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Abstract
Introduction: Investigations of lipid metabolism commonly utilize an oral fat tolerance test
(OFTT) to elicit a dramatic increase in serum triglycerides (TG). Although this is common
practice there does not currently exist an agreed upon formula for an OFTT. Nor has there been
in investigation as to the reliability among commonly used OFTT. Furthermore, the effects of
sex and activity level are mixed among the literature. The purpose of this investigation is to
discover an ideal OFTT for research and clinical purposes, evaluate the effects of activity and
sex on TG metabolism, and to test each OFTT concentration for reliability.
Methods: A sample of 30 healthy college-aged adults consumed three different OFTT, with a
seven-day washout. The population consisted of 8 active males, 9 active females, 7 sedentary
males, and 6 sedentary females. The OFTT consisted of fat concentrations approximating 50g,
100g, and 150g. An additional OFTT of one of the aforementioned concentrations was
administered to determine reliability.
Results: Plasma TG was lower among the 50g load compared (1h = 134±20, 2h = 140±15, 3h =
130±15, 4h = 125±20 mg/dL) compared to the 100g (1h = 170±20, 2h = 180±25, 3h = 170±25,
4h = 160±20 mg/dL) and 150g loads (1h = 175±20, 2h = 200±25, 3h = 180±30, 4h = 175±20
mg/dL) (F=1.508, p=0.033). Females showed greater attenuation of TG among than did males
within the 100g load from the 2-3-hour time point Females 3h = 152±71, Males 3h =
186±106)(F=3.115, p=0.049). The 100g load has the greatest reliability outcome, with an ICC of
0.924 (p<0.001).
Conclusion: The proposed 100g OFTT load is ideal for lipid testing and has shown to be valid
and reliable. Persons maintaining an active lifestyle metabolize TG more efficiently than their
sedentary counterparts. No difference of TG metabolism is present between sex.
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1.0 Introduction
Cardiovascular disease is the leading cause of premature death in the United States1. Primary
contributors to this effect are vascular diseases, such as atherosclerosis. Prolonged elevation of
circulating blood lipids can lead to vascular damage1. Chronic elevation of blood lipids is
compounded by frequent high dietary fat intake, commonly observed in the Western diet. A
primary mover of lipids are small fatty acid particles called triglycerides (TG). These fatty-acid
movers allow for the transport of fatty acid substrates throughout the body. In a disordered
condition the circulating triglycerides can accumulate within the blood stream and damage the
endothelial lining. This damage leads to a hardening of the vessels causing narrowing and
stiffness, increasing the risk of developing coronary artery disease2.

Traditionally, fasting TG have been the primary focus when evaluating a patient’s blood lipid
panel. However, it has become evident in recent years that active metabolism of TG is more
indicative of the development of a chronic disease condition3,4. Fasting TG values may not
correctly identify those at risk for disordered postprandial lipid metabolism as their baseline
value may still be below the established 150mg/dL marker for intervention3,4. This disorder is
defined as having normal fasted values with an exaggerated elevation following a high-fat meal.
Persons with fasting TG values between 89-180mg/dL are at an increased risk for disordered
postprandial lipid metabolism4. Therefore, it would be beneficial for clinicians to administer a
standardized oral fat tolerance test (OFTT) for persons with fasting TG values between 89180mg/dL to reveal the onset of a diseased process. This would identify those who may be at
an increased risk for developing chronic dyslipidemia requiring pharmaceutical treatments.

Acute and chronic exercise attenuate elevated TG and improve an overall blood lipid profile5,6,7.
TG respond acutely to a bout of exercise, whereas low and high-density lipoproteins require
chronic exercise to elicit a positive change6. In this context, a positive change equates to a
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decrease in low-density lipoprotein (LDL) and an increase in high-density lipoprotein (HDL)
subfractions. There have been many investigations into the appropriate type and intensity of
acute exercise. This is commonly achieved by administering an exercise session, followed by
12-16 hours of fasting (usually an overnight fast), and the ingestion of a high-fat meal8. Blood
lipids are then analyzed, and the effects of exercise are observed. It is common for the noexercise control and exercise groups to consist of the same participants, in a cross-over design,
with 40-hours between trials to ensure no lasting effects of the high-fat trial7.

The problem lies in the lack of a universally-recognized standardized OFTT. Although attempts
have been made to create a repeatable OFTT, these attempts rarely test for reliability and lack
clarity in the development and administration of the high-fat load9,10,11. These considerations
make it difficult to replicate an OFTT. Additionally, these OFTT often contain a wide variety of
substrates which metabolize differently, such as fat sources of varied saturations (saturated,
monounsaturated, and polyunsaturated) and meals high in carbohydrates12. As insulin activation
from glucose also stimulates the activation of lipoprotein lipase (LPL), a primary motivator of
lipid metabolism, it would appear imperative that carbohydrate substrates be limited in an
OFTT2. Additionally, it is known that not all fats metabolize the same and that this variation
exists across saturated, monounsaturated, and polyunsaturated fats13,14. One attempt at
standardizing an OFTT developed 200ml of a liquid containing equal parts fat and
carbohydrates at 50g9. This OFTT was administered to diabetic and nondiabetic individuals age
35-65. This use of an equal ratio of fats and carbohydrates is not ideal due to the competing
effects on metabolism. In addition the stimulating effects of insulin on LPL would aid in the
metabolism of fat1. The use of an OFTT on diabetic persons is not recommended due to the
commonality of impaired lipid values typically seen among this population2,9,15.
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The OFTT-fat load variations among the literature ranges from 16.32g of fat to as much as 140g
of fat, with multiple values therein9,16,17,18,19,20,21. This clearly indicates the necessity for a
standardized OFTT. The present investigation seeks to determine a reliable OFTT with a fat
concentration eliciting an ideal metabolic curve over four-hours. An ideal OFTT displays a peak
elevation of TG between followed by a return to baseline at hours two and three. It has been
determined that four hours is a valid time to observe an effect on TG among healthy
individuals22. One such investigation analyzed data from an 8-hour observation period and
found that 89-96% of variance is accounted for within 4-hours22. Further investigation into fatty
acid metabolism looked at varying fatty acid composition (saturated, monounsaturated, and
polyunsaturated) and their respective rate of absorption. The findings revealed that the
metabolic effect of fat type is absent within a four-hour time period. There is a time effect
present at 8 hours, with polyunsaturated fat displaying an increased clearance over saturated
(SMD -2.28, 95% CI)13. Therefore, a four-hour observation period is ideal when examining
postprandial effects of an OFTT, as it limits the variability which may be brought about via fat
substrate metabolism.

Investigation into the effects of an active lifestyle on lipid metabolism has returned mixed
results. In a study of 15 active males and 15 sedentary males, both groups were given two
OFTT. These OFTT were administered on separate occasions and consisted of fat
concentrations of 40g and 140g. The active group demonstrated lesser PPT elevation over the
sedentary group16. Greater magnitude was seen following the 140g fat challenge, with an
increase of 14% and 18% over the corresponding 40g condition16. In both trials the active group
displayed a more efficient clearance of circulating TG. Contrary results were observed in a study
of 42 active and sedentary males and females given a high fat meal of 68g-92g (dependent on
body mass)23. This investigation found no difference (F=0.937, p=0.425) in lipid metabolism
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following a high fat meal among active and sedentary persons. Common limitations include the
wide variety of OFTT composition along with the lack of clarity as to the training habits of active
individuals (high-intensity, moderate long-duration, aerobic, or anaerobic). Additional limitations
among the literature include the metabolic discrepancy between sexes; to include activity,
dietary habits, menstruation, and age.

Similar studies administering an exercise intervention among young males (23.4±0.8 years),
and another among young females (27.1±1.3 years), both found that the exercise intervention
minimized the elevation of TG when compared to the no-exercise control20,24. Separate
investigations have also reported an exercise derived attenuation of TG following a high-fat
meal among middle aged males (47.2±9.2 years) and females (42.1±3.8 years)21,25. There does
appear to be an age threshold at which TG metabolism is delayed. The exact parameters of this
threshold have yet to be determined, however is appears to present itself in persons greater
than 60 years of age2,26. This age related decline in TG metabolism may be attributed to the loss
of muscle mass seen with age (sarcopenia), along with the decreased activity of LPL, both
being a primary metabolizer of TG1,27. Additionally, it has been observed that postmenopausal
women have decreased fatty acid oxidation originating from the lack of circulating sex
hormones, primarily estrogen2. Hence, this investigation will seek to gain clarity as to the effects
of sex among college aged student receiving a standardized OFTT.

