  

A session of exercise may decrease serum TG concentration in 

postmenopausal females. Weise et al. (2005) found an 8.5% reduction in serum TG 

concentration in postmenopausal females 24 hr after a 400 kcal exercise session at 

70% of VO2max. Serum TG concentration decreased from 127 mg/dl to 118 mg/dl. 

The study sample included normo- and hypercholesterolemic females. The results 

suggest postmenopausal females have similar TG responses to exercise regardless 

of cholesterol status. Postmenopausal females must expend at least 400 kcals to 

decrease serum TG concentration. 

Contrary to the pervious study, Koh et al. (2010) reported no change in 

serum TG concentration in postmenopausal females after a 400 kcal exercise 

session at 60% of heart rate reserve. The participants of Koh et al. (2010) had a 

lower baseline serum TG concentration of 88.8 mg/dl compared to the 127 mg/dl 

for Weise et al. (2005). It is thought serum TG concentration is more likely to 

decrease when baseline concentrations are higher. This may be why Koh et al. 
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(2010) did not have a decreased serum TG concentration after the 400 kcal exercise 

session but Weise et al. (2005) did. 

Effects of Endurance Training on TG Metabolism Following Acute Exercise 

 Greene et al. (2012) attempted to see if endurance training had any influence 

on serum TG response to acute exercise. The exercise protocol consisted three 

exercise sessions per week, progressing from 250 kcals at 60% of VO2max to 500 

kcals at 85% of VO2max. Endurance training had no effect on serum TG concentration 

to acute exercise. Crouse et al. (1997a) reported no effect of training on acute 

exercise serum TG response after 24 weeks of training. Endurance training has no 

effect on serum TG concentration to acute exercise. 

Effects of Continuous Exercise Vs. Accumulated Exercise on Serum TG 

Mestek et al. (2006) examined the effects of 500 kcals of continuous exercise 

or three accumulated 167 kcal exercise sessions on lipid response. Serum TG 

concentration did not change. Although not significant, accumulated exercise had a 

drop in serum TG concentration from 159 to 128 mg/dl at 24 hr postexercise and 

134 mg/dl at 48 hr post exercise. There was no effect on serum TG concentration for 

the continuous exercise group.  

Effects of Consecutive Days Vs. Non-Consecutive Days of Exercise on Serum TG 

Wooten et al. (2009) examined the effects of 3 consecutive days of exercise 

and omega-3 fatty acid supplementation on lipid metabolism. Wooten et al. (2009) 

reported a 32% decrease in serum TG concentration following 3 consecutive days of 

treadmill walking at 3.5 mph and an incline yielding 65% of VO2max.  No significant 
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changes were reported for HDL-C concentration despite 32% decrease in serum TG 

concentration. The drop may solely be attributed to the high caloric expenditure 

(1,950 kcals) at a moderate-intensity (65% of VO2max). Moderate-intensity exercise 

has been shown to strongly effect serum TG concentration (Crouse et al., 1997b; 

Kraus et al., 2002).  

 

Angelopoulos et al. (1993) examined the effects of nonconsecutive days of 

exercise on lipids. The exercise protocol consisted of one (Pattern 1), two (Pattern 

2), and three (Pattern 3), 30 min exercise sessions at 65% of VO2max. The bouts of 

exercise were separated by 48 hr. Angelopoulos et al. (1993) reported a  

14 mg/dl and 25 mg/dl drop in serum TG concentration at 24 hr postexercise for 

patterns 2 and 3, respectively, but these values were nonsignificant. Consecutive 

days of exercise seem to have more favorable effects on serum TG concentration. 

Triacylglycerol Summary 

Serum TG concentration seems to parallel HDL-C concentration changes 

(Crouse et al., 1997b; Ferguson et al.,1998; Gordon et al., 1997; Grandjean et al., 

2000; Halverstadt et al., 2007; Huttunen et al., 1979; Kraus et al., 2002; Slentz et al., 

2007; Thompson et al., 1997; Verrisimo et al., 2002; Weise et al., 2005). HDL-C 

responds in a dose-dependent manner therefore it can be suggested serum TG may 

also respond in a dose-dependent manner (Cullinane et al., 1982; Kokkinos et al., 

1995). Baseline serum TG concentrations may influence serum TG response to 

exercise. Those with higher baseline serum TG concentrations may have the 



 73 

greatest response to exercise (Crouse et al., 1997b; Kraus et al., 2002; Shady et al., 

1986). Endurance training seems to attenuate the transient rise in serum TG 

concentration while reducing serum TG concentration (Crouse et al., 1997a; Greene 

et al., 2012). A session of exercise seems to transiently decrease serum TG 

concentration (Crouse et al., 1997a; Cullinane et al., 1982; Ferguson et al., 1998; 

Grandjean et al., 2000; Thompson et al., 1980; Weise et al., 2005; Wooten et al., 

2009) except in those with obesity (Greene et al., 2012). The 350 kcals to 500 kcals 

range of energy expenditure, which is usually used for sedentary individuals, did 

decrease serum TG concentration (Grandjean et al., 2000; Weise et al., 2005) except 

for when baseline serum concentrations were low (Gaesser & Rich, 1984; Greene et 

al., 2012). Serum TG concentration also did not decrease in studies including only 

females (Grandjean et al., 1998; Koh et al., 2010), who often have smaller decreases 

in serum TG concentration then males (Leon et al., 2000).  
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CHAPTER III 
 

METHODOLOGY 
 

Participants 

 Ten participants including males and females aged 18 – 40 years old were 

recruited for the study. Convenience sampling and local advertisements were used 

to recruit participants. The purpose of the study, procedures, risks, and benefits 

were discussed with each participant. Participants who met the inclusion criteria 

and chose to participate signed a written, informed consent approved by Texas 

Woman’s University Institutional Review Board. After being admitted to the study, 

participants were interviewed to evaluate their medical history, current physical 

activity, diet, and risk for CVD.  

Inclusion Criteria 

 Participants were included if they were apparently healthy. Healthy is 

defined as low to moderate risk based on ACSM’s risk classification for CVD. The 

participants were required to be sedentary. Sedentary is defined as performing less 

than 30 min of physical activity, less than 3 days per week for the past 3 months 

according ACMS’s Guidelines for Exercise Testing & Prescription (Roitman, 

Herridhe, & ACSM, 2014).  Females were required to be in the early follicular phase 

of the menstrual cycle and must be pre-menopausal. Exercise testing for females 



 75 

began 3 to 5 days after the start of the menstrual cycle when reproductive hormone 

concentrations are plateaued.  

Exclusion Criteria 

 Individuals that work manual labor jobs were excluded because they were 

not considered to be sedentary. Individuals were excluded if they were taking lipid 

altering medications or birth control. Females were excluded when they were not in 

the follicular phase due to the reproductive hormones altering serum lipids and 

lipoproteins. Individuals taking hypertensive or diabetic medications were excluded 

because these medications alter hemodynamics and glucose metabolism. 

Individuals were also excluded if they were classified as high-risk for CVD by 

ACSM’s Guidelines for Exercise Testing and Prescription (Roitman, Herridhe, & 

ACSM, 2014). Individuals classified as high-risk or exhibited signs and symptoms of 

cardiovascular, pulmonary, or metabolic disease based on ACSM’s Guidelines for 

Exercise Testing and Prescription (2014) were excluded. Individuals with impaired 

fasting glucose ( ≥ 110 mg/dl) were excluded, because they are at risk for diabetes 

mellitus.  

Study Design 

 The purpose of this study was to investigate the effects of a session of 

exercise on serum lipids and lipoproteins using two different exercise intensities 

consecutively. Blood samples were collected 24 hr post-exercise to determine if 

exercise had any effect on the lipid profile of each participant. Participants 

completed the exercise trial and the control trial in a random order. 
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Determination of VO2max 

 Prior to testing, O2 and CO2 analyzers were calibrated with room air and 

known gases (16% O2, 4%CO2). The Parvomedics TrueOne 2400 metabolic cart was 

calibrated using a 3L syringe. Each participant completed a maximal graded exercise 

test on a Quinton Series TM65 treadmill (Quinton, Bothell, WA) to determine 

VO2max. A 2-min warm-up was performed at 2.0 mph and the graded exercise test 

consisted of walking at 3.0 mph for 2-min stages. The treadmill grade started at 4% 

and was increased by 4% at each stage. Each stage increased in intensity until the 

participant reached volitional exhaustion. The test was considered maximal if the 

participant’s respiratory exchange ratio approached 1.1 or greater or if the 

participant’s exercise heart rate was within 10 beats of age-predicted heart rate 

max. 

Dietary Records  

Each participant was required to record all food and beverages consumed 

during the 24 hr period leading up to the first blood draw. The participants were 

asked to maintain that same diet 24 hr prior subsequent blood draws. A copy of the 

food log was given to the participants. Alcohol consumption was not allowed prior 

to blood sampling days due to its effects on serum lipid and lipoproteins (Van Der 

Gaag et al., 2001).  

Blood Collection 
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 Participants reported to the laboratory in a 12 hr fasted state between 6:00 

am and 9:00 am. Each participant sat for 10 min prior to each blood sample to 

control for postural hemodynamic changes in plasma volume. Blood samples were 

drawn via the standard venipuncture method using the antecubital vein.  Blood 

samples were drawn 10 min prior to the exercise session and 24 hr post-exercise. 

Blood samples were drawn in the same manner for the control trial. 

Exercise Protocols  

 The participants completed the exercise and control trial in a random order. 

For the exercise trial, the participants completed a 2 min warm-up at 2.0 mph. 

