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Abstract 

Elevated postprandial triglycerides contribute to the development of cardiovascular disease. Prior 
exercise is a well-established method to lower postprandial triglycerides; however, most exercise 
protocols involve prolonged aerobic exercise of sixty to ninety minutes which is not attainable by the 
general population. PURPOSE: The present study investigates the effect of high intensity interval training 

(HIIT) of twenty minutes and resistance training of thirty minutes on postprandial triglycerides. 
METHODS: Approval for this study was obtained from the Institutional Review Board of the University 

and signed informed consents were provided by all participants. Thirty healthy college-age students (5 
males, 25 females) were recruited from nutrition and exercise science courses. All subjects completed the 
control, HIIT, and resistance protocols one week apart. Subjects performed the exercise protocols 12-16 
hours prior to an oral fat tolerance test (milkshake, 1 g of fat per kg of body weight). Each exercise 
session was supervised; high intensity interval training consisted of four 30 second sprints with 4 minutes 
of walking recovery and the low-volume resistance training consisted of six machine-based lifts, 2 sets of 
8 repetitions at 75% of one repetition maximum. Postprandial triglycerides were measured at baseline 
and three hours following consumption of the milkshake using the CardioChek PA blood analyzer. Data 
was analyzed using a three way repeated measures ANOVA statistical test. RESULTS: The means are 
as follows for each treatment and time point (baseline, and postprandial respectively): Control 107 +/- 49, 
140 +/- 73 mg/dL; HIIT 93 +/- 34, 122 +/- 59 mg/dL; and Resistance 108 +/- 47, 144 +/- 64 mg/dL. A 
significant effect of treatment was noted indicating that HIIT TG values were lower than control (p=0.027); 
however, the treatment and time interaction was not significant (p=0.699). CONCLUSION: Twenty 
minutes of HIIT provided a sufficient energy deficit to significantly lower fasting and postprandial 
triglyceride values in a healthy, college-age population. Thirty minutes of low volume resistance training 
did not alter fasting or postprandial triglycerides in comparison to control values. 

Introduction 

 Cardiovascular disease (CVD) is the leading cause of death in the United States, accounting for 
23.5% of deaths in the most recent CDC survey [1]. Elevated serum cholesterol has historically been 
blamed as the predominant pathology of CVD [2]. Newer research demonstrates the importance of 
triglycerides in the pathophysiological processes implicating elevated postprandial triglycerides as an 
independent marker of CVD risk [2-4]. Postprandial triglycerides are of interest as a majority of modern 
life is spent in a postprandial state. Past research demonstrates the effectiveness of prior exercise at 
lowering postprandial triglycerides and therefore risk of CVD.   

 Prolonged aerobic exercise is the most studied form of exercise for lowering postprandial 
triglyceride responses. The majority of studies involving prolonged aerobic exercise use walking or other 
low to moderate intensity aerobic exercises, such as cycling for sixty to ninety minutes [5]. Past studies 
noted significantly lower postprandial triglyceride values and triglyceride area under the curve with prior 
exercise as compared to control with attenuations as high as 30% [6-9]. Prolonged aerobic exercise is 
effective in both healthy and hyperlipidemic populations [6, 8]. Implementing prolonged exercise protocols 
such as 60-90 minutes of walking is difficult due to the significant time commitment. ACSM guidelines 
recommend a minimum of thirty minutes of exercise per day, far less than the 60-90 minute sessions that 
were effective [10]. Twenty to thirty minutes of exercise at or above 65% of maximum heart rate lowered 
postprandial triglyceride area under the curve by 30% and postprandial triglyceride peak; however, 
maintaining high intensity levels for twenty to thirty minutes is difficult for many populations, particularly 
untrained individuals who are at a higher risk for hyperlipidemia and CVD [11, 12].  
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High intensity interval training (HIIT) consists of short bouts of high intensity activity (sprints) 
followed by a recovery period consisting of low to moderate activity. This cycle is repeated multiple times 
in a single training session and is typically performed on a cycle ergometer/bike or by running/walking. 
HIIT for twenty to thirty minutes is as effective as prolonged aerobic exercise at improving multiple 
markers of aerobic fitness [13-17]. The effect of acute HIIT sessions on postprandial triglycerides is 
equally comparable, though not as well studied [18-21]. HIIT provides an alternative, low time 
commitment exercise protocol that doesn’t require prolonged bouts of high intensity exercise and is 
increasingly recommended to all populations. Elucidating the minimum time and intensity required for 
effective triglyceride lowering is an important next-step in determining the utility of HIIT [22]. 