Given the equivocal findings currently in the literature, and the lack of consistency in which an
OFTT is developed and administered in research studies, highlighting a clear need for further
investigation into the development of a standardized and reliable lipid challenge test.
Furthermore, the effects of lipid metabolism and the interaction of sex and fitness should be
examined utilizing an unambiguous OFTT. Such a test can help avoid errors arising from
inappropriate generalization of previous findings. Therefore, the purpose of this investigation is
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threefold: 1) to examine the effect and reliability of three OFTT loads (50, 100, 150g) on TG
metabolism, 2) determine how the response to a high fat challenge differs between sedentary
and active individuals, and 3) to determine whether sex differences exist with respect to the
OFTT in our college-aged cohort. It is expected all three concentrations of an OFTT will be
reliable (r>0.70), with one eliciting a greater level of reliability. We hypothesize one OFTT will
present itself as being ideal for research and clinical usage within a 4-hour observation,
displaying the greatest magnitude of change at the 3rd and 4th hour. We hypothesize a greater
elevation of TG, accompanied by a delayed clearance, among the sedentary group when
compared to the fit group. Lastly, we hypothesized that no difference of sex on TG metabolism
will be present among college-aged males and females.
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2.0 Review of Current Literature
Most of the population who adhere to a Western diet spend much of the day in a postprandial
(or fed) state. An effect of perpetually being in the postprandial state is the constant elevation of
TG throughout the day. Elevated TG levels have been linked to cardiovascular disease and
atherosclerosis, with the former being the leading cause for mortality and morbidity among
industrialized countries19,28. Cardiovascular disease is the number one cause of mortality
worldwide, therefore it is imperative that researchers focus on behaviors which limit the risk of
developing this disease. Chronic exercise limits TG elevation following feeding, as do some
forms of acute exercise5,6,16,29. The determining factor of TG response to exercise appears to be
the volume of kilocalories consumed, the time relative to feeding, and the intensity of the
exercise1. There is data available which supports a decrease in postprandial triglycerides (PPT)
following acute exercise among various exercising populations25,30,31,32. These effects are
dependent on timing of data collection relative to the exercise bout, intensity, type of exercise,
substrate structure of the test meal, and clinical applications of an OFTT.
2.1 Timing of Data Collection
The timing in which PPT metabolism following exercise is measured has been debated among
the literature. Early investigations sought to determine the acute effects of exercise on lipid
metabolism immediately before or after an OFTT. These early investigations commonly found
lipids to be unchanged or elevated33. This is likely due to the increased lipolysis occurring
immediately following a high fat meal. Current research endeavors subscribe to the model of an
exercise bout, followed by 10-16 hours, and the administration of an OFTT8. As LPL activation
peaks between 4-16 hours, this delayed model identifies the desired metabolic effect7. An
investigation by Zhang, et al. sought to determine if pre-meal exercise or post-meal exercise
had a greater influence on triglyceride metabolism34. The 21 recreationally trained participants
took part in four trials, including: a control trial with no exercise intervention, a post-meal
exercise trial, a pre-meal exercise trial, and a 12-hour pre-meal exercise trial. The order of trial
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participation was randomized, and participants had 1-2 weeks to recover following each trial.
Following an overnight fast of 12-hours, participants ingested a meal consisting of 121g
carbohydrates, 26g protein, and 29g fat, at varying times, dependent on each trial. The exercise
intervention for all groups consisted of a single bout of treadmill activity, at 60%VO2max, for 1hour. The control trial did not participate in exercise and consumed the OFTT following the
overnight fast. The post-meal trial consumed the OFTT and performed the exercise protocol
one-hour post-feeding. Conversely, the 1-hour pre-exercise trial completed the exercise trial,
followed by the OFTT. The 12-hour pre-exercise trial completed the 1-hour exercise protocol the
evening prior to ingestion of the OFTT. Blood samples were taken at 0, 2, 4, 6, 8, and 24 hours,
with the 0-hour being the onset of the OFTT. These data revealed that PPT were attenuated
among both pre-meal exercise trials, however, the magnitude by which TG were attenuated was
greater among the 12-hour pre-meal exercise trial than was the 1-hour pre-meal exercise (51%
and 38% AUC, respectfully). These findings are consistent with similar investigations which
have determined that the optimal time for observing the acute exercise effects on TG is 12-16
hours following the exercise intervention1,2. Additionally, there is a consensus among
researchers that the beneficial effects of acute exercise are absent 24-hours following the
activity1,7, 34.
2.2 Effect of Exercise on PPT
2.2.1 Aerobic Exercise Effects on Triglyceride Metabolism
2.2.2 Aerobic Exercise Does Not Attenuate PPT
There remain few research studies which have found that exercise does not attenuate PPT.
There are varying possible causes for the lack of attenuation of PPT. In studies of young males
with a walking intervention no attenuation of PPT were observed18,28. A commonality of these
findings is that the intensity of exercise may be too low to elicit a change in circulating TG. One
such investigation utilized 30-minutes of moderate walking (50%VO2max) 12-hours prior to a
high fat meal, and no difference of TG metabolism were observed18. Additionally, the OFTT
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used in the aforementioned investigation contained one gram of fat per kilogram of body weight
with no carbohydrates18. This exceedingly high concentration of lipids may have been too great
for the light exercise to effect change within the measured time.

The timing at which TG metabolism is measured may also be a cause for type 2 error, in which
researchers may not have observed a significant change within the examined time. One such
design examined the exercise effect of 30, 60, and 90 minutes of walking on TG. Sixteen
healthy males participated in three walking trials at 50%VO2max28. The OFTT of roughly 35g of
fat was administered immediately following exercise and blood analysis was recorded over a 6hour period. No statistical significance was reported among all trials, which is contrary to similar
exercise interventions, in which 90-minutes of walking at 50%VO2max attenuated PPT among
20 healthy men by 29% (47.2±9.2 years)21. The latter investigation administered the exercise
intervention the evening prior to the OFTT, following an overnight fast of 12-hours; whereas the
former investigation administered the OFTT immediately following exercise.

As previously reported, 12-16 fasted-hours following exercise is the optimal time to observe the
PPT response34. Investigations utilizing a protocol of feeding and blood analysis directly
preceding or following exercise are not conscious of the changes occurring at 12-hours
postprandially. These nonsignificant findings highlight limitations of previous investigations
which may not have had an appropriate sample size or lipid collection timing within the
methodology. Comparing data which has shown no change against the data which indicated a
positive change, will guide future researchers in the selection of an exercising model and time of
blood analysis.
2.2.3 Aerobic Exercise Attenuates PPT
Most investigations have found an attenuation of PPT following acute exercise. When utilizing a
lower percentage (50%) of VO2max it may be necessary to exercise for a longer duration (1-2
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hours) to decrease postprandial triglycerides. The longer the duration, the greater an impact on
attenuating PPT11,33,35. Exercising at 60-70% of VO2max for duration of 0.5-1 hour has been
shown to reduce PPT elevation. When developing a protocol in which higher intensity exercise
is established, a shorter duration may be required to elicit similar effects, as is shown in the long
duration/low intensity groups.34,36.

The amount of exercise required to elicit a response has also been measured in the amount of
caloric energy expended. It has been shown that the accumulation of 500-kilocalories during
exercise is enough to stimulate a decrease the elevation of PPT, regardless of the intensity1,19.
An energy deficit created through caloric restriction does not appear to reduce PPT, however, a
decrease in caloric intake coupled with light exercise (30% VO2max) stimulates the attenuation
of PPT20,33. Researchers have also examined the process of accumulating exercise compared
to continual exercise. The results of which indicate an accumulation of exercise throughout the
day is equally beneficial in attenuating PPT as is a single continuous bout of exercise10,24.

