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Postprandial lipemia (PPL) is an exaggerated elevation in the blood triglyceride 

levels during the hours that follow a meal. In the Western world, most of the population 

lives in an absorptive state for at least 16 hours a day; therefore, measuring one's blood 

triglyceride concentration after a meal maybe more accurate representation of the total 

triglyceride exposure to the arterial wall over a 24-hour period. Seven male participants 

between 25 and 55 years of age who did not regularly engage in physical activity or 

exercise performed three treadmill exercise sessions and one control session where heart 

rate, average oxygen consumption, excess post-energy expenditure, and exercise energy 

expenditure were measured. The exercise session was customized to each participant to 

expend 500 kcal at 70-80% maximal oxygen consumption to represent a high intensity 

session and 40-50% to represent a low-intensity session. During the fourth experimental 

condition, the participant exercised at higher intensity to expend 500 kcals again. 

Immediately after this session, the participants consumed a meal that had a caloric value 

equal to the difference in calories spent in the hours after the lower and higher intensity 



 
 

exercise sessions to determine if the additional energy expenditure after higher intensity 

exercise explains or accounts for the different responses in postprandial lipids and 

vascular function that occurs with higher intensity exercise. Heart rate, blood pressure 

and oxygen consumption were collected before, during, and after the exercise session, 

until the participants were back to their pre-exercise values. Once at pre-exercise values, 

a high-fat shake is given to the participant and blood was drawn at 0, 2, 4, and 6 hours. 

The data is used to compare the initial effects of high-intensity and low-intensity exercise 

on PPL, vascular function, oxygen consumption and energy consumption after a meal. 

Although intensities between exercise conditions were different, our preliminary findings 

indicate that there are no differences in oxygen consumption. 
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CHAPTER ONE 
 

Introduction 
 
 

 Postprandial lipemia (PPL) is an exaggerated elevation in the blood triglyceride 

levels during the hours that follow a meal. Generally, triglycerides are measured in a 

fasting state in order to reduce variability that is often seen when measured 

postprandially. Recent studies have shown that non-fasting triglycerides when measured 

randomly during the day actually have a very modest variation. This form of 

measurement is more conducive since large majorities of people, especially in the 

Western world, are actually in an absorptive state for at least 16 hours per day. A fasting 

state is classified as at least 8 hours since one’s last meal, but most individuals are only in 

a fasting state for a few hours in the morning. Therefore, it can be argued that a non-

fasting triglyceride concentration is more accurate illustration of the total triglyceride 

exposure to the arterial wall over a 24-hour period. Due to the number of meals and 

snacks one consumes throughout the day, PPL tends to have a long duration, which leads 

to significant and prolonged changes in plasma lipoprotein levels. Both fasting and non-

fasting triglyceride levels are associated with risk of cardiovascular events; but it is the 

non-fasting triglyceride level has a strong independent relationship with risk in 

cardiovascular function (5). Kolovou et al. (6) reported that non-fasting triglycerides, 

when they are greater than or equal to 440 mg/dl had a 17 and 5 fold risk of myocardial 

infarction in women and men, respectively.  

Exercise and diet are important factors that influence PPL (6). Diet directly 

affects PPL. Increasing the ingestion of fat-rich nutrients leads to increased absorption of
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 fat in the small intestine and therefore a greater PPL level (2). Repeated episodes of PPL 

cause endothelial dysfunction and leads to the development of atherosclerosis (6). The 

ingestion of high-fat meals is found to have detrimental effects on vascular function 

through increased lipid peroxidation (8), which is the oxidative degradation of lipids. It is 

suggested that high-fat loads may increase free radical production in the vasculature (2), 

which in turn can inactivate endothelial-derived nitric oxide (NO), therefore decreasing 

NO bioavailability causing endothelial dysfunction and arterial stiffening (2). Therefore, 

endothelial function is measured as an index of vascular integrity. The regulation of 

systemic vascular tone is perhaps the most documented activity of NO in the human body 

(2). Endogenous NO production is closely associated with the control of blood pressure. 

It has been suggested that the correlation between the ingestion of a high-fat load and 

vascular function is because a single high-fat meal can significantly impair vascular 

function due to the increase in the oxidative stress mechanism, exhibited by an increase 

in lipid hydroperoxides (LOOH) levels during the postprandial period (2).  