 Resistance exercise contributes to health maintenance by increasing muscle and bone strength. 
The American College of Sports Medicine (ACSM) recommends two to three, 30 minute sessions of 
resistance exercise per week [10]. Resistance training of sixty to ninety minutes lowers postprandial 
triglycerides with similar effectiveness to prolonged aerobic and HIIT exercise [5, 23-26]. Both high and 
moderate intensity protocols lowered postprandial triglyceride area under the curve equally well, by an 
average of 30% [25].The prolonged nature and moderate to high intensity of the previously employed 
protocols is unattainable for the general population and exceeds ACSM minimum recommendations [10]. 
Further examination of lower intensity and shorter resistance exercise protocols for inducing lower 
postprandial triglycerides may lead to more realistic training interventions for the general population.  

 The purpose of the present study is to further examine the triglyceride lowering effects of shorter 
and lower intensity HIIT and resistance exercise protocols that are more widely attainable. The exercise 
protocols used in the present study are consistent with minimum ACSM exercise recommendations, 
allowing for the validation of these recommendations in the realm of triglyceride and CVD risk lowering. 
Confirming the effectiveness of HIIT and low volume and intensity resistance exercise is clinically relevant 
as providers seek to prescribe reasonable exercise interventions to patients at risk for CVD. 

Methods 

Subjects 

 Subjects were recruited from nutritional biochemistry and exercise science and sports studies 
courses offered at the College of Saint Benedict and Saint John’s University. All were healthy and 
between the ages of 18 and 23. Subjects signed an informed consent and the study was approved by the 
Institutional Review Board of the College of Saint Benedict and Saint John’s University.  

Study Design 

 The study was cross-over in nature with subjects acting as their own controls. All subjects 
participated in three trials, a non-exercise control, HIIT, and resistance exercise (RE) with at least five 
days between each trial. Data was collected over two days with the exercise protocols being performed 
12-16 hours prior to the oral fat tolerance test (OFTT). Subjects were instructed to consume similar diets, 
avoid alcoholic beverages, and refrain from exercise for 24 hours prior to the OFTT. Subjects provided a 
diet log to the research team including all foods consumed during this 24-hour period. Diet logs from all 
three trials were compared by research staff to ensure consistency in diet. Subjects were asked to fast for 
at least four hours prior to the OFTT. Fasting blood triglyceride levels were assessed immediately prior to 
the OFTT. Postprandial blood triglyceride levels were evaluated three hours following consumption of the 
OFTT. Subjects completed a post-survey regarding normal exercising habits, total fasting time prior to the 
OFTTs, and medications that could alter blood triglycerides. Participants were also asked if they 
consumed food between the exercise protocol and OFTT.   

Exercise Protocols 

 All exercise sessions were supervised by the research team to ensure proper participation by all 
subjects. All sessions commenced with a dynamic warm-up consisting of a slow jog for 200 meters and 
light stretching. The HIIT protocol consisted of a thirty second sprint at maximal effort followed by four 
minutes of recovery consisting of a brisk walk. The HIIT protocol was similar to [21] but was performed on 
an indoor running track instead of a cycle ergometer. Subjects were introduced to the lifting protocol and 
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instructed in proper form forty-eight hours prior to the resistance exercise protocol. One-repetition 
maximums were also determined at this time, using a standard estimation chart. The resistance exercise 
protocol was developed with guidance from an NSCA certified strength and conditioning specialist and 
consisted of the following seven exercises performed on machines and in the indicated order: leg 
extension, seated chest press, seated row, leg press, latissimus dorsi pull down, triceps extension, sit 
ups. Two sets of eight repetitions at seventy-five percent of one repetition maximum were performed for 
all exercises except for sit-ups which were performed until failure. One minute of recovery was allowed 
between each set.  

Oral Fat Tolerance Test 

 The OFTT consisted of heavy whipping cream (Kemps) and ice cream in equal parts. Lactose-
free ice cream (Lactaid) was used for lactose-sensitive participants and Cookies N’ Cream (Kemps) ice 
cream was used for all other participants. The resulting shake contained eight grams of fat per ounce and 
was administered to participants in a dosage to provide one gram of fat per kilogram of body weight.  

Triglyceride Measurements 

 Blood triglyceride levels were measured using the CardioChek PA (PTS Diagnostics, 
Indianapolis, IN) which has been previously validated for diagnostic accuracy [27]. Blood for analysis was 
obtained by finger stick.  

