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ABSTRACT

The Western Pattern diet has been characterizéadwgg greater than 50 percent
consumption coming from fat and sugar. This madment allocation has been shown to
have deleterious effects on endothelial functiot metabolic markers of cardiovascular
disease. Exercise has been shown to improve vasealetivity and metabolic markers
related to cardiovascular health. The objectivihefstudy was to determine if exercise
training can prevent the anticipated deleteriotsces of a fat-sugar supplemented diet
on endothelial function and blood markers of cardszular risk in young men. Twenty-
one, healthy college-aged males were randomly megditp either the doughnut +
exercise or doughnut only groups. Both groups vienie2 doughnuts per day, 6 days per
week, for three weeks, while maintain their currdiet. The exercise group completed 4
exercise training sessions per week consistinglo§R intensity interval training bouts
(up to 95% VQpeak) on a cycle ergometer and two moderate intersteady-state
bouts (at 75% Vgpeak) on a treadmill. Changes in body weight andpmosition,
markers of endothelial function, oxidative stressum lipids, and blood glucose were
measured in each group. As expected, cardiovadimiess increased significantly in
the doughnut-supplemented + exercise group as aechpathe doughnut-supplemented
(p=0.005). Significant increases in body weightq®36), fat mass (p=0.013), and body
fat percentage (p=0.014) were seen in the doughmytgroup as compared to the
doughnut + exercise group. The doughnut + exemgigaep showed significant
improvements in fasting serum triglycerides (p=6)0)®lasma insulin (p=0.039) and
insulin sensitivity (HOMA; p=0.05) as compared e tdoughnut only group. The

doughnut + exercise group saw a significant impnoset in nitric oxide availability



whereas the doughnut only group experienced afgignt decline (p=0.014). There

were no significant changes in other markers. Despe addition of a fat/sugar
supplement of ~11,600 kcal over three weeks, 4 esesessions per week were

sufficient to prevent a gain in body weight andrfatss, and also improve some measures
of cardiometabolic risk. These results suggestakarcise may be necessary to prevent
some adverse health outcomes associated witheranseriods of excessive energy

consumption.
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Chapter 1
INTRODUCTION

The Western Pattern diet, popular in many develmoemhtries, icharacterized
by high intakes of red meat, sugary desserts, fagfeods, and refined grains.
Commonly included in this diet is also a large aonption of high-fat dairy and sugar-
sweetened beverages.oM than 50 percent of all calories consumed in Agcaecome
from fat and sugarThere currently exists a plethora of research stuthat confirm the
deleterious effects of both high-sugar and higtdfats on endothelial function and
metabolic markers of cardiovascular disease (Nishatlal., 2006; Johnson et al, 2009).

Over the last ten years new evidence has emergaddiag the relationship
between intake of sugars and cardiovascular dig€zseello et al., 2002). The shift in
dietary priority from nutritional value to convenige specifically over the past 40 years
has been marked by a 19% rise in added sugarsnaankeaage intake of 22.2 grams of
sugar per day (Johnson et al, 2009). This averagsumption equates to 355
kilocalories per day which is well above the UStBig Guidelines for discretionary
calories consumed per day of 100 kilocalories fom&n and 150 kilocalories for men
(US Department of Health and Human Services, 20053. well supported that
individuals with diabetes have an increased risicévdiovascular disease; however,
there are some studies that suggest that postptdmngierglycemia and
hypertriglyceridemia in nondiabetics are also iretegent risk factors for developing
cardiovascular disease (Ebenbichler et al., 1995).

In addition to a rise in sugar consumption, congroe-based dietary selections
have also brought about an increase in the amdwatorated and trans fat consumed
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(although regulations have reduced consumptioranktfat in recent years). According
to an executive summary conducted by researcharstiie US Department of
Agriculture, the average American consumed 85 grainfst per day, comprising 35
percent of their daily caloric intake. In the WaneeHealth Initiative (WHI) randomized
clinical trial, reduction of total fat consumptifnom 37.8% energy to 24.3% energy (at 1
year) and 28.8% energy (at 6 years) had no effeat@dence of heart disease, stroke, or
total cardiovascular disease over a mean of 8.dsyetward et al., 2006). This
suggests that the role of dietary fat itself indi@wascular disease may not be as
important as generally thought. A major limitatiointhe WHI study is that vigorous
exercise, enough to improve cardiorespiratory &tnevas not part of the intervention.
There is evidence to suggest that exercise andrfdrarespiratory fithess may be more
important than diet for reducing cardiovasculaedse risk (Heroux & Janssen, 2010;
Huffman et al, 2012; Kouki et al, 2012).

In the Aerobics Center Longitudinal Study, highdiarespiratory fitness in men
and women was associated with low mortality rigkareless of diet quality (Heroux &
Janssen, 2010). In the Dose Response to Exemagang Study, metabolic syndrome
risk was influenced more by cardiorespiratory fméhan by diet (Kouki et al, 2012).

For example, prevalence of metabolic syndrome wa® rthan twice as high in persons
with the healthiest diet but with low cardiorespinrg fithess as compared to persons with
the unhealthiest diet score but a high cardiorasmiy fitness level. Furthermore, in the
Study of Targeted Risk Reduction Intervention tigloDefined Exercise, significant
improvements resulting from exercise training wiackependent of diet quality (Huffman

et al, 2012).



These studies are supported by a number of aceteis& studies demonstrating
the beneficial effects of exercise in ameliorating deleterious effects of a high-fat or
high-sugar meal (Tyldum et al., 2009; Weiss, Avillareal, Marzetti, & Holloszy, 2008;
Padilla, Harris, Fly, Rink & Wallace, 2006). 12809 study, Tyldum and colleagues
examined the effects of continuous moderate intgesiercise and high intensity interval
exercise on endothelial function following a high meal. Before consuming the high-
fat meal, researchers had the participants peréosmgle bout of exercise (continuous
moderate intensity or high intensity interval) tteey before. Approximately 16 hours
after the exercise both the moderate and high sitiesessions improved endothelial
function by 20%,( p < 0.01) and by 45% (p < 0.G89pectively. However, after
consuming the high fat meal, the high intensitginal exercise had not only prevented
the normal decline in postprandial endothelial fiorg but brought about an increase in
flow mediated dilation from baseline despite thghhiat meal-induced lipemia as
compared to the continuous moderate intensity @eend control groupsResults from
this study found that the efficacy of exercise atigating negative effects was intensity
dependent. Similarly, Weiss et al (2008) fourat hsingle session of endurance
exercise performed the day before consuming a sugjar meal (candy bar and a sugar-
sweetened soft drink) was sufficient to attenulageitnpairment in endothelial function
that occurred after ingestion of the high-sugarimédout exercise. In addition, the rise
in postprandial plasma glucose and insulin conedéiotis was diminished, thus
improving the insulin sensitivity index.

One unresolved issue is whether these acute egersslts can be extended to a
more sustained exercise setting (e.g., over waekslich the diet is altered to increase
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fat and sugar consumption on a daily basis. Sieont-(i.e., 2 weeks) high-intensity
exercise training that significantly improves cardspiratory fitness is effective in
ameliorating the negative effects of postprandygenglycemia. In 2011, Little and
colleagues examined the effects of six exercisg@as of ten one-minute intervals at
90% of maximal heart rate on blood glucose regutatiFollowing the interval exercise
training protocol, there was a significant reductio 24-hour glucose concentration from
7.6 £1.0 to 6.6+0.7 mmol/l (p<0.05) as well as 3shpostprandial combined area under
the curve (AUC) for breakfast lunch and dinner {066+1,703 vs. post: 9,572+995
mmol-I*-day*, p<0.02).

Also, endothelial function improvements with exsectraining appear to be
maximized after just 2 to 4 weeks of training (Tenket al, 2008). Because adverse
effects of dietary changes can be observed witldieks (Silbernagel et al, 2011), it
would be important to establish whether regular@se could mitigate the anticipated
deleterious effects on cardiovascular risk thatctte expected during a short-term
dietary intervention that increased fat and sugasamption without overtly attempting
to alter other dietary habits.

The mechanism for exercise related improvemeninaoiotielial function despite
conditions of lipemia may be the result of variouschanisms. Tyldum et al (2009)
demonstrated that the improvement in endotheliattion during the postprandial period
was significantly correlated with total antioxidarapacity of the blood, with high-
intensity interval exercise having the most potdfect. Though this explanation is
merely one theory, this would suggest that the tiismmaintain a link to NO

bioavailability.



The connection between antioxidant status and N@uailability is supported by
studies in which super-physiologic NO levels werduiced by supplementing a high fat
meal with sublingual nitroglycerin. In this cafiggre were no deleterious effects on
endothelial-dependent vasodilation following thiake of a high fat meal (Xu et al.,
2011). Counterevidence to this theory has beewshiorough other exercise studies that
suggest that acute exercise increases the cimulafifree radicals in the blood which
would inhibit the activation of nitric oxide subsesmtly resulting in a decline of vascular
reactivity (Benjma & Ji, 1999; Bailey et al., 20@iley et al, 2007). Researchers in this
particular study compared the improvement in enel@hfunction to that seen in studies
where antioxidants prevented post-prandial endsth@ysfunction when given
concurrently with a high fat meal (Plotnick, Cotré& Vogel, 1997).

In effort to further understand the mechanisms metlexercise induced
improvements in endothelial function despite a Hagldiet, Park et al (2012) conducted
a study on rats evaluating a number of differentkers associated with cardiovascular
health risk. Three groups of rats were studieffeing in diet and exercise status: low-
fat sedentary, high-fat sedentary, and high-fahimgn The rats in the high-fat group
were fed a diet comprised of 45% fat. After 10 ksee¢he high-fat sedentary group had
decreases in acetylcholine (ACh)-induced and floduced vasodilatations in isolated,
pressurized coronary arterioles, heart phosph@glandothelial nitric oxide synthase (p-
eNOS/eNOS) protein, coronary arteriole leptb)(receptor protein, phosphorylated
signal transducer and activator of transcriptiqdp-$TAT3/STAT3) protein, and
coronary arteriole superoxide dismutase 1 protecomparison to the high-fat running
group. Additionally, the high-fat sedentary grdwad increases in percentage body fat,
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serum leptin, coronary arteriole suppressor oflapm® signaling 3 (SOCS3) protein, and
coronary arteriole gp91phox protein. The resutisfthis study suggest that there are a
number of possible mechanisms responsible forliigyaof exercise to attenuate or
abolish any deleterious effects of a high-fat dietcardiovascular health.

Unfortunately, there is a lack of studies in humiamestigating the magnitude of
effect that exercise may play in maintaining vaacehdothelial function despite a
sustained increase in fat and sugar consumptitee. r@sults of the few studies
examining the ability of exercise to ameliorateabolish the negative effects of a high-
fat or high-sugar diet are equivocal, and the pakmechanisms remain largely
unknown. The elevation in total antioxidant capati the blood as a result of a single
exercise bout may explain the preservation of Masd¢unction during a single
postprandial setting, but no studies have beenghda to address whether this
relationship extends to habitual diet conditiofiierefore, the objective of this
dissertation research is to determine whether aegxercise can prevent deterioration in
vascular function expected to occur as a reswdhahcreased consumption of fat and
sugar during a three-week period in college-aged, med to determine whether this is
related to changes in antioxidant capacity, nixie availability, and other established
blood biomarkers of cardiovascular risk.
Objective

The objective of the study is to determine if exa¥draining can prevent the
anticipated deleterious effects of a fat-sugar mppnted diet (in the form of two
doughnuts per day, 6 days per week, for 3 weekendothelial function and blood

markers of cardiovascular disease risk.



Hypotheses
Hi:
Fat-sugar supplemented diet will impair endothdliakction and result in a
worsened cardiovascular risk profile as assessddstiyng blood lipid profile,
glucose, insulin, nitric oxide, total antioxidamtpacity, and C-reactive protein.
Ho:
Exercise training will prevent deleterious effestsa fat-sugar supplemented diet
on markers of cardiovascular risk.
Delimitations
This study is delimited to male participants betwéhe ages of 18-30 that are
generally sedentary, but otherwise metabolicaliithg. There are no weight
requirements for this study. Participants willdbesluded from this study if they are
currently involved in any form of regular aerobieecise. Current dietary intake will
not be considered for participant selection but kgl required to remain consistent
throughout the entirety of the study. Once endbitethe study participants will not be
permitted to participate in any form of aerobicatt outside of the protocol required
for the experimental group to which they are assign
Assumptions
It is assumed that the participants will complyhathe testing protocol outside of
the lab. Following proper calibration protocolse tsafety, proper use, and accuracy of
all testing instruments is assumed. Honesty igrasd on the part of the participant to

uphold the integrity of the study instructions to:



0 Abstain from exercise greater than what is neede@drforming
activities of daily living (ADL) during the 3 weeld testing.
o Refrain from making any alterations to their normi@t during the testing
period.
o Come to the lab in a fasted state (10 hours omiglet) prior to testing
day only consuming water.
Limitations
The number of subjects in our study will be smali ufficient to reach statistical
power for the primary (endothelial function) and®edary (plasma lipids) measure. All
participants will all be healthy college-age makesd it is not known whether the present
training protocol will give similar adaptationsather populations such as women or
subjects with cardiovascular disease. A largeadydat-sugar load will be utilized in this
investigation. Although meals with this amount aff &nd sugar are frequently consumed,
the effects of the consumption of three weeks fat-gugar supplemented diet may not
be reflective of a consistently high fat-sugar diéthile it appears reasonable to assume
that changes in vascular reactivity due to acugbfat-sugar supplementation are
transitory in nature, the longevity of the enhaneatwill not be measured in the current
study. This study will not directly assess the &eof training on insulin sensitivity
using hyperinsulinemic-euglycemic clamps and theeetannot conclude whether low-
volume HIT improves muscle insulin sensitivity wabcuracy beyond the HOMA

calculations.



Chapter 2
REVIEW OF LITERATURE

Cardiovascular disease (CVD) is the leading cafiseath in the U.S.,
accounting for approximately 810,000 deaths angadhnson et al, 2009). Many risk
factors for CVD such as diabetes, obesity, and amgokre associated with increased
oxidative stress and inflammation, suggesting tthe$e responses are involved in the
initiation and pathogenesis of CVD. Because ofstineng association between oxidative
stress and vascular health, it is important to emarthe mechanisms that regulate
vascular endothelial function and define dietargtsgies that can attenuate the oxidative
stress responses that modulate these mechanisms.

A number of studies have shown that weight-rel&mth conditions are
significantly improved with just modest amountsaadight loss if they are brought about
by increases in physical activity (NIH, 1998). Tigh over seventy percent of
Americans have reported trying to lose weight asi@nce in the past 4 years, very few
use the approach of moderate calorie reductioraaridcrease in physical activity. A
meta-analysis examining the nutrient breakdownapiupar diets did a comparison
against the typical American diet. The typical Aroan diet consists of 2200 total
calories, 35 percent from fat, 50 percent from chylrates, and 15 percent from protein
(Freedman, King, & Kennedy, 2001).

Contributing to the typical American diet is fasbtfl, a 165 billion dollar industry
in the US alone. The increased intake specifidallgnergy and saturated fat has been a
large contributor to the increased risk of cardgmedar disease related to regular fast
food consumption. In an effort to assess the tffetfast food consumption on vascular
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function and markers of cardiovascular disease pipindand colleagues (2012) evaluated
items of various nutrient contents (burger andsfnieegetarian burger and fries,
vegetarian burger and side salad) on healthy iddals. Results from this study showed
a significant decrease in FMD after all meals busignificant different between meals.
The results of this study show that there was mefieto consuming the arguably
healthier vegetarian burger or side options tartditional beef burger and French fries
in respect to vascular reactivity.

The western pattern diet (high intakes of red m@atcessed eat, refined grains,
french fries, and sweets/desserts) has been egdlumtomparison to a prudent pattern
diet (high intakes of vegetables, fruit, legumésh,fpoultry, and whole grains) in a
number of studies. Based on data from the Nuldealth Study, researchers concluded
that the western pattern diet was associated whilglger risk of morality from
cardiovascular disease (22%), cancer (16%), anchales (21%) (Heidemann et al.,
2009). What these results do not address is theofaardiovascular fitness in
mitigating these risks. Heroux and colleagues Q2@bnducted an analysis of risk
similar to the aforementioned review while coniirail for self-reported physical activity
levels. In agreement with the previous review ¢ghesearchers identified the group at
greatest mortality risk as the highest quintilehaf Unhealthy Eating Index
(characterized by a higher intake of red meat, dddieand simple carbohydrates, and a
lower intake of non-citrus fruits). The 40% higimeortality risk associated with the
lowest quintile of Unhealthy Eating Index was reeldidy 55% after controlling for
cardiorespiratory fitness. In fact, within the Inégt quintile of cardiorespiratory fitness,
mortality risk was unrelated to Unhealthy Eatinddr score. The implications of this
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review suggest that cardiorespiratory fitness lemedsumably achieved in large part
through regular exercise, may offset much of tek associated with unhealthy dietary
patterns.