Chronic adherence to an aerobic exercise regimen enhances the metabolic capacity to process
lipids. The stimulation of adipose triglyceride-lipase is the mechanism by which fatty acid
mobilization is affected by exercise. In an eight-week endurance training protocol, researchers
sought to examine the metabolism of TG within the skeletal muscle. Ten healthy untrained men
(30 years) were recruited and underwent a VO2max, muscle biopsy, and blood analysis prior to
the start of the trial. The exercise intervention included 40-90 minutes of cycling three times per
week in weeks 1 and 8, four times per week in weeks 2 through 6, and five times in week. The
results show an increase in adipose triglyceride-lipase activity, indicative of an increase in fatty
acid mobilization and utilization when adhering to an 8-week endurance protocol37.
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2.3 High-Intensity Interval Exercise Effects on Triglyceride Metabolism
Some researchers suppose that intensity of exercise, not duration, has greater influence on TG
metabolism. Nine healthy male participants (age 24±3) took part in the control, walking, and
high-intensity intermittent exercise (HIIE) trials to compare the effects of moderate and HIIE on
PPT10. The protocol required 2 days per trial, for a total of 6 days, with a minimum 7 days
between trials. The walking trail consisted of 30 minutes of brisk walking (a pace eliciting
breathlessness), and the control trial took part in seated rest of 30 minutes. The HIIE trial was
conducted on a cycle ergometer and consisted of four 30-second maximal sprints, against 7.5%
of their weight in kilograms, with 4 minutes of unloaded cycling between sprints. Participants
reported back following an overnight fast and consumed a standardized breakfast and lunch
over a 7-hour period. The meals were individualized to the participant’s body weight and
consisted of 56% fat, 33% carbohydrates, and 11% protein, for an average of 917-kilocalories.
The findings revealed that the HIIE trial experienced an attenuation of PPT elevation (50.78%
CI, p<0.05). Furthermore, there was no change in TG metabolism among control and walking
groups. Their findings also show the beneficial effects on TG extend across two meals (both
breakfast and lunch). Additionally, HIIE were the only group to elicit a protective mechanism
against oxidative stress markers, as shown by an increase above baseline in protein carbonyl
levels among the control and walking groups (p<0.05)10. These findings are an indication that
volume of exercise (not duration) can bring about advantageous metabolic changes.

A follow-up investigation sought to answer the question of the duration and mechanism for the
beneficial effects of HIIE examined over a 48-hour period38. This investigation required eight
male volunteers (25±4 years) to complete two (control and exercise), 3-day trials. On day one
(14:00 hours) the control trial underwent 30-minutes of seated rest; while the exercise group
participated in HIIE, consisting of a 4-minute warm up on a cycle ergometer, followed by four
maximal sprints against 7.5% of the participants’ weight in kg, with 4-minutes of active rest

10

between sprints. During the active rest participants cycled at 70 rpm with no resistance. On day
two and three the participants reported to the lab (9:00 hours) following an overnight fast and
ingested a standardized breakfast of 812±96-kilocalories, consisting of 56% fat, 33%
carbohydrates, and 11% protein; this meal was replicated for lunch 3 hours later. Blood samples
were collected on the hour for 7 hours following breakfast. Participant water intake was
recorded and replicated on their second trial, as was the dinner of their choosing. Data analysis
found that prior HIIE attenuated TG elevation on the following day, but these benefits were not
present 48-hours after a bout of HIIE (26.94% CI, p≤0.05). The mechanism by which this
attenuation occurs may be a result of the reduction in very-low density lipoproteins (VLDL)
released from the liver along with the stimulation of an increase in circulating LPL. These
investigations give credence to the practice of anaerobic work as means to decrease circulating
TG38.

The use of shorter duration cycle sprints on TG metabolism have also been examined17. Twelve
sedentary females (21.3±2.1 years) participated in both control and exercise trials. The exercise
trial consisted of 8 seconds of maximal cycling followed by 12 seconds of active rest (light
cycling) at a resistance matching 65% of their VO2max; this pattern was repeated for 20minutes. The control trial did not participate in exercise. Following an overnight fast, participants
ingested a high-fat meal of 996.7-kilocalories constituting 98g fat, 24g carbohydrates, and 8.4g
protein. Circulating TG were drawn on the hour for 4-hours. The results show that prior HIIE
significantly decreases next-day postprandial triglycerides in young women (81% confidence
interval, 13% decrease)17. This investigation highlights the probability of a volume effect of
exercise on TG and offers the possibility of a unique training regimen to improve ones lipid
profile.
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In comparing the aforementioned investigations we see there is no effect of sex on HIIE among
younger persons17,38. Interestingly, the study using short duration cycle sprints of 8 second
sprints and 12 seconds of active rest for 20 minutes showed a markedly less PPT attenuation
than did the sprint trial employing 4 minutes of active rest17,38. This can likely be attributed to the
generalization of the OFTT or total volume of exercise and not a difference of sex. The meal
used in the 4 minutes active rest study fed participants based on their relative weight in kg
(56.8±6.1g fat), while the 12 second rest trial delivered the same oral fat load to all participants
(98g fat). It seems likely there exists an OFTT threshold, above which an exercise intervention
would fail to meaningfully attenuate the extreme amounts of lipids ingested.

The influence of HIIE and moderate continuous exercise on PPT metabolism has been shown
to have beneficial effects19. One such investigation sought to neutralize the volume discrepancy
that may be responsible for the beneficial effects of exercise. Twenty healthy male volunteers
(21.5±3.5 years) underwent three trials consisting of a control, moderate continuous, and
intense intermittent exercise. The control trial omitted exercise while the moderate trial took part
in jogging at 85%VO2max. The intense exercise trial underwent 3 minutes of maximal exercise
(115% anaerobic threshold) followed by 1.5 minutes of recovery. Each exercise trial was
concluded upon reaching an energy expenditure of 500 kilocalories. All three trials were given
an OFTT 27-30 minutes following the cool-down. The OFTT was individualized and consisted of
1 gram of fat per kilogram of body weight (69.2±9kg). Blood was taken pre-meal and for 4-hours
following the OFTT. Both the continuous and vigorous trials showed a reduction in PPT over the
control group (24% and 18%, respectively) from the 2nd to the 4th hour over the control.
However, the vigorous trial elicited a decrease in very-low density lipoproteins in the 3rd and 4th
hour which was not seen among the continuous trial.
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These results indicate that when volume is controlled, both continuous and vigorous intermittent
exercise attenuate PPT. This design may have a limitation, in that the continuous group
(walking at 85%VO2max) may have been exercising at a higher intensity than is commonly
practiced. This higher intensity likely utilized more intramuscular lipid stores than would a
traditional moderate intensity (65%VO2max). Additionally, it has been observed that the optimal
time for blood analysis following an OFTT is 12-18 hours post-exercise due to the peak time for
LPL activation32. It is possible blood analysis 12-18 hours following the meal would reveal
differing results. These data are indicative of a reduction of PPT through anaerobic pathways,
leading to the question of resistance training effects on TG metabolism.
2.4 Circuit Training Effects on Triglyceride Metabolism
The effects of circuit training on strength among older adults was examined in a longitudinal, 12
week, study that utilized 35 older adults (aged 68.3±4.9) and divided them into an exercise
group and a non-exercise control39. The exercise group trained three times per week for a
duration of 30-minutes of resistance training each time. The circuit incorporated 12 resistance
training exercises, and 12 aerobic dance exercises, to constitute a full body workout; each
exercise was 30 seconds in length and involved 10-15 repetitions. The participants performed
these exercises at 70% of their maximal heart rate.