Statistical Analysis  

 A three by two, repeated measures ANOVA was performed to compare triglyceride levels. 
Correlational studies were performed to assess relationships between survey results and observed 
triglyceride data. Data analysis was completed using SPSS software (IBM).  

Results  

 Thirty subjects were recruited, five males and twenty-five females. The average BMI of subjects 
was 24, and all were between the ages of 18 and 23 at the time of the study. Only one subject did not 
participate in regular exercise for at least one hour a week. Thirty-one percent of subjects exercised 
between one and three hours per week; sixty-six percent exercised at least four hours per week. Forty-
two percent of subjects reported partaking in aerobic training, fifteen percent reported partaking in just 
resistance training and thirty-eight percent partake in both.   

The triglyceride levels at baseline were, on average in the desirable range of less than 150 
mg/dL. The mean and standard deviation for each treatment and time point are depicted in Figure 1. 
Statistical analysis revealed a significant main effect of treatment (p=0.027) and time (p<0.001); however, 
the interaction between treatment and time was not significant (p=0.699). The significant treatment effect 
indicates that HIIT lowered both fasting and postprandial triglyceride levels as compared to the non-
exercise control. Resistance training did not lower fasting or postprandial triglycerides as compared to the 
control. The lack of a statistically significant interaction of treatment and time indicates that the exercise 
treatments did not affect the change in triglyceride values from fasting to postprandial. The changes in 
triglyceride values from fasting to postprandial were: Control: 33 mg/dL, HIIT: 29 mg/dL, Resistance: 36 
mg/dL. No significant correlations were noted between fasting or change in triglycerides and: normal 
training time or type, length of fasting time, or energy replacement following exercise.   
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Figure 1: Mean triglyceride levels of college age students fasted and three hours postprandial for control, 
HIIT, and resistance trials. Average values ± standard deviations are as follows (baseline, and 
postprandial respectively): Control 107 ± 49, 140 ± 73 mg/dL; HIIT 93 ± 34, 122 ± 59 mg/dL; and 
Resistance 108 ± 47, 144 ± 64 mg/dL.  

Surprisingly, some participant’s (Control: 10%, HIIT: 20%, Resistance: 17%) blood triglycerides 
decreased from fasting to postprandial. Participants fasted for an average of eight hours prior to fasting 
triglyceride measurements during all trials. The diet logs revealed some inconsistency in meals between 
trials. A majority of subjects consumed similar food groups but exact meals varied from trial to trial. 
Sufficient information for complete macronutrient analysis was not provided by participants. Thirty-five 
percent of participants reported taking a medication that may affect blood triglycerides; however, all 
participants were consistent with medications during all three trials. 

Discussion  

A single bout of HIIT lowered both fasting and postprandial triglycerides in a healthy college-age 

population. HIIT produced significant results in a shorter time-frame, that is similar to ACSM exercise 

recommendations [10]. The low-volume resistance training did not lower fasting or postprandial 

triglycerides in this population. 

 Prior exercise elicits a decrease in postprandial triglycerides through various mechanisms. 

Increased activity of lipoprotein lipase (LPL), during and following exercise is one principal mechanism. 

LPL is responsible for hydrolyzing triglycerides from the blood, allowing cellular uptake of individual fatty 

acids. Resistance exercise does not increase LPL activity as effectively as aerobic exercise potentially 

explaining the lack of effect of the resistance trial [28, 29] 

Skeletal muscle contractions induce increased LPL activity in skeletal muscle cells and LPL 

mRNA expression rises for up to eight hours following exercise, partially explaining the prolonged 

triglyceride lowering effect [30, 31]. Active recovery between sets in the resistance trial was not 

employed, limiting skeletal muscle contractions, which may have limited LPL activity.   

Catecholamine release during and after exercise increases LPL activity in skeletal muscle [32]. 

Catecholamines are released more liberally in exercises of higher intensity and volume [33]. While the 

HIIT protocol provided high intensity bouts of exercise, the resistance protocol may have lacked sufficient 

intensity and volume to induce elevated catecholamine release.  
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Triglycerides and fatty acids are transported in the blood in very low density lipoproteins (VLDLs). 

LPL binds triglycerides in VLDLs for hydrolysis and uptake into cells. Circulating VLDL particles are larger 

and have a greater triglyceride load following exercise, increasing affinity for LPL which induces greater 

triglyceride clearance [34, 35]. Fewer, but more triglyceride dense VLDL particles are released from the 

liver the morning after aerobic exercise, further increasing affinity for LPL and triglyceride clearance [36]. 