Following the warm-up, the exercise session consisted of walking at 3.0 mph on a 

motorized treadmill at a grade that elicited 70% of VO2max until the first 200 kcals 

were expended, followed by 200 more kcals at 50% of VO2max. The determined 

70% and 50% of VO2max was obtained from the participant’s VO2max test data. The 

grade that elicited 70% and 50% of VO2max was used for the exercise session. The 

Parvomedics metabolic cart was used to measure VO2. A 400 kcal exercise session 

was chosen because Crouse et al. (1997a) demonstrated that at least 350 kcals is 

sufficient exercise to alter serum lipids and lipoproteins in sedentary, middle-aged 

adults. Heart rate, blood pressure, and VO2 was recorded every 5 min. Treadmill 

grade and speed was adjusted if VO2 changes by more than 5% during either 

intensity. The exercise and control trials were be separated by at least 5 days so the 

effects of exercise did not carry over.  The Parvomedics TrueOne 2400 metabolic 

cart calculated energy expenditure. The metabolic cart used the Weir equation K = 
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1.046-0.5Oe (Weir, 1949) to calculate energy expenditure. The value of K represents 

expended kcals per min. The value 1.046 includes the protein correction equation, 

assuming 10 to 15% of kcals expended were from protein metabolism. Expired 

oxygen is represented as Oe and the .5 represents the caloric value of a liter of 

oxygen (Weir, 1949). Exercise sessions will start between 6:00 and 9:00 AM.  

 

Biochemical Analysis 

Hematocrit was analyzed for each blood sample, using the microhematocrit 

centrifuge (Wedding & Toenjs, 1998). Clot activator tubes were used to collect blood 

samples. Once blood samples were collected, the tubes were inverted six times and 

were stationary for no more than 60 min to allow clot activation. Blood samples 

were centrifuged at 1,300 RCF for 10 min at 23 C to separate blood and plasma. 

Plasma samples were frozen at -80 C and stored in duplicates until further analysis. 

Additional plasma samples were stored at 4 C. Hemoglobin was determined using 

the cyanmethemoglobin method (Drabkin, 1935). Plasma volume changes were 

determined using the Dill and Costill’s method (Dill & Costill, 1974). The Synergy 

HTX BioTek was used to analyze TG (LabAssay Triglyceride; Kit#: 290-63701; 

Manufacturer: FUJIFILM Wako Pure Chemical Corporation), TC (Cholesterol 

Quantitation Kit; Kit#: MAK043-1KT; Manufacturer: SIGMA-ALDRICH) and HDL-C 

(HDL and LDL/VLDL Quantitation Kit; Kit#: MAK045-1KT; Manufacturer: SIGMA-

ALDRICH). The assays for TG, TC, and HDL-C were performed using the 

manufacturer’s instructions in a 96 wellplate. Friedewald’s equation (LDL-C = Total-
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C – HDL-C – (TG/5)) was used to estimate LDL-C concentration (Friedewald, Levy, 

& Fredrickson, 1972). 

Statistical Analysis 

The effects of the exercise and control trial on TC, TG, HDL-C, and LDL-C 

concentrations were analyzed using 2-way ANOVA. IBM SPSS Statistics was the 

statistical analysis software used that analyzed the effects of trial (exercise and 

control), time (pre- and post-trial), and trial by time interaction with repeated 

measures for time and trial. The Bonferroni post-hoc test was used to determine the 

difference between means if a significant change was reported for the dependent 

variables. IBM SPSS Statistics using partial eta squared calculated the effect size of 

the independent variables. The level of significance was set at p < .05 for all 

statistical tests. The data is presented as mean and standard deviations.  
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CHAPTER IV 

 
RESULTS 

 
Participants 

 
A total of 10 adults, eight males and two females, were recruited for the 

study. The screening process to determine eligibility included a series of 

questionnaires. Upon inclusion in the study, the participants completed medical 

history forms and signed the informed consent. Participants were encouraged to ask 

any questions during the study, and reminded that they may withdraw at any time. 

Participants were instructed not to change any of their daily routines for the 

duration of the study. This included no additional exercise except for the exercise 

protocol of the study and to maintain their current diet. Participants made a 24 hr 

food log prior to the first blood draw and were instructed to maintain that diet prior 

to subsequent blood draws. Appendix D displays the physiological characteristics of 

the 10 participants who completed the study. Six participants were smokers and 

three participants were classified as obese with a BMI equal to or greater than 30 

kg/m2.  

Biochemical Analysis 

The lipid concentrations were adjusted accordingly to the plasma volume 

change of that trial. Eight participants had a TC greater than 200 mg/dL, but less 

than 300 mg/dL. Five participants had a HDL-C concentration less than 40 mg/dL 
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and all participants had a TG concentration of less than 200 mg/dL. Friedewald’s 

equation was used to calculate LDL-C concentration, which works best with TG 

concentrations up to 400 mg/dL (Friedewald et al., 1972). A total of eight 

participants had a LDL-C concentration greater than 130 mg/dL. Table 1 shows the 

mean and standard deviation of for each lipid concentration and Table 2 shows the 

statistical analysis for each variable. 
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Table	1.	

Lipid	&	Lipoprotein	Changes
Serum	Lipids	and	Lipoproteins

Control Exercise
0	hr 24	hr 0	hr 24	hr

TC 194.5	±	31.9 189.9	±	30.1 187.6	±	41.2 186.2	±	43.0
HDL-C 46.3	±	18.7 42.7	±	18.2 49.4	±	16.6 49.9	±	14.9
TG 74.9	±	29.2 68.3	±	15.3 70.0	±	47.6 68.1	±	36.0
LDL-C 133.3	±	31.7 133.6	±	36.4 123.9	±	30.0 122.7	±	37.3

Table	2.

2-Way	ANOVA	Table
Lipid	Statistical	Analysis

TC F-Test P-Value Effect	Size
Exercise 0.113 0.744 0.012
Time 0.240 0.636 0.026
Exercise*Time 0.098 0.762 0.011

TG F-Test P-Value Effect	Size
Exercise 0.080 0.784 0.009
Time 0.363 0.562 0.039
Exercise*Time 0.174 0.686 0.019

HDL-C F-Test P-Value Effect	Size
Exercise 1.322 0.280 0.128
Time 0.558 0.474 0.058
Exercise*Time 0.770 0.403 0.079

LDL-C F-Test P-Value Effect	Size
Exercise 0.834 0.385 0.085
Time 0.013 0.911 0.001
Exercise*Time 0.031 0.863 0.003

				Note:	Significance	p	=	.05		
LDL-C	=	low-density	lipoprotein	cholesterol;	TC	=	total	cholesterol;
HDL-C	=	high-density	lipoprotein	cholesterol;	TG	=	triacylglycerol



 83 

CHAPTER V 
 

DISCUSSION 

The current study examined the effects of a 400 kcal aerobic exercise session 

on serum lipids and lipoproteins in healthy adult males and females. What sets this 

study apart from previous studies is that the 400 kcal exercise session utilized two 

different exercise intensities. The first 200 kcals were expended at a high-intensity 

(70% of VO2max) and the following 200 kcals were expended at a moderate-

intensity (50% of VO2max). The purpose of this methodology was to determine if 

multiple intensities of aerobic exercise influenced lipid metabolism differently than 

one exercise intensity alone. The research questions asked were: Does a 400 kcal 

session of accumulated exercise at 70% and 50% of VO2max decrease serum TG 

concentration at 24 hr post-exercise? Does a 400 kcal session of accumulated 

exercise at 70% and 50% of VO2max increase serum HDL-C concentration at 24 hr 

post exercise? Further, the effect of this exercise bout on LDL-C and TC 

concentrations was also investigated.  

High-Density Lipoprotein Cholesterol 

In the current study, the 400 kcal exercise session at 70% and 50% of 

VO2max did not increase HDL-C concentration (p = .403). Effect size ranged from 6 

to 13% for the three effects so factors other than exercise and time accounts for 

87% of the data. Surprisingly, this result somewhat opposes the literature that 

suggested an increase in HDL-C concentration at some point after aerobic training 

(Herbert et al., 1984; Huttunen et al., 1979; Katzmarzyk et al., 2001; Leon et al., 
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2000; Spate-Douglas & Keyser, 1999; Thompson et al., 1988; Verissimo et al., 2002; 

Williams et al., 1989; Zmuda et al., 1998) and after acute exercise (Angelopoulos et 

al., 1993; Crouse et al., 1997; Ferguson et al., 1998; Grandjean et al., 2000; Gordon et 

al., 1998; Mestek et al., 2006; Thompson et al., 1980) for males and females. Females 

have higher HDL-C concentrations than males, so males have greater increases in 

HDL-C since a lower baseline HDL-C has a greater response to exercise. Also, 

females have greater increases in HDL2-C while males have greater increases in the 

HDL3-C sub-fraction (Greene et al., 2012; Leon et al., 2000).  

Studies agree that HDL-C concentration responds to exercise in a dose-

dependent manner (Durstine et al., 2002; Herbert et al., 1984; Leon & Sanchez, 

2001; Wood et al., 1983) but the threshold for an increase in HDL-C appears to vary 

by population. Grandjean et al. (2000) mentioned the energy expenditure threshold 

is related to the functional capacity of the individual so the untrained population 

requires a lower energy expenditure to increase HDL-C concentration than the 

trained population (Crouse et al., 1997a; Ferguson et al., 1998; Grandjean et al., 

2000; Gordon et al., 1998). Despite being untrained, some populations such as 

individuals with obesity require larger energy expenditures to increase HDL-C 

concentration (Kraus et al., 2002; Slentz et al., 2007). The obese population may 

require an energy expenditure similar to that of highly trained individuals, which 

exceeds 1,000 kcals (Kraus et al., 2002; Slentz et al., 2007). Three of the 10 

participants were classified as obese and they could be considered a separate 
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population from the normal BMI participants if they require such energy 

expenditure for exercise-induced lipoprotein benefits. 