These data showed increases in oxygen consumption, lactate threshold, muscular strength
(evaluated by an increase in weight lifted over time), HDL subfractions, and a decrease in body
fat. The utilization of a whole-body workout which incorporates aerobic and anaerobic activity is
important for the older adult population, as they are likely not independently exercising all
components of health-related physical fitness. However, this investigation does not allow for the
examination of the individual contribution resistance training has on muscle quality and strength.
Additionally, the resistance training employed constitutes muscular endurance training, which
has an inherent aerobic contribution.
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2.5 Resistance Exercise Effects on Triglyceride Metabolism
Postprandial lipemia is linked to cardiovascular disease, insulin resistance, glucose intolerance,
central adiposity, and hyperlipemia40. The interaction of resistance training on postprandial
lipemia has been examined among younger persons (24.3±2.9 years). Ten men and four
women participated in three trials, including: a resistance training trial, aerobic trial, and a nonexercise control trial. The resistance training trial consisted of three sets of ten repetitions for ten
exercises constituting a whole-body workout. The total time of the resistance training session
was 88±3-minutes. The aerobic trial consisted of walking for a similar duration at a pace which
would elicit a similar energy expenditure as the resistance training trial. Following exercise, and
a 12-hour overnight fast, participants consumed a high fat meal and blood was collected at 0, 1,
2, 3, 4, 5, and 6-hours post-feeding.

The data revealed a decline in PPT within the resistance training trial at 0, 1, 2, and 3-hours
compared to both the control and aerobic trials40. These data reveal a greater effect of acute
exercise when utilizing resistance training and may isolate resistance training as a more
effective long-term lipid clearance modality (22% CI, p≤0.01). The participants were
recreationally trained, and performed resistance training, 3 days a week for 6 years. This
population, having been chronically trained and experiencing the improvements in muscle
quality therein, may not accurately represent the acute changes to lipid metabolism which occur
following resistance training. Furthermore, the utilization of a whole-body protocol lasting 88minutes may not be practical for all populations. The resistance training protocol utilized
resembles a circuit training protocol, employing aerobic qualities, and does not identify the effect
of a traditional strength or hypertrophy training.

A further investigation sought to determine the effectiveness of volume matched resistance
training to that of endurance training. Seven healthy males (25 years) were recruited to
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participate in three trials: control, endurance, and resistance training. The endurance trial
consisted of 90 minutes of treadmill walking at 30%VO2peak. The control trial participated in 90
minutes of rest. The resistance trial performed 90 minutes of resistance training specific
exercises. The resistance protocol consisted of 12 exercises constituting an upper and lower
body workout, of three sets of ten repetitions, at 80% peak torque, with 2 minutes rest between
sets. Following a 12-hour overnight fast, a catheter was inserted into the forearm and the
participants were given a glycerol solution. This was followed by 6-hours of blood collection and
analysis to follow the metabolism of VLDL. The results show that the rate of VLDL clearance is
increased, leading to a decrease in concentration and circulation among the resistance trained
trial (p=0.034, d=0.33)8. No significant change was observed among the endurance trial from
baseline (p=0.191). It is important to note that this investigation has the following limitations:
1) The sample examined (n=7) is relatively small and may not be representative of the
population.
2) This sample contained only male participants and therefore cannot be used to extrapolate
the resistance training effects on females. This becomes problematic due to the naturally
occurring differences of circulating testosterone and subsequent differences in protein
synthesis with resistance training.
3) The exercise protocol employed in the endurance trial, although matched for time, was not
matched for intensity. The endurance trial, at 30%VO2peak, is classified as light exercise,
whereas the resistance training trial, at 80% peak torque is a moderate to vigorous intensity.
2.5.1 Strength to Mass Imbalance
Muscle quality is the observed strength of the muscle relative the muscle mass41. The
adherence to a resistance training program improves muscle quality and lipid metabolism, yet
resistance training is often overlooked when prescribing an exercise intervention8. Walking is a
commonly prescribed form of exercise and has shown to be an effective tool in reducing lipid
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levels and reducing instances of mortality and morbidity42. However, walking does come with
inherent limitations, including access to a safe walking area, specificity of muscle activation, and
measured intensity of exercise. For example, older adults cite safety as a primary concern for
performing outdoor walking40. Additionally, the limited budget of older adults may not allow for
at-home fitness equipment or gym membership. The principle of specificity states that gains
from exercise are limited by the exercise performed. Therefore, if an increase in muscle quality
is the anticipated exercise outcome it would require the increased muscle activation brought
about through resistance training. Although studies on self-selected intensity of exercise have
shown to induce the positive effects of training; the utilization of resistance training may be
easier to quantify and report to a primary care physician. In documenting regular resistance
training physicians will be able to track any strength abnormalities. This is especially important
among older persons who may attribute the decline in strength to the aging process and
overlook a progressive disease condition.

Theoretically, it may be possible to use the determination of muscle quality as a predictor for
cardiovascular disease. This information may give credence to physicians and exercise
practitioners to stress the importance of a resistance training program among older adults.
Further, it could identify resistance training as an effective tool to reduce and maintain lipid
levels (specifically TG) thus limiting the need for pharmaceutical intervention and lowering
health care cost. Although some health care providers have already adopted the practice of
inquiring as to their patient’s frequency of exercise; there may exist a need for a more detailed
explanation of exercise activities, with an emphasis of resistance training.
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2.5.2 Chronic Adaptations to Resistance Training
An acute bout of resistance training has shown to attenuate PPT elevation following an OFTT.
The chronic adaptations of resistance training on lipids further outlines the importance of
adapting to a lifestyle incorporating resistance training. Twenty-four healthy, active, women (27
years) participated in a 14-week investigation examining the resistance training effects on
triglycerides42. Participant skinfold measurements, estimated one-repetition maximum, and lipid
panel were collected prior to the start of the trial. The training protocol consisted of three bouts
of resistance training per week, 45-50 minutes in duration. The protocol included two sets of
eight repetitions, and a third set to exhaustion. Eight exercises were selected, incorporating both
upper and lower body activity. The resistance was set at 85% of their one-repetition maximum
and participants were given 30-60 seconds of recovery between sets. The one-repetition
maximum was reevaluated weekly and resistance was adjusted accordingly. These data
revealed a decrease in body fat (5%), low-density lipoproteins (14%), total cholesterol (14%),
and total cholesterol/high-density lipoprotein ratio (14.3%)42. It can therefore be extrapolated
that chronic resistance training has beneficial effects on overall lipid panel. Although there was
no observed effect among TG it is important to note that an OFTT was not administered in this
investigation to examine active TG metabolism.
2.6 OFTT Variability
There is not currently a universally accepted OFTT for research or clinical application. This has
led to the development of a wide variety of high-fat meals. There are obvious detriments to the
lack of a standardized OFTT, including the lack of generalizability of an independent variable on
lipid metabolism and the increased likelihood for error upon statistical analysis. Common OFTT
have included a large dose of heavy whipping cream or a sandwich with high-fat
accompaniments, such as mayonnaise, chips, and milk (Table 1)10,17. The metabolic
discrepancy of solid to liquid meals presents the first problematic methodology. Liquid meals
metabolize faster than solid and often have less variety of substrates2,13. The most cited rational
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behind a solid high-fat meal is that is replicates that of a normal meal in which a person may
consume. However, if the goal is to isolate the lipid response to a postprandial challenge, the
OFTT should be liquid and contain primarily lipids. There is an accompanying LPL response to
insulin stimulation which may confound the desired results when using an OFTT containing a
high carbohydrate dose2. Additionally, there is a discrepancy among metabolism rates of
varying carbohydrates, such as simple (white bread) or complex (whole grain), which is not
reported among investigations employing a solid OFTT.