Excess dietary carbohydrates are synthesized into fatty acids which are incorporated into triglycerides 

and transported in VLDLs. Exercise induces increased use of hepatic carbohydrates therefore lowering 

hepatic triglyceride and VLDL production and secretion, ultimately lowering blood triglycerides [37].  

A sufficient energy deficit caused by exercise is necessary to experience a decrease in 

postprandial triglycerides. Multiple studies have partially or completely replaced exercise energy deficits 

and have found that the replacement eliminates the triglyceride lowering effect [6, 21, 38]. Both the 

present study and past research have noted lower fasting triglyceride levels in exercise trials further 

supporting an energy deficit as an important mediator [24, 25]. Fat oxidation, as indicated by respiratory 

exchange ratio, is elevated even at rest the morning following exercise. [24, 39]. Collectively, these 

results may indicate an acute period of negative energy balance that induces greater oxidation of fatty 

acids for cellular respiration and therefore more rapid clearance of triglycerides [40].  

Pilot studies of the exercise trials in two subjects revealed that energy expenditure during the 

resistance protocol averaged 272 kcal while the HIIT protocol was 390 kcal. Past research indicates an 

energy expenditure range of 360 to 1,700 kilocalories is effective for attenuating postprandial triglycerides 

[24]. The resistance protocol employed is below this range indicating that a sufficient energy deficit may 

not have been produced to note the triglyceride lowering effect.  

Hydrolyzed free fatty acids enter skeletal muscle cells and mitochondria by way of various fatty 

acid transport molecules including FAT/CD36 transporters [41]. FAT/CD36 is stimulated to translocate to 

the sarcolemma with less than two hours of moderate intensity exercise, increasing cellular uptake of free 

fatty acids [42]. Increased clearance of free fatty acids from the blood stream limits endogenous formation 

of triglycerides. Chronic exercise training (moderate intensity or HIIT) increases intracellular concentration 

of FAT/CD36 and mitochondria, increasing transmembrane transport of fatty acids and basal fat oxidation 

rates [41]. The test population was overwhelming well trained (97% participated in an hour or more of 

exercise per week) potentially explaining why we noted some decreases in triglycerides from fasting to 

postprandial however other mechanisms are most likely in effect.   

ANOVA indicated a significant main effect of treatment (control vs. HIIT vs. resistance), but failed 

to show a significant interaction of treatment and time, meaning HIIT did not lower the difference between 

fasting and postprandial triglycerides. The change in triglycerides between fasting and postprandial for 

each trial was similar indicating that the exercise protocols had little effect on the interaction. HIIT did not 

significantly decrease the response to a fat load; instead, the postprandial triglycerides were lower 

because the fasting levels were lower.  

All exercise was supervised to ensure proper execution by subjects. Scheduling difficulties led to 

variable timing of the exercise sessions and OFTT consumptions during the day which may have led to 

increased variability in triglyceride results. Some participants exercised in the early afternoon and 

consumed the OFTT early in the morning while others exercised in the late evening and consumed the 

OFTT at midday. Alcohol consumption greater than 24 hours prior to the OFTT may also have altered 

triglycerides and was not controlled between trials.  

Future studies would benefit from a more thorough diet log, allowing for complete diet analysis of 

foods consumed twenty-four hours prior to the OFTT. Regulating alcohol intake for a greater period could 

decrease variability in fasting triglyceride levels. The peak in postprandial triglycerides may have been 

missed with only one postprandial measurement. Multiple postprandial sample collections would allow for 

greater confidence in peak determination and permit analysis of area under the curve, which has proven 

highly effective in previous research and may have better explained our results [43]. Measuring fasting 
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blood glucose would have been beneficial to ensure subjects compliance with fasting. Further research is 

necessary to determine why some subjects had decreased triglyceride levels from fasting to postprandial 

as this is not a previously reported anomaly.  

Conclusion  

 HIIT training of four, 30 second sprints with four minutes of walking recovery between each sprint 
significantly lowered fasting and postprandial triglycerides before and after a high fat meal in a healthy 
college-age population. Low-volume resistance training totaling thirty minutes did not significantly alter 
fasting or postprandial response to a high fat meal in the same population. Future research into the 
minimum exercise duration and intensity required to elicit decreases in postprandial triglycerides in 
hyperlipidemic populations is necessary to provide easier exercise goals.  
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