Although HDL-C may rise after aerobic exercise, others did not report an 

increase in HDL-C after exercise (Gaesser & Rich, 1984; Grandjean et al., 1998; 

Greene et al., 2012; Halverstadt et al., 2007; Kokkinos et al., 1998; Weise et al., 

2005). Studies have shown that individuals with an elevated baseline HDL-C 

concentration may not have an increase after exercise regardless of energy 

expenditure (Greene et al., 2012; Weise et al., 2005). This could be the case for the 

present study; five of the 10 participants had a baseline HDL-C concentration 

greater than 50 mg/dL and showed mixed results. Contrary to this theory, Zmuda et 

al. (1998) stated that individuals with very low HDL-C concentrations (<40 mg/dL) 

have decreased serum TG clearance and decreased LPL activity. The study of 

Gaesser and Rich (1984) could be an example of diminished serum TG clearance and 

LPL activity. Gaesser and Rich (1984) failed to raise HDL-C concentration, but also 

failed to reduce serum TG concentration, which usually decreases as HDL-C 

increases. In the current study, four of the 10 participants had a HDL-C 

concentration of 40 mg/dL or less and showed mixed results. Considering that 

Huttunen et al. (1979) and other studies (Crouse et al., 1997b; Grandjean et al., 

2000; Leon et al., 2000; Mestek et al., 2006; Thompson et al., 1980; Thompson et al., 

1988; Verissimo et al., 2002; Williams et al., 1989; Zmuda et al., 1998) displayed an 

increase in HDL-C concentration and a decrease in serum TG concentration, it makes 

sense that this study failed to increase HDL-C concentration since serum TG 
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concentration failed to decrease like other studies (Gaesser & Rich, 1984; Grandjean 

et al., 1998; Greene et al., 2012; Kokkinos et al., 1998).   

Serum Triacylglycerol 

As stated previously serum TG concentration failed to decrease (p = .686) 

despite the findings of others (Ferguson et al.,1998; Gordon et al., 1997; Grandjean 

et al., 2000; Halverstadt et al., 2007; Huttunen et al., 1979; Kraus et al., 2002; Slentz 

et al., 2007; Thompson et al., 1997; Verrisimo et al., 2002; Weise et al., 2005; 

Wooten et al., 2009). The effect size indicates that exercise and time accounts for 

only 1 to 4% of the variance in the data so other factors accounts for most of the 

variance in the data. Although it is stated serum TG decreases in a dose-dependent 

manner with exercise (Kokkinos et al., 1995; Mestek et al., 2006), reductions in 

serum TG concentration are usually seen in those with higher baseline TG 

concentrations (Franklin et al., 2014). Since males have higher baseline TG 

concentrations than females, males have greater reductions in TG following exercise 

(Leon et al., 2000).  

The participants in the present study had an average serum TG concentration 

70.3 ± 32 mg/dL compared to other studies with baseline serum TG concentrations 

greater than 100 mg/dL and up to 200 mg/dL in some cases (Crouse et al., 1997a; 

Grandjean et al., 2000; Weise et al., 2005; Wooten et al., 2009). Others demonstrated 

that sedentary individuals with low baseline serum TG concentrations did not 

change serum TG after exercise (Cullinane et al., 1981; Kantor et al., 1987). The low 

baseline serum TG concentration in the present study is most likely the reason 
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serum TG did not decrease thus leaving HDL-C concentration unchanged because TG 

hydrolysis transfers lipids to existing HDL particles (Zmuda et al., 1998). Slentz et al. 

(2007) and Crouse et al. (1997b) showed how moderate-intensity exercise strongly 

affects serum TG concentration. The present study included a portion of moderate-

intensity exercise in hopes of taking advantage of this effect. Despite these findings, 

there are others who also reported no change in serum TG concentration after 

exercise (Gaesser & Rich, 1984; Greene et al., 2012; Koh et al., 2010; Kokkinos et al., 

1998; Visich et al., 1996) and those studies reported no change in HDL-C 

concentration. Katzmarzyk et al., 2001 reported only an increase in HDL-C 

concentration while others reported only a decrease in serum TG concentration 

(Angelopoulos et al., 1993; Mestek et al., 2006; Wooten et al., 2009) although the 

literature supports HDL-C and serum TG changing reciprocally (Huttunen et al., 

1979).          

Low-Density Lipoprotein and Total Cholesterol 

Concentrations of LDL-C (p = .863) and TC (p = .762) concentrations failed to 

decrease after exercise. The effect size for both LDL-C and TC ranged from less than 

1% to 9% for exercise and time so a majority of the data was almost entirely 

attributed to factors not related to exercise. A majority of the training studies in the 

literature found no decrease in TC or LDL-C concentration after endurance training 

(Crouse et al. 1997b; Gaesser & Rich, 1984; Greene et al., 2012; Katzmarzyk et al., 

2001; Kraus et al., 2002; Leon & Sanchez, 2001; Slentz et al., 2007; Thompson et al., 

1997; Williams et al., 1989). TC and LDL-C concentrations may decrease after 
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endurance training under special conditions such as exercise-induced weight loss or 

a reduced dietary fat intake (Franklin et al., 2014; Despres et al., 1988; Durstine et 

al., 2002; Hegsted et al., 1965). The endurance studies that reported a decrease in 

LDL-C and TC concentrations after endurance training also reported a significant 

reduction in body weight or body fat (Crouse et al., 1997b; Halverstadt et al., 2007; 

Huttunen et al. 1979; Verissimo et al. 2002) although Huttunen et al. (1979) only 

reported a reduction in LDL-C. Crouse et al. (1997b) did not find a decrease in LDL-C 

or TC concentration except for the 16th week when body weight was significantly 

reduced. From the 16th week on, body weight remained stable and so did LDL-C and 

TC concentrations (Crouse et al., 1997b). Furthermore, Despres et al. (1988) noted a 

strong positive correlation between a decrease in LDL-C concentration (r = .78) and 

TC (r = .70) with a reduction in trunk fat. Without proper time for weight loss or a 

major change in dietary fat intake, it is no surprise that LDL-C concentration and TC 

failed to decrease for the present study. 

Similarly, LDL-C concentration and TC rarely decreases with acute exercise 

(Cullinane et al., 1982; Gordon et al., 1998; Mestek et al., 2006; Visich et al., 1996; 

Weise et al., 2005). Without weight loss or a reduced dietary fat intake, LDL-C 

concentration and TC may decrease under very exhaustive exercise. Thompson et al. 

(1980) reported a decrease in TC by 11 to 19 mg/dl, which was attributed to the 11 

to 12 mg/dl drop in LDL-C concentration at 4 to 66 hr after a 42-km run. Kantor et 

al. (1987) reported a 13% decrease in LDL-C and TC concentration after 1 and 2 

hours of exercise at 80% of heart rate max in untrained and trained males, 
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respectively. Ferguson et al. (1998) reported a decrease in LDL-C concentration and 

TC in trained males when 1,300 or more kcals were expended. Wooten et al. (2009) 

found a 9.2% decrease in TC after 3 consecutive days of walking at 65% of VO2max. 

The calculated energy expenditure was estimated to be over 1,800 kcals for Wooten 

et al. (2009). Grandjean et al. (2000) reported no decrease in LDL-C concentration 

or TC in normocholesterolemic males after a 500 kcal exercise session. It may be 

possible for LDL-C concentration and TC to decrease in a healthy population when a 

session of exhaustive exercise is done or multiple exercise sessions exceeding 1,000 

accumulated kcals. The present study only used a 400 kcal exercise session, which 

has been documented to be sufficient exercise to affect HDL-C and serum TG 

concentration but not alter LDL-C concentration or TC (Crouse et al., 1997a; 

Grandjean et al., 2000). 

Implications 

The present study did not change HDL-C, TG, LDL-C, or TC concentrations. 

Different volumes and intensities of exercise and how it affects the lipid profile of 

various populations have been discussed. To understand the present results better 

we have to take a deeper look into the participants and other aspects of the study. 

First, even though the participants were apparently healthy, most participants did 

have at least three risk factors for CVD. A total of 6 participants were smokers. Half 

of the participants had a BMI above 27 kg/m2 and three of participants had a BMI of 

at least 30 kg/m2. Although baseline serum TG concentrations were low, nine of the 

ten participants had a TC of at least 200 mg/dL during some point in the study and 
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eight of the participants had a LDL-C concentration of 130 mg/dL or greater. 

According to the NCEP, those participants would be considered to have elevated 

cholesterol concentrations or hypercholesterolemia. Six of the participants were 

smokers and Mijos (1988) showed that cigarette smokers have significant lower 

concentrations of all HDL-C classes. 

Obesity and hypercholesterolemia are two conditions that are known to alter 

lipid metabolism by increasing the influx of fatty acids to the liver to produce excess 

LDL and VLDL particles (Eckel et al., 2005; Kahn & Valdez, 2003; Kwiterovich, 

2002). Individuals with obesity and hypercholesterolemia may have a limited 

capacity to oxidize lipids for fuel (Kwiterovich, 2002; Stannard & Johnson, 2003). 

Zmuda et al. (1998) provided evidence of the inability to oxidize lipids for fuel. 

Individuals who had a HDL-C concentration less than 40 mg/dL did not increase LPL 

activity or TG clearance compared to those who had a HDL-C above 40 mg/dL and 

did increase LPL activity and TG clearance. With the altered lipid metabolism of 

these two conditions, it is clear why the review of the literature revealed that 

exercise does not decrease LDL-C or TC in those with obesity and 

hypercholesterolemia (Crouse et al., 1997a; Grandjean et al., 2000; Greene et al., 

2012; Slentz et al., 2007; Thompson et al., 1997). Furthermore, a session of exercise 

does not increase HDL-C or decrease serum TG concentration in individuals with 

obesity, but it may for those with hypercholesterolemia. Being obese or 

hypercholesterolemic or having forms of both, which is the case for some of the 

participants in this study, will make it difficult for exercise to alter lipid metabolism 
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when a very large volume of exercise is not performed (Slentz et al., 2007). When 

the lipid data was separated between the normal BMI participants and the elevated 

BMI participants, lipids and lipoproteins still remained unchanged. 

Lipoprotein Enzymes 

 LPL, HL, CETP, and LCAT are the lipoprotein enzymes responsible for 

changing cholesterol concentrations in lipoproteins. With endurance training, 

increased LPL and LCAT activity is responsible for the decrease in serum TG 

concentration and the increase in HDL-C concentration. Also, reduced CETP activity 

may allow the accumulation of cholesterol in HDL particles while reduced HL 

activity reduces HDL catabolism (Grandjean et al., 1998; Grandjean et al., 2000; 

Thompson et al., 2001). 