There has been an attempt at OFTT standardization, using 200-ml of a liquid consisting of 50g
of fat and 50g of simple carbohydrates, administered to diabetic and nondiabetic subjects9. The
aforementioned investigation developed an easily reproducible meal, as well as validated the
use of capillary blood sampling against venous values; however, the 1:1 fat to carbohydrate
ratio is not ideal when evaluating the specific action of lipid clearance. Diabetic and obese
persons elicit a delayed clearance of TG, which further progresses the atherosclerotic process,
and is commonly seen among this population2,9. As such, it is not ideal to use this population
when developing and administering an OFTT. Additionally, there appears to be a lack in
heterogeneity of participants, including males and females ages 35-65, with a combined BMI of
53.8±5.9. A power analysis of the nondiabetic, male and female, group revealed a small effect
size (n=20, f=23.2%, α=0.05). This OFTT has not been accepted by research or clinical
communities and requires further investigation into the development of a reliable test. Numerous
investigations have been published since the aforementioned attempt of creating a standardized
OFTT. These meals have varied widely in composition and substrate utilization, including solid
or liquid meals of varying fat and carbohydrate concentrations. This further supports the
necessity for the continued investigation of a reliable standardized OFTT for clinical and
research application.
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Table 1: Examples of OFTT Variability Among the Literature
Reference

Subjects

Cohen,
198916
Hashimoto,
201118
Harrison,
200943

M, n=30,
Cream, chocolate
25y
flavor
F, n=8, 21y Cream

Herd,
200123

M/F, n=53,
22-26y

Ferreira,
201119

M, n=20,
21y

Freese,
201144

M/F, n=12,
20-22y

Gabriel,
201210
Gill, 200621
Gill, 200245
Gill, 200033

Maraki,
200820

Miyashita,
201046

M, n=8,
27y

Meal
composition

Croissants, butter,
ice cream,
chocolate, chips
Whipping cream,
fruit, cereal, nuts,
and chocolate
Nuts, eggs, milk
powder, olive oil

Croissant, omelet,
cheese, sausage,
hash brown
potatoes
M, n=9,
Bread, mayo,
24y
butter, whole milk,
cheese, chips
M, n=20,
Whipping cream,
47y
fruit, cereal, nuts,
chocolate
F, n=11,
Whipping cream,
24y
fruit, cereal, nuts,
chocolate
F, n=12,
whipping cream,
60y
oats, nuts,
coconut,
chocolate, fruit
F, n=8, 27y Vanilla ice cream,
whipped cream,
syrup
M, n=10,
46y

Bread, cheese,
butter, mayo,
cocoa powder,
yogurt

Fat load
content

Time
before fat
load

Postprandial
response

40g fat & 140g
fat
0.35g/kg
(~17.92g)
97g fat, 124g
CHO

n/a

n/a

12h

No ∆

10h

↓TG

1.2g/kg fat
(~80.4g),
1.1g/kg CHO
(~73.7g)
1g/kg fat
(~69.2g),
0.62g/kg CHO
(42.9g)
1.2g/kg fat
(~85.36g),
0.9g/kg CHO
(~64.02g)
0.7g/kg fat
(~56.7g), 1g/kg
CHO (~81g)
80g fat, 70g
CHO

12h

No ∆

30min

↓TG AUC

13h

↓TG AUC

“overnight”

↓TG

12h

↓VLDL

1.3g/kg fat
(~78g), 1.2g/kg
CHO (~72g)
1.7g/kg fat,
1.65g/kg CHO

12h

↓TG

12h

↓TG

1.2g/kg fat
(~75.48g),
1.1g/kg CHO
(~69.19g)
0.34g/kg fat
(~31.45),
1.11g/kg CHO
(~102.68)

12h

↓TG AUC

10h

↓TG AUC
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Table 1: Examples of OFTT Variability Among the Literature cont.
Reference

Subjects

Meal
composition

Fat load
content

Time
before fat
load
n/a

Postprandial
response

Miyashita,
200936

M, n=10,
21-32y

0.69g/kg fat
(~49.13g),
0.95g/kg CHO
(~67.64g)

Miyashita,
20065

M, n=10,
21-32y

Mohanlal,
20049

M/F, n=50,

Murphy,
200011
Petitt,
200340

M/F, n=10,
34-66y
M/F, n=14,
24y

Pfeiffer,
200528

M, n=16,
25y

Tan,
201417
Tsetsonis,
199725

F, n=12,
21y
F, n=22,
40-43y

Zhang,
199834

M, n=21,
27y

Bread, cheese,
butter, mayo,
potato crisps,
whole milk,
milkshake powder
Bread, cheese,
butter, mayo,
chips, milk,
milkshake powder
Maltodextrin,
long-chain
triglycerides
Cream, yogurt,
bread, eggs, milk
sausage, egg,
and
cheese, and hash
brown potatoes
Cereal, yogurt,
cream, chocolate
drink
Cereal, ice cream,
sweetener
Whipping cream,
cereal, fruits,
chocolate,
coconut, sultanas,
nuts
Cream, Ice
cream, walnuts

0.69g/kg fat
(~55.2g),
0.95g/kg CHO
(~76g)
50g fat, 50g
CHO

17h

↓TG AUC

10h

↓TG AUC

30±9g fat,
58±17g CHO
89±17.2g fat,
74±13.8g CHO

3h

↓TG AUC

12h

↓TG AUC

0.5g/kg fat
(~35g), 1.6g/kg
CHO (~112g)
98g fat, 24g
CHO
1.7g/kg fat
(~103.28g),
1.65g/kg CHO
(~100.24g)

3h

No ∆

12h

↓TG

12h

↓TG AUC

100g fat, 17g
CHO

12h

↓TG AUC
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No ∆

2.7 Clinical Applications of an OFTT
Recent literature has determined the use of fasting TG values may not be appropriate for those
who potentially have cardiovascular health risks. In an investigation of 1,115 persons with
coronary heart disease, 49% displayed normal fasting TG values yet had an undesirable PPT
response4. This increased elevation of TG, coupled with a decreased clearance time, facilitates
a prolonged elevation of circulating plasma TG and can lead to vascular disfunction. Further,
participants with fasting TG values between 89mg/dL and 180mg/dL appear to have an
increased likelihood of displaying hidden postprandial lipemia (p<0.001)4. A similar investigation
found that fasting and PPT were increased in persons with coronary artery disease over that of
normal healthy persons (p=0.001). Additionally, it appears that persons with coronary artery
disease are more sensitive to a postprandial challenge, rather than fasting values alone3. These
findings support the clinical application of an OFTT among persons with fasting TG values of
89-180mg/dL to uncover hidden postprandial lipemia. This may lead to the early detection of
cholesterol related coronary artery disease.
2.8 Statistical Analyses
There is some debate as to which statistical analysis is appropriate among research employing
an OFTT. Commonly seen analysis includes repeated measures ANOVA with simple main
effects, and area under the curve (AUC). Firstly, it is imperative that the statistical analysis
answer the proposed question. A repeated measures ANOVA detects differences between the
related independent and dependent variables across all conditions47. In an investigation
monitoring PPT following an OFTT from Hashimoto, et al. data were analyzed through a
repeated measures ANOVA, isolating the time-course changes from baseline values48. Using
AUC is suitable when examining time and duration of exposure, in this case, PPT. Although
AUC provides data that is concise, easily comparable with other reported AUC, and compatible
with other analysis (such as correlation), it should serve as a supplementary analysis of the
outcome variable. AUC analysis can beget misleading results, as well as misclassification of
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distributions49. The AUC is dependent on empirical score distributions and relies on uniform
distribution of specificity. Although AUC is an objective measure and is easily comparable, as all
data points have been transformed, caution should be taken when collapsing data from multiple
investigations due to the decreased likelihood of uniform distribution49. Therefore, we conclude
that the statistical analysis of TG following an OFTT must include a repeated measures ANOVA
(or similar analysis) to uncover any differences between the associated means. An AUC
analysis should be considered as a supplementary outcome variable, as it will aide in data
interpretation and will more easily facilitate cross-reference comparisons.
2.9 Conclusion
The apparent discrepancies in OFTT design among the literature highlight the importance of a
universally accepted test. As lipid metabolism is a complex process, the process of OFTT
design is likely one which will require multiple investigations. Special attention needs to be given
to the concentration ratio of fat to carbohydrates, as well as specific fat type. An OFTT high in
carbohydrates, especially simple carbohydrates, should be avoided to limit the metabolic
contribution of insulin. A proactive approach to cardiovascular disease could identify those at
risk, and with early intervention would limit the need for pharmaceutical intervention and lower
overall health care cost.
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3.0 Methodology
3.1 Participants
A purposeful sample of college aged males and females were recruited from the University of
Nevada, Las Vegas and surrounding communities. A total of 15 males and 15 females were
recruited to participate in this investigation (Table 4). The active and sedentary groups were
defined using the American College of Sports Medicine (ACSM) parameters of participating in
exercise of 30-minutes a day, three days per week, for the past three months41. A similar
investigation by Cohen et al. was utilized to determine statistical power a priori16. A power
analysis of the aforementioned investigation determined that a sample n=6 would be sufficient
to observe an effect, if an effect is present (80%, α=0.05); with an effect size of f=0.59 (G*Power
v.3.1.9.2, Bayern, Germany)16. The present investigation observed a power of 70% (f=0.501,
α=0.05, n=30) between the three OFTT concentrations.
3.2 Demographics
Participants completed a health history questionnaire and were classified as low-risk as outlined
by the ACSM algorithm50. All participants were free of any known cardiovascular disease,
metabolic disorder, implantable device, liver or gallbladder complications (such as surgery,
cirrhosis, or fatty liver), and were normolipidemic (fasting TG>150 mg/dL). All participants were
non-smokers or had ceased smoking for longer than six-months. Prior to initiation of the
protocol, an informed consent form was completed notifying participants as to any potential
risks, benefits, and confidentiality concerns. It was explicitly written that participation was
voluntary and that participants could drop out for any reason at their discretion. This protocol
was approved by the Internal Review Board for Human Subjects Research at the University of
Nevada, Las Vegas (#1157372-8). Following completion of the health history questionnaire and
informed consent, height was recorded using a stadiometer and weight and body composition
was estimated through the SECA bioelectrical impedance (BIA) device (Hamburg, Germany).
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The SECA BIA has been shown to be a valid and reliable method of evaluating fat and lean
mass in an investigation employing magnetic resonance imaging (MRI) as the criterion
measure51. Participants were advised to keep a food journal documenting all food and beverage
consumption on the day prior to data collection. This journal would serve as a reference for
individual meal replication prior to the ensuing trials. Participants were required to adhere to an
overnight fast of 12-16 hours prior to data collection. Additionally, exercise was prohibited on the
day prior to data collection (defined as any repetitive activity elevating the heart rate over resting
for greater than 20 minutes). Participants were advised to abstain from caffeine intake on the
day of OFTT administration.
3.3 Blood Sampling
Capillary blood plasma TG analysis was undertaken prior to the consumption of an OFTT. The
time of completion of the OFTT was recorded and subsequent blood analysis was collected at
1, 2, 3, and 4-hours post-consumption. Circulating blood plasma TG was analyzed using the
CardioChek® point of care in vitro diagnostic system (Polymer Technology Systems, Inc.,
Indianapolis, IN, USA). This point of care system has been deemed to be a valid and reliable
tool for clinical application52. The four-hour observation time has been proven to be a reliable
time constraint for lipid analysis among healthy participants1,22.
3.4 OFTT
Following fasting blood analysis, one of three OFTT of varying fat concentrations were
administered in randomized-crossover design. Participants were given 20 minutes to consume
the OFTT. Water was given ad libitum on the first trial and was measured to replicate fluid
consumption during subsequent trials. The three fat concentrations used were 49.5g, 99g, and
148.5g and represented a small, medium, and high fat load. For clarity, these concentrations
were rounded to 50g, 100g and 150g loads, and referenced in this paper as such.