Exercise plays an important role in the correlation between the ingestion of high 

fat loads and vascular function. The mechanisms through which exercise could counteract 

the detrimental effects of the ingestion of a high-fat load are multifactorial (12). Exercise 

training may facilitate arterial adaptations leading to an improvement in endothelial 

function (12). This increase in blood flow increases the regulation of endothelial NO 

synthase expression, which increases the capacity of endothelial cell to release NO.  

Clegg et al. (2) tested exercise and postprandial lipemia and its effects on peripheral 

vascular function, oxidative stress, and gastrointestinal transit. After ingesting a high-fat 

meal, there appeared to be no difference in LOOH levels at 4 hours postprandially 
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compared to the baseline when a participant exercised at moderate intensity before 

ingesting the high-fat meal. This lack of difference represents a decrease in oxidative 

stress levels as a result of exercise. This is also seen when compared to the control group 

(no exercise before eating) who had LOOH levels significantly increase compared to 

their baseline levels. 

It has also been hypothesized that exercise can increase the levels of ambient 

superoxide dismutase (SOD). SOD is an enzyme that catalyzes the breakdown of 

superoxide into oxygen and hydrogen peroxide, which can prevent the increase in LOOH 

levels, especially after a high-fat meal. SOD levels can also potentially increase NO 

bioavailability (2). 

The amount and quality of the fatty meal being ingested has an effect on PPL as 

well. Through experimental testing with different amounts of dietary fat, it is proposed 

that 15 gram of fat or less is a threshold level of dietary fat that does not overwhelm the 

clearance capacity of the body and therefore, does not change the postprandial circulation 

of lipoproteins (2). Unfortunately, in today’s society, most meals have 20-40 g of fat and 

a person normally eats about 3-4 meals a day, therefore most people are in a PPL state 

most of the day.  

The types of fatty acids affect one’s triglyceride level. Short or medium dietary 

saturated fatty acids do not affect PPL levels much because they enter through the portal 

route going to the liver (instead of through chylomicron particles that bypass liver 

circulation and go in the blood). A few long chain fatty acids like palmitic and stearic 

acid, monounsaturated fatty acids, and linoleic acid also do not have a large impact on 

PPL. This is suspected to be due to the positional distribution of fatty acids within the 
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dietary triglyceride molecule that can control digestive lipases on triglyceride and 

changes the properties of triglyceride structures with alterations in emulsion droplet size 

(2). Altering the emulsion droplet size of triglycerides affects their path of entry into the 

vessel and therefore affect how and if it will be broken down in the body (2).  

Different types of molecules also affect PPL level. The ingestion of high levels of 

dietary cholesterol (280 or 700 mg per meal) was found to amplify the increase in PPL, 

especially the chylomicron triglyceride rise (2). Carbohydrates were also found to 

influence PPL; specifically, sucrose or fructose consistently displayed a significant 

increase in PPL. Fortunately, dietary fiber has been shown to moderately reduce PPL and 

chylomicron lipids (2). 

Many studies have shown that an exaggerated PPL is seen in patients with 

coronary heart disease, metabolic syndrome, hypertension, and diabetes mellitus (3). The 

postprandial state shows an accumulation of triglyceride-rich lipoprotein remnants. 

Theses remnant particles are involved in atherosclerosis due to their ability to transport 

cholesteryl ester through and accumulate in the vessel wall, becoming harmful to the 

endothelial cells of the vessel wall. Hypertriglyceridaemia is also accompanied by low 

concentrations of high-density lipoproteins (HDL) and raised levels of small density low-

density lipoprotein (LDL) particles that are more susceptible to oxidation than buoyant 

LDL (5). Due to its association with impaired endothelium-dependent vasodilatation, the 

vascular ultrasound is used as a measurement tool. The vascular ultrasound technique is 

based on the principle that shear stress on the vessel wall, resulting from enhanced blood 

flow after forearm ischemia, induces an increase in arterial diameter (3). The vascular 

ultrasound was used as an indirect measurement device for NO and, consequently, PPL. 
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When NO is released by the endothelium, it acts as a strong vasodilator, inhibiting 

platelet aggregation, decreasing capillary permeability and inhibiting vascular smooth 

muscle proliferation (2). The blood test is used as the direct form of measuring PPL.
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CHAPTER TWO 
 

Methods 
 
 

Preliminary Screening Procedures 
 

The participants changed into shorts and a t-shirt so that their height, weight and 

waist circumference can be measured. Their body composition (e.g., lean and fat tissue) 

was measured by dual-energy x-ray absorptiometry (DXA). The participants were fitted 

with surface electrodes on their chest to track the hear rate for 10 minutes while the 

participants were in a supine position. During this time, blood pressure was measured.  