The present study and others reported no change after acute exercise or 

endurance training (Dufaux, Order, Muller, & Hollmann, 1986; Berger & Griffiths, 

1987; Grandjean et al., 2000) while others reported an increase following exercise 

(Frey, Baumstark, Berg, & Keul, 1991; Grandjean et al., 1998; Weise et al., 2005). 

Studies suggest that an increase in available substrates facilitates the rise of LCAT 

activity such as the ratio of free-cholesterol to cholesterol ester and apolipoprotein 

A-I (Dufaux et al., 1986; Tall, 1998; Grandjean et al., 2000). It was stated in the 

review of the literature that in the presence of apolipoprotein A-I, LCAT binds to 

HDL3 and internalizes cholesterol esters, forming HDL2 (Durstine et al., 2002; Tall, 

1998). Dufaux et al. (1986) reported a transient rise in LCAT along with the free-

cholesterol to cholesterol ester ratio before both decreased. The complex balance 
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between these substrates shows the various mechanisms that come into play to 

increase LCAT activity, making it one of the less understood lipoprotein enzymes. 

The main function of CETP is to remove cholesterol esters from HDL and 

replace it with TG from VLDL and LDL particles. Endurance training reduces the 

effects of CETP, increasing the concentration of cholesterol in HDL particles 

(Grandjean et al., 2000; Weise et al., 2005). Exercise does not always reduce CETP 

(Grandjean et al., 2000; Weise et al., 2005) but there is evidence that prolonged 

exercise may affect CETP (Föger et al., 1994; Ferguson et al., 1998). A study by 

Bagdade, Ritter, and Subbaiah (1991) revealed that the composition of TG and 

cholesterol in VLDL and HDL is heavily involved in CETP activity. In theory, exercise 

reduces CETP by the redistribution of TG and cholesterol between lipoproteins. A 

change in CETP activity is usually evident by increases in HDL-C and HDL2-C (Föger 

et al., 1994; Ferguson et al., 1998), which did not happen in the present study. 

The effects of exercise on HL are more understood than the previous 

lipoprotein enzymes.  HL directly removes HDL2 from circulation (Bruce et al., 1998; 

Durstine & Thompson, 2001); therefore, endurance training affects this enzyme by 

decreasing the activity of HL (Herbert et al., 1984; Williams et al., 1986). HL is 

reduced by the expansion of plasma volume after exercise since endurance athletes 

have up to 38% less serum HL concentrations (Herbert et al. 1984; Thompson et al., 

2000). Studies show that those who are sedentary can decrease serum HL 

concentrations by up to 16% with endurance training or prolonged exercise 

(Thompson et al., 1997; Zmuda et al., 1998) but HL usually does not respond to 
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acute moderate exercise (Kantor et al., 1987; Thompson et al., 1988; Visich et al., 

1996; Grandjean et al., 1998; Grandjean et al., 2000; Weise et al., 2005). Zmuda et al. 

(1998) showed that those with low HDL-C are unable to reduce serum HL after 

endurance training compared to those with normal HDL-C due to altered metabolic 

processes that inhibits exercise-induced changes in lipids and lipoproteins. The 

concentration of HDL-C was unaltered in the present study and it can be speculated 

that HL was unaltered as well. 

 Positive changes in lipoproteins are usually facilitated by LPL, which acts by 

decreasing serum TG and increasing HDL-C concentration (Herbert et al., 1984; 

Williams et al., 1986; Thompson et al., 1988). Increased serum LPL concentration is 

believed to be reason behind the improved lipid profiles of endurance athletes. 

Herbert et al. (1984) demonstrated that elite endurance athletes have up to 80% 

greater serum LPL concentrations compared to sedentary controls (Sady et al., 

1986; Williams et al., 1986). Endurance training and prolonged exercise may 

increase serum LPL concentrations from 10 to 30 percent in those who are 

sedentary (Kantor et al., 1987; Thompson et al., 1988; Thompson et al., 1997; 

Ferguson et al., 1998, Grandjean et al., 2000), but not all the time (Zmuda, 1998; 

Weise, Grandjean, 2005). Zmuda et al. (1998) demonstrated that males with low 

HDL-C did not increase HDL-C after exercise as a result of metabolic dysfunctions 

that did not allow them to increase LPL or fat clearance. It is possible LPL could have 

been mildly affected in the present study but not consistent enough to alter mean 
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LPL activity since only half the participants demonstrated decreases in TG 

concentration.  

 The ability for the body to metabolize lipids and clear them from circulation 

is one of the main functions of lipoprotein enzymes. Compared to sedentary controls 

endurance athletes can have up to 80% greater intravenous fat clearance rates 

(Sady et al., 1986; Thompson et al., 1991; Thompson et al., 2000) and this accounts 

for the lower resting TG, LDL-C, and TC concentrations in endurance athletes 

(Herbert et al., 1984; Sady et al., 1986). Sedentary individuals can increase fat 

clearance rates with endurance training by 10 to 50 percent (Thompson et al., 1988; 

Zmuda et al., 1998) but Zmuda et al. (1998) demonstrated that males with low HDL-

C could not increase fat clearance under normal exercise conditions compared to 

males with normal HDL-C. Enhanced intravenous fat clearance reduces early 

catabolism of HDL particles and studies suggest increased lipid delivery to HDL 

particles is what spares HDL (Zmuda et al., 1998; Thompson et al., 2001). The body 

conserves HDL particles by reducing the catabolism of apolipoprotein A-I, the 

protein component of HDL particles. Catabolism of this protein is 30% lower in 

endurance athletes (Herbert et al., 1984; Thompson et al., 1991) and can be reduced 

by 15% in sedentary controls with endurance training (Thompson et al., 1988; 

Thompson et al., 1997; Zmuda et al., 1998). 
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Summary 

The results reflect no significant change in lipid and lipoprotein 

concentrations. The main weakness of the current study is that lipoprotein enzymes 

were not measured. Lipoprotein enzyme data would have provided a deeper insight 

into the degree lipid metabolism was altered. One limitation to the current study is 

that post-exercise blood draws were only done at 24 hr post-exercise and not at any 

other time points. Some studies performed blood draws immediately post-exercise, 

24 hr post, and at 48 hr post-exercise (Angelopoulos et al., 1993; Crouse et al., 

1997a; Grandjean et al., 2000; Weise et al., 2005). Some studies also documented 

positive changes in serum lipids and lipoproteins beyond the 24 hr time point 

(Crouse et al., 1997a; Gordon et al., 1998; Grandjean et al., 2000, Kantor et al., 1987). 

Another weakness of the study is the method of dietary control used. This study 

collected only a 24 hr food log prior to the first blood draw day while others used 4-

day food logs and did nutrient analysis (Crouse et al., 1997a; Gordon et al., 1998; 

Grandjean et al., 2000; Visich et al., 1996). Those studies used nutrient analysis 

software to analyze macronutrient intake to determine differences in nutrient 

intake. Although dietary factors did not seem to negatively affect the study, a greater 

control of dietary and hydration factors is required. Some of the participants 

exhibited sizable changes in plasma volume throughout the study that can be seen 

in appendix F. These changes altered lipid concentration in proportion equal to 

plasma volume change, a weakness that became evident after biochemical analysis. 

Methods to control for hydration and dietary factors may include a hydration urine 
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test and macronutrient analysis software or provision of standardized meals. There 

must also be a greater control for abstaining from foreign substances besides 

alcohol. Cigarette smoking (Mijos, 1988), micronutrient supplementation (Wooten 

et al., 2009), and many other chemicals are known to alter lipid metabolism.  

 The current study is the first study to utilize two exercise intensities during 

a single session of exercise, which is the strength of the study. Further investigation 

should be done beyond this study to investigate the effects of a mixed-intensity 

session of exercise compared to single sessions of exercise using the two intensities 

exclusively. This would help determine if there are any differences in lipid 

metabolism using one or two different intensities during a session of exercise. 

Lipoprotein enzymes should also be investigated in case there are differences in 

lipid metabolism after a session of exercise using one and two different intensities. 

Exercise has been documented to positively modify lipoprotein particle size 

although the current study did not investigate lipoprotein particle size. The 

modification of particle size such as small-dense LDL particles to larger less dense 

LDL particles is a positive exercise-induced change (Durstine et al., 2002; Trejo-

Gutierrez et al., 2007; Kraus et al., 2002). This reduces atherogenic risk even in the 

absence of LDL-C concentration change. In the healthy adult population, exercise 

may alter lipid metabolism but dietary changes are directly linked to positive 

changes in serum lipids and lipoproteins (Durstine et al., 2002; Hegsted et al., 1965). 