24

Carbohydrates among the 50g, 100g, and 150g loads were 19.13g, 38.25g, and 57.38g
respectively (Table 2). These fat concentrations were selected to replicate similar OFTT
concentrations seen among the literature10,17,20,28. Previous investigations used concentrations
ranging from 16g to 140g of fat16,18. The consumption of an OFTT places the participant at or
above the recommended daily allotment of fats (20-30% of dietary intake). Although the risk of
an adverse effect was low, we recommended that participants limit high-fat intake for the
duration of the testing day. The OFTT was composed of commercially available products and is
easily replicated. Ensure® Plus (Abbott©, Abbott Park, IL) was used as a flavor base (chocolate)
for the OFTT. The majority of fat originates from the heavy dose of Benicalorie® (Nestle©,
Vevey, Switzerland) high-fat food additive. The components of the OFTT were poured into a
mixing pitcher and mixed thoroughly with a silicone spatula. The individual portions were
measured using a graduated measuring cup and poured into individual disposable cups.
Caution was taken to ensure all remaining remnants of the OFTT were removed from the
measuring cup following pouring. As the Benicalorie® consists of primarily sunflower oil it has a
tendency to harden. Therefore, the sealed Benicalorie® cup was placed on a heating pad for
approximately two minutes prior to mixing to allow it to liquefy. Additionally, the Benicalorie® and
Ensure® Plus should be shaken prior to mixing.

The OFTTs were volume matched, with the small dose receiving 300ml of water, the medium
dose receiving 150ml of water, and the large dose receiving no additional water. Water
measurement was accomplished via graduated measuring cup and poured into the respective
disposable cups. All participants ingested three OFTT in a counter balanced order
corresponding to three different fat concentrations, separated by seven days. The reliability trial
consisted of consuming an additional one-of-three possible OFTT. A subset (n=20) returned to
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complete reliability testing. This consisted of ingesting one of the three OFTT in a test-retest
manner.

The OFTT was received well by the majority of subjects. No adverse effects of digestion were
observed (e.g. vomiting, diarrhea, gastrointestinal discomfort). A common complaint was that
the large (150g) dose was too great. Few participants had a difficult time ingesting it within the
allotted 20min time frame. Nausea and the feeling of fullness were cited as inhibitory factors.
Conversely, the meal was enjoyed by some who verbally reported that they “looked forward to
it,” and “would eat it again.”
Table 2: OFTT substrate breakdown, 11:3 ratio (Benicalorie® to Ensure®)

Milliliters
Fat (g)
Saturated fat (g)
Carbohydrates (g)
Sugar (g)
Protein (g)
Calories

50g
149
50
5
19
17
15
585kcal

100g
299
99
9
38
33
29
1,170kcal

150g
448
149
14
57
50
44
1,755kcal

3.5 Statistical Analysis
Inter-test reliability was analyzed using a single measures consistency intraclass correlation
coefficients, ICC (3,1) with significance accepted at r>0.7553. Additional reliability variables
include the highest observed 95% confidence interval, as well as the coefficient of variation
(CV). To determine the effect of fitness on OFTT concentrations over time, data were analyzed
through a two (group: active, sedentary), by three (condition: 50, 100, 150), by five (time: pre,
1h, 2h, 3h, 4h) repeated measures ANOVA, with an alpha level of p≤0.05. To determine the
effect of sex on OFTT concentrations over time, data were analyzed through a two (group:
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male, female), by three (group: 50, 100, 150), by five (time: pre, 1h, 2h, 3h, 4h) repeated
measures ANOVA, with an alpha level of p≤0.05. The assumption of sphericity was examined
using Mauchly’s test of sphericity. If sphericity was violated (p≥0.05), the more conservative Ftest of Huynh-Feldt was adopted when determining the significance level. If a significant
interaction was present pairwise comparisons were examined using independent T-tests at
each time point between each concentration. These statistical analysis were modeled from
similar investigations examining the effects of an OFTT and TG response5,6,8,11,29,31,39,54-56.
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4.0 Results
4.1 Demographics
A total of 32 participants were recruited for this investigation. Of these, two participants failed to
complete all required trials and their corresponding data was removed. One participant withdrew
from the investigation due to unrelated personal circumstances. Yet another dropped citing
unrelated health concerns. Of the 30 participants who completed all three OFTT concentration
trials, 20 completed four trials in a test-retest reliability model. The participants were all able to
consume their respective OFTT concentrations with minimal discomfort. Some minor discomfort
was reported among the high-fat load (150g OFTT) and manifested in the form of satiety or
over-fullness. Males were significantly taller (p=0.024) with greater mass (p=0.001) compared to
females. There was no difference with respect to age (p=0.25) (Table 3).
Table 3: Participant Demographics, (*) significant difference between height and weight
(p=0.024 and p=0.001, respectively).
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4.2 Reliability
When considering the test-retest reliability of the OFTT loads, the 150g, 100g, and 50g were
significant (p<0.001) with ICC at 0.745, 0.923, and 0.715, respectfully (Table 4).
Table 4: Single Measures Intraclass Correlation for Each OFTT Concentration (CV: Coefficient
of Variation)