Diet vs. Exercise Debate

There is an ongoing debate as to whether exercisaetotion plays a greater
impact on protecting against cardiovascular diseiake In 2010, Kouki and colleagues
conducted a study aimed at examining the individunal combined effects of diet and
exercise on the prevalence of metabolic syndrobietary assessment was done via a
four day food log specifically looking at intake wégetables, fiber, and fish as well as
the percentage of total energy consumption fromratgd fatty acids. Cardiorespiratory
fitness levels were assessed using a maximal eyglameter test. Results from the study
indicated that individuals in the highest VO2mattite and who met 3-4 dietary goals
had the lowest prevalence of metabolic syndrome (3%contrast, individuals meeting
the least number or dietary goals and scoringerldivest tertile of fithess had the
highest prevalence. The results also indicatefiimatss levels are a stronger predictor of
metabolic syndrome and not even a healthy dietlaamish the risk of low fitness
levels. To examine this further Huffman et al (2Pp&onducted an exercise study in
sedentary individuals while analyzing dietary patse After evaluating total fat,
saturated fat, trans fatty acids, cholesterol, ar@fatty acids, and fiber researchers
looked at the adjusted risk for heart disease. r&helts from this study revealed that
independent of diet, exercise had beneficial effectlow density lipoprotein, high-

density lipoprotein, cholesterol molecule size, anglycerides P < 0.05).
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A review of the current literature as taken thd dersus exercise debate and
looked into the development of coronary artery asseand vascular function (Taylor,
2012). In two similar studies, researchers esthbtl two cohorts of animals which were
fed either a control or obesogenic high-fat dietlfd weeks, and a third cohort that was
allowed to voluntarily exercise by having accessuttning wheels as a ‘primordial
prevention’ strategy, coinciding with the impositiof the high-fat dietary regimen
(Booth & Lees, 2006; Park et al, 2012). In theesedry group, high-fat feeding over 10
weeks in adult female mice produced a 4-fold ineeda fat mass and in serum leptin
concentration compared to low-fat controls, whicswprevented by concomitant
voluntary physical exercise; mice ran a remarkaf@l® km per day on average. Diet-
induced obesity was associated with profound inmpamt of endothelium-dependent
relaxation to acetylcholine and flow-mediated ditain in isolated coronary arterioles.
The impairment in endothelium-dependent relaxatidmch was nitric oxide dependent
and associated with a reduction in eNOS phosphioylawvas entirely prevented by
voluntary exercise and the absence of obesity tiespigoing consumption of the high-
fat diet. These results would appear to suggestitie presence of obesity rather than the
high-fat dietper seis the predominant risk factor for coronary artenglothelial
dysfunction.

Vascular Function and Markers of CardiovasculaeBse

The vascular endothelium is a thin layer of celisated on top of the smooth
muscle and lines the interior surface of the bleessels located between cellular
elements in the bloodstream and vascular smootlelmaslls in the blood vessel wall.
The endothelium acts as a sort of biophysical gethst holds the ability to respond to
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changes in both the physical and metabolic envientrto maintain vascular
homeostasis. Its main purpose is to regulate élssgge of substances from the
bloodstream to the vascular wall.

The healthy endothelium is an important regulatimgan in maintaining
cardiovascular homeostasis by controlling the kaddretween several opposing forces,
including vasoconstriction and vasodilation, growtbmotion and inhibition, pro-
coagulation and anticoagulation, pro-inflammatiad anti-inflammation, and oxidation
and anti-oxidation; all of which, if unbalanced, wid contribute to atherogenesis
(Zabinski, Saelens, Stein, Hayden-Wade & Wilfle§02; Deforche, De Bourdeaudhuij
& Tanghe, 2006; Nassis et al, 2005). Pioneerimeements by Furchgott and Zawadzki
(1980) showed that the presence of an intact eetioth is essential for acetylcholine
(ACh) to activate endothelium derived relaxing éastwhich allows for dilation of the
arteries (Alexander, Landsman, Teutsch & Haffne03).

Pathology of Endothelial Dysfunction

Impairments in normal functioning of the vasculadethelium have been shown
to be an early indicator of atherosclerosis andr&utardiovascular disease (CVD) risk
(Zabinski, Saelens, Stein, Hayden-Wade & Wilfle@02). While alterations in
endothelial function are multi-factorial, many manlsms implicated in the pathogenesis
of VED, such as formation of atherosclerotic plagje related to increased oxidative
stress.

Vascular homeostasis is centrally regulated bywasendothelial cells by
modulating biological processes such as blood Vésseation, coagulation and
fibrinolysis, vascular tone and inflammation (Defloe, De Bourdeaudhuij & Tanghe,
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2006). Endothelial cells respond to both circulgtiactors such as hormones and
mechanical changes due to blood flow. The mechbfuozes that regulate endothelial
cells include blood pressure, the hydrostatic femeblood within the blood vessel; and
shear stress, the dragging frictional force crebtedlood flow. The nature of shear
stress plays an important role in the maintenafg@eaper vascular function and
cardiovascular health (Deforche, De Bourdeaudhuijafaghe, 2006). In fact, laminar
shear stress, generated by blood flowing in astiaphinar pattern, is generally regarded
as atheroprotective whereas the development ofagtlerosis is largely attributed to
turbulent blood flow (Nassis et al, 2005). Gredaeninar shear stress induces the release
of endothelium-derived relaxing factors such asmadxide and acetylcholine.

While endothelial dysfunction is most often thoughas an impairment of
endothelium-dependent vasodilation, it most likalso includes impairments in other
endothelial dependent functions. The nature of #radial dysfunction resulting in
attenuation of NO-mediated responses is uncleaveher several likely mechanisms of
endothelial dysfunction include: alterations innglbtransduction, reduced availability of
L-arginine, modification of the expression of eN@$ered availability of cofactors for
eNOS, imbalance between the production of endatimetierived constricting and
relaxing factors, increased destruction of NO lactee oxygen species (ROS), intimal
thickening as a diffusion barrier, and increaseamtipction of endothelium-dependent
constricting factors (endothelin being the mosipreent).

Endothelial dysfunction has been shown to be pteasemwide range of vascular
disorders, including atherosclerosis, type 2 diedbetellitus, and hypertension. It is
thought that disruption of the functional integritfythe vascular endothelium plays an
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integral role in all stages of atherogenesis rapiom lesion initiation to plaque rupture.
In a prospective study by Schachinger and collea(2@00), 147 consecutive patients
underwent coronary endothelial function testingasponse to several stimuli
(acetylcholine, cold pressor test, flow-mediatddtain) and subsequently were followed
for 6.7 years. Patients who presented with endiatidysfunction at the inception of the
study had a significantly greater number of cardsmular events. Obesity is associated
with both endothelial dysfunction and increaseld o6CVD in older adults; therefore it
could be hypothesized that a similar relationshaqubt be found between these variables
in adolescents and young adults as well. Whilaitkehanisms that lead to obesity-
caused endothelial dysfunction remain uncleas, hought that both insulin and a
chronic pro-inflammatory state play a critical role
High Fat Diets

The physiologic impact of dietary fat is well edtsbed. In one of the earlier
studies, Straznicky and colleagues (1993) compiedffects of either a high-fat or
low-fat diet on blood pressure, cardiovascular tigsg and sympathetic activity. In this
case subjects were followed one of the two diet2 fweeks. After this time, heart rate,
mean arterial pressure, total plasma cholestel@m-density lipoprotein levels fell
significantly in the low-fat diet group as compatedhe high fat-diet group. Since then,
results from a number of studies in this area wweramarized in a recent literature
review assessing the effects of reducing or maaiifylietary fat consumption on various
measures of cardiovascular disease and acute easdigar incidence rates. This meta-
analysis suggested that modification of dietaryrftgke in favor of increasing
unsaturated fats rather than an overall reducti@hepary fats. A compilation of the
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clinical trials indicated that reducing saturatatlihtake but not overall fat intake reduced
risk of cardiovascular events by 14% (Hooper e2@l,2).

That dietary fat quality (type) rather than totadaunt is more important for a
number of health outcomes is highlighted by studyshg that the consumption of
saturated fat, but not unsaturated fat, impairsatiteinflammatory properties of high-
density lipoproteins as well as endothelial funatilicholls, 2006). After the
consumption of an isocaloric meal containing eifh@yunsaturated or saturated fats,
researchers measured the impact on high-densttgrigpein inhibitory activity by
assessing the rate of expression of intercelldhesion molecule-1 (ICAM-1) and
vascular cell adhesion molecule-1 (VCAM-1). Flovwedrated dilation decreased at 3
hours post saturated fat consumptiBr(0.05). Interestingly, there was no significant
post prandial difference in either group at 6 hourkis suggests that post prandial
changes in vascular reactivity may be acute.

Though the effect of varying fat-subgroups has lmumented, it is necessary
to evaluate the level of dietary modification neszgyg to make an notable impact on risk
reduction. Astrup et al conducted a similar revthe effects of dietary modification
on cardiovascular risk defining the necessary le¥ehodification for a 2-3% reduction
in risk consuming a Western diet as a replacemietwof energy from saturated fatty
acids with polyunsaturated fatty acids (2010).cdntrast, conflicting studies have shown
that many of the specific fatty acid subgroups dbhave a significant influence on
overall measures of cardiovascular health (Hu, Mar& Willett 2001). Additional
health discrepancies related to the type of fadsted extends to inflammatory markers
(Peairs, Rankin & Lee 2011). What remain in questre the optimal dose of specific
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fatty acids and the ability of certain fats to attate or negate the physiologic risks
associated with elevated saturated fat consumptiimthe other hand, the effects of
saturated fat intake on metabolic markers and oaadicular reactivity are well
documented.

Vascular reactivity as determined by endotheliaktion is strongly effected by
modifiable and non-modifiable (age, smoking, blgoessure and metabolic
abnormalities) risk factors. Of these factorseagsh has shown that dietary intake
significantly influences metabolic abnormalitids. agreement with this association, test
meal studies have consistently shown that the eopsan of a high-fat meal has
detrimental effects on postprandial vascular furc{Vafeiadou et al, 2012). An early
study by Vogel and colleagues (1997) took a classk at the impact of diet on
endothelial in healthy subjects. Subjects werdwoamzed into either a no-fat or high-fat
meal group. The high-fat group saw a detrimerttahge in triglycerides and flow-
mediated dilation at 2 and 4 hours post feedihg 0.05). In addition to these changes,
there was a correlation between the rise in trigiygtes (2 hours) (but not low-density
lipoproteins) and the decline in endothelial fuacti This opens up the possibility that
post prandial triglyceride levels may be one fadioving the change in flow-mediated
dilation.

There has been recent evidence to suggest thghddtimeal may also have
avenues of indirect impact on vascular reactividygh levels of saturated fat and
cholesterol may contribute to increases in blo@sgure through the development of
plaques on vessel walls, which result in the radaatf both their diameter and
elasticity. Each of these measures is a critigahent in evaluating endothelial function.
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Jakulj and colleagues (2007) have shown that afaigineal may increase sensitivity to
psychological stress in healthy adults. In respdoseither a high-fat or low-fat feeding,
systolic and diastolic blood pressure and totalpberal resistance were measured
acutely following a variety of psychological stréests. Results showed a significant rise
in each of the aforementioned measures from basklithe low-fat group versus the
high-fat group.

One suggested mechanism by which this declinesoular function occurs is
through a disruption of the normal production gbetoxide anions in the vasculature
(Ross, 1999). Superoxide anions are known todriggsoconstriction through a reaction
with nitric oxide. This reaction results in theoguction of peroxynitrite, a strong
oxidizing agent that damages endothelial function.

TNF-0, a proinflammatory cytokine has also been showindace an impairment
of endothelium-dependent vasodilation in a vargétyascular beds by increasing
oxidative stress and decreasing the release of okrde (Boger, 2004). TNFx may
have a direct action on decreasing the amountt€ wixide released and endothelium
nitric oxide production. Further, it may directlgtavate NAD(P)H oxidase and increase
reactive oxygen species production in vascular simowscle (Chen, Montagnani,
Funahashi, Shimomura, Quon, 2003). TiWRas a major role in adipose tissue and there
is evidence of a three-fold increase in TMRRNA protein and circulating levels in
obese individuals. Winkler et al. (2002) showed thereased levels of TN&-may be
one of the linking factors in the insulin resistarand endothelial dysfunction

relationship.
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Adiponectin is a collagen-like plasma protein tisgtiroduced by the adipose
tissue and that is abundant in the systemic citicmaln response to a high-fat diet,
plasma concentrations of adiponectin are decrea&dghonectin plays an important role
in the regulation of insulin action, and has besowa to be positively correlated with
insulin sensitivity. In addition to its effect otugose metabolism, adiponectin appears to
modulate endothelial function. Adiponectin hasrbsleown to stimulate production of
NO (and suppress adhesion molecule expressiorscula endothelial cells. In three
recent clinical studies in adults, hypoadiponectiizehas been found to be directly
correlated with endothelial function of the peripdierteries (Ouchi et al, 2003;
Shimabukuro et al, 2003; Tan et al, 2004).

Serum antioxidant levels have recently been exatrisea possible underlying
cause of the oxidative stress-related impairmentsraothelial function. Following the
ingestion of a high-fat meal, the antioxidant eneygfutathione peroxidase, as well as
the urinary excretion of 8-epi-prostaglandiy were measured to assess the impact of
serum antioxidants (Tsai, Li, Lin, Chao & Chen, 2D0Though no changes were
observed in high-sensitivity C-reactive protein adthesion molecules, there was a
decline in endothelial function. Endothelial dysftion was brought about in response to
augmented oxidative stress incurred by the depletfcerum antioxidant enzymes and
increased excretion of oxidative modification prou

Research has also examined the mechanism behiadukte proatherogenic
effect of back to back high-fat meal ingestionsisfiuizen and colleges (2006) measured
flow-mediated dilation as well as serum cholestlretls after feeding healthy subjects
two high-fat meals. Following the second high#éstding researchers noted significant
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impairment of flow-mediated dilation as well asre@sed oxidized low-density
lipoprotein concentration. Participants experienaenoderate rise in glucose and
triglycerides following the feedings which remainjadt within the normal range.
Although this may not be of concern for healthyiulals, the results may have
important implications for individuals predispogecheart disease or type Il diabetes.

High Sugar Diets

An increase in sugar intake between 1970 and 20@ppyoximately 20 percent,
largely in response to the availability of addedas and sugar-sweetened beverages,
has demanded a greater look into the impact ofrangastion on the risk of obesity and
cardiovascular disease. Based on the 2005 USriétaidelines, added sugars greatly
exceeds discretionary calorie allowances regardieesergy needs. The chronic excess
of sugar has been linked with several metabolioabalities, adverse health conditions,
and lack of essential nutrients. Studies have esstgg that factors such as meal
composition, method of food preparation and phygjmlal factors influence the impact
of sugar on the body’s glucose response and ovezalth (McDonald et al, 1995; Chen,
Halter, Porte, 1987; Modghaddam, Vogt, Wolever,8)0Bucrose and fructose tend to
increase postprandial triglycerides and very lowsily lipoprotein levels, which may
augment lipemiaalso appear to be common abnorewlitia diet high in added sugars
(Chong, Fielding, Frayn, 2007; Teff et al, 200#)consistent results on the effects of
different monosaccharides on lipid levels sugdest inore research is needed to
investigate the mechanism of action (Silbernag&l1?. Studies have shown that a high
consumption of high-sugar foods and beverages @vdkfis associated with evidence of
increased inflammation and oxidative stress (LwlgR002; Price, Price, Reynolds,
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2001; Scribner, Pawlak, Ludwig, 2007). Thoughekact mechanism(s) by which sugar
intake is associated with these negative factonetiknown, the resultant elevated risk
for cardiovascular disease has been well documented

Overwhelming research indicates that oxidativesstreduced by postprandial
hyperglycemia, which may be induced by a high-suligtrin healthy individuals has
been shown to occur concomitantly with vascularogimelial dysfunction. While the
exact mechanisms causing endothelial dysfunctioraire unclear and incompletely
explored, insulin resistance and the presenceadfmmmatory markers are two likely
candidates. Insulin resistance classically reffeen impairment of the degree to which a
given quantity of insulin lowers plasma glucoseatdnow show that insulin resistance is
associated with endothelial dysfunction and inssénsitivity is inversely proportional to
the development of atherosclerosis. Petrie €.8P6) showed a close positive
relationship between insulin sensitivity and basalothelial NO production. There is a
well-established relationship between reactive exygpecies (ROS) and NO.
Hyperglycemia is associated with the generatioROS. NO has a direct effect on
oxidative stress by scavenging ROS, and NO inaotivas enhanced in the presence of
excess ROS. An overproduction of ROS may injuesaihdothelial cell membrane,
inactivate NO, and cause oxidation of BH4.

Evidence exists to suggest that high-sugar or-fagntake individually impairs
endothelial function. Additional studies have exasd the possible cumulative effect of
hypertriglyceridemia and hyperglycemia on endo#idlinction (Ceriello et al, 2002).
Participants underwent 3 feedings: a high-fat |&egh-sugar load, and a combined load.
Following the combined load there was a decreafiewimediated dilation and a rise in
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nitrotyrosine that was more pronounced than ettingin-fat or high-sugar feedings alone.
The rise in nitrotyrosine would support the thettrgt oxidative stress is the common
mediator of endothelial dysfunction.

There is an established association between inanlineptin as regulators of
appetite and weight. Insulin is a trigger for lapboth of which are transported to the
central nervous system where they interact withropeptides in the hypothalamus that
are known to impact food intake. Studies have shaweduction in both insulin and
leptin levels following the consumption of high-fakeals despite sufficient energy
consumption (Havel et al, 1999; Romon, Lebel, Vieil\arecaux, Fruchart,
Dallongeville, 1999). Because low levels of legind to stimulate an increase in
appetite, it could be suggested that high-fat anldifgh-sugar diets could promote weight
gain by leading to excessive energy intake.