Exercise and diet are two non-pharmacological ways to improve one’s lipid profile, 

reducing CVD risk factors.  
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Conclusion 

This study concludes that a 400 kcal session of exercise at 70% and 50% of 

VO2max does not modify TC, TG, LDL-C, or HDL-C concentrations in a young adult 

population (mean age = 28). The small effect sizes, which ranged from 1 to 13%, 

reflect the need for greater control of dietary and hydration factors, which may have 

attributed to most of the data. Half of the participants were overweight or obese and 

most of the participants had some form of hypercholesterolemia. These two 

conditions have altered lipid metabolism at rest that may nullify the effect of normal 

exercise, and requires a greater exercise stimulus for exercise-induced changes in 

lipoprotein concentrations. The age of the participants in this study were 17 to 19 

years younger on average compared to the participants for Crouse et al. (1997a) and 

Grandjean et al. (2000) who found exercise-induced changes in lipoprotein 

concentrations using similar exercise volumes. This exercise method may have 

produced lipoprotein changes in an older adult population since older adults 

respond similarly and maybe greater than younger adults. The participants in this 

study may have had changes in lipoproteins with this exercise method of a greater 

caloric expenditure. The lack of change in lipoproteins for this study is most likely 

due to the lack of change in lipoprotein enzyme activity.  A bout of exercise using 

high and moderate intensities has the same effect of exercise done at either 

intensity alone and provided no additional benefits on serum lipids and 

lipoproteins. 
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APPENDIX A 

Consent Form



TEXAS WOMAN’S UNIVERSITY 
CONSENT TO PARTICIPATE IN RESEARCH 

 
Title:  Effects of an 

Exercise Session at Multiple Intensities  
on Serum Lipids and Lipoproteins 

 
Investigator:  Christopher Murray……………………………………...........989/780-1491 
Advisor:  Kyle Biggerstaff, Ph. D………………………………...……..940/898-2596 
 
Purpose of the Research 
You are being asked to participate in a research study for Chris Murray’s thesis at Texas 
Woman’s University. The purpose of this project is to compare the effects of exercise on serum 
lipid profile. Low-density lipoprotein is responsible atherosclerosis, the process leading to 
cardiovascular disease (CVD), which is the leading cause of death in the U.S. Exercise may 
decrease LDL-C concentration. ACSM and other health-related organizations recommend a 
multifactorial approach to a lifestyle change to reduce risk factors for CVD. Exercise is a 
nonpharmacological intervention that promotes favorable changes in serum lipids and 
lipoproteins. Specifically, the purpose of this project is to determine how useful aerobic exercise 
at two different intensities is at modifying lipid metabolism. 
 
Research Procedures 
Dietary Control 
Each volunteer must complete a 24 hr food log. Participants will be asked to maintain that diet 24 
hr prior to the first and second blood draw of each trial. Alcohol consumption is not allowed on 
the day of or the day before blood draw days due to its effects on serum lipid and lipoproteins. 
Volunteers are allowed to consume a small Gatorade after the first blood draw to provide energy 
for exercise. Volunteers have the option to drink 4 ml of water per kg of body weight every 20 
min. 
 
Menstrual Cycle Monitoring 
Female participants will be required to monitor menstrual cycles. Female participants will be 
informed that they are required to exercise test during the early follicular phase. The early 
follicular phase begins 3 to 5 days after the start of menstruation. Female participants will be 
required to contact the investigator at the start of menstruation so they can be scheduled for 
testing. 
 
Determination of VO2max 
After eligibility has been determined and the consent form has been signed, oxygen consumption 
will be determined using a maximal graded exercise test (GXT). Participants will warm up prior 
to starting the GXT. The GXT will start at 3.0 mph and a 4% grade. The GXT consists of 2 min 
stages with increasing intensity. Grade will increase by 4% with each stage. A nose clip will be 
worn so expired gases can be collected by the mouthpiece and analyzed by the metabolic cart. To 
determined if VO2max is reached the participant’s heart rate must be within 10 beats of age-
predicted heart rate max and respiratory exchange ratio must be greater than 1.1. If these criteria 
are not reached treadmill speed will be increased 1.0 mph every 2 min until one or both criteria 
are reached. If neither of the criteria are met the highest VO2peak recorded will be used. 
Participants will be reminded to be hydrated prior to each testing week. 
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Exercise and Control Procedures 
The participant will first complete a 2 min warm-up at 2.0 mph. Following the warm-up, the 
exercise session will consist of walking at 3.0 mph on a motorized treadmill at a grade to elicit 
70% of VO2max until the first 200 kcals are expended and then at 50% of VO2max until the last 
200 kcals are expended. Treadmill grade and speed will be adjusted if the participants’ VO2 

changes by more than 5% for either intensity. The exercise and control trial will be separated by 
at least 5 days so the effects of exercise do not carry over.  A nose clip will be worn so expired 
gasses can be collected by the mouthpiece and analyzed by the metabolic cart. The mouth piece  
will be worn and taken out in 10 min intervals if requested. Kcal expenditure will be estimated 
using the VO2 based on the previous 10 min if the mouthpiece is taken out. Exercise sessions will 
be performed between 6:00 and 9:00 AM. Female participants will only be allowed to complete 
one trial per month while in the early follicular phase. Participants will have the option to drink 4 
ml of water per kg of body weight every 20 min to maintain hydration. 
 
Blood Collection 
Volunteers will report to the Exercise Physiology Laboratory between 6:00 am and 9:00 am and 
will be fasted for 12 hr. Blood will be drawn 10 min prior and 24 hr after the exercise session for 
each trial. A total of 20 ml of blood will be drawn each time. 
 
Time Involved 

  Pre-trial paper work and VO2max testing will take an hour. The exercise session may take a maximum 
of 1h 30 min to complete. The control trial will have no exercise. Both trials will have a blood draw 
10 min prior and 24 after the exercise session. The four blood draws should take 40 min total.  
Maximum cumulative time commitment is 190 min or 3 hr and 10 min. 

 
Potential Risks 
Heart attack, stroke and death  
During the maximal GXT signs and symptoms for a cardiac even will be monitored. Signs and 
symptoms include discomfort in the chest, neck, jaw, and arm of the left side of the body as a result 
of ischemia. Other signs and symptoms include unusual fatigue/shortness of breath at rest or usual 
activities, dyspnea, syncope, ankle edema, or tachycardia. Heart rate will be measured at each 
stage during the maximal GXT and blood pressure will be measured every two stages. The 
investigator will be certified in CPR and AED. At submaximal intensities that will be used during 
exercise testing, a cardiac event or death is rare. Steps will be taken to reduce the risk of a cardiac 
event such as risk classification and close observation of trained personnel. 
 
Infection 
The investigator will be trained in the venipuncture technique prior to the start of the study. The 
antecubital vein will be cleaned with alcohol prior to each venipuncture. A new needle will be 
used with each venipuncture. Opened needles will be discarded into biohazard containers 
immediately after use. Mouthpieces, nose clips, and hoses will be properly sterilized after each 
use and will be handled with gloves. There is also a limit of 2 pricks per participant during each 
blood draw to reduce the risk of infection. If blood is unable to be collected after the second prick 
the participant will be withdrawn from the study. 
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Emotional Discomfort 
Participants may be uncomfortable with weight or may feel embarrassed if they can’t complete 
testing due to safety reasons. The investigator will explain why each procedure is necessary for the 
study and will praise each participant for their efforts and time. Participants may feel uncomfortable 
sharing personal information such as medical history, dietary information, or menstrual cycle 
information. Participants will be notified prior to the start of the study that they will be required to 
share information regarding diet and menstrual cycle. To minimize this participants are only 
required to share this with the investigator. Female participants will be notified that only male 
members are on the research team and if they are uncomfortable with this they may withdraw 
from the study. Female participants are just required to let the investigator know that its time to 
schedule for exercise testing when the time arises. If the participant feels uneasy about sharing 
any personal information they will not be able to participate in the study. Confidentiality steps 
will be taken to keep personal information protected.  
 
Loss of confidentiality 
Data collection forms will be coded using a numerical system. A form will be used to identify 
names with numerical code. The form will be kept separate from data sheets and stored in the 
investigator’s file cabinet at home. Data will be stored at the investigator’s home. Computer data 
will be password protected. Identifiable data on paper will be shredded at the end of the study 
when data is no longer needed. The estimated time of the study is 2 to 3 semesters. 
Confidentiality will be protected to the extent that is allowed by law. 
 
Muscle fatigue or soreness 
All participants will be closely monitored for signs of muscle fatigue. Testing will be terminated 
if the participant cannot maintain coordination. Participants will be asked to stretch before and 
after exercise sessions. 
 
Nausea or fainting 
 If nausea arises or the participant faints they will be instructed to cool-down by walking at 2.0 
mph for 2 min. The participant will then be asked to lie down in a supine position with their feet 
elevated until symptoms are relieved.  
 
Abnormal blood pressure 
Blood pressure will be monitored during all maximal GXTs and exercise sessions. Testing will be 
terminated when blood pressure exceeds 260/115 mmHg, systolic pressure falls more than 20 
mmHg, or if systolic pressure fails to rise with an increase in exercise intensity.   
 
Mouthpiece/Equipment discomfort 
During maximal GXTs and exercise sessions participants will be required to wear a nose clip and 
breathe through a mouthpiece connected to a hose. The mouthpiece will be sized for the mouth of 
the participant. Headgear will be sized for the head of the participant. The hose connected to the 
mouthpiece will be supported to move with the participant. 
 
Latex allergy 
Latex gloves will be worn during blood draws for safety reasons. The participant will be asked 
about latex allergy. If the participant does have latex allergies, different gloves will be used. 
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Falling on treadmill 
The treadmills are equipped with handrails. The participant may grab on to the handrails if 
needed to help maintain balance. An investigator will also be nearby to assist the participant when 
necessary.  
 
Bruising 
The risk of bruising from blood draws will be small. Pressure will be applied to the site 
immediately after each blood draw. 
 
Hypoglycemia 
Hypoglycemia is possible after fasting and especially during exercise after fasting. Signs and 
symptoms include low body temperature, headache, confusion, cold sweat, and tremors. If signs 
and symptoms are observed the test will be terminated. A glass of orange juice will be given to 
the participant and will be monitored until symptoms are relieved.   
 
Loss of anonymity 
Anonymity cannot be guaranteed due to the nature of the study. Others may learn the participant 
is taking part in the study. 
 
  Confidentiality will be protected to the extent that is allowed by law. 
 
 The researchers will try to prevent any problem that could happen because of this 
 research. You should let the researchers know at once if there is a problem and  they 
 will help you. However, TWU does not provide medical services or financial assistance 
 for injuries that might happen because you are taking part in this research. 
 
 
Participation and Benefits 
Participation is completely voluntary and you may withdraw from the study at any time without 
penalty. Benefits from participation include providing participants with their lipid profile and 
how it responded in this research, VO2max info and a hard copy of the abstract. 
 
Results of the Research 
Participants will given a hard copy of the results of the project.  
 