150g
100g
50g

N
14
14
12

Single Measures Intraclass Correlation
CV (%)
ICC
Lower Bound Upper Bound F-Value
24.3
0.745
0.551
0.863
6.837
16.7
0.924
0.855
0.961
25.332
14.6
0.715
0.483
0.854
6.029

Sig.
p<0.001
p<0.001
p<0.001

4.3 OFTT Metabolism
The 50g, 100g, and 150g OFTT load TG revealed a significant interaction with time (F=1.508,
p=0.033). Significantly lower plasma TG concentrations were observed in the 50g load
compared to both the 100g and 150g loads at time points 1h, 2h, 3h, and 4h postprandially
(p=0.001, p=0.003; p=0.01, p<0.001; p=0.004, p=0.002; p=0.003, p=0.001, respectfully), with an
effect size of 0.80 (figure 1). No differences with respect to TG were observed between the
100g and 150g loads (p>0.05). Each test found significantly increased plasma TG above
baseline at the 1h, 2h, 3h, and 4h timepoints (p<0.001).
4.4 Sex Interactions
No interaction between sex, time, and plasma TG was present (F=0.83, p=0.55). Additionally,
no interaction between OFTT and sex was present (F=0.057, p=0.935). There was an
interaction of OFTT and time (F=2.325, p=0.034). There was an interaction between time and
sex as determined by one-tailed independent T-test (F=3.115, p=0.049) (figure 2). There was a
main effect for time (F=31.196, p<0.001) and among OFTT (F=10.466, p<0.001).
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Figure 1: Mean TG metabolism (mg/dL) among the 50g, 100g, and 150g OFTT loads, (*)
Significantly different than 100g and 150g time points.
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Figure 2: Time by sex interactions of TG metabolism (mg/dL) following the 100g OFTT
concentration, between males and females over time.
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4.4.1 Active Lifestyle Interactions
There was no 3-way interaction between time, fitness, and OFTT concentrations (F=0.514,
p=0.805). There was a significant interaction between OFTT and time (F=2.482, p=0.026), and
a main effect for OFTT (F=11.874, p<0.001). There was a significant main effect of time from
baseline at the 1h, 2h, 3h, and 4h timepoints (F=30.405, p<0.001).
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5.0 Discussion
5.1 Reliability of OFTT
Reliability is the agreement of consistent results between different observations57. Results from
the current study provide evidence that the 100g OFTT concentration load is highly reliable, with
an ICC of 0.923 (table 4). From this we can assume 8% of variability to random variation. The
100g coefficient of variation at 16.7% would be considered good. In an evaluation of CV
threshold among clinical testing, Reed et al. determined that a CV above 20% should not be
considered reliable58. Validity is defined as the extent to which the testing procedures are
applicable to the desired measurement of the outcome57. The present investigation satisfies the
parameters of construct validity as outlined via the homogeneity parameters, in which all
persons were tested exclusively for TG. As such we can confidently report that the 100g OFTT
is both reliable and valid for research purposes. These finding are unique, since we know no
previous investigations that employed an OFTT for lipid metabolism analysis purposes have
determined reliability.

The aim of the current investigation was to construct an OFTT that was both valid and reliable.
To our knowledge, there is a dearth of literature focusing on the test-retest reliability of plasma
TG metabolism following the administration of differing OFTT loads. This lack of reliability
analysis among the literature is prevalent, despite the use of multiple OFTT configurations.
Previously established guidelines of single measures consistency intraclass correlation
coefficients, ICC (3,1) ICC categorize values as: less than 0.5 being poor, between 0.5 and 0.75
as having moderate reliability, between 0.75 and 0.90 as having good reliability, and values
greater than 0.9 as reflective of excellent reliability53. Moderate reliability was observed in the
150g OFTT load measurements when considering both the ICC and the 95% confidence
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intervals. The 150g ICC was 0.745 with a 95% confidence interval from 0.551 to 0.863
(F=6.837, p<0.001). An excellent degree of reliability was found between 100g OFTT
measurements when taking into account both the ICC and the 95% confidence intervals. The
average measure ICC was 0.923 with a 95% confidence interval from 0.845 to 0.963 (F=25.059,
p<0.001). While a moderate reliability was seen in between the 50g OFTT measurements, with
an of ICC (0.715), and having a 95% confidence interval indicative of poor reliability (0.483 to
0.854, F=6.029, p<0.001). These data identify the 100g OFTT load as having the most desirable
reliability effects of all of all high-fat loads that were tested in the present investigation. This
100g concentration is similar to other volumes seen among the literature, including an expert
panel conclusion of 75-80g being an ideal concentration59. Further testing needs to be done on
a larger sample size to more fully determine precision measures.
Table 5: ICC Demographics

50g
Age
Hight (cm)
Mass (kg)
Male
Female

Mean
27
165
80

SD
6
17
26
3
3

100g
Mean
26
170
66
4
3

SD
4
8
10

150g
Mean
28
171
78
3
4

SD
3
7
20

5.2 OFTT Concentration Comparison
This investigation sought to determine an ideal fat concentration of an OFTT for clinical and
research purposes, among three different concentration approximations (50g, 100g, and 150g).
These data unequivocally identify the 100g OFTT as being the ideal concentration (F=1.508,
p=0.033). As predicted, the 50g OFTT appears to be too low of a lipid challenge. This was
displayed in participant’s that had consistently favorable TG levels at all concentrations.
Amongst these participants TG levels remained below a 3-digit mg/dL value.
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Conversely, it is likely the 150g OFTT was too great a challenge to observe the metabolism of
TG within the established 4-hour observation period (Figure 4). Amongst those participants with
consistently unfavorable lipid values (having 3-digit values at baseline), this extremely high lipid
challenge was too great to observe the desired trend toward baseline at the 3 to 4-hour time
point59.

When considering the entire sample, there was no significant difference (p=0.676) in TG
metabolism between the 100g and 150g OFTT load concentrations. At 1h there was a 14%
difference between 100g and 150g OFTT; 14% at 2h, 13% at 3h, and 16% at 4h. Thus, we
recommend that the 100g load would better serve participants and clients, as it would not
subject them to an unnecessarily high fat load or potential discomfort.

Increasing evidence points toward the administration of a postprandial OFTT to identify potential
metabolic and cardiovascular abnormalities3,59,60. To our knowledge, this practice is not yet
reflected among health care institutions. Such a practice would involve at risk individuals, having
elevated fasting TG values, being assessed following ingestion of an OFTT3. The cut-off for
healthy fasting TG is <150mg/dL. Researchers have more recently observed that a fasted blood
draw is not sufficient to identify metabolic TG abnormalities. The National Cholesterol Education
Program (NCEP), and American Heart Association (AHA) are in agreement with the health
guidelines for elevated TG (Table 5)59,61.

35

Figure 3: TG values of participant #8 over time following a 50g load (male, 73.92kg,
170.18com, 29 years)
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Figure 4: TG values of participant #2 over time following a 150g load (male, 69.5kg, 180.34cm,
31 years)
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Common practice when evaluating lipid values is to draw and analyze fasted blood. More recent
evidence points toward the administration of an OFTT in effort to evaluate active TG
metabolism3,59. These tests would aide in diagnosing those with disordered lipid metabolism,
and hidden postprandial lipemia3,59. Postprandial TG values less than 220mg/dL over a fourhour observation period is ideal59. Persons with fasting TG values between 89-180mg/dL may
potentially have hidden postprandial lipemia3,59. These persons are at a greater risk for
developing early atherosclerosis59. As such, it would be beneficial for those patients with
elevated fasting values to undergo an OFTT to evaluate active TG metabolism. The tested 100g
concentration is a reliable and valid OFTT which can be used in for the aforementioned
application. Early intervention of disordered TG metabolism should be prescribed a combination
of: exercise, dietary restrictions, statins, fibrates, and nicotinic acid59.
Table 6: TG Classifications, as outlined by the National Cholesterol Education Program
Classification

Fasting serum TG

Normal

<150 mg/dL

Borderline High

150-199 mg/dL

High

200-499 mg/dL

Very High

≥500 mg/dL

A common ingredient in the development and implementation of an OFTT consists, in large
majority, of heavy whipping cream18,21,23,25,34,45. The use of commercially available heavy
whipping cream in research and clinical endeavors is not without limitations. The first and
primary limitation would be the macronutrient concentration of heavy whipping cream (Table 6).
It has long been accepted that long-term heavy doses of saturated fat are linked to an increased
risk for CVD2. Another focus of the present investigation was to create an OFTT which
minimizes the volume of saturated fats, supplanting it with healthier fats, such as
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polyunsaturated fat (PUFA) and monounsaturated fat (MUFA). There exist time discrepancies
regarding the metabolism of these three fat substrates. PUFA and MUFA breakdown more
rapidly than do saturated fats, however this difference in breakdown efficiency does not present
itself until eight-hours postprandially. Therefore, the process by which the different fat substrates
are broken down should not confound data collection under an eight-hour observation window13.
The tested OFTT, having approximately 4% saturated fat, and containing roughly 43% of PUFA
and MUFA would be a healthier option for patients or participants (Table 3). There also exist
potential for confounding results based on the distribution of fatty acid isoforms. There exist
evidence to support that the ingestion of PUFA and MUFA, concurrent with saturated fat,
attenuates the elevation in TG14.
Table 7: Comparison of macronutrients between proposed 100g OFTT and heavy whipping
cream equivalent

Volume (ml)
Fat (g)
Saturated Fat (g)
Carbohydrates (g)
Protein (g)
Calories

100g OFTT Low-fat HWC High-fat HWC
299
325
244
99
99
99
9
66
58
38
22
17
29
0
0
1170kcal
990kcal
990kcal

The present investigation isolated the 100g concentration as being ideal for research and
clinical purposes. The 100g concentration is similar to that proposed by Kolovou et al. in a metaanalysis expert panel review59. The panel proposed having 70-80g (68%) fat, 25g of CHO
(22%), and 10g of protein (9%). The 100g concentration utilized within this present investigation
contains 99g of fat (60%), 19.13g of CHO (23%) and 14.5g of protein (17%) (Table 3). The
percent fat and CHO subfractions are similar between these OFTT. However, the protein
concentration in the proposed OFTT is nearly double that of the macronutrient recommendation
set forth by Kolovou et al.59. Additionally, the proposed OFTT contains a similar percentage of
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CHO, with a lower overall percentage of fat. It is the opinion of the author that the proposed
OFTT contains a more favorable macronutrient distribution for participant health among
research and clinical purposes.

It is advisable to limit carbohydrates (CHO) when developing and OFTT since a 1:1 ratio or
greater of CHO creates a competition for enzymatic activity and can convolute lipid
metabolism57. The tested OFTT contains approximately 23% of CHO and 60% total fat (Table
3). This fat to CHO ratio is much less than comparative investigations in which an OFTT was
employed (Table 1). This low ratio should further isolate the lipid metabolism effects following
consumption of an OFTT. Protein does not appear to interfere with lipid metabolism62. As such,
a greater ratio of protein (over that of CHO and saturated fats) is encouraged when developing
an OFTT. The proposed 100g OFTT consists of roughly 17% protein, which is favorable to the
heavy whipping cream base which contains a negligible volume of protein. This concentration of
protein is superior to that commonly observed within commercially available heavy whipping
cream, which ranges from 0-1g of protein per tablespoon. Consequently, the implementation of
the proposed OFTT retains further health benefits over varieties holding to a base of heavy
whipping cream.
5.3 Male and Female Triglyceride Metabolism
The interaction of OFTT and time is to be expected as all values increase above baseline
values postprandially. There exists an interaction of time and sex (F=3.115, p=0.049), indicative
of a more efficient TG metabolism among females. This sample was composed of young,
apparently healthy, individuals (age: mean 27 years, SD=4.6). As age was thought to be a
protective mechanism of TG metabolism, these findings were unexpected. There does not
appear to exist any metabolic advantage of sex among healthy young adults among the
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liturature63. This is consistent with our findings; however, caution should be used prior to
generalizing this relationship. TG metabolism slows as we age, therefore age could serve as a
protective factor when challenged with a high-fat load1. The sex disparity among lipid
metabolism is more noticeable with advancing age1,2. Persons with pre-existing conditions, such
as hypertriglyceridemia, CVD, or diabetes, can skew these findings regardless of age2. As such,
it is recommended that participants be screened for any health or lifestyle disparity prior to
participation. Similar caution should be upheld when examining older adults (>50 years). With
age, and in direct association with menopause, females lose their protective mechanism of
circulating estrogen2. As such, it is common to observe a decreased ability to efficiently
metabolize TG among older females1,2.
5.3.1 Active and Sedentary Triglyceride Metabolism
There exists no significant interaction of TG metabolism among active and sedentary conditions
(F=0.514, p=0.805). The lack of significant effects (p=0.805, d=0.209) of an active lifestyle are
contrary to our hypothesis, as well as other research findings. In a study by Cohen et al. active
and non-active persons were given a high-fat challenge. This was undertaken absent of an
exercise intervention. The authors found that the active population displayed an attenuation of
TG over that of the sedentary population sample1,16. However, in a more recent investigation
examining postprandial lipemia in young men and women of contrasting activity, there was
determined no benefits of an active lifestyle when controlled for recent exercise23. Thus, it
appears more active persons elicit a more favorable TG response following exercise than does
their sedentary counterparts.

Investigations which have previously examined TG metabolism among active and sedentary
individuals have found greater attenuation among the active population. One such investigation
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analyzed data from 671 individuals belonging to the Phenotype Intervention Heart Study64.
Activity was continuously measured over the course of seven days. Those persons with usual
physical activity expressed a decrease in postprandial triglyceride (PPT) elevation64. The
protective effects of an active lifestyle likely originate from the protective relationship of HDL on
TG subfractions65. These data further conflict with our results which reflect an active lifestyle
does not attenuate PPT following a high-fat meal. There is substantial evidence to support
disordered lipid metabolism as a precursor to greater health defects such as hyperlipidemia66.
Maintaining an active lifestyle as a resource for sustaining an improvement in lipid metabolism
should be adopted among all populations.

Potential limitations of the present investigation include the lack of pre-test meal
standardization. To minimize this potential effect, participants kept individual food journals.
Although participants gave verbal confirmation of meal replication, some variation may exist.
Additionally, participants were advised to abstain from alcohol and vigorous exercise the day
prior to data collection. These lifestyle interventions could not be tracked and validated by any
member of the research team. It is unknown how this valid and reliable 100g OFTT will respond
to populations outside of our healthy, college-aged, sample. The effect size of the three-way sex
interaction was low (0.325), thus caution should be used when seeking this interaction as these
present findings are underpowered. Lastly, AUC comparisons have yet to be determined.
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6.0 Conclusion
In conclusion, the 100g OFTT load has proved to be a reliable and valid measure for observing
TG elevation over time. The composition of a specific ratio of Benicalorie® and Ensure® Plus,
totaling 99g of fat, 38.25g of CHO, and 29g of protein, is more appropriate than the 50g and
150g loads. Further, the 100g load would be a reliable for research and clinical purposes. We
observed females have a more favorable TG panel following an OFTT than do males. Thirdly,
there is no apparent difference in TG metabolism between active and sedentary persons,
absent an exercise intervention. Benicalorie® and Ensure® Plus are commonly administered in
clinics and hospitals and consist of standardized ingredients. The use of these commercially
available products is encouraged as it is easily repeatable, converse to other OFTT consisting
of an unspecified combination of ingredients. These practices will limit error potential and lend a
more accurate representation of lipid metabolism over time. Future investigations should
consider more rigorous diet and exercise constraints, such as standardized meals on the day
preceding the administration of an OFTT. Additionally, as this is the only investigation (to our
knowledge) examining reliability and validity, it would be of benefit to the scholarly body of
knowledge to re-visit previous investigations utilizing a previously established and reliable
OFTT.
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