Exercise and Cardiovascular Disease

Evidence exists to suggest that high-sugar or fagimtake individually impairs
endothelial function. Additional studies have exasd the possible cumulative effect of
hypertriglyceridemia and hyperglycemia on endo#idlinction (Ceriello et al, 2002).
Participants underwent 3 feedings: a high-fat |&egh-sugar load, and a combined load.
Following the combined load there was a decreaflewimediated dilation and a rise in
nitrotyrosine that was more pronounced than ettingin-fat or high-sugar feedings alone.
The rise in nitrotyrosine would support the thettrgt oxidative stress is the common
mediator of endothelial dysfunction.

There is an established association between inaatineptin as regulators of
appetite and weight. Insulin is a trigger for lapboth of which are transported to the
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central nervous system where they interact withropeptides in the hypothalamus that
are known to impact food intake. Studies have shaweduction in both insulin and
leptin levels following the consumption of high-faeals despite sufficient energy
consumption (Havel et al, 1999; Romon et al, 19¥ycause low levels of leptin tend to
stimulate an increase in appetite, it could be satggl that high-fat and/or high-sugar
diets could promote weight gain by leading to est@&senergy intake.

Acute vs. Chronic Adaptations to Exercise

Results from previous exercise studies suggesttirahic exercise results in
improved endothelial function. Endothelium-dependesponses of the brachial artery in
young healthy men were improved after just ten-wesdlkregular physical exercise
training at a moderate intensity (Clarkson et199). Another 12-week exercise
program improved endothelial function in patientsovihad metabolic syndrome, but who
were otherwise asymptomatic for cardiovascularatisgLavrencic, Salobir, & Keber,
2000). Another recent study showed that endurérateed men did not demonstrate an
age-related decline in endothelium-dependent vésah (Tounian et al, 2001). The
results in this study demonstrated that both middied and older men who regularly
perform aerobic exercise exhibited greater acetyich-mediated vasodilation than their
sedentary counterparts. Additionally, regular herexercise restored the loss of
endothelium-dependent vasodilation in previoustiesgary middle aged and older men.
In this case, patients with documented coronasnadisease showed an improvement in
coronary endothelial function after just four weeksigorous exercise training. The
latter results suggest an upregulation of the el§@% in response to chronic increases
in shear stress and blood flow brought about byatse.
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In evaluating endothelial function, the time coun$ehange has proven to be a
key component in vascular adaptation. Studies gshatnapproximately two to three
weeks of training is optimal to identifying change€ndothelial function. This is in part
due to the physical increase in vessel diametegh@ears as a result of chronic exercise
training. In 2008, Tinken et al theorized thatr$tierm exercise training enhances eNOS
and nitric oxide bioactivity and chronic exercisaiting induces arterial remodeling
resulting in an increase in arterial size (Delplet993; Sessa et al. 1994; Sun et al. 1994;
Delp & Laughlin,1997; Brown, 2003; Prior et al. Z)0 In effort to take a closer look at
the chronological changes in vascular structurefanction in response to exercise
training their study examined conduit artery flowdrated dilation and conduit dilator
capacity at two week intervals over the coursenod aveek training intervention. Results
revealed increases in flow mediated dilation fraasddine (5.9+0.5%) to 2 weeks
(9.1+0.6,P <0.01) and 4 weeks (8.5+0.6%,<0.01) but a return toward baseline at 6
and 8 weeks. In contrast, brachial artery dilatapacity progressively increased
significantly P <0.05) from baseline (8.1+0.4%) at weeks 2 (9.2£31§p.6+0.6%), 6
(10.0+0.5%), and 8 (10.5+0.8%). These results ssigtpat functional changes in
vascular health preceded physical adaptationstefiglrremodeling.

It is well accepted that chronic cardiovasculareise can ameliorate the
negative effects of an unhealthy diet. Additiopaill has also been established that a
high-fat meal causes significant post-prandial impant of endothelial function. With
this additional knowledge, it is necessary to shithe effects of a single bout of
exercise on the acute physiologic response tolafaigneal. Padilla and colleges (2006)
examined this question by conducting a 3-condisitualy (low-fat meal, high-fat meal,
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high-fat meal + exercise) and measuring 4-hour pastdial flow-mediated dilation.
FMD was significantly elevated above pre-prandallies following the high fat meal +
exercise (5.61+1.54 to 8.72+0.94%= 0.005) but was unchanged following the LFM
(6.17+0.94 to 7.18£1.319%, = 0.317) and the HFM (5.73+1.23 to 4.29+1.64%%;

0.160). These findings suggest that a single aemk@rcise session cannot only
counteract the postprandial endothelial dysfuncimoluced by the ingestion of a high-fat
meal, but also increase brachial artery FMD in appidy healthy adults.

In addition to acute changes in vascular reactivitsesponse to exercise training
regardless of feeding scenarios, research alsossanwnprovement in post-prandial
lipemia. In an acute exercise study utilizing spmterval cycling, participants
experienced 3 testing conditions — exercise witlemergy replacement, exercise +
energy replacement, and control (Freese et al,)2(Rdrticipants performed exercise one
evening either maintaining an energy deficit odiag for energy balance before a 13-
hour overnight fast. The following morning pantiants had baseline venous samples
taken (insulin, glucose, cholesterol, triglyceridasd were fed a high-fat meal after
which researchers monitored blood levels at 0680120, 180 minutes. The
postprandial area under the curve (mrife8h?) triglyceride response was significantly
lower in energy deficit (219 < 0.006) and energy balance groups (18%:,0.044)
than in control, and significantly lower in enemgficit (12%,P < 0.032) than in the
energy balance group. The energy deficit creategieycise plays an important role in
the reduction in post prandial, suggesting thaaylep replacement of the energy used
during exercise has important health benefits. fésalts from this study support the
growing literature indicating that the physiolagjieffects and health benefits of high-
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intensity, low-volume exercise are similar to tho$enoderate-intensity, high-volume
exercise training.

High Intensity Interval Training

Increasing interest has risen in the benefits giifintensity interval training in
decreasing risk of cardiovascular disease. In 2B@8vy et al conducted study to identify
the ability of high-intensity aerobic interval tnéng to influence the carbohydrate and fat
oxidation capacity in skeletal muscle as well ashtbody metabolic adaptations.
Participants performed 10x4 minute intervals at 9092peak separated by 2 minutes of
active rest three times a week for 6 weeks. Tongx@ changes in oxidation capacity
researchers collected muscle biopsies at rest,aftenutes of a maximal exercise test,
and at exhaustion. Adaptatiodsring exercise included reduced glycogenolysistalte
accumulation, and substrate phosphorylation (O+bahtotal expenditure), unchanged
carbohydrate oxidation, and approximately 2-foldager time to exhaustion; and
increased fat oxidation at 60% of pre-trainW@2 peak. This study demonstrated that 3
sessions per week of repeated high-intensity eseier 6 weeks is an effect method to
increase whole-body and skeletal muscle capacdgiegidize fat and carbohydrate in
previously untrained individuals.

Sufficient evidence has long existed to supporietifieacy of endurance training
on incurring cardiac adaptation ultimately leadiao@ reduction of cardiovascular risk.
The challenge that remains is the identificatiothef changes at the cellular level that
beget these adaptations. In 2009, Wisloff andeegilies conducted a study to test
whether a dose response effect of training on aangisponse exists in regards to training
intensity. During training participants performedr, 4-minute intervals at 90-95%
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VO2peak separated by three minutes of active lestomparison to participants who
performed continuous exercise at 70% VO2peak, igfe intensity interval group made
significant improvements in general cardiovaschkalth markers such as, left
ventricular remodeling, ejection fraction and eigdial function as a result of training.
These results suggest that improvements in cargsooNar function in response to
exercise may be dose dependent as related toiigtens

Similar research studies have taken a differerk &idhe benefits of interval
training on metabolic indices related to metabsyindrome. Little and colleagues
(2011) also sought to determine if high-intensigyrting would have a comparable if not
superior effects on hyperglycemia and mitochondragacity than commonly prescribed
endurance training with despite reduced exercidgnve. Participants in this study
performed ten, 1-min intervals on a cycle ergomat&0% HRmax separated by 1
minute of active rest three times per week for 2kge Average 24-h blood glucose
concentration was reduced after training (7.6x5.06v6+0.7mmol/l) as well as post-
prandial area under the curve (P<0.05). Trainlag encreased muscle mitochondrial
capacity as evidenced by higher citrate synthasemah activity (20%) and protein
content of Complex 1l 70 kDa subunit (37%), ComplixCore 2 protein (51%), and
Complex IV subunit IV (68%, alP<0.05). Mitofusin 2 (71%) and GLUT4 (369%)
protein content were also higher after traininglid®<0.05). Results show that low-
volume, high-intensity training can effectively ¢t blood glucose levels and improve
metabolic capacity of skeletal muscle.

A recent study by Goto and colleagues (2003) exadhihe effects of different
intensities of exercise on endothelium-dependesbdidation in humans. Subjects (26
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healthy males) were randomly assigned to one ekttnaining groups: mild intensity (25
percent VO2 max), moderate intensity (50 percenWax), or high intensity (75
percent of VO2 max) (2003). Results showed thatuwgrweeks of moderate-intensity
exercise, but not mild- or high-intensity exercisignificantly increased acetylcholine-
induced vasodilation of the brachial artery. B8thydroxy-2’-deoxyguanosine and
serum concentrations of mallondialdehyde-modifeag-tlensity lipoprotein were
measured to evaluate the amount of oxidative spnessent in each group. Both indices
of oxidative stress were increased in the highrAsity group after exercise, whereas in
the moderate-intensity group both were decreadedth exercise training. Those
subjects that trained at a low-intensity had neithereased oxidative stress markers nor
any improvements in endothelial function. Theséifigs suggest that moderate-
intensity aerobic exercise successfully augmentsthelium-dependent vasodilation,
while high-intensity exercise increases oxidatitress that may interfere with an
increased production of nitric oxide.

Interaction of Diet and Exercise

When examining the effects of exercise on physiolatarkers of health it is
necessary to also consider the interaction effefatisetary intake. Though research has
provided some insight into contributing factorstsas impaired endothelial function and
reduced flow-mediated vasoactivity, the exact phiggiical mechanisms responsible for
the effect of dietary feedings on cardiovasculaction are still largely unknown (Tsali,
Li, Lin, Chao, & Chen, 2004; Vogel, Corretti, & Rhick, 1997). Earlier animal studies
provided some preliminary data on these changes. study looking at mice exposed to
high-fat or low-fat feedings over the course of liweeveeks, researchers examined the
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effects of exercise on metabolic indices (DuggatteH Sensen, Weljie, Vogel, Shearer,
2011). Each feeding group was further divided g®ercise or non-exercise conditions.
After analyzing metabolites significantly changingesponse to the high-fat feeding,
results showed that exercise was able to mitigatst twut not all of the negative effects
of the high-fat diet.

In effort to bridge the knowledge gap to human saty, Faulk & Bartholomew
aimed to reexamine the effects of consuming a Fagimeal on cardiovascular reactivity
while controlling for protein content and to det@mmif acute exercise can moderate the
impact of dietary fat consumption on cardiovascuactivity (2012). Participants were
grouped into either high- or low-fat diets and it into exercise or no exercise. Results
from this study indicated that consumption of ayrhigh-fat meal may lead to increases
in mean arterial pressure, however a single bobtgsf-intensity exercise can mitigate
rises in both mean arterial pressure and hearteatgivity.

In 2009, Tyldum and colleagues took a closer laakea effects of both exercise
and high-fat meals on endothelial function. Brathitery flow-mediated dilation was
assessed in healthy men before and after a highdat after one of three conditions: an
extended rest, a single bout of continuous modenéd@sity exercise, and high-intensity
interval exercise. Prior to consuming the highrfeal, researchers found an
improvement in flow-mediated dilation in the contrus moderate-intensity exercise
(+20%, p<0.01) and the high-intensity interval e&x& (+45%, p<0.01). After this
exercise session participants consumed the higméat that had previously been shown
to impair flow-mediated dilation at baseline. Posindial endothelial function was
assessed at 30, 120, and 240 minutes and compabeddline. Across these time points,
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exercise was able to mitigate the decline in floedmated dilation. In contrast to the
continuous and control group the high-intensityugrexhibited a sustained elevation in
endothelial function despite postprandial lipemia.

Diets specifically high in saturated fatty acidsdéd®een shown to have
deleterious effects on metabolic markers and isereardiovascular disease risk in
otherwise healthy individuals. In response to ¢ha®vious findings, a recent study has
looked at the ability of aerobic exercise to mitegthese effects (Oretga et al, 2013). All
participants in this study increased saturatethfake from 31+10 to 52+14 grams per
day for two weeks while maintaining total fat ineakOne-half of the participants also
underwent 11 cycle-ergometer sessions of 55 miraité8% of VO2peak, while the
other half remained sedentary. As compared tolibas¢here were no changes in body
weight, composition, plasma free fatty acids, arglilin sensitivity. In contrast, the
researchers did find an increase in total cholek(@d7+8 to 161+9 mg/dt, P =0.018)
and low-density (71+10 to 82+10 mg/dLP = 0.034) in the diet only group.

At the cellular level it is uncertain as to whethareasing dietary fat availability
after exercise alters the exercise-induced increasesulin sensitivity. Several studies
have also associated insulin resistance with annagkation of triglycerides within the
muscle cell (Goodpaster, Thaete, Simoneau, ang KEIO7; Oakes et al, 1997; Pan et
al, 1997), but the direct effect of IMTG concenwatof insulin sensitivity remains
unknown (Furler et al, 2001; Hegarty, Fuler, Yep@e, & Kraegen, 2003). Researchers
investigated whether adding fat calories to mefiés axercise alters glucose tolerance
the next day (Fox, Kaufman & Horowitz, 2004). Hagltmen cycled 90 min at 66£2%
peak oxygen uptake followed by a maximum of fivghhintensity intervals. Following
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the exercise, participants ingested three mealsgong either low-fat (5% energy from
fat) or high-fat (45% energy from fat) foods. Mlesbiopsies taken 24 hours after
exercise revealed an increase (~20%) in intramustiigéycerides in the high-fat group.
Regardless of the rise in intramuscular triglycesidthere was no difference in glucose
tolerance between groups.

Mixed findings regarding the relationship betwearbohydrate metabolism and
lipid levels have driven efforts to identify the amanisms at the cellular level that may
explain physiological responses to high fat feeslinjo accomplish this, more recent
research has focused on intramyocellular lipidshil®\consuming both a high-fat and
low-fat feeding during two separate 5 week peridgisng a crossover training study,
healthy subjects performed time trials on a cyoipmeter as well as a completing a half
marathon (Vogt et al, 2003). Despite a significa2dfold rise in intramyocellular lipids
during the high-fat feeding period, muscle glycogtares were maintained. Findings of
these two studies suggest the inverse relatioristipeen intramyocellular concentration
and insulin sensitivity may only exist in sedentampjects (Goodpaster et al, 1997;
Oakes et al, 1997).

As discussed in previous studies, responses tefatgeedings may vary by body
composition as well as activity level. In younggtabolically healthy males, researchers
examined the effect of prior exercise on postpraindglycerides, insulin, glucose, and
inflammatory markers (MacEneaney et al, 2009).ti€fpants were grouped by body
mass index. On two different occasions each ppatit underwent a 6 hour oral fat
tolerance test following either an exercise bouha rested state. Exercise was shown
to reduce postprandial triglyceride area underctirge by 20 percent (p<0.01). There
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were no significant changes in glucose, insulimammatory markers between normal
weight and overweight participants.

To better evaluate the effect of exercise on pasigial markers of glucose and
insulin, it is necessary to consume a comparalalé & glucose to that which was given
in the high-fat trials. Weiss and colleagues (30i1ght to determine whether
endurance exercise performed 17 hours before highrsngestion attenuates
postprandial impairment of endothelial functionat®for flow-mediated dilation,
glucose, insulin, and thiobarbituric acid-reactubstances, a marker of oxidative stress,
were collected from all participants to assess gadrom before to after the ingestion of
a candy bar and a soda. In both rested and e&drstates, there was a significant
decrease in flow-mediated dilation following higiigar ingestion, however there was a
significant shift creating a greater area underciiv@e in the previously exercised group
(P =0.01). Prior exercise brought about similar ioy@ments in the areas under the
curve for both glucosd’(= 0.05) and insulinf = 0.0007) as well as significant
improvements in insulin sensitivity index (10.8£0P7= 0.01). Results support the
efficacy of exercise in glucogregulation indepertdgnmprovements in oxidative stress.

In a trial looking at the aforementioned metabatiarkers, Strohacker et al
(2012) also evaluated the effect of a single predragercise bout on endothelial stress
and inflammation following a high-fat meal. Paig@nts completed two trials, one
resting and one moderate-intensity cycling boutrpio a high-fat feeding. In agreement
with previous research, Strohacker and colleagbssreed no significant impact of
premeal exercise on postprandial concentratiotisgbycerides, total cholesterol, HDL
cholesterol or glucose (MacEneaney et al, 2009alUation of the changes in monocyte
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cell surface receptor expression as well as entiakineicroparticles between groups
revealed a significant group difference. Modelatensity, premeal cycling successfully
mitigated postprandial increases in the classissubf monocyte cell surface particles
CD18 (p=0.001) and CD11a (p=0.026). Similarly,@helial microparticle count was
47% greater 3 hours post feeding in the restinggxercise condition 0.05) than the
pre-meal cycling condition. Receptor expressiath @eripheral blood monocytes as
those measured in this study may play promineesrol inflammation and
atherosclerosis.

It has been established that in states of hypddipia, oxidative stress, and
vascular inflammation, monocytes affix to the ehedial lining which subsequently
leads to macrophage accumulation and foam celldbam — a precursor to
atherosclerosis. The current pool of researchigidighted the need to further identify
and understand the mechanisms by which exerciseaa@ moderator of cardiovascular
health. The extrapolation of the findings in tfi@r@ementioned research to vascular
function and markers of metabolic health is potlticritical in supporting the efficacy

of exercise for the prevention of cardiovasculaedse regardless of dietary intake.
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Chapter 3
METHODS

Experimental Subjects

Twenty-one (21) male subjects between the age8 of3D years old were
recruited from Phoenix and surrounding areas faigygation in this study (see
Appendix D). Eligible participants were generabdentary (exercising less than 1 day
per week), were in generally good health, had strictions for participating in vigorous
intensity physical activity, and were not taking/amedications for blood pressure,
cholesterol, diabetes or a heart condition. Vaarg were excluded from the study if
they had a history of smoking, cardiovascular diseeenal or liver disease, were taking
hypoglycemic and / or hypertensive medication, been physically active for the 3
months, or had any additional conditions that wdadccontraindicative of exercise. The
Institutional Review Board of the Arizona State Ubsity approved all methods and
procedures.

Study Design

All participants who responded to the recruitméyeifwere provided a copy of
the consent form to read, and any questions thdyahaut the study were answered by
study personnel. All aspects of the study werdaggd and written consent was
obtained. Participants filled out a physical atfiveadiness questionnaire (PAR-Q) to
ensure that they were suitable candidates for lemeok. If they answered “yes” to any
of the questions, they were not allowed to paréitep If they answered “no” to each

guestion, they were allowed to participate. Theke decided to participate after
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signing this consent form underwent a flow-mediatiation (FMD) procedure (see
below) to make sure a viable acoustic window oirtheachial artery could be obtained.

Participants who agreed to take part in the stegpnted to the Healthy Lifestyles
Research Center in ISTB3 on the ASU Polytechnic @enfor all visits. Participants
randomly assigned to the doughnut-supplementedograue required to have 11
additional visits beyond the screening visit (@sttthrough 12) over a 3-week period to
pick up their doughnuts. Participants randomlygresd to the doughnut-supplemented +
exercise group participated in a total of 14 vibgyond the screening visit (visits 2
thorough 15) over a 3-week period. Visits are dbscrin detail below.

Baseline Testing

The participants reported for baseline testindgpati®TB3 building following an
overnight fast (nothing but water after 10 PM).tRgrants first had a measurement of
brachial artery flow-mediated dilation taken, folled by resting blood pressure
measurement. After two blood pressure readingsicgants then had body composition
assessed (BOD POD). Following this measuremerticypants had a fasting blood
draw. For the final test, all participants perfedra VQmax test on a cycle ergometer to
determine maximal oxygen uptake. Participants wandomly assigned to either the
doughnut-supplemented + exercise group or doughmiytgroup.

Visits 3 throughl11 (Doughnut-Supplemented Group)

These visits were designated for picking up thegtlouts that were provided to
each participant during the 3-week study. Pamicip picked up bags of 4 fresh
doughnuts each at the ISTB3 laboratory on Mondaggiésday and Friday of each
week.
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Visits 3 through14 (Doughnut-Supplemented + Exerdigining Group)

The participants in the doughnut-supplemented +agsetraining group reported
to the ISTB3 building for exercise training. Pagants trained four (4) days per week
for three (3) consecutive weeks. Training sessiagre not required to occur on
consecutive days. All exercise training were panid on either a motor-driven
treadmill (continuous exercise sessions) or a cga@emeter (interval and/or continuous
exercise sessions). The aerobic exercise trapriocol consisted of 2 sessions/week of
continuous exercise and 2 sessions/week of intexexcise. The exercise protocols
were as follows:

e 2 days per week of continuous exercise: 30 minatt@sheart rate associated with

75% maximum heart rate determined from the baseljoke test.

e 2 days per week of high-intensity interval exercise
e One day per week: Ten 1-minute intervals at 90-8%%haximum heart
rate, separated by 1 minute of active recover&b 6f maximum heart
rate (Little et al, 2011).
e One day per week: Four 4-minute intervals at 90-@¥%haximum heart
rate, separated by 3 minutes of active recove®p%i of maximum heart
rate (Wisloff et al, 2009).
Each exercise session was preceded by a 5 minute-wa (50-60% of maximum heart
rate), and concluded with a 5-minute cool-down §886 of maximum heart rate).

Final Visit (Visit 12 for Doughnut Only Group; Visi5 for Donut-Supplemented +

Exercise Training Group)
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Approximately 48 hours following the last trainiegssion, the participant
reported to the ISTB3 building following a 10 hdawernight) fast. Post-test
appointments were scheduled within 1 hour of tiléay of baseline testing to avoid
error due to diurnal variation of some of the measwents. Participants first had
brachial artery flow-mediated dilation measuredipfeed by 2 measurements of resting
blood pressure. After two blood pressure readipggicipants then had body
composition assessed (BOD POD). Following thissueament, participants had a
fasting blood draw. All participants finished tegtwith a VOmax test on a treadmill to
determine maximal oxygen uptake.

Measurement
Brachial Artery Flow Mediated Dilation (BAFMD)

This is a non-invasive assessment of the abilityefbrachial (upper arm) artery
to dilate in response to an increase in blood flamd is assessed using ultrasound. This
procedure is performed while the subject is lyingise on a padded ultrasound table.
All measurements are made on the non-dominant &ilood pressure cuff is
positioned on the subject’s forearm, midway betwbenelbow and wrist. After
recording baseline ultrasound measures on the @operthe blood pressure cuff is
inflated to 250 mmHg for 5 minutes. The cuff iethdeflated rapidly and brachial artery
blood flow and arterial diameter are measured oootisly for 5 minutes using the
ultrasound probe. Ultrasound images were acquisaty a Terason t3000CV ultrasound
system (Terason Ultrasound, Burlington, MA) equigbpegth an 11-3L linear array
transducer. FMD is calculated as the percentagease in diameter from baseline to
peak diameter, where baseline diameter was thag@eliastolic diameter over the 2-
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min baseline, and peak diameter was recorded atiseaverage of the highest diastolic
diameter after cuff deflation. These procedured¥amn to the published guidelines of
the International Brachial Artery Reactivity TastrEe (Corretti et al, 2002).

Blood Draw

Subjects were asked to report for each blood dvasitg 2 and 12 for doughnut
only group; visits 2 and 15 for doughnut + exerdraging group) in the morning
following an overnight fast (i.e., nothing but wagdter 10 PM). Intravenous blood was
drawn via one of the common antecubital fossa v@ephalic, median cubital, or basilic
vein) for measurement of blood lipids, glucoseulims and antioxidant capacity. All
blood draws were performed by a certified phlebasbmApproximately 15ml (3tsp) of
blood were collected for each blood draw. Bloodl lae analyzed for plasma lipids,
glucose, insulin, C-reactive protein, nitric oxiaeailability, and total antioxidant
capacity. Plasma was isolated and stored at -g0r°@ater analysis.

Glucose was analyzed by using the glucose oxidatlkead. Serum lipids were
assessed by using a cholesterol fluorometric dagsé&gayman Iltem No. 10007640). The
assay is based on an enzyme-coupled reactiondlexttd both free cholesterol and
cholesterol esters. Nitric Oxide was analyzed $ipgia nitrate/nitrite flurometric assay
(Cayman Item No0.780051). This assay measuresritate/nitrite concentration by
converting nitrate to nitrite and then measuring floorescence of 1(H)-naphthotriazole.
Antioxidant capacity was assessed through a sesgaygCayman Item No. 709001).
The capacity of the antioxidants in the samplgzévent ABTS (2,2’-Azino-di-[3-
ethylbenzthiazoline sulphonate]) oxidation was caregd with that of Trolox, a water-
soluble tocopherol analogue, and was quantifieaiidenolar Trolox equivalents. High-
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sensitivity C-reactive protein was analyzed fromusesamples using a sandwich
ELISA, HRP-lablled antibody assay. All samplese&vanalyzed in duplicate, and all
samples for each subject were batch analyzedrnorgte interassay variability. Insulin
will be analyzed using a double antibody radioimoassay. The homeostasis model
assessment of insulin sensitivity (HOMA) will bdadated as follows (Matthews et
al,1985; Chen et al, 2005):

HOMA = fasting glucose(mg/dL) * fasting insulin(utdL)/405
Blood Pressure

Resting blood pressure was measured using an algdml@od pressure
machine. The patient was comfortably seated imagr @and the deflated cuff applied to
the right arm just proximal to the elbow with thadder centered over the brachial
artery. Proper cuff size was determined basedthemstandard recommendation that the
bladder should be approximately 40% of the circuarfee of the limb tested
(Brzezinski, 1990). Pressure was then rapidlygased to at least 30 mmHg higher than
that which eliminates a palpable radial pulse.
Anthropometrics

Subjects’ weight was measured on a standard Beala. skleight was assessed
on a stadiometer.
Body Composition

Body composition was measured using a Bod Podligmtacement
plethysmography). All participants were requiredvear a swimsuit and swim cap
during the BodPod test to minimize errors causedibyrapped in clothing and hair.
Subjects were weighed prior to entering the BodBethre sitting comfortably in the
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measurement chamber. The door was then closethamdn begins. Each subject run
took less than one minute. If the two subject rmeaments did not agree, a third run was
done. The two closest runs were then averagedg zalume was estimated for each
participant. This completes the measurement progeednd results for %fat and fat-free
mass are displayed.
VO,max test

Subjects were equipped with a mask attached tabfEsdow-resistance tubing,
and Polar heart rate monitor for the metabolic mesament device (Parvo Truemax
2400TM) to measure ventilation and respiratorygashange data and heart rate
continuously. After collecting resting data fomnutes, subjects pedaled on a stationary
cycle ergometer at a cadence of their choice atdi® for 5 minutes for the warm-up
phase. After the warm-up phase, load was increemsatthuously by 30 watts/minutes
every minute until the subject was unable to carg@inVerbal encouragement was given
to all subjects throughout the entire test. Thhest oxygen uptake during the test was
taken as the value for peak YO
Fat-Sugar Dietary Supplement

Each participant was required to consume 2 doughpeitday, 6 days per week,
for 3 weeks. Doughnuts were purchased by the sesbarchers at a local Dunkin
Donuts on Monday, Wednesday and Friday morningaohaveek. Participants were
required to come to the ISTB3 laboratory on Mond&gdnesday, and Friday of each
week for doughnut pickup. This could be part @& tbgular exercise training visits for
those in the exercise training group. On eachsoogarticipants were given 4
doughnuts to consume over the following two dai/kis schedule was designed to

40



optimize compliance while ensuring that the dougbtauwe fresh. Participants were
provided a menu of doughnut options so that eadicjgant would be able to choose the
types of doughnuts that he would like most to camsu The menu was divided into three
categories by energy content (250-299 kcal, 300K&49 350-399 kcal). Participants
were instructed to select 4 doughnuts from eaakgoay each week (totaling 12 per
week) to minimize variance in consumption betweartigipants. All doughnuts contain
between 260 and 400 calories, of which at least @Déétal calories were fat and sugar.
Food Frequency Questionnaire (ASA24)

The participants were required to complete the A&Aall at the beginning of
the study to determine if dietary intake was honmegels between groups at baseline.
The ASA24allows study participants to report their intaketfoe previous day from
midnight to midnight. The Respondent applicatiordgs the participant through the
completion of a 24hour recall for the previous f#fayn midnight to midnight using a
dynamic user interface. This application providasanimated guide to instruct
participants and enhance use in low-literacy pdpmra (with options to turn off the
guide and/or the audio). This program asked redpuais to report eating occasion and
time of consumption and includes optional moduteguery about where meals were
eaten, who the respondent ate with, and televisi@omputer use during meals.
Respondents were provided a meal-based "quickdidtiods and drinks consumed the
previous day and were able to find foods or drittkeeport by browsing food groups or
searching from a list of food terms derived fromRASs AMPM. This program guided
respondents through detailed questions about fogghpation and additions to assigned
food codes from USDA'’s Food and Nutrient Databaseéietary Studies (FNDDS).
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This program also uses images to assist responiherggorting accurate portion size and
allows the respondent to add or modify food andlddhoices at multiple times. The
report developed form the information provided udgs a final review of the day's
intake for each participant.
Daily Dietary Requirements

Each participant was encouraged to maintain himmabdiet as reported to the
ASA24 diet recall during the three weeks, othentbansuming the 2 doughnuts per day
provided by study researchers as a requiremeiptaidicipating in the study.
Statistics

Data were assessed to first determine normalitystaf testing groups in this
randomized control-group pretest-posttest desikye- and post-test comparisons were
made, assuming no outliers and equal variancesfieetest), on blood pressure, blood
lipids, glucose, insulin, insulin sensitivity, ndroxide, hsCRP, total antioxidant capacity,
and endothelial function. Statistical analysesenserformed using SPSS 13.0 for
Windows. Results are presented as the mean xasthddviation with significance
shown when p<.05. An independent t-test was careduo compare the delta values for
each variable between the control and exercisepgtoén a priorpower analysis was
performed to determine the sample size necessalgtéat significant changes in flow-
mediated dilation of the brachial artery. It watetmined that for a randomized control-
group pretest-posttest, in order to detect a laffget size (Coheh= 0.5) (Cohen, 1988)
in brachial artery flow mediated dilation with= 0.05 significance level and power of
>0.80 that sixteen (n=16) subjects would be ne¢d@dbtain statistical significance for
this study (Tyldum et al, 2009). Accounting fo2@percent dropout rate, twenty (21)
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subjects were recruited for this study. Powerudatoons were performed using

G*power 3.0 software (Faul, Erdfelder, Lang, Buah?@07).
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Chapter 4
RESULTS

Subject Characteristics

A total of twenty-one (n=21) college-aged, malesenecruited for this study.
Participants range in age from 18 to 30 years (3#}xand consisted of 60 percent
Caucasian, 20 percent Hispanic, and 20 percentafrAmerican. During the testing
period, two subjects, one from each treatment gravg@pe unable to complete the trial
(one due to a scheduling issue and another duéatkaf transportation). Thus, all data
represent a total of 19 individuals. No differenaeage or BMI were found between
groups at baseline. There were also no signifiddfgrences in age, blood pressure,
body fat percentage, or \(@eak (Table 1).

Dietary Intake

Based upon 24-hour dietary recall data there wergignificant differences in
baseline total kcal intake between the doughnuteraese group and the doughnut only
group (2499 + 314 kcal/daypx0.05) (Table 2). The two groups did not diffetiwi
regard to macronutrient intake based upon thetefoim the ASA24 24 hour recall
guestionnaire.

All subjects successfully picked up their doughnttisee times per week, during
the study. The total energy content of the thieeed doughnuts did not differ between
doughnut + exercise (11,640 * 225 kcal) and dougbnly (11,696 + 134 kcal) groups.
Additionally, total fat (688 + 39 g vs. 679 + 28 gaturated fat (311 + 199g vs. 305 *
17g), and sugar (153 + 28 g vs. 145 + 44 g) cordétite three dozen doughnuts
consumed did not differ between the doughnut +@serand doughnut only groups
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Table 1

Subject Demographics

Baseline Measures

Doughnut
+Exercise Doughnut Only Combined
Measure (n=10) (n=9) (N=19)
Age (years) 23.1+2.42 25.0+4.15 24.0+3.39
Weight (kg) 74.29+7.48 78.84+21.76 76.44+15.62
Height (cm) 176.03+5.76 176.88+6.00 176.4345.72
BMI (kg/m?) 24.03+2.79 25.04+6.15 24.51+4.58
Body Fat (%) 17.4+8.56 22.96+13.05 20.01+10.92
Blood Pressure
Systolic 122.0+7.98 124.00+7.63 122.94+7.67
Diastolic 76.7+8.52 75.88+9.86 76.31+8.93
VO peak (L/min) 3.08+0.29 2.65+0.42 2.88+.414

Results are reported as Mean + Standard Deviation.
Significance is set at p=0.05.
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Table 2
Dietary Intake

Baseline Measures

Doughnut
+Exercise Doughnut Only Combined
Measure (n=10) (n=9) (N=19)
Daily Intake
Calories 2455+348 2499+314 2476+324
Fat (g) 7611 7849 77+10
Carbohydrates (g) 33147 337142 334443
Protein (g) 110+16 113+14 111+14
Total Donut Intake
Calories 116404225 11697+134 11667185
Fat (g) 688439 680428 684433
Saturated Fat (Q) 311+19 305+17 308+18
Sugar (Q) 536+46 528+41 532142
Daily Donut Intake
Calories 645+13 650+7 647+11
Fat (g) 38+2 3842 3842
Saturated Fat (g) 171 171 17+1
Sugar (Q) 302 30x2 30£2

Results are reported as Mean * Standard Deviation.

Significance is set at p=0.05.
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(p>0.05).Daily caloric intake from the donuts wen significantly different between the
doughnut + exercise group (645 * 13kcals) and thalnut only group (650 + 7kcals).
There were also no significant differences in agerdaily intake of total fat, saturated
fat, and sugar (p>0.05).

Aerobic Fitness and Body Composition Changes

Subjects in the doughnut + exercise training graigpificantly increased
VO,peak after three weeks of training by ~7.8% (3.@B28 L/min to 3.32 £ 0.29
L/min), whereas the doughnut only group showedhenge in aerobic capacity (2.65 +
0.42 L/min to 2.63 £ 0.44 L/min) (p = 0.005 betweagnups) (Table 3). Subjects in the
exercise training group completed all 12 supervesegtcise sessions, accounting for
100% adherence. Based on baselingpé@k and assigned training intensity, mean
energy expenditure during exercise sessions wasaetl to be 354 + 22kcal per session
at the start of training. Due to the observedaase in V@eak (~7.8%; or about 2.6%
per week), the total estimated energy expendititkenl 2 training sessions was
approximately 4,360 kcal per subject. This coroesls to approximately 38% of the
energy value of the three dozen doughnuts conswvedthe course of the study.

Changes in body weight, fat mass, and percentagye flab were all different
between groups (Table 3). Whereas body weightireedainchanged in the doughnut +
exercise training group (Pre = 74.3 £ 7.5 kg; RPog4.2 + 8.9 kg), body weight increased
in the doughnut only group (Pre = 78.8 = 21.7 kostR= 80.5 + 21.5 kg) (p = 0.036 for
group differences) (Figure 1). In the doughnuikereise training group fat mass (Pre =

13.6 + 7.8 kg; Post = 13.4 £ 7.6 kg) and percentaugly fat (Pre = 17.4 + 8.6 %; Post =
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Doughnut + Exercise Doughnut Only

1207

g

BodyWeight (kg)

8
l

| T | 1
Baseline Post Test Baseline Post Test

Figure 1Change in Body Weight for the doughnut + exercigig versus the doughnut
only group between baseline and post testing. Bolide represents the group means for
the doughnut + exercise (-0.05+1.2kg) and dougbnlyt (1.7£2.0kg). There was a
significant interaction effect for body weight (p636).
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17.1 + 8.3 %) did not change, in contrast to thegtimut only group which increased
both fat mass (Pre = 21.2 £ 18.3 %; Post = 23.8.2 %) (p = 0.013 between groups)
and percent body fat (Pre = 22.9 + 13.1 %; Post.4 2 12.7 %) (p = 0.014 between
groups) (Figure 2).

Endothelial Function and Markers of Oxidative sires

Baseline and post-test values for endothelial fon¢taseline diameter, and peak
diameter are shown in Table 4. There were no fsoginit differences in blood pressure
or flow mediated dilation from baseline to postitag between the doughnut + exercise
and doughnut groups. There was a significant iiffee between the change in baseline
diameter pre to post in the doughnut + exercisam(0.39+0.03 cm to 0.42+0.03 cm)
(p=0.001) versus the doughnut only group (0.37+@r40 0.38+0.03 cm). Additionally
there was a significant difference in peak diamigtéhe doughnut + exercise group
(0.41+0.03 cm to 0.43+0.03cm) (p=0.04) but nothea doughnut only group (0.39+£0.05
cm to 0.41+0.05 cm). Results for high sensiti@tyeactive protein (hsCRP), nitric
oxide (NO), and antioxidants (AOX) are shown in [Eah. There was a significant
change in nitric oxide availability between grops29 + 3.39 uM vs. +4.33 + 8.76 uM,
p=0.014) in the doughnut only and doughnut + esergroups respectively. There were
no significant differences in C-reactive proteintatal antioxidant capacity between
treatment groups.

Serum Lipids & Blood Glucose

Baseline and posttest values for serum lipids I(tdtaelesterol (CHOL), low-

density lipoprotein (LDL), high density lipoprotefkiDL), triglycerides (TG)), fasting
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B Doughnut + Exercise
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Figure 2.Individual change in fat mass by group over tinibere was a significant
difference in change in mean fat mass betweendhghhut + exercise group (-0.2+1.2)
and the doughnut only group (1.5+1.5) (p=0.013).
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glucose, insulin, and insulin sensitivity are shawifable 5. There was a significant
difference in serum TG between the doughnut + eseigroup (-16.0 + 29.7 mg/dL) and
the doughnut only group (15.1 + 24.13 mg/dL) (p=38)0 There were significant group
differences in change in fasting insulin betweendbughnut + exercise (11.1+£3.7 to
9.5£3.4 uU/ml) and doughnut group (9.6+2.9 to 15.64uU/ml) (p=0.039). Similarly,
there was a significant improvement in insulin @y, as calculated using the HOMA
equation, between the doughnut + exercise (2.1t61108+0.8) and the doughnut only
groups (2.1+0.9 to 2.7+1.5) (p=0.05) though theas wo significant change in fasting
glucose between groups. There were no signifiddfgrences in total cholesterol, LDL,

HDL within subjects or between groups in this study
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Chapter 5
DISCUSSION

In this study, exercise training 4 days per weeluding 2 days of high-intensity
interval exercise and 2 days vigorous-intensityagy-state exercise, were utilized to
examine the efficacy of exercise to ameliorateetkgected undesirable health effects of a
fat-sugar supplemented diet in otherwise healtblege-aged males. Following three
weeks of sustained overfeeding of approximately &l0ries per day, 6 days per week,
in the form of doughnuts, exercise prevented weggim and an increase in body fat.
The results on cardiovascular risk markers weresthilargely due to the fact that the
donut-supplemented diet did not negatively impassiblood markers examined in the
control group.

It was hypothesized that the consumption of thieeed doughnuts over 3 weeks
would adversely impact cardiometabolic risk markarsl that the regular exercise
sessions would prevent this from occurring. Unetgaly, the doughnut consumption
had a relatively modest effect on most blood markéicardiometabolic risk, with the
major exception being the significant gain in bdaty On the other hand, exercise not
only prevented deterioration in all risk markensds¢d, but rather resulted in significant
improvements in several outcome measures, includsgin sensitivity, nitric oxide
bioavailability, and serum triglycerides. Thessulés are consistent with previous
findings that suggested that the health benefiesxefcise and/or aerobic fitness are
independent of diet quality (Heroux et al, 2010ffbhan et al, 2012; Kouki et al, 2012),

and also demonstrate that some cardiometabolicrregkers can be improved with
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regular, vigorous exercise even when accompanigtidgddition to the habituad
libitum diet of a fat-sugar supplement in the form of dougs.
Body Composition

Increases in body weight and body fat could hmeeted as a result of adding
~11,600 kcal, mostly from fat and sugar, toaanibitumdiet. After three weeks of
adding the fat-sugar load to the diet, participamthie doughnut + exercise group
experienced no weight gain, and no change in badylf is important to note that the
estimated energy value of the exercise session3g64«cal) was only about 38% of the
energy value of the 3 dozen doughnuts (~11,600 ké&algn if the estimated energy cost
of the excess post-exercise consumption (EPO@klsded (~10% of the exercise
energy expenditure, or ~436 kcal), the cumulativergy expenditure of the exercise
training sessions corresponds to only about 41%e€&nergy value of the 3 dozen
doughnuts. This suggests that exercise may hatenangy balance” effect beyond that
attributable to just the energy value of the exardiself. It is possible that weight
maintenance during a period of overfeeding istaiteble in part to the effect of exercise
on increased sensitivity to satiety hormones (dised below).

Similar results have been shown in rat studiesnexiag the effects on
overfeeding, which found that though increased gghexpenditure through exercise
training was compensated for by a significantlynieigcaloric intake in the training
groups, trained animals consuming a high-fat dj@ined significantly less weight than
their sedentary control counterparts (Gollischlg2@09). In fact, a number of
previously published reports support the effectessnof exercise as a means to prevent
weight gain during periods of overfeeding (Gomezikie Drogou, Guezennec,
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Chennaoui, 2007; Boutelle, Kirschenbaum, Bakerchtl, 1990; Baker &
Kirschenbaum, 1998).

The doughnut only group gained ~1.4 kg body fatingythe standard values for
the energy equivalent of fat tissue (9540 kcal;gan al 2009), this corresponds to an
increase in energy value of body fat of approxinyat&,350 kcal. This is fairly close to
the energy value of the 3 dozen doughnuts, butsalggests that consuming the
doughnuts may have increased energy consumptigintlgliduring the 3-week
intervention. Consuming carbohydrates increasdmbgdrate utilization and suppresses
fat oxidations (Jecquier, 1993). Thus the conswnpif ~11,600 kcal of mostly sugar
and fat over three weeks, while maintaining an s ad libitumdiet, could be
expected to increase fat storage. The ~1.4 kgafatexperienced by the doughnut only
group is consistent with this expectation.

Dietary intake during this study similarly parafiehat of the frequent
“overconsumptioin” that may occur during a holidgaason. The time between
Thanksgiving and New Year’s is notorious for anr@ased propensity to over consume,
especially high sugar/fat foods. For most adtittste is a slight increase in weight over
time, with the average weight gain in young adrdtgging from 0.2 to 0.8 kg per year.
Of that weight gain, there was a significant inee€0.48+2.22 kg) during the holiday
period but not during the pre or post-holiday pesi¢Yanovski, Sovik, Nguyen, O’Neil
& Sebring, 2000). That is to say, weight gain thaturs during periods of “overeating,”
such as during the holiday season, apparentlytisutisequently lost (Yanovski et al,
2000). This could explain in part the pattern afilaweight gain that occurs in the
United States. The results of the present studgest that exercise may be an important
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behavior that could minimize, or prevent, uninteshdesight gain during short (~several
weeks) periods of overconsumption relative to epesgenditure.

In the holiday weight gain study of Yanovski e{2000) only reported changes
in activity and hunger’ were significantly assoe@twith increased percentage of weight
gain. Those who reported lower activity or gredgels of hunger gained the most
weight over the holiday period. Even minimal weighin experienced by normal weight
subjects has a compounding effect if not lost fye@ar to year. This trend has been
shown in the National Health and Nutrition ExamioatSurvey follow-up study that
among adults 25 to 44 years old, body weight mealsat 10-year intervals increased by
an average of 3.4 percent in men and 5.2 percembimen (Williamson, Kahn,
Remington, Anda, 1990; Williamson, 1993).

In studies with similar outcomes, exercise trainingvented the effects of a high-
fat diet on characteristics of adipose tissue, &ithore pronounced impact on visceral
than subcutaneous fat tolerance (Gollisch et &1928u et al, 2011). It has been shown
that one channel through which exercise acts isdrgasing the brown adipocyte-
specific gene (UCP1) expression as well as inangasitochondrial density (Xu et al,
2011). This expression is a critical step in atiivg brown adipogenesis. Because
brown adipose tissue acts similarly to skeletal eteum the way of energy metabolism,
an increase in brown adipose tissue could poteintatase fat oxidation for the purpose
of fuel availability. Although the role of exereisn brown adipose tissue development
and metabolism in humans remains speculative, derale variation in brown adipose
tissue quantity and distribution has been showexist in young men (van Marken
Lichtenbelt et al, 2009).
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Exercise may be capable of triggering phenotypanges in both brown and
white adipose tissue that would cause it to be metabolically active.The cellular
pathway by which this change in brown adipose@®tize to occur is by the increase of
the brown adipocyte-specific protein UCP1 exprassidhis enhances the oxidative
phosphorylation through increased mitochondrial bermand dissipation of energy as
heat, improving the energy balance, and ameligyadiposity and its complications (Xu
et al, 2011). Exercise has also been shown taceetidlammation in visceral adipose
tissue and inflammatory cytokines such as TiN&d MCP-1 in white adipose tissue
despite consuming a high fat diet (Gomez-Merinal €2007; Bradley, Jeon, Liu &
Maratos-Flier, 2008). In the current study, inflaatory cytokines were not measured,;
however, high fat/sugar diet and/or exercise trgjrdid ameliorate weight gain and
prevent increases in adipose tissue. Though nesesarch is needed to support the
findings regarding the alteration of adipose tisgunetion through exercise, the potential
health implications for improving the viability fown adipose tissue is apparent
because high levels of brown fat (activity) mayvide protection from diet-induced
obesity, diabetes, and insulin resistance (Ham@lmr, & Lowell, 1996).

Endothelial Function

The brachial artery flow-mediated dilation (FM2sults were
unexpected. Exercise training has been reportetttease FMD, with an effect that is
most apparent after 2 to 4 weeks of training (TmK2008). FMD, reflecting functional
changes in the endothelium, may decrease aftemilied adaptation as a result of
structural remodeling of the artery. In fact, FNfder 8 weeks was no different than
baseline FMD in the study of Tinken et al (2008his structural remodeling is
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manifested by an enlargement of the arterial diamen the present study, the baseline
arterial diameter increased significantly morerdfite 3-week intervention in the
exercise trained group. Because FMD is inversabted to arterial diameter, the lack of
change (actually, a trend for slight decrease)NIDRn the exercise-trained group may
reflect some level of arterial remodeling in therxse group. If so, the present results
suggest that arterial remodeling may occur muchemaypidly than previously thought.

The lack of change in FMD must also be interprétech the perspective of the
actual changes in arterial diameter during theguiace. FMD is calculated as the
percent difference between the baseline diametar (o cuff inflation) and the peak
diameter during the 5-minute measurement perict aftff deflation. The exercise
group experienced a significant increase in basaliameter (reflecting arterial
remodeling), and also had a significant increageesk diameter after cuff release
(suggestive of augmented endothelial function)e FMD (i.e., percent increase in
diameter) did not change (actually decrease slightlt not statistically significantly)
because the baseline diameter increased by maordhibgpeak diameter. Thus the
current results suggest that both structural andtfanal changes in the brachial artery
may have occurred as a result of exercise traitmagopposed any potentially
detrimental effects of the doughnut-supplementedl di

The nitric oxide results support this possibilityitric oxide availability increased
significantly in the exercise group, and nitric@iplays a critical role in endothelial
function. By contrasmitric oxide availability decreased in the contgobup. This
suggests that despite consuming a high fat/sugdritothe form of doughnuts for three
weeks, four days per week of mixed-intensity exsar¢raining was sufficient to mitigate
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all negative dietary effects while triggering a comitant increase in nitric oxide
availability. Previous studies have shown similar findings (dedWs, Davel,

Rossoni, Antunes & Zanesco, 2008; McCarthy, Far@aypale, Dessoulavy, Bloomer,
2013). The results of the control group in the presend\sare consistent with studies
indicating significant declines in nitric oxide akility in response to a moderately
high-fat load (Huang et al, 2011; Tamura et alQ®0 A significantdecline in nitric
oxide bioavailability may result from a decreasaiinic oxide production or the
scavenging of nitric oxide by reactive oxygen spe¢ROS). In one study the decrease
in nitric oxide was coupled with an increase intpio nitration which could potentially
have adverse effects on tissue function (Huang 2041).

The significant changes in nitric oxide availaliltithout a subsequent
significant change in FMD calls attention to aduh@l contributing mechanisms involved
in vascular reactivity. Potential mechanisms idelantioxidant concentration, essential
fatty acids, and oxidative stress. The presenlystevealed no significant group
differences in total antioxidant capacity acrosseti Antioxidant capacity has been
reported to be increased within ~16 h of an acueecese bout, with higher-intensity
exercise being more effective than moderate-intgesiercise (Tyldum et al, 2009). In
the present study, post-training fasting blood damwere drawn approximately 48
hours after the last exercise session. An increas#al antioxidant capacity of the
blood resulting from an acute exercise bout magrdg transient, with normalization
occurring within 48 hours. If so, this could expléhe current finding of no increase in
total antioxidant capacity of the blood after traqm Because total antioxidant capacity
has also been reported to correlate strongly wWiDKTyldum et al, 2009), a transient

61



effect of exercise on total antioxidant capacityyrhalp explain the lack of a significant
change in FMD in the group that received exerc@s@ing.

A lack of increase in antioxidant capacity in tixereise group could be related to
the significant rise in Nitric Oxide. Nitric oxidene of two primary free radicals
generated during exercise, is highly reactive asilyconverted to ROS. Unstable free
radical species attack cellular components whiclsealamage to lipids, proteins, and
DNA. These changes can trigger a number of diseatd®logies. Contraction of
skeletal muscle and increases in ROS generatiobd&asshown to have dose response
relationship, with greater production coming fromgher intensities or long duration
(Powers & Jackson, 2008). Because these ROSdeaaddcle fatigue, the myocytes
maintain at defense system integrating both exageaod endogenous antioxidant
molecules to mitigate pro-oxidative effects. Timeory suggests that the increased nitric
oxide production led to increased production oflaxits which led to increased
utilization of available antioxidants.

Another potential confounder of the results is haidiet. Although participants
were asked to refrain from taking nutritional sugypénts including fish-oil during this
study, dietary consumption of essential fatty agids not measured. Previous research
has showrthat 1geicosapentaenoic aci#RA) anddocosahexaenoic aciBlA) was
able to preserve endothelial function after a Haghmeal in a healthy populatioRghs et
al, 2010) Other studies have also shown higher doses efjar3 fatty acids to preserve
both endothelial-independent (Armah et al. 2008) emdothelial-dependent function

(Vogel et al. 2000; West et al., 2005) after a Hajhmeal. Although consumption of
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individual dietary fatty acids was not measurethm current study, the habitual fat
intake was similar between groups (~77 g/day; ~28%taf energy).
Cardiovascular Risk Factors

Overfeeding, either by carbohydrate, fat or a coaiion of both has been shown
to adversely affect cardiovascular risk factons.thie present study, most blood variables
did not change, and this may reflect the populasiowlied—reasonably healthy young
males with normal blood pressures and normal blipadi and glycemic valuesilt is also
possible that the fat-sugar supplement used icuhent study--doughnuts--may not
have incurred a large enough increase in overalfag@d fat intake from baseline to
bring about significant changes in either serund$§r endothelial function.

The consumption of three dozen doughnuts incresatenlated fat intake by over
300g, or by 17g/day on the 6 days in which the t®mere consumed. Increased
saturated fat intake has been shown to increaspiediver fat (Sevasianova et al, 2012).
The ratio of saturated fatty acids to essentidy fatids in serum, and very low-density
lipoprotein triglycerides also increased signifitgn Similar to changes in fat and body
weight, additional overfeeding studies have add@#se development of dyslipidemia
which has been documented as a result of overcgrtsumof sugar, even when
substituted calorie for calorie for fat (Parks &lldestein, 2000). An important
mechanism is de novo lipogenesis, the synthegstseofaturated fatty acid palmitate,
from glucose, fructose, or both. The upregulatbthis process is key because
triglyceride synthesis and secretion by the ligeancreased by the generation of
palmitate in conjunction with glycerol and malomgenzyme A (Hudgins, 2012). Some
studies have seen up to a fivefold increase im trvacylglycerol.
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The triglyceride response in the control grouphi@ present study is consistent
with these previous findings. A fat-sugar supplatheould be expected to suppress lipid
utilization, which could result in both an increasdat storage as well as an increase in
triglyceride formation. The increase in triglyakes and gain in body fat in the doughnut
only group can be seen as a natural consequerasceanf libitum diet supplemented with
excess fat and sugar. The reduction in triglyeecdncentration in the exercise group,
despite the consumption of the ~11,600 kcal in ¢ginenfof doughnuts, highlights the
beneficial impact of exercise on regulation of béatyand reducing fasting triglycerides.

The significant decrease in triglycerides in thereise group may be a function
of increased skeletal muscle lipoprotein lipasaginoexpression which increases the
hydrolysis of circulating triglycerides (Freeseyire, Chapman, Hausman, Cureton,
2011; Seip, Angelopoulos & Semenkovich, 1997).rdased lipoprotein lipase activity,
which aids in triglyceride clearance, peaks 4 tw8@rs after exercise and returning to
baseline values within 24 hour post exercise. &lfieslings are similar to those in
previous studies; however, the short duration i3f skudy may have been too acute in
nature to detect significant changes seen by atiueiies (Freese et al, 2011; Perry,
Heigenhauser, Bonen & Spriet, 2008). It is posgsibht the particular demographic had
a sufficient level of metabolic flexibility to acoomodate the short period of overfeeding
experienced in this study.

Glucose and Insulin

In the present study, the exercise training redufte significant improvement in
fasting insulin and insulin sensitivity (HOMA) despconsumption of a fat sugar
supplemented diet. In contrast, the doughnut griyp experienced an increase in both
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measures. The improvement in insulin sensitiviags\eeen despite any significant
changes in blood glucose levels. These findingsansistent with previous findings
which have shown that insulin sensitivity can b@inaved independently from
improvements in serum lipids (Bradley et al, 2008).addition to aiding in the control of
blood glucose, insulin is adipogenic. At the pleery, insulin is influential in increasing
body fat mass and stimulating the production amdes®n of leptin, a potent satiety
hormone that acts centrally to reduce food intaleiacrease energy expenditure.
Insulin has been identified as a regulator of lepecause the fluctuations in plasma
insulin concentrations in response to feeding pelrddose of plasma leptin
concentrations.

Recent research has explored the impact of exemod¢he feeding of various
high-fat or high-sugar diets on satiety hormonehdaptin, adiponectin and ghrelin.
Leptin is an adipose-derived protein hormone thegga critical role in the regulation of
energy balance. The suppression by leptin has of@ehronic control over appetite,
that if suppressed can potentially lead to incréasesceptibility to overfeeding and,
resultantly, weight gain (Kieffer & Habener, 200@irculating leptin levels are directly
proportional to the percentage of body fat andtflate with changes in caloric intake and
the amount of energy stored in adipocytes to mairgaergy homeostasis (Chan et al,
2003). Leptin acts on the receptors in the hydathas to suppress appetite by binding
to other chemical feeding stimulants such as nexpige Y.

Based on the insulin and leptin interaction, inseshinsulin concentrations in
addition to increased adipose tissue should resalt increase in leptin and a subsequent
decrease in appetite. Subjects in this study tegancreased appetite at the onset of the
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doughnut consumption. Similar to the adaptatiothefbody toward hyperinsulinemia, if
a period of sustained high leptin levels occuisylasequent decrease in leptin sensitivity
has been shown (Myers, Cowley & Minzberg, 2008)is Teptin resistance could
potentially lead to a blunted response from leptiresponse to a high caloric feeding.

Similar to leptin, adiponectin is a protein horrasecreted from adipose tissue.
This hormone aids in the control of energy metamolihrough its critical role in
carbohydrate regulation and lipid catabolism. Mspecifically, this hormone is
responsible for decreasing gluconeogenesis, inaggticose uptake, increasifig
oxidation, and facilitating triglyceride clearan@iez & Iglesias, 2003; Nedvidkova,
Smitka, Kopsky & Hainer, 2005; Vasseur, Leprétragdquemant & Froguel, 2003). In
contrast to leptin, adiponectin levels are inverselrrelated to body fat percentage with
weight reduction significantly increasing circufagilevels.

One explanation for the body weight responses@gttercise and control groups
may be related to the location of lost or acquivedy fat respectively. Previous research
has indicated that only subcutaneous leptin mRNA @lavated in sedentary high-fat-fed
rats, suggesting that subcutaneous adipose tisay@lay a predominant role in diet-
induced increases in serum leptin (Gollisch e2@09). The current study did not
measure compartment changes in body compositicubgutaneous or visceral.
Another feasible mechanism contributing to theseaech findings is an alteration in
sensitivity within the central signaling pathwaydresulin and leptin. Research has
supported the hypothesis that hypothalamic effecksptin might be mediated by
phyosphatidylinositol 3-kinase (PI3K) signaling $Meender et al, 2001). Like insulin,
leptin activates PI3K in hypothalamic neurons dnd &ctivation is required to reduce
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food intake (Zhao et al, 2002; Niswender et al,1200rhese findings support the theory
that any interruption in the activation of insutinleptin signaling pathways could
attenuate the ability of adiposity-related hormottegegulate energy homeostasis.
Human obesity seems to be characterized by resestaradiposity signals within the
hypothalamus, such as insulin and leptin, as sugddxy markedly increased serum
insulin and leptin levels, reflecting an increaséody adipose mass (Bagdade, 1967,
Considine et al, 1996). Despite this increasdipasity signals, food consumption
remains normal or high, which is a comparable nwitallysfunction observed in type 2
diabetes.

Acutely, impairment of insulin sensitivity has Ineghown to occur after only 3
days of inactivity and overfeeding preceding chargebody composition (Knudsen et
al, 2012). After 7 days the metabolic consequehedsworsened with an elevated
fasting insulin level, a marked decrease in insséinsitivity, and a compensatory
increased insulin response to an oral glucosetimaaaintain glycemic control,
signifying a loss of metabolic flexibility. In @dent model, a high-fat diet increased
average blood glucose levels in sedentary ratadiun exercise-trained rats on the same
diet (Gollisch et al, 2009).

The aforementioned development of insulin resistanay partially be explained
by increased liver fat, possibly in associationhwitaximal lipid storage capacity in
visceral adipose tissue. The increasdamovdipogenesis was significantly correlated
with that in liver fat content. These results pdevsupport for the measurement of liver
and plasma triglycerides adé novdipogenesis after a high sugar load in populati&ns
greatest risk for fatty liver. Consequently, theréncreased rationale for making dietary
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recommendations to restrict sugars while targdtioge at greatest risk of the identified
pathogenic mechanisms of action.

Fructose has also been recognized as being indepiyntpogenic because it is
metabolized primarily in the liver (Bray, 2007)tu8ies have shown that diets with high
fructose intake result in lower post-prandial clation of insulin and leptin as well as
elevated ghrelin (Teff et al, 2004). This hormaoektail has been suggested to
contribute to increased weight gain and the dewvetag of non-alcoholic fatty liver
disease (Ouyang et al, 2008). More specificalbadaows that a 2% increase in body
weight and similar increases in subcutaneous aswkkal adipose tissue were
accompanied by a 27% increase in liver fat meas{8edastianova et al., 2012). Other
potential ramifications of this metabolic imbalaneelude increased oxidative stress,
inflammation, and insulin resistance (Stanhopd,&t(9). The implication that an
indefinite overconsumption of calories from dietangar can cause or exacerbate fatty
liver provides further support to public healthosanendations to limit discretionary
calories from dietary sugar intake.

Conclusions

The results of this study support existing resedernonstrating that exercise can
significantly attenuate a number of negative metatamd weight-related changes that
are associated with overfeeding. The most conmaetiesult of this study is that 4
exercise sessions per week, each requiring ~30 esnwere sufficient prevent weight
and body fat gain during a 3-week period of consigmill,600 kcal in the form of
doughnuts, as a supplement to normal diet in yoneg. This prevention of weight and
fat gain occurred despite the fact that the cunwdataloric cost of the exercise sessions
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was only ~41% of the energy value of the 3 dozergdouts consumed. Furthermore,
increases in insulin sensitivity and total nitriade availability were observed in the
exercise group despite the addition of ~11,600 kaedely as fat and sugar, to the
subjects’ habitual diets. Although consuming 3etodoughnuts did not appear to have
consistent adverse effects on a number of cardedmét risk markers in the control
group that did not exercise, the significant gaithody fat, averaging 1.5 kg in just 3
weeks, suggests that regular exercise, especialiggiperiods of increased energy
consumption (e.g., holidays) may be essential fight control and prevention and/or
minimization of adult weight gain. Whether thessuits extend to women, and other
populations that are at increased risk for obedighetes and/or cardiovascular disease,
remains to be established.
Strengths and Weaknesses

The supervised nature of the exercise trainingyhich all subjects in the exercise
group completed 100% of their planned supervis@&ilaise sessions, is a strength. The
fact that the control group did not changed€ak is evidence that they did not engage
in any unmeasured activity that might have affet¢hsir fithess levels. Also, the manner
in which the doughnuts were disbursed is a streragtihis enhanced compliance. Lack
of control over habitual diet is a weakness, betiptervention diet records indicated that
both groups were similar in total energy intake aratronutrient composition of the diet.
The results of the study may be specific to youneglthy males, with relatively normal
values for cardiometabolic risk markers studie&lso, the exercise training sessions
were vigorous in nature. Whether less intensecesesessions could produce the same
result remains to be established. Follow-up ssidirewomen, and other at-risk
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populations need to be performed. Furthermorestindy had a relatively small sample
size, although it a priori adequately powered fa primary outcome (FMD), and most

previously published studies of this nature hawdlar sample sizes.

70



REFERENCES

Alexander, QM., Landsman, B., Teutsch, 34., Haffner, SM. (2003). NCEP-defined
metabolic syndrome, diabetes, and prevalence oheoy heart disease among
NHANES Il participants age 50 years and old@abetes, 565), 1210-1214.

Astrup, A., Dyerberg, J., Elwood, P., Hermansen H{, F.B, Jakobsen, U., ...Willett,
W.C. (2010) The role of reducing intakes of satudleat in the prevention of
cardiovascular disease: where does the evidencd st2010American Journal
of Clinical Nutrition, 93,684-688.

Bailey, D.M., Davies, B., Young, I.S., Jackson, MDavison, G.W., Isaacson,
R., Richardson, R.S. (2003). Epr spectroscopicenad of free radical outflow
from an isolated muscle bed in exercising humamsctfonal significance of
decreasing intracellular PO2 vs. increasing O2.fRdvances in Exploratory
Medicine and Biology, 54@97-303.

Bailey, D.M., Lawrenson, L., McEneny, J., Young.|.James, P.E., Jackson,
S.K,, ...Richardson, R.S. (2007). Electron paramagsgectroscopic evidence
of exercise-induced free radical accumulation imhn skeletal muscl&ree
Radical Research, 42), 182-190.

Bejma J., Ji, L.L. (1999). Aging and acute exeresbance free radical generation in rat
skeletal musclelournal of Applied Physiology, 8), 465-470.

Bjork. L., Jenkins, N.T., Witkowski, S., HagbergylJ (2012). Nitro-oxidative stress
biomarkers in active and inactive mémternational Journal of Sports Medicine,
33(4), 279-184.

Boger, R.H. (2004). Asymmetric Dimethylarginine,Bmdogenous Inhibitor of Nitric
Oxide Synthase, Explains the "L-arginine paradoxd Acts as a Novel
Cardiovascular Risk Factayournal of Nutrition, 1342842S-2847S.

Booth, F.W., Lees, S.J. (2006). Physically actwigjascts should be the control group.
Medicine and Science in Sports and Exercis€3)3805-406.

Bradley, R.L., Jeon, J.Y., Liu, F., Maratos-Flier,(2008). Voluntary exercise improves
insulin sensitivity and adipose tissue inflammaiiowliet-induced obese mice.
American Journal of Physiology, Endocrinology, avidtabolism, 295E586-
E594.

Bray, G.A. (2012). Fructose: pure, white, and dgadiructose, by any other name, is a
health hazardlournal of Diabetes Science and Technology,003-1007.

71



Brown, M.D. (2003). Exercise and coronary vascrganodeling in the healthy heart.
Experimental Biology and Medicine, 8815—658.

Brzezinski, W.A. Blood Pressure. In: Walker HK, HaID, Hurst JW, editors. Clinical
Methods: The History, Physical, and Laboratory Exetions. 3rd edition.
Boston: Butterworths; 1990. Chapter 16.

Ceriello A., Taboga C., Tonutti, L., Quagliaro, Piconi, L., Bais, B., ...Motz, E.
(2002). Evidence for an independent and cumulagffext of postprandial
hypertriglyceridemia and hyperglycemia on endot#ielysfunction and oxidative
stress generation: effects of short- and long-t@mvastatin treatment.
Circulation, 106(10), 1211-1218.

Chen, M., Halter, J.B., Porte, D. Jr. (1987). Tole of dietary carbohydrate in the
decreased glucose tolerance of the eldddyrnal of American Geriatric Society,
35, 417-424.

Chen, H., Montagnani, M., Funahashi, T., Shimomuy&uon, M. (2003). Adiponectin
Stimulates Production of Nitric Oxide in Vasculardéthelial CellsJournal of
Biological Chemistry, 27845021-6.

Chen H., Sullivan G., Quon, M.J. (2005). Assessimgpredictive accuracy of QUICKI
as a surrogate index for insulin sensitivity usincglibration modeDiabetes, 54
1914-1925.

Chong, M.F., Fielding, B.A., Frayn, K.N. (2007). blenisms for the acute effect of
fructose of postprandial lipemiAmerican Journal of Clinical Nutritior85,
1511-1520.

Clarkson, P., Montgomery, H.E., Mullen, M.J., Daha\.E., Powe, A.J., Bull, T.,
...Deanfield, J.E. (1999). Exercise training enharezeothelial function in
young menJournal of American College of Cardiology,,33879-1385.

Corretti M.C., Anderson, T.J., Benjamin, E.J., @alajer, D., Charbonneau, F., Creager,
...Vogel, R. (2002). Guidelines for the ultrasoundemsment of endothelial-
dependent flow-mediated vasodilation of the brdduiry.Journal of the
American College of Cardiolog$9, 257-265.

Deforche, B., De Bourdeaudhuij, I.M., Tanghe, AZRQ06). Attitude toward physical
activity in normal-weight, overweight and obeseladoentsJournal of
Adolescent Health, 3860-568.

de Moraes, C., Davel, A.P., Rossoni, L.V., Anturtes Zanesco, A. (2008). Exercise
training improves relaxation response and SOD-esgion in aortic and
mesenteric rings from high caloric diet-fed r&MC Physiology, 812.

72



Delp, M.D., McAllister, R.M. & Laughlin, M.H. (1993 Exercise training alters
endothelium-dependent vasoreactivity of rat abdairanrtaJournal Applied
Physiology, 751354-1363.

Delp, M.D. & Laughlin, H.M. (1997). Time course efhanced endothelium-mediated
dilation in aorta of trained ratsledicine and Science in Sports Exercise, 29
1454-1461.

Duggan G.E., Hittel, D.S., Sensen, C.W., WeljigylA.Vogel, H.J., Shearer, J. (2011).
Metabolomic response to exercise training in le@h@iet-induced obese mice.
Journal of Applied Physiology1Q(5), 1311-1318.

Ebbesen, B.L., Prkachin, K.M., Mills, D.E., Greéh,). (1992). Effects of acute exercise
on cardiovascular reactivityournal of Behavioral Medicine, 15), 489-507.

Ebenbichler, C.F., Kirchmair, R., Egger, C., PatscR. (1995). Post prandial state and
atherosclerosigCurrent Opinion in Lipidology, &), 286-290.

Fahs, C.A., Yan, H., Ranadive, S., Rossow, L.M.ioxgsitis, S., Wilund, K.R.,
Fernhall, B. (2010). The effect of acute fish-aipplementation on endothelial
function and arterial stiffness following a high-faeal.Applied Physiology,
Nutrition and Metabolism, 38), 294-302.

Faul, F., Erdfelder, E., Lang, A.G., Buchner, A0QZ). G*Power 3: a flexible statistical
power analysis program for the social, &eioral, and biomedical sciences.
Behavioral Research Methods,(3R175-191.

Faulk, K.E., Bartholomew, J.B (2012). The modemg®ffect of physical activity on
cardiovascular reactivity following single fat feegs.Psychophysiology, 49,
145-149.

Fox, A.K., Kaufman, A.E., Horowitz, J.F. (2004). &idg fat calories to meals after
exercise does not alter glucose toleradoernal of Applied Physiology, @0,
11-6.

Freedman, M.R., King, J., and Kennedy, E. (200@pufar diets: a scientific review.
Obesity Research(®), 1S-40S.

Freese, E.C., Levine, A.S., Chapman, D.P., Hausiah, Cureton, K.J. (2011). Effects
of acute sprint interval cycling and energy reptaeat on postprandial lipemia.
Journal of Applied Physiology, 1(6), 1584-1589.

Fuentes, F., LOpez-Miranda, J., Pérez-Martinez]iPgnez, Y., Marin, C., Gomez,
P., ...Pérez-Jiménez, F. (2008). Chronic effectshufja-fat diet enriched with

73



virgin olive oil and a low-fat diet enriched withtpaa-linolenic acid on
postprandial endothelial function in healthy mBritish Journal of Nutrition,
100(1), 159-165.

Furchgott, R.F & Zawadzkl, J.V. (1980). The oblmatrole of endothelial cells in the
relaxation of arterial smooth muscle by acetylamelNature. 2885789), 373-
376.

Furler, S.M., Poynten, A.M., Kriketos, A.D., Low,J., Ellis, B.A., Maclean, E.L.,
...Chisholm, D.J. (2001). Independent influenceseritial fat and skeletal
muscle lipids on insulin sensitivitpbesity Research(9), 535-543.

Gollisch, K.S., Brandauer, J., Jessen, N., Toy@ddd\ayer, A., Hirshman, M.,
Goodyear, L. (2009). Effects of exercise trainimgsabcutaneous and visceral
adipose tissue in normal- and high-fat diet-fed.r/american Journal of
Physiology, Endocrinology, and Metabolism, Z3495-E504.

Gomez-Merino D., Drogou, C., Guezennec, C.Y., Chenn M. (2007). Effects of
chronic exercise on cytokine production in whitgpade tissue and skeletal
muscle of ratsCytokine, 4023-29,

Goodpaster, B.H., Thaete, F.L., Simoneau, J.AlggeD.E. (1997). Subcutaneous
abdominal fat and thigh muscle composition preiistilin sensitivity
independently of visceral faDiabetes46, 1579-1585.

Goto, C., Yukihito, H., Kimura, M., Noma, K., Hard,, Nakagawa, K., ...Nara, I.
(2003). Effect of Different Intensities of Exercise Endothelium-Dependent
Vasodilation in Humans: Role of Endothelium-Depanrtdeitric Oxide and
Oxidative Stres<Circulation, 108,530-535.

Green D.J. (2009). Exercise training as vasculaicree: direct impacts on the
vasculature in humanExercise and Sports Science Review4B37.96-202.

Greenhaff, P.L., Gleeson, M., Maughan, R.J. (198Bg effects of diet on muscle pH
and metabolism during high intensity exerciSaeropean Journal of Applied
Physiology and Occupation Physiology(%)7 531-539.

Hamann, A., Flier, J.S., Lowell, B.B. (1996). Dexsed brown fat markedly enhances
susceptibility to diet-induced obesity, diabetes] Ayperlipidemia.
Endocrinology, 13721-29.

Harisankar, C.N., Mittal, B.R., Agrawal, K.L., AbtaV.L., Bhattacharya, A. (2011).

Utility of high fat and low carbohydrate diet inpgaressing myocardial FDG
uptake.Journal of Nuclear Cardiologyl8(5), 926-936.

74



Havel, P.J. (1999). Mechanisms regulating leptodpction: implications for control of
energy balancéAmerican Journal of Clinical Nutrition, 18), 305-306.

Hegarty, B., Furler, S., Ye, J., Cooney, G., & Kjae, E. (2003). The role of
intramuscular lipid in insulin resistanckcta Physiologica Scandinavica, 48
373-383.

Heidemann, C. Schulze, M.B., Franco, O.H., van DAv., Mantzoros, C.S., & Hu,
F.B. (2009). Dietary Patterns and Risk of Mortafiym Cardiovascular Disease,
Cancer, and All-Causes in a Prospective Cohort ofréh: Heidemann-Dietary
Patterns and MortalityCirculation, 1183), 230-237.

Heroux, M., & Janssen, |. (201Mietary patterns and the risk of mortality: impaodt
cardiorespiratory fitness, 3213-214.

Hooper, L., Summerbell, C.D., Thompson, R., Sills,Roberts, F.G., Moore, H.J.,
Davey Smith, G. Reduced or modified dietary fatdogventing cardiovascular
diseaseCochrane Database System Reviggy,5:CD002137.

Hooper, L., Summerbell, C.D., Thompson, R., Slls,Roberts, F.G., Moore, H., Smith,
G.D. (2011). Reduced or modified dietary fat foey@nting cardiovascular
diseaseThe Cochrane Library,:€D002137.

Howard BV, Van Horn L, Hsia J, Manson JE, StefarMik, Wassertheil-Smoller S., ...
Kotchen JM. (2006) Low-fat dietary pattern and rdlcardiovascular disease
the Women's Health Initiative Randomized ControDéetary Modification Trial.
Journal of American Medical Association, 285 655-666.

Howitt, L., Grayson, T.H., Morris, M.J., SandowLS Murphy, T.V. (2012). Dietary
obesity increases NO and inhibits BKCa-mediatedp#relium-dependent
dilation in rat cremaster muscle artery: assoamiwith caveolins and caveolae.
American Journal of Physiology. Heart and Circulat®hysiology,
30212):H2464-76.

Hu, F.B., Manson, J.E., Willett, W. (2001) Typesdadtary fat and risk of coronary heart
disease: A critical reviewlournal of the American College of Nutrition,(2]) 5-
19.

Huang, K., Huang, Y., Frankel, J., Addis, C., Jaswa,, Wehner, P.S., ...McCumbee,
W.D. (2011). The short-term consumption of a motdtyahigh-fat diet alters
nitric oxide bioavailability in lean female Zuckeats.Canadian Journal of
Physiology and Pharmacology, @9, 245-257.

Hudgins, L. (2012). Why do sweets fatten our B&%kmerican Journal of Clinical
Nutrition, 96,685-686.

75



Huffman, D.M. & Calvert, J.W. (2011). Exercise tetrescueJournal of Physiology,
58924), 5919-5920.

Huffman, K.M., Hawk, V.H, Henes, S.T., Ocampo, Qrenduff, M.C., Slentz, C.A.,
...Bales, C.W. (2012). Exercise effects on lipidp@nsons with varying dietary
patterns—does diet matter if they exercise? RegsoinsStudies of a Targeted
Risk Reduction Intervention through Defined ExezdisAmerican Heart
Journal, 164,117-124.

Ignarro, L.J (1999). Nitric Oxide: A Unique Endogers Signaling Molecule in Vascular
Biology. Bioscience Reports, (B, 51-71.

Jakulj, F., Zernicke, K., Bacon, S.L., van Wielingé.E., Key, B.L., West, S.G.,
Campbell, T.S. (2007). A high-fat meal increaseaslicaascular reactivity to
psychological stress in healthy young adultairnal of Nutrition, 1314), 935-
939.

Jequier, E. (1993). Body weight regulation in husidhe importance of nutrient balance.
News Physiology and Science283-276.

Johnson, N.A., van Overbeek, D., Chapman, P.G.mpson, M.W., Sachinwalla, T.,
George, J. (2012). Effect of prolonged exercise [@edexercise dietary
manipulation on hepatic triglycerides in trainedmteuropean Journal of
Applied Physiology, 118), 1817-1825.

Johnson, R.K., Appel, L.J., Brands, M., Howard, BMéfevre, M., Lustig, R.H.,
...Wylie-Rosett, J. (2009). American Heart Associatiutrition Committee of
the Council on Nutrition, Physical Activity, and kéolism and the Council on
Epidemiology and Prevention. Dietary sugars intake cardiovascular health: a
scientific statement from the American Heart Asabeon. Circulation, 12@11),
1011-1020.

Kieffer, T.J., Habener, J.E. (2000). The adipoiasakis: effects of leptin on pancreatic
B-cells.American Journal of Physiology, Endocrinology, anetabolism, 278
E1-E14.

King NA, Hopkins M, Caudwell P, Stubbs RJ, (20@undell JE. Beneficial effects of
exercise: shifting the focus from body weight tbestmarkers of healtlgritish
Journal of Sports Medicine, 43), 924-7.

Klausen, B., Toubro, S., Ranneries, C., Rehfekd, Holst, J.J., Christensen, N.J.,
Astrup, A. (1999). Increased intensity of a singkercise bout stimulates
subsequent fat intakinternational Journal of Obesity Related Metabolic
Disorders, 121282-1287.

76



Kouki, R., Schwab, U., Lakka, T.A., Hassinen, MavBnen, K., Komulainen, P.,
...Rauramaa, R. (2012). Diet, fitness and metabglhciome — The DR'’s
EXTRA study.Nutrition Metabolism and Cardiovascular Disease®73, 553-
560.

Knudsen, S.H., Hansen, L.S., Pedersen, M., Dejgdaréiansen, J., Hall, G.V.,
...Krogh-Madsen, R. (2012). Changes in insulin sensitpreced changes in
body composition during 14 days of step reductiomlsined with overfeeding in
healthy young menlournal of Applied Physiology, 113-15.

Lavrencic, A., Salobir, B.G., Keber, 1. (2000). Bloal training improves flow-mediated
dilation in patients with the polymetabolic syndmmrteroisclerosis,
Thrombosis, and Vascular Biology.,ZA51-555.

Little, J.P., Gillen, J.B., Percival, M.E., Safdar, Tarnopolsky, M.A., Punthakee, Z.,
Jung, M.E., Gibala, M.J. (2011). Low-volume higheinsity interval training
reduces hyperglycemia and increases muscle mitoctabicapacity in patients
with type 2 diabeteslournal of Applied Physiology, 1(6), 1554-1560.

Liu, S., Manson, J.E., Buring, J.E., Stampfer, MAdillett, W.C., Ridker, P.M. (2002).
Relation between a diet with a high glycemic load plasma concentrations of
high-sensitivity C-reactive protein in middle-aggdmen.American Journal of
Clinical Nutrition, 75 492— 498.

Lo Presti, R., Canino, B., Montana, M., Caimi, @012). Lipid peroxidation and nitric
oxide metabolites in sedentary subjects and speridmefore and after a
cardiopulmonary tesClinical Hemorheoleology and MicrocirculatiofEpub
ahead of print]

MacEneaney, O.J., Harrison, M., O'Gorman, D.J.kRdieva, E.V., O'Connor, P.L.,
Moyna, N.M. (2009). Effect of prior exercise on fyandial lipemia and markers
of inflammation and endothelial activation in nofmeight and overweight
adolescent boy&uropean Journal of Applied Physiology, {86 721-729.

Maeda, S, Miyauchi, T., Kakiyama, T., Sugawaralehjtsu, M., Irukayama-Tomobe,
Y., ...Matsuda, M. (2001). Effects of exercise tragbf 8 weeks and detraining
on plasma levels of endothelium-derived factorslogimelin-1 and nitric oxide, in
healthy young humankife Science, 69), 1005-16.

Matthews, D.R., Hosker, J.P., Rudenski, A.S., NayBoA., Treacher, D.F., Turner, R.C.
(1985). Homeostasis model assessment: insulinaesis and beta-cell function
from fasting plasma glucose and insulin concertratin manDiabetologia, 28
412-4109.

77



Matsuda, M., DeFronzo, R.A. (1999). Insulin senditiindices obtained from oral
glucose tolerance testing: comparison with theyagghic insulin clamp.
Diabetes Care, 221462-1470.

McCarthy, C.G., Farney, T.M., Canale, R.E., DesaoyM.E., Bloomer, R.J. (2013).
High-fat feeding, but not strenuous exercise, iases blood oxidative stress in
trained menApplied Physiology, Nutrition, and Metabolism(Bg 33-41.

McDonald, R.B. (1995). Influence of dietary sucrosebiological agingAmerican
Journal of Clinical Nutrition, 62284S-293S.

Mensink, R.P., Zock, P.L., Kester, A.D., Katan, M(B003). Effects of dietary fatty
acids and carbohydrates on the ratio of serum totdDL cholesterol and on
serum lipids and apolipoproteins: a meta-analys@aontrolled trials.
American Journal Clinical Nutrition, 771146—-1155.

Moghaddam, E., Vogt, J.A., Wolever, T.M. (2006) eTéffects of fat and protein on
glycemic responses in nondiabetic humans vary wiist circumference, fasting
plasma insulin, and dietary fiber intakieurnal of Nutrition, 1362506—2511.

Nassis, G.P., Papantakou, K., Skenderi, K., Triitholaoulou, M., Kavouras, S.A.,
Yannakoulia, M., ... Sisossis LS. (2005). Aerobicreise training improves
insulin sensitvity without changes in body weidbdy fat, adiponectin, and
inflammatory markers in overweight and obese gMstabolism and Clinical
Experiment, 541472-1479.

Nappo, F., Esposito, K., Cioffi, M., Giugliano, ®lplinari, A.M., Paolisso, G.,
...Giugliano, D. (2002). Postprandial endotheliaiation in healthy subjects
and in type 2 diabetic patients: role of fat ancboydrate mealslournal of
American College of Cardiology, 889, 1145-1150.

Ng, C.K., Chan, A.P., Cheng, A. (2001). Impairmehéndothelial function--a possible
mechanism for atherosclerosis of a high-fat meaakie. Annals of Academic
Medicine of Singapore, 80), 499-502.

Nicholls, S.J., Lundman, P., Harmer, J.A., Cutri, @riffiths, K.A., Rye, K.A.,
...Celermajer, D.S. (2006). Consumption of saturéaednpairs the anti-
inflammatory properties of high-density lipoproteiand endothelial function.
Journal of American College of Cardiology,(48 715-720.

Niswender, K., Baskin, D.G., Schwartz, M.W. (2004xulin and its evolving

partnership with leptin in the hypothalamic contwbenergy homeostasisrends
in Endocrinology and Metabolism, (&), 362-369.

78



Nyberg, M., Blackwell, J.R., Damsgaard, R., Jo#eB/., Hellsten, Y., Mortensen, S.P.
(2012). Lifelong physical activity prevents an ageated reduction in arterial and
skeletal muscle nitric oxide bioavailability in hams.Journal of Physiology,
59((21), 5361-5370.

Oakes, N.D., Cooney, G.J., Camilleri, S., Chishdnd,, Kraegen, E.W. (1997).
Mechanisms of liver and muscle insulin resistamciiced by chronic high-fat
feeding.Diabetes, 4611), 1768-1774.

Ortega, J.F., Fernandez-Elias, V.E., Hamouti, Nor&Rodriguez, R. (2013). Increased
blood cholesterol after a high saturated fat digirevented by aerobic exercise
training. Applied physiology, Nutrition, and Metabolism(Bg 42-48.

Ouchi, N., Ohishi, M., Kihara, S., Funahashi, Takidmura, T., Nagaretani, H., Kumada,
M., ...Matsuzawa, Y. (2003). Association of hypoadipomestiia with impaired
vasoreactivityHypertension. 42231-4.

Ouyang, X., Cirillo, P., Sautin, Y., McCall, S.,i&hette, J.L., Diehl, A.M., ...
Abdelmalek MF. (2008). Fructose consumption aslafactor for non-alcoholic
fatty liver diseaseJournal of Hepatology8, 993-999.

Padilla, J., Harris, R.A., Fly, A.D., Rink, L.D., &face, J.P. (2006). The effect of acute
exercise on endothelial function following a higit-eal European Journal of
Applied Physiology, 98), 256-262.

Pan, D.A,, Lillioja, S., Kriketos, A.D., Milner, NR., Baur, L.A., Bogardus, C.,
...Storlien L.H. (1997). Skeletal muscle triglycerigeels are inversely related to
insulin action Diabetes, 46983-988.

Park, Y., Booth, F.W., Lee, S., Laye, M.J., ZhaBg(2012). Physical activity opposes
coronary vascular dysfunction induced during higihféeding in miceJournal of
Physiology, 59(17), 4255-4268.

Peairs, A.D., Rankin, J.W., Lee, Y.W. (2011). Efteof acute ingestion of different fats
on oxidative stress and inflammation in overweighd obese adultBlutrition
Journal, 10 122.

Perry, C.G., Heigenhauser, G.J., Bonen, A., Sdri&t, (2008). High-intensity aerobic
interval training increases fat and carbohydrateabic capacities in human
skeletal muscleApplied Physiology, Nutrition and Metabolism(@3 1112-
1123.

Petrie, J.R., Ueda, S., Webb, D.J., Elliott, HZonnell, J.M (1997). Endothelial Nitric
Oxide Production and Insulin Sensitivity A Physgilal Link With Implications
for Pathogenesis of Cardiovascular Dise&rculation, 193, 1331-1333.

79



Prior, B.M., Lloyd, P.G., Yang, H.T. & Terjung, R.[2003). Exercise induced vascular
remodeling Exercise and Sports Sciences Reviews28133.

Plotnick, G.D., Corretti, M.C., Vogel, R.A. (199 8ffect of antioxidant vitamins on the
transient impairment of endothelium-dependent bedeltery vasoactivity
following a single high-fat meallournal of American Medical Association,
27820), 1682-1686.

Price, K.D., Price, C.S., Reynolds, R.D. (2001)pkglycemia-induced ascorbic acid
deficiency promotes endothelial dysfunction anddbeelopment of
atherosclerosisAtherosclerosis, 158—-12.

Romon, M., Lebel, P., Velly, C., Marecaux, N., Hrad, J.C., Dallongeville, J. (1999).
Leptin response to carbohydrate or fat meal andceetson with subsequent
satiety and energy intakA&merican Journal of Physiology, 277.

Ross, R. (1999). Atherosclerosis an Inflammatorse@seNew England Journal of
Medicine, 340115-126.

Rudolph, T.K., Ruempler, K., Schwedhelm, E., Tardfgsen, J., Riederer, U., Boger,
R.H., Maas, R. (2007). Acute effects of various-fasd meals on vascular
function and cardiovascular disease risk markeesHamburg Burger Trial.
American Journal of Clinical Nutrition, &8), 334-340.

Schachinger V, Zeiher AM. (2000). Atherosclerosisaiated endothelial dysfunction.
Zeitschrift fur Kardiologie, 8®), 70-74.

Schinkovitz, A., Dittrich, P., Wascher, T.C. (200Effects of a high-fat meal on
resistance vessel reactivity and on indicatorsxafaiive stress in healthy
volunteersClinical Physiology, 2#), 404-410.

Scribner, K.B., Pawlak, D.B., Ludwig, D.S. (200HAgpatic steatosis and increased
adiposity in mice consuming rapidly vs. slowly atie carbohydrat@besity,
15,2190 —2199.

Seip, R.L., Angelopoulos, T.J., Semenkovich, C1B95). Exercise induces human
lipoprotein lipase gene expression in skeletal teusat not adipose tissue.
American Journal of Physiology, Endocrinology andt&bolism, 268E229—
E236.

Seip, R.L., Mair, K., Cole, T.G., Semenkovich, Q97). Induction of human skeletal
muscle lipoprotein lipase gene expression by steont-exercise is transient.
American Journal of Physiology, Endocrinology, avetabolism, 272E255—
E261.

80



Sessa W.C., Pritchard, K., Seyedi, N., Wang, J.idt2¢, T.H. (1994). Chronic exercise
in dogs increases coronary vascular nitric oxidelsyse production and
endothelial cell nitric oxide synthase gene expoes£irculatory Research, 74
349-353.

Sevastianova, K., Santos, A., Kotronen, A. Hakkseaj A., Makkonen, J., Silander, K.,
...Yki-Jarvinen, H. (2012). Effect of short-term cahydrate overfeeding and
long-term weight loss on liver fat in overweightnhans. American Journal
Clinical Nutrition, 96 727-734.

Shimabukuro, M., Higa, N., Asahi, T., Oshiro, Yagkasu, N., Tagawa, T.,
...Matsuzawa, Y. (2003). Hypoadiponectinemia is dip&rked to endothelial
dysfunction in man. Journal of Clinical Endocringloand Metabolism, 8@236-
3240.

Silbernagel, G., Machann, J., Unmuth, S., SchickStefan, N., Haring, H.U., Fritsche,
A. (2010). Effects of 4-week very-high-fructosefghse diets on insulin
sensitivity, visceral fat and intrahepatic lipidst exploratory trialBritish Journal
of Nutrition, 106,79-86.

Stanhope, K.L., Schwarz, J.M., Keim, N.L., GrifféhC., Bremer, A.A., Graham, J.L.,
...Havel, P.J. (2009). Consuming fructose-sweeteneidglucose-sweetened,
beverages increases visceral adiposity and lipidsdacreases insulin sensitivity
in overweight/obese humariurnal of Clinical Investigation, 1195), 1322-
1334.

Stepto, N.K., Carey, A.L., Staudacher, H.M., CumgsinN.K., Burke, L.M., Hawley,
J.A. (2002). Effect of short-term fat adaptationhogh-intensity training.
Medicine and Science, Sports and Exercis€334149-55.

Straznicky, N.E., Louis, W.J., McGrade, P., Howe§. (1993). The effects of dietary
lipid modification on blood pressure, cardiovascukactivity and sympathetic
activity in man.Journal of Hypertension, 14), 427-437.

Strohacker, K., Breslin, W.L., Carpenter, K.C., Ron, T.R., Agha, N.H., McFarlin,
B.K. (2012). Moderate-intensity, premeal cyclingidis postprandial increases in
monocyte cell surface CD18 and CD11a and endotmei@oparticles following
a high-fat meal in young adult&pplied Physiology, Nutrition and Metabolism,
37(3), 530-539.

Sun, D., Huang, A., Koller, A. & Kaley, G. (1994hort-term daily exercise activity

enhances endothelial NO synthesis in skeletal raumtérioles of ratslournal of
Applied Physiology, 762241-2247.

81



Tamura, Y., Naemura, A., Inoue, A, ljiri, Y., Seli, Yada, T., ...Yamamoto, J. (2009).
Impaired endothelial function may be due to de@dasortic tetrahydrobiopterin,
assessed by a new flow-mediated vasodilation ia wivHypercholesterolemic/
atherogenic miceBlood Coagulation and Fibrinolysis, 28), 699-705.

Tan, K.C., Xu, A., Chow, W.S., Lam, M.C., Ai, V.Hlam, S.C., Lam, K.S. (2004).
Hypoadiponectimia is associated with impaired enelaim-dependent
vasodilationJournal of Clinical Endocrinology and Metabolisng, §65-769.

Taylor, P.D. (2012). Can exercise prevent coroaagry disease even on a high fat diet?
Journal of Physiology, 5907), 4125-4126.

Teff, K.L., Elliott, S.S., Tschop, M., Kieffer, T.,JRader, D., Heiman, M., ...Havel, P.J.
(2004). Dietary fructose reduces circulating insalnd leptin, attenuates
postprandial suppression of ghrelin, and increagggcerides in women.
Journal of Clinical Endocrinology and Metabolisng, 963-2972.

Tinken, T.M, Thijssen, D.H, Black, M.A, Cable, N, Tsreen, D.J. (2008). Time course
of change in vasodilator function and capacityasponse to exercise training in
humansJournal of Physiology, 58&003-5012.

Tinken, T.M., Thijssen, D.H., Hopkins, N., Black,.M, Dawson, E.A., Minson, C.T.,
...Green, D.J. (2009). Impact of shear rate moduladio vascular function in
humansHypertension, 5&), 278-285.

Tjonna, A.E., Lee, S.J., Rognmo, O., Stolen, TBYe, A., Haram, P.M., ...Wisloff, U.
(2008). Aerobic interval training versus continuonsderate exercise as a
treatment for the metabolic syndrome: a pilot st@lyculation, 118 346-354.

Tomaino. R.M., Decker, E.A. (1998). High-fat meaisl endothelial functioNutrition
Review, 5@), 182-185.

Tounian, P., Aggoun, Y., Dubern, B., Varille, V.ugGrand, B., Sidi, D., ...Bonnet, D.
(2001). Presence of Increased Stiffness of the Cam@arotid Artery and
Endothelial Dysfunction in Severely Obese Childr@®Prospective Study.
Lancet. 3581400-1404.

Tsai, W.C., Li, Y.H., Lin, C.C., Chao, T.H., ChehH. (2004). Effects of oxidative stress
on endothelial function after a high-fat me@linical Science (Lond),1@8), 315-
319.

Tushuizen, M.E., Nieuwland, R., Scheffer, P.G.rIStA., Heine, R.J., Diamant, M.
(2006). Two consecutive high-fat meals affect ehdll-dependent
vasodilation, oxidative stress and cellular micrtipkes in healthy menlournal
of Thrombosis and Haemostasigsy 1003-1010.

82



Tyldum, G.A., Schjerve, IL.E., Tjgnna, A.E., KirkeBarstad, I., Staglen, T.O.,
Richardson, R.S., Wislgff, U. (2009). Endotheligéfdinction induced by post-
prandial lipemia: complete protection afforded lighhintensity aerobic interval
exerciseJournal of American College of Cardiology,(88 200-206.

Vafeiadou, K., Weech, M., Sharma, V., Yaqoob, Bdd, S., Williams, C.M,
...Lovegrove, J.A. (2012). A review of the evidenoethe effects of total dietary
fat, saturated, monounsaturated and n-6 polyuretatlifatty acids on vascular
function, endothelial progenitor cells and micrdamdes. British Journal of
Nutrition, 1043), 303-324.

Van Dam, R.M., Rimm, E.B., Willett, W.C., Stampfé&t,J., Hu, F.B. (2002). Dietary
Patterns and risk for type 2 diabetes mellitus i8.WnenAnnals of Internal
Medicine, 136201-209.

Van Marken Lichtenbelt WD, et al. (2009). Cold-aated brown adipose tissue in
healthy men.New England Journal of Medicine, 3@600-1508.

Vogel, R.A., Corretti, M.C., Plotnick, G.D. (199 Bffect of a single high-fat meal on
endothelial function in healthy subjecfsnerican Journal of Cardiology, 73),
350-354.

Vogt, M., Puntschart, A., Howald, H., Mueller, Blannhart, C., Gfeller-Tuescher, L.,
...Hoppeler, H. (2003). Effects of dietary fat on mlessubstrates, metabolism,
and performance in athletédedicine and Science and Sports Exercise§35(
952-960.

Weiss, E.P., Arif, H., Villareal, D.T., Marzetti, BHolloszy, J.O. (2008). Endothelial
function after high-sugar-food ingestion improvaghwendurance exercise
performed on the previous damerican Journal of Clinical Nutrition, 88], 51-
57.

Williamson, D.F., Kahn, H.S., Remington, P.L., Ap&aF. (1990). The 10-year
incidence of overweight and major weight gain in &tilts.Archive of Internal
Medicine,150665-672.

Williamson, D.F. (1993). Descriptive epidemiologybmdy weight and weight change in
U.S. adultsAnnals of Intern Medicine, 11846-649.

Wislgff, U., Ellingsen, &., Kemi, O.J. (2009). Hightensity interval training to

maximize cardiac benefits of exercise trainig@rcise, Sport and Science
Review, 3(3), 139-146.

83



Woodman, C.R., Turk, J.R., Rush, J.W., LaughlintiM2004). Exercise attenuates the
effects of hypercholesterolemia on endothelium-ddpat relaxation in coronary
arteries from adult female pigdournal of Applied Physiology, @&, 1105-1113.

World Health Organization/Food and Agriculture Qrgation of the United Nations.
(2003).Diet, Nutrition and the Prevention of Chronic Disea:Report of a Joint
WHO/FAO Expert ConsultatioMVHO Technical Report Series 916. Geneva,
Switzerland: World Health Organization.

Xu, X., Ying, Z., Cai, M., Xu, Z., Li, Y., Jiang,.%., ...Sun, Q. (2011). Exercise
ameliorates high-fat diet induced metabolic andubs dysfunction and
increases adipocyte profenitor cell populationrommn adipose tissué&merican
Journal of Physiology-Regulatory, Integrative anongparative, 300R1115-
R1125.

Yanovski, J.A., Yanovski, S.Z., Sovik, K.N., NguyanT., O’Neil, P.M., Sebring, N.G.
(2000). A prospective study of holiday weight ga&ilew England Journal of
Medicine, 342861-867.

Zabinski, M., Saelens, B., Stein, R., Hayden-W&tl4,., Wilfley, D. (2003). Overweight
Children’s Barriers to and Support for Physicaligity. Obesity Research, 11
238-246.

84



APPENDIX A

INSTITUTIONAL REVIEW BOARD APPROVAL

85



Arizona State University For Office Use Only

Office of Research Integrity and Assura - H.S. #:
P.O. Box 871103
Tempe, AZ 85287-1103 PreReviewer:
Phone: 480-965-6788

Fax: 480- 965-7772

BIOSCIENCE APPLICATION HUMAN SUBJECTS

PROTOCOL INFORMATION

1.

Protocol Title:Effects of afat-sugar supplemented diet, with and without exer
training, on endothelial function, blood pressuned blood markers of cardiovascL
risk

Date of Requeseptember 26, 20

PRINCIPAL INVESTIGATOR (PI)
Please note that the PI's CV and humanect’s protection training certification must
attached with this applicatic
2.
Name and Degree(sizlenn Gaesser, Ph

Department/CenteExercise and Wellness/Healthy Lifestyles Reseamht€
Mailing Address:500 North @ Street, Phoenix, AZ 85004

Email: Glenn.gaesser@asu.¢ Phone #:480-727-1884 Fax: 602-496-1873

University Affiliation:

X] Professor

[ ] Associate Professor

[ ] Assistant Professor

[ ] Instructor

[ ] Othe: Please specify. (“Other” categories may reqpiier approval. Studen
cannot serve as the PI)

86



CO-INVESTIGATORS (CO-I)
3. Name Study Role  Affiliation Department EmadllFax Student (y/n)

Laurie Black Research  ASU PANW laurie.e.black@asu.edw
Assistant

Brandon Sawyer ResearchASU PANW bjsawyer@asu.edu Y
Assistant

Dharini Bhammar ResearctASU PANW dbhammar@asu.edu Y
Assistant

Wesley Tucker Research ASU PANW wesley.tucker@asu.ed¥
Assistant

PROJECT FUNDING

4a) How is the research project fund€dzopy of the grant applicatiamust be

provided prior to IRB approval)

X Research isot funded (Go to question 5)
[] Funding decision is pending

[ ] Research ifunded

b) What is the source of funding or potential furg#i(Check all that apply)

[ ] Federal [ ] Private Foundation [ ] Department Funds
[ ] Subcontract [ ] Fellowship [ ] Other

c) Please list the name(s) of the sponsor(s):

d) What is the grant number and title?

e) What is the ASU account number/project number?

f) Identify the institution(s) administering theagt(s):

SUMMARY OF PROTOCOL

Please include a summary for each of the questidses as much space as necessary
AND attach a copy of the study proposal or protocojoli attach a copy of the full
proposal, place page and paragraph numipens the proposal next to each question in
this section to show precisely where informatiortguaing to each question can be
found. Please note that information shoulatbesistentbetween the proposal, consent
form, and IRB applicatior=OR ALL OF THE QUESTIONS, WRITE YOUR
ANSWERS ON THE APPLICATION RATHER THAN SAYING SEE

ATTACHED.

5a) What is the hypothesis?

The objective of the study is to determine if exadraining can prevent the anticipated
deleterious effects of a fat-sugar supplementeii(isiehe form of two doughnuts per
day, 6 days per week, for 3 weeks) on endothaliattion and blood markers of
cardiovascular risk. We hypothesize:
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H1: Fat-sugar supplemented diet will impair endb&héunction and result in a worsened
cardiovascular risk profile as assessed by fastiogd lipid profile, insulin, glucose and
antioxidant capacity.

H2: Exercise training will prevent deleterious etieof a fat-sugar supplemented diet.
b) Describe study procedures and methodologies.

Visit 1 (Screening):

All participants who respond to the recruitmenefiwill be provided a copy of the
consent form to read, and will be informed that gaogstions they have about the study
will be answered by study personnel. All aspetthe study will be explained and
written consent will be obtained. Participantd Wl out a physical activity readiness
guestionnaire (PAR-Q) to ensure that they are Bl@teandidates for enrollment. If they
answer “yes” to any of the questions, they will hetallowed to participate. If they
answer “no” to each question, they will be allowegarticipate. Those who decide to
participate after signing this consent form we wildergo a flow-mediated dilation
(FMD) procedure (see below) to make sure we caguately obtain an ultrasound
image of each participant’s brachial artery. Rgytints will complete an automated self-
administered 24-hour diet recall (ASA24; free oalservice provided by the National
Institutes of Health (National Cancer Institute)).

Subsequent Visits:

Participants who agree to take part in the studiyreport to the Healthy Lifestyles
Research Center in ISTB3 on the ASU Polytechnic @enfor all visits. Participants
randomly assigned to the Control group will haveaddlitional visits beyond the
screening visit (visits 2 through 12) over a 3-weekiod. Participants randomly
assigned to the exercise group will have a totd4otisits beyond the screening visit
(visits 2 thorough 15) over a 3-week period. Visits described in detail below.

Visit 2 (Baseline testing; both Control Group andEise Training Group)fhe
participants will report for baseline testing a¢ i5TB3 building following an overnight
fast (nothing but water after 10 PM).

Participants will first have resting blood pressoreasured, followed by a measurement
of brachial artery flow-mediated dilation (descddater). Following this measurement,
participants will have a fasting blood draw.

Participants will have body composition measureséaiten (BOD POD; described
later). All participants will perform a VQaxtest on a treadmill to determine maximal
oxygen uptake (described later).

Participants will be randomly assigned to eitherékercise or control group.

Visits 3 throughl1 (Control Group)
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These visits will be for picking up the doughnutattwill be provided to each participant
during the 3-week study. Participants will pickdgughnuts at the ISTB3 laboratory on
Monday, Wednesday and Friday of each week. Dededlglescribed below.

Visits 3 through14 (Exercise Training Group only):
The participants in the exercise training group weport to the ISTB3 building for
exercise training. Participants will train foul) @ays per week for three (3) consecutive
weeks. Training sessions are not required to ocacwonsecutive days. All exercise
training will be performed on a motor-driven trealior a cycle ergometer. The aerobic
exercise training protocol will consist 2 sessiame®k of continuous exercise and 