Questions 
If you have any questions about the research study you may contact the investigator or advisor. If 
you have questions about your rights as a participant or the way the study is being conducted 
please contact the Texas Woman’s University Office of Research and Sponsored Programs at 
940-898-3378 or by email at IRB@twu.edu. You will be given a copy of this dated and signed 
consent form 
 
______________________________________ _________________ 
Signature of Participant     Date 
 
*Provide your email if you would like to receive the results of this study. 
 
______________________________________________ 
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Medical	History	Questionnaire	
This	form	contains	personal	information	and	will	be	kept	confidential.	This	for	will	allow	us	to	determine	your	safety	and	
eligibility	for	this	study	by	assessing	your	risk	classification	according	to	the	American	College	of	Sports	Medicine	(ACSM)	
recommendations	for	risk	classification.	Please	let	us	know	if	you	any	of	the	information	on	this	form	changes	once	it	is	signed.	
	

Name:_________________________	Age______	Occupation:______________________________	
	

Cardiovascular	Risk	Factors	
___	Have	heart	disease	
____You	are	a	man	45	years	old	or	older	
____You	are	a	woman	55	years	old	or	older	
____You	smoke	or	quit	smoking	within	the	previous	6	months	
____Your	blood	pressure	is	140/90	mmHg	or	higher;	value:__________	
____First	degree	relative	with	known	heart	disease/heart	surgery/deceased	before	age	55	(father/brother)	or	age	65	
(mother/sister)	
____You	are	physically	inactive	(less	than	30	min	of	activity	3	days	per	week)	
____You	have	a	BMI	higher	than	30;	value:___________	
____You	have	prediabetes	(Impaired	fasting	glucose	≥	100	mg/dl);	value:__________	
____You	had	a	cardiac	related	event	or	surgery		
____You	have	high	blood	cholesterol	(Total	Cholesterol	>	200	mg/dl,	LDL	≥	130	mg/dl,	HDL	≤	40	mg/dl);	
value:______________________________________	
_____On	lipid	lowering	medication	or	high	blood	pressure	medication		
	
Symptoms	
____You	experience	chest	discomfort	with	exertion	
____You	experience	pain	in	chest,	arm,	or	neck;	what	side	_____	
____You	experience	shortness	of	breath	with	exertion	
____You	experience	dizziness,	fainting,	or	blackouts	
____You	experience	ankle	swelling	
____You	have	burning	or	cramping	sensation	in	your	lower	legs	when	walking	a	short	distance	
____You	experience	a	rapid	heart	rate	
____Have	a	circulatory	disorder	
____You	take	heart	medications	
	
Medical	History	
____You	have	asthma	or	other	lung	disease	(Tuberculosis,	Emphysema,	COPD)	
____You	have	muscle/skeletal/	joint	problems	that	limit	your	physical	activity,	where	___________________________	
____You	are	pregnant	
____You	have	experienced	menopause	
____You	have	surgical	menopause	
____You	have	gas,	acid	reflux,	GI	tract	issue,	Gout,	ulcers,	indigestion,	hernia	
____You	had	a	blood	count,	metabolic	panel,	and	hormone	levels	checked	recently	
____You	take	prescription	or	over-the-counter	medications	
____You	experience	pain,	where	___________________________	
	



	 	 	
	

	 119	

Negative	Risk	Factor	
HDL	≥	60	mg/dl;	value:_________	

Participant	Signature:__________________________________	Date:_____________	
	
For Office Use Only: 
______ Sum of positive and negative CVD risk factors (ACSM, 2014) 

CVD Risk Classification (ACSM, 2014):____Low risk; ____Moderate risk; ____High risk 
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Descriptive	Data	Form

Name: Age:	 Sex: Healthy:

Sedendatry:

Lipid-Lowering	Meds:

Normal	Menstrual	Cycle:

Birth	Control:

Weight:	(.1	kg)

Height:

BMI:

Resting	Heart	Rate:

Maximal	Heart	Rate:

Face	Mask	Size:

Hydration	Requirement:
Give	Food	Log
Hydration	Remindmer



121

24	Hour	Food	Log Name

Time Food Amount
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Table	1

Exercise	Testing	Data
Time

Participant	1 2 4 6 8 10 11
HR 93 106 126 138 166 171
BP - 140/84 146/84 - - -
VO2 17.6 18 24 31.2 34.7 36.6
RER 0.9 0.96 1 1.02 1.04 1.11
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16% 3	mph,	20% 3	mph,	24%
RPE 2 5 - 8 10 10

Time
Participant	2 2 4 6 8 10 12 13:30
HR 103 105 121 132 151 171 180
BP 120/70 122/70 - 130/- 140/80 142/82 -
VO2 13.2 19 25.3 26.6 28.8 33.6 40.7
RER 0.85 0.82 0.93 0.94 0.96 1.04 1.08
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16% 3	mph,	20% 3	mph,	24%3.5	mph,	25%
RPE 2 - 2 3 5 7 10

Time
Participant	3 2 4 6 8 10 12 12:30
HR 105 115 127 144 166 181 193
BP 120/80 118/80 122/82 116/82 - 132/- -
VO2 12.5 21.2 25.1 29 35.1 39.5 41.6
RER 0.81 0.93 0.96 0.98 1.05 1.13 1.17
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16% 3	mph,	20% 3	mph,	24% 3	mph,	25%
RPE 2 2 3 4 5 8 9

Time
Participant	4 2 4 6 8 8:30
HR 131 152 172 181 185
BP 112/74 116/70 120/70 122/- -
VO2 13.6 19 22.9 25.6 26.6
RER 0.87 0.86 0.95 1.07 1.3
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16% 3	mph,	20%
RPE 2 3 4 7 10

Time
Participant	5 2 4 6 8 10 12
HR 108 120 133 158 172 184
BP - - - - - -
VO2 16.5 19.8 25 28.8 34.4 38.4
RER 0.82 0.85 0.89 0.99 1.07 1.18
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16% 3	mph,	20% 3	mph,	24%
RPE 1 1 2 2 4 10

Note: BP	=	blood	pressure	(mmHg),	HR	=	heart	rate	(bpm);	VO2	=	volume	of	oxygen	consumption	(mL/kg/min);	
RER	=	respiratory	exchange	ratio,	Intensity	=	speed/grade,	RPE	=	ratings	of	percieved	exertion,	time	=	minutes.	
Physiological	data	for	each	participant	during	the	graded	exercise	test.
The	final	number	in	the	column	under	time	is	the	final	time	point	during	the	exercise	test.
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Table	1

Exercise	Testing	Data
Time

Participant	6 2 4 6 8 10 11
HR 87 105 128 167 190 -
BP - - 142/80 146/84 - -
VO2 14 18.4 23 28.8 33.4 34.5
RER 0.83 0.93 0.98 1.03 1.09 1.14
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16% 3	mph,	20% 3	mph,	24%
RPE 2 2 4 7 10

Time
Participant	7 2 4 6 8
HR 140 163 183 192
BP 118/84 126/62 130/60 -
VO2 15 18.8 21.4 22
RER 0.85 0.93 1.09 1.08
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16%
RPE 5 7 9 10

Time
Participant	8 2 4 6 8 10
HR 118 124 160 177 196
BP - - - - -
VO2 15.7 19.5 21.4 26.5 29.3
RER 0.83 0.9 1.02 1.03 1.09
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16% 3	mph,	20%
RPE 1 1 4 7 9

Time
Participant	9 2 4 6 8 10
HR 101 113 121 135 160
BP - 130/- 132/70 140/82 -
VO2 14 17.9 22 30.6 31
RER 0.72 0.81 0.95 1.05 1.16
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16% 3	mph,	20%
RPE 2 2 4 7 9

Time
Participant	10 2 4 6 8
HR 118 144 160 172
BP 136/78 - - -
VO2 13.1 19.1 22.6 23.1
RER 0.93 0.95 1.07 1.12
Intensity 3	mph,	4% 3	mph,	8% 3	mph,	12% 3	mph,	16%
RPE 3 4 9 10

Note: BP	=	blood	pressure	(mmHg),	HR	=	heart	rate	(bpm);	VO2	=	volume	of	oxygen	consumption	(mL/kg/min);	
RER	=	respiratory	exchange	ratio,	Intensity	=	speed/grade,	RPE	=	ratings	of	percieved	exertion,	time	=	minutes.	
Physiological	data	for	each	participant	during	the	graded	exercise	test.
The	final	number	in	the	column	under	time	is	the	final	time	point	during	the	exercise	test.
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Table	2

400	Kcal	Exercise	Session	Data
Time

Participant	1 10 20 30 40 50 60 67
HR 133 129 139 115 115 120 120
BP 120/80 122/- 112/60 - 112/- - -
VO2 19 22.8 24.6 17.4 18.6 20 19.6
RER 0.99 0.91 0.96 0.81 0.81 0.81 0.85
KCcal/Min 6.5 7.1 9.1 5.7 6.1 6.5 6.5
Acc.	Kcal 49 129 195 233 293 353 400
Intensity 3	mph,	13% 3	mph,	13.5% 3	mph,	14.5% 3mph,	7.5% 3mph,	7.5% 3mph,	7.5% 3mph,	7.5%

Time
Participant	2 10 20 30 40 46
HR 137 113 113 112 113
BP - - - - -
VO2 30.5 19.9 21.1 21.1 19.1
RER 0.92 0.92 0.89 0.83 0.84
KCcal/Min 12.1 7.4 8.3 8.2 7.8
Acc.	Kcal 115 240 285 355 402
Intensity 3	mph,	17% 3	mph,	8% 3	mph,	8% 3	mph,	9% 3	mph,	9%

Time
Participant	3 10 20 30 40 44
HR 150 135 126 128 126
BP 120/84 - - - -
VO2 31.6 20 20.8 20 20.8
RER 0.94 0.91 0.84 0.86 0.81
KCcal/Min 12.8 8.3 8.2 7.9 8.1
Acc.	Kcal 96 215 292 386 396
Intensity 3	mph,	17% 3	mph,	8% 3	mph,	8.5% 3	mph,	8.5% 3	mph,	8.5%

Note: BP	=	blood	pressure	(mmHg),	HR	=	heart	rate	(bpm);	VO2	=	volume	of	oxygen	consumption	(mL/kg/min);	RER	=	respiratory	exchange	ratio	
RER	=	respiratory	exchange	ratio;	Kcal/Min	=	calories	per	minute;	Acc.	Kcal	=	accumulated	calories;	Intensity	=	speed/grade;	Time	=	minutes.
Physiological	data	of	each	participant	during	the	exercise	trial.