The participant engaged in a standardized maximal graded exercise test (e.g., 

Bruce Protocol Stress Test) on a treadmill to determine the participant’s cardiovascular 

fitness and VO2 max. This test begins at an easy pace and increases the speed and grade 

of the treadmill every 3 minutes. Throughout the test, blood pressure, heart rate and 

respiratory gasses were monitored; heart rate and blood pressure were recorded every 3 

minutes. The test was stopped at the participant’s request once they felt they could not 

continue. The test generally lasts about 6 to 12 minutes and the results were used to 

characterize the participant’s cardiovascular fitness and calculate the appropriate exercise 

intensities for the experimental exercise sessions. 

 
Background Information on Procedures 

 
The participants engaged in a 500 kcal workout. The 500 kcal workout was 

personalized to the participant. The high-intensity exercise session is at 70-80% VO2 max 

and the low-intensity exercise session at 40-50% VO2 max. Before beginning the exercise



7 
 

session, the resting oxygen level was taken with a portable respiratory gas analysis 

system and the resting heart rate was taken. This was done for about 15 minutes.  

Five blood samples were taken: before exercise, after exercise and then 2, 4, and 6 

hours after exercise. 4 capillary tubes were filled from every blood sample to check the 

hematocrit and plasma levels (how thick the blood is) at each blood draw. vacutainers (or 

blood collecting tubes) were placed in ice to speed up the clotting process and to stop any 

metabolic exchanges that were happening.  

The blood was put into 3 vacutainers, one with a purple top which was infused 

with K+EDTA and the other two had red tops that indicated they were not infused with 

anything. The red topped vials had clots after being frozen and it is thought that this 

happened because it was put on ice so fast, as a result clots from each vacutainer were 

taken out and placed in a new vacutainer. These 2 tubes then ended up hemolyzed and the 

third (with clots) was not hemolyzed but ends up with large white clotting factors in the 

tube. The serum was taken out and frozen. Hemolysis is the breaking down of RBC with 

the liberation of hemoglobin, gives serum a darker red look. Plain (without anticoagulant 

or clotted) samples were used to provide serum for serology and most biochemistry or 

endocrine assays. Serum is plasma without fibrinogen since the fibrinogen has been used 

in the formation of the clot.  

K+EDTA is the standard anticoagulant used for hematology, because it preserves the 

cellular components of the blood. K+EDTA was used to measure insulin. 

 
Exercise Sessions 

 
For a control trial, the participants began by sitting as their oxygen consumption is 

measured for 15 minutes in order to calculate a base line for their resting oxygen 
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consumption. A catheter was then placed into the participants’ arm to avoid multiple 

needle sticks. Blood was drawn from the participants at the zero hours, two hours, four 

hours and six hours. Two 10 ml vacutainer and a 4 ml K+EDTA vacutainer were filled with 

blood. 

To examine the hematocrit of the blood, four capillary tubes were inserted into the 

4 ml vacutainer until blood reached the marked line. These capillary tubes were used to 

calculate hematocrit levels. The capillary tubes were placed in the microhematocrit 

centrifuge to be spun for 15 minutes. All vacutainers were placed in a tub of ice for 30 

minutes to speed up the clotting process and slow down the metabolic interactions 

between cholesterol ester, triglycerides, and glucose uptake by red blood cells. While 

waiting for the vacutainers to be done spinning, the capillary tubes finished spinning. The 

blood was separated into hematocrit and plasma. The hematocrit was measured with a 

hematocrit reader.  

After 30 minutes, the vacutainers were placed in a large centrifuge to be spun for 

10 minutes. After 10 minutes, the vacutainers were removed from the centrifuge and it 

was clearly seen that the blood was separated into hematocrit and plasma. The plasma 

was taken from 4 mL K+EDTA vacutainer and dispersed among 2 centrifuge containers. 

The 10 mL vacutainers usually had a clot that was removed and placed in an empty 10 

mL vacutainer. Three vials were spun again with an additional vial used to balance the 

unpaired vial. After 10 minutes the plasmas were taken from the 3 vials and dispersed 

among 5 centrifuge containers. The centrifuge containers were placed in a plastic bag and 

placed in the freezer.  



9 
 

During a low intensity exercise, the participant walked on a treadmill in order to 

expend 500 calories at 40 to 50% of his heart rate reserve. During a high intensity 

exercise session, the participant walked or jogged on the treadmill in order to expend 500 

calories at 70 to 80% of his heart rate reserve. The time of this exercise session was 

generally between 70 to 90 minutes for a low intensity session and about 45 to 60 

minutes for a high intensity session; it was specifically calculated for the participant. 

Fifteen minutes before the end of the exercise session, the excess post-exercise oxygen 

consumption mask is placed on the participant so respiratory gasses could be measured 

from exercise to rest. The participant sat quietly for up to two hours or until he reached 

his pre-exercise measurement of respiratory gasses. A blood sample was drawn and the 

timer for six-hour postprandial blood sampling began. Immediately following post-

exercise respiratory gas measurements, the participant drank/ate the high-fat (1000 

calorie) milkshake and underwent the six-hour postprandial blood sampling.  

The fourth experimental condition replicated a high intensity exercise session, 

except the respiratory gasses were not measured after the exercise session, and instead, a 

small meal, with caloric content equal to the difference in calories spent in the hours after 

the lower and higher intensity exercise session, was given to the participant. This 

condition was done to determine if the additional energy expenditure after high intensity 

exercise explains or accounts for the different responses in postprandial lipids and 

vascular function that occurs with high intensity exercise.  

 
Dietary and Activity Journal 

 
The participants were asked to keep complete records of their diet and physical 

activity for the two days leading up to each experimental condition. This was done to 
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ensure that the participants followed the same daily diet and physical activities prior to 

and during each experimental condition, so that the difference in diet, nutrient intake, and 

physical activity did not affect the data collected. 

 
Statistical Analysis 

 
The data was summarized with session means and variance was presented as 

standard error. The level of significance for all tests was set at p < 0.05. One-way 

analysis of variance (ANOVA) tests were conducted, to evaluate and analyze the 

differences between the data of the low intensity exercise sessions and the high intensity 

exercise session.
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CHAPTER THREE 
 

Results 
 
 

Table 1.  
Average Intensity, Exercise Time, Exercise Energy Expenditure, Oxygen Consumption, 
EPOC and Heart Rate for High and Low Intensity Exercise Sessions  
 Low  High  P-Value  
Intensity	  (%	  of	  VO2	  peak)	   39.89 + 2.41 70.01 + 4.36 0.00 
Exercise	  Time	  (min) 73.64 + 5.23 47.5 + 4.57 0.00 
Exercise	  Energy	  Expenditure	  (kcals) 500.31 + 1.05 500.49 + 1.75 0.84 
Oxygen	  Consumption	  (mL/kg/min) 13.84 + 2.61 21.51 + 4.02 0.00 
EPOC 7.05 + 7.20 11.44 + 11.72 0.12 
Heart	  Rate 113.43 + 15.52 149.14 + 15.61 0.00 

 
The results have not been processed at the time of this publication and will be 

processed in Summer 2013. The initial data from the exercise sessions were used to draw 

conclusions about the results of the exercise sessions. The results showed, as expected, 

the high intensity exercise session compared to the low intensity resulted in a higher 

average oxygen consumption, EPOC and heart rate. The mean intensity of the high-

intensity exercise session is 70.1%. The mean intensity of the low-intensity exercise 

session is 39.89%. The mean of the average oxygen consumption, EPOC, and heart rate 

for the high intensity exercise sessions is 21.5 mL/kg/min, 11.44 L/min, and 149.14 bpm, 

respectively. The mean average oxygen consumption, EPOC, and heart rate for the low 

intensity exercise session is 13.8 mL/kg/min, 7.05 L/min, and 113.43 bpm, respectively. 

These results were expected and can be attributed to the different intensities in exercise. 

Surprisingly, for the difference in EPOC, the t-test resulted in a p-value>0.05 (p=.1228), 

concluding that there was no difference in EPOC between the high intensity and low 

intensity exercise session.
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CHAPTER FOUR 
 

Discussion 
 
 

The increase in oxygen uptake in the recovery period after exercise is referred to 

as the excess post-exercise oxygen consumption (EPOC), which is influenced by certain 

factors that include body core temperature, intensity of exercise, duration of exercise, 

lactate metabolism and heart rate recovery (11). There are many studies about the 

relationship between EPOC and exercise intensity, some show a positive correlation 

between EPOC and intensity, while others find no correlation. Some studies involve 

trained individuals while others only have sedentary participants. We expected the results 

of the experiment to show that with increased intensity, the EPOC would increase; 

therefore, the high-intensity sessions would not only differ from the low-intensity 

sessions, but also be greater.  

Gore and Withers (4) had participants engage in a walk for 20 minutes at 30% of 

VO2 max and an 80 minute run at 70% of VO2 max. They found an exponential 

relationship between exercise intensity and the magnitude of EPOC.  They calculated that 

intensity explained five times more of EPOC than duration or total work completed. 

Intensity, according to Gore and Withers, accounted for 45.5% of the variation in EPOC. 

The duration of exercise, and the interaction between intensity and duration accounted 

only for 8.9% and 7.7%, respectively. The results did not show this, and instead resulted 

in the EPOC levels that do not differ between the high and low-intensity sessions. This 

can be explained by a variety of different theories. A possible explanation is that this is 

because the participants lived sedentary lifestyles and as a result, had a maximal oxygen
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consumption that would be easily reached without differentiation between high and low 

intensity exercise. Caloric expenditure could also be a reason for EPOC levels showing 

no statistical difference. Five hundred kcal may not be enough of a caloric expenditure to 

create a difference in EPOC despite the intensities.  

Another theory that can explain the results comes from Tomoaki et al. (11).  This 

experiment used 10 healthy men to complete three exercise sessions: Sprint interval 

training, high-intensity interval aerobic training and continuous aerobic training. The 

study shows that there is no significant difference in EPOC between high-intensity 

interval aerobic training and continuous aerobic training. This explains the results when it 

is taken into consideration that most of the participants in the high-intensity exercise 

could not keep their VO2 max at a constant state and the participants fluctuated above 

and below the 70-80% intensity that was calculated. The study does note that sprint 

interval training clearly had a significantly greater EPOC compared to the other three 

sessions. 

Thornton and Rossi (9) compared two different resistance-training intensities on 

excess post-exercise oxygen consumption in overweight African American women and 

found similar EPOC responses despite the difference in modes of exercise. The study 

found that resistance training at either a low or high intensity with an equated work 

volume produced similar exercise and post-exercise oxygen consumption for overweight 

African American women. These results contradicted a similar study by Thornton and 

Potteiger (10) which found subjects with a higher fitness level and lower fat mass to have 

a significant difference in EPOC between high and low resistance training exercise 

regimen. One explanation could be that because of their fitness level and experience, 
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subjects in the previous study may have felt more comfortable pushing themselves harder 

during the workout. In our study this would account for the lack of significant difference 

in EPOC if the participants did not push themselves in the Bruce protocol stress test 

during the preliminary screening, which would give us a less than accurate VO2 max. A 

less accurate VO2 max can cause a less accurate intensity and caloric expenditure to be 

calculated. Due to the curvilinear relationship (proposed by Borsheim and Bahr (1)) 

between the magnitude of EPOC and the intensity of the exercise, a less than accurate 

VO2 max can account for a less than significant difference in EPOC between the high 

and low intensity sessions. 

Studies comparing EPOC for different fitness levels and EPOC for different 

intensities have found varying results. Therefore, it is not clear if fitness level or intensity 

of exercise influences the lack of difference in EPOC. Overall, studies comparing various 

protocols and intensities of exercises have found the long-duration, high intensity, split 

sessions or higher work volumes will produce the greatest magnitude and volume of 

EPOC, but mode of aerobic exercise does not have a significant impact on EPOC. 

Resistance-training sessions has also been shown to produce a greater EPOC than aerobic 

exercise of equal work volume.
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