126

Table	2

400	Kcal	Exercise	Session	Data
Time

Participant	4 10 20 30 40 50 60 65
HR 159 167 149 147 145 145 145
BP - - - - - - -
VO2 17.7 19.1 13.6 13.8 14 14.5 12.2
RER 0.9 0.9 0.9 0.83 0.78 0.88 0.88
KCcal/Min 7.2 7.8 5.5 5.6 5.6 5.9 5
Acc.	Kcal 66 140 216 271 320 379 402
Intensity 3	mph,	6.5% 3	mph,	7.5 3	mph,	2% 3	mph,	2% 3	mph,	2.5% 3	mph,	2.5% 3	mph,	2.5%

Time
Participant	5 10 20 30 40
HR 159 147 138 138
BP - - - -
VO2 26.1 23.8 19.1 21.1
RER 0.89 0.84 0.81 0.8
KCcal/Min 11.6 10.4 8.3 9.2
Acc.	Kcal 111 232 318 402
Intensity 3	mph,	12% 3	mph,	8% 3	mph,	8% 3	mph,	8%

Time
Participant	6 10 20 30 40 46
HR 128 164 131 132 131
BP - - - - -
VO2 22.8 23.4 17.3 17.8 17.1
RER 0.91 0.92 0.82 0.87 0.89
KCcal/Min 11.1 11.1 8.2 8.6 8.3
Acc.	Kcal 85 182 276 347 398
Intensity 3	mph,	9% 3	mph,	11% 3	mph,	6% 3	mph,	6% 3	mph,	6%

Note: BP	=	blood	pressure	(mmHg),	HR	=	heart	rate	(bpm);	VO2	=	volume	of	oxygen	consumption	(mL/kg/min);	RER	=	respiratory	exchange	ratio	
RER	=	respiratory	exchange	ratio;	Kcal/Min	=	calories	per	minute;	Acc.	Kcal	=	accumulated	calories;	Intensity	=	speed/grade;	Time	=	minutes.
Physiological	data	of	each	participant	during	the	exercise	trial.
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Table	2

400	Kcal	Exercise	Session	Data
Time

Participant	7 10 20 30 40 50 60 70 80 83
HR 145 153 154 144 136 138 141 137 137
BP - - - - - - - - -
VO2 14.8 15.2 13 12.4 11.2 11.2 12.9 12.2 11.6
RER 0.96 0.93 0.9 0.91 0.86 0.82 0.83 0.82 0.79
KCcal/Min 5.9 6 5.1 5 4.4 4.4 5 4.3 4.6
Acc.	Kcal 52 112 149 206 251 298 343 394 398
Intensity 3	mph,	5% 3	mph,	5.5% 3	mph,	5.5% 3	mph,	2% 3	mph,	2% 3	mph,	2% 3	mph,	1.5% 3	mph,	1.5% 3	mph,	1.5%

Time
Participant	8 10 20 30 40 50 60 68
HR - 151 120 125 124 131 121
BP - - - - - - -
VO2 21.8 22.1 16.7 12.5 14.8 14.8 13.8
RER 0.96 0.92 0.93 0.81 0.84 0.83 0.85
KCcal/Min 7.6 7.2 5.7 4.2 5 5 4.7
Acc.	Kcal 71 147 206 260 311 360 399
Intensity 3	mph,	7% 3	mph,	7% 3	mph,	4% 3	mph,	2% 3	mph,	2% 3	mph,	2% 3	mph,	2%

Time
Participant	9 10 20 30 40 50 60 70 80 87
HR 112 121 118 110 106 108 108 107 107
BP - - - - - - - - -
VO2 19.3 20.1 20.7 15.9 15.2 15.4 14.5 16.4 14.7
RER 0.91 0.87 0.84 0.78 0.84 0.85 0.82 0.82 0.79
KCcal/Min 5.4 4 5.7 4.4 4.2 4.2 4.5 4.5 4
Acc.	Kcal 44 100 153 210 249 285 342 373 401
Intensity 3	mph,	8% 3	mph,	9% 3	mph,	10% 3	mph,	3,5% 3	mph,	4% 3	mph,	5% 3	mph,	5% 3	mph,	5% 3	mph,	5%

Note: BP	=	blood	pressure	(mmHg),	HR	=	heart	rate	(bpm);	VO2	=	volume	of	oxygen	consumption	(mL/kg/min);	RER	=	respiratory	exchange	ratio	
RER	=	respiratory	exchange	ratio;	Kcal/Min	=	calories	per	minute;	Acc.	Kcal	=	accumulated	calories;	Intensity	=	speed/grade;	Time	=	minutes.
Physiological	data	of	each	participant	during	the	exercise	trial.
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Table	2

400	Kcal	Exercise	Session	Data
Time

Participant	10 10 20 30 40 50 56
HR 114 116 118 104 106 106
BP - - - - - -
VO2 14.6 17 14.7 11.6 12.7 12.9
RER 0.94 0.93 0.91 0.93 0.92 0.9
KCcal/Min 9.9 8.5 6.8 7.4 5.1
Acc.	Kcal 79 147 229 295 358 399
Intensity 3	mph,	6.5% 3	mph,	7.5% 3	mph,	7.5% 3	mph,	2.5 3	mph,	1% 3	mph,	1%

Note: BP	=	blood	pressure	(mmHg),	HR	=	heart	rate	(bpm);	VO2	=	volume	of	oxygen	consumption	(mL/kg/min);	
RER	=	respiratory	exchange	ratio;	Kcal/Min	=	calories	per	minute;	Acc.	Kcal	=	accumulated	calories;	Intensity	=	speed/grade;	Time	=	minutes.
Physiological	data	of	each	participant	during	the	exercise	trial.
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Table	1.

Participants	Physiological	Characteristics
Participant 1 2 3 4 5 6 7 8 9 10
Gender Male Male Male Female Male Male Female Male Male Male
Age	(y) 25 28 26 37 31 29 26 22 28 28
Height	(cm) 175 185 191 173 178 180 163 173 168 185
Weight	(kg) 68.2 80.9 81.8 83.6 90.9 99.5 80.5 70 56.8 118.2
BMI	 22.9 22.9 22.5 28.1 28.4 30 30.2 23.4 20.2 34
Smoking	Status Smoker Smoker Non Non Non Non Smoker Smoker Smoker Smoker
Rest	SBP	(mmHg) 118 116 112 112 120 112 106 104 120 124
Rest	DBP	(mmHg) 80 60 76 78 84 68 50 68 70 80
Rest	HR	 63 75 82 63 69 57 77 69 70 68
Targeted	Max	HR 195 192 194 183 189 191 194 198 192 192
Max	HR	Achieved 171 180 193 185 184 190 192 196 160 172
RER	(CO2/O2) 1.11 1.08 1.17 1.13 1.18 1.14 1.08 1.09 1.16 1.12
VO2Max	 36.6 40.7 41.6 26.6 38.4 34.5 22 29.3 31 23.1
70%	of	VO2Max	 25.6 28.5 29.1 18.6 26.9 24.2 15.4 20.5 21.7 16.2
(70%)	Average	VO2	 24.9 29.8 28.5 18.6 26.3 22.5 14.2 21.4 20.5 14.7
50%	of	VO2Max	 18.3 20.4 20.8 13.3 19.2 17.3 11 14.7 15.5 11.6
(50%)	Average	VO2	 18.1 19.5 20.2 12.7 20.7 17.5 10.2 14.8 15.3 11.3
Exercise	time	 67 45 43 64 39 46 83 68 87 56

Note: BMI	=	body	mass	index;	SBP	=	systolic	blood	pressure;	DBP	=	diastolic	blood	pressure;		HR	=	heart	rate	(bpm);		
Targeted	Max	HR	=	(220	-	age);	Max	HR	Achieved	=	Max	HR	reached	during	exercise	test;		VO2	=	volume	of	oxygen	consumption;	
RER	=	respiratory	exchange	ratio	at	VO2	max;	Average	VO2	=	5	minute	averages	during	exercise	trial;	Exercise	time	=	minutes.	
This	table	contains	physiological	information	for	each	participant.
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Table	2.

Participant	Descriptive	Info

Physiological	Characteristics M	 ±	SD Min Max
Age	(y) 		28 		4 		22 		37
Height	(cm) 177 		9 163 191
Weight	(kg) 		83.0 17.2 		56.8 118.2
BMI	 		26.3 		4.5 		20.2 		34.0
Rest	SBP	(mmHg) 114 		6 104 124
Rest	DBP	(mmHg) 		71 10 		50 		84
Rest	HR	(bpm) 		69 		7 		57 		82
Max	HR	(bpm) 192 		4 183 196
VO2Max	(mL/kg/min)	 		32.4 		7.1 		22.0 		41.6
RER	at	VO2Max	(CO2/O2)	 				1.13 		0.04 				1.08 				1.18
70%	of	VO2Max	Achieved 		22.1 		4.9 		15.4 		29.1
50%	of	VO2Max	Achieved 		16.0 		3.5 			11 		20.8
Exercise	time	for	400	kcals	(min) 		59.8 16.8 			39 		87

Note: BMI	=	body	mass	index;	SBP	=	systolic	blood	pressure
DBP	=	diastolic	blood	pressure;		HR	=	heart	rate;		Max	HR	=	(220	-	age);
VO2	=	volume	of	oxygen	consumption	(mL/kg/min);	RER	=	respiratory	exchange	ratio.
This	table	contains	descriptive	data	for	all	participants.
Data	is	presented	as	mean,	standard	deviations,	min,	and	max	values.
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Table	1.
Composition	of	Serum	Lipids	and	Lipoproteins

				%	of	Total	Lipid				

Lipid/Lipoprotein Source Protein	%Total	Lipid	% TG Chol Phos Free	Chol 	Apolipoprotein
Chol Liver	and	diet 100 70-75 25-30

TG Diet	and	liver 100 100

Chy Intestine 	1-2 98-99 88 8 3 1 Major:	B-48,	B100
Minor:	A-I

VLDL Major:	liver 	7-10 90-93 56 20 15 8 Major:	B-100
Minor:	Intestine Minor:	A-I,	B-48

IDL Major:	VLDL 11 89 29 26 34 9 Major:	B-100
Minor:	chylomicron Minor:	B-48

LDL Major:	VLDL 21 79 13 28 48 10 Major:	B-100
Minor:	chylomicron Minor:	(a)

HDL	(3) Major:	liver	&	intestine 57 43 13 46 29 6 Major:	A-I
Minor:	VLDL	&	chy	rem

HDL(2) HDL	(3) 33 67 16 43 31 10 Major:	A-I

							Note:	Chol	=	Cholesterol;	TG	=	Triacylglycerol;	Chy	=	Chylomicron;	VLDL	=	Very-Low	Density	Lipoprotein;	IDL	=	Intermediate-Density	Lipoprotein;	
	Phos	=	Phospholipid;	 LDL	=	Low-Density	Lipoprotein;	HDL(3)	=	High-Density	Lipoprotein	3;	HDL(2)	=	High-Density	Lipoprotein	2.	Adopted	from	"Lipids,
Lipoproteins,	and	Exercise,"	by	J.	L.	Durstine,P.	W.	Grandjean,	C.	A.	Cox	and	P.	D.	Thompson,	2002,	Journal	of	Cardiopulmonary	Rehabilitation,	22,	p.	386.	
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Table	1

TC	Data
TOTAL	CHOLESTEROL	mg/dL	(Original)	 PV	Change PV	Change PV	Change
Participant PRE-CON POST-CON PRE-EX POST-EX PreCon/PostCon PreCon/PreEx PreCon/PostEx

1 172.1 184.6 184.1 187.9 -0.0322 0.1162 0.2586
2 217.8 221.5 206.6 194.4 0.069 0.6336 0.169
3 167 155 156.8 144 -0.1082 0.1244 0.0352
4 224.4 233.9 197.5 179.8 0.0784 -0.08745 0.1802
5 157 161.8 149.6 149.9 -0.0011 -0.16278 -0.1464
6 212.4 214.8 199.4 186.4 0.0641 0.0802 -0.0456
7 143.5 147.5 160.4 194.4 0.118 -0.3588 -0.2407
8 200.3 168.3 199.8 200.7 -0.1506 0.205 0.1589
9 236.2 232.9 227.7 237.1 0.3097 0.1042 0.2536
10 214.4 211.4 230.1 202.5 -0.114 -0.0531 -0.237

AVE 194.5 193.2 191.2 187.7

TOTAL	CHOLESTEROL	mg/dL	(PV	Corrected)
Participant PRE-CON POST-CON PRE-EX POST-EX

1 172.1 190.7 164.9 149.3
2 217.8 207.2 126.5 166.3
3 167 173.8 139.5 139.1
4 224.4 216.9 216.4 152.3
5 157 162.0 178.7 175.6
6 212.4 201.9 184.6 195.3
7 143.5 131.9 250.2 256.0
8 200.3 198.1 165.8 173.2
9 236.2 177.8 206.2 189.1
10 214.4 238.6 243.0 265.4

AVE 194.5 189.9 187.6 186.2

Note:	This	table	contains	the	original	TC	concentration,	plasma	volume	changes,	
and	plama	volume	corrected	TC	values	for	each	participant	during	each	trial.	
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Table	2

TG	Data
Triglycerides	mg/dL	(Original)	 PV	Change PV	Change PV	Change
Participant PRE-CON POST-CON PRE-EX POST-EX PreCon/PostConPreCon/PreEx PreCon/PostEx

1 51.9 64.3 50.8 45.4 -0.0322 0.1162 0.2586
2 71.0 60.0 53.0 69.4 0.069 0.6336 0.169
3 53.7 39.7 46.3 71.5 -0.1082 0.1244 0.0352
4 117.0 84.7 61.2 68.9 0.0784 -0.08745 0.1802
5 65.7 70.6 57.3 69.3 -0.0011 -0.16278 -0.1464
6 50.4 59.4 53.6 32.6 0.0641 0.0802 -0.0456
7 136.0 103.9 127.7 104.0 0.118 -0.3588 -0.2407
8 80.0 72.7 98.1 53.4 -0.1506 0.205 0.1589
9 68.8 100.5 59.0 46.2 0.3097 0.1042 0.2536
10 54.6 49.5 59.0 93.5 -0.114 -0.0531 -0.237

AVE 74.9 70.5 66.6 65.4

Triglycerides	mg/dL	(PV	Corrected))	
Participant PRE-CON POST-CON PRE-EX POST-EX

1 51.9 66.4 45.5 36.1
2 71.0 56.2 32.5 59.4
3 53.7 44.5 41.2 69.1
4 117.0 78.6 67.1 58.4
5 65.7 70.7 68.4 81.2
6 50.4 55.8 49.6 34.1
7 136.0 92.9 199.1 137.0
8 80.0 85.6 81.4 46.1
9 68.8 76.7 53.4 36.8
10 54.6 55.8 62.3 122.5

AVE 74.9 68.3 70.0 68.1

Note:	This	table	contains	the	original	TG	concentration,	plasma	volume	changes,
and	plama	volume	corrected	TG	values	for	each	participant	during	each	trial.	
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Table	3

HDL-C	Data
HDL	CHOLESTEROL	mg/dL	(Original)	 PV	Change PV	Change PV	Change
Participant PRE-CON POST-CON PRE-EX POST-EX PreCon/PostConPreCon/PreEx PreCon/PostEx

1 77.7 77.8 70.2 82.3 -0.0322 0.1162 0.2586
2 61.6 53.3 59.0 72.2 0.069 0.6336 0.169
3 25.3 25.9 25.2 19.8 -0.1082 0.1244 0.0352
4 50.9 52.2 54.7 53.3 0.0784 -0.08745 0.1802
5 48.6 52.6 47.2 47.2 -0.0011 -0.16278 -0.1464
6 37.5 21.8 51.2 47.0 0.0641 0.0802 -0.0456
7 25.4 31.4 38.5 49.0 0.118 -0.3588 -0.2407
8 30.2 24.9 35.8 42.8 -0.1506 0.205 0.1589
9 70.3 73.9 86.0 76.7 0.3097 0.1353 0.2536
10 35.2 28.5 41.4 30.4 -0.114 -0.0531 -0.237

AVE 46.3 44.2 50.9 52.1

HDL	CHOLESTEROL	mg/dL	(PV	Corrected)
Participant PRE-CON POST-CON PRE-EX POST-EX

1 77.7 80.4 62.9 65.4
2 61.6 49.8 36.1 61.8
3 25.3 29.1 22.4 19.2
4 50.9 48.4 59.9 45.2
5 48.6 52.7 56.4 55.3
6 37.5 20.5 47.4 49.2
7 25.4 28.1 60.1 64.5
8 30.2 29.3 29.7 36.9
9 70.3 56.4 75.8 61.2
10 35.2 32.2 43.8 39.9

AVE 46.3 42.7 49.4 49.9

Note:	This	table	contains	the	original	HDL-C	concentration,	plasma	volume	changes,
and	plama	volume	corrected	HDL-C	values	for	each	participant	during	each	trial.	
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Table	4

LDL-C	Data
LDL	CHOLESTEROL	mg/dL	(Original)	 PV	Change PV	Change PV	Change
Participant PRE-CON POST-CON PRE-EX POST-EX PreCon/PostConPreCon/PreEx PreCon/PostEx

1 84.06 93.9567 103.7013 96.48272785 -0.0322 0.1162 0.2586
2 141.9593 156.2221 137.0022 108.3164 0.069 0.6336 0.169
3 130.9601 121.1203 122.3895 109.8637 -0.1082 0.1244 0.0352
4 150.116 164.732 130.6043 112.682 0.0784 -0.08745 0.1802
5 95.2661 95.0587 90.9668 88.8428 -0.0011 -0.16278 -0.1464
6 164.8405 181.1442 137.5365 132.9069 0.0641 0.0802 -0.0456
7 90.9218 95.3414 96.3561 124.595 0.118 -0.3588 -0.2407
8 154.073 128.856 144.3937 147.1929 -0.1506 0.205 0.1589
9 152.1985 138.9482 129.8907418 151.1459 0.3097 0.1042 0.2536
10 168.3051 172.9955 176.8634 153.3684 -0.114 -0.0531 -0.237

AVE 133.3 134.8 127.0 122.5

LDL	CHOLESTEROL	mg/dL	(PV	Corrected)
Participant PRE-CON POST-CON PRE-EX POST-EX

1 84.1 97.1 92.9 76.7
2 142.0 146.1 83.9 92.7
3 131.0 135.8 108.8 106.1
4 150.1 152.8 143.1 95.5
5 95.3 95.2 108.7 104.1
6 164.8 170.2 127.3 139.3
7 90.9 85.3 150.3 164.1
8 154.1 151.7 119.8 127.0
9 152.2 106.1 117.6 120.6
10 168.3 195.3 186.8 201.0

AVE 133.3 133.6 123.9 122.7

Note:	This	table	contains	the	original	LDL-C	concentration,	plasma	volume	changes,
and	plama	volume	corrected	LDL-C	values	for	each	participant	during	each	trial.	
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Lipid Graphs 
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Figure 1

This graph shows the response of TC to each trial. 
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Figure 2

This graph shows the response of TG to each trial. 
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Figure 3

This graph shows the response of HDL-C to each trial. 
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Figure 4

This graph shows the response of LDL-C to each trial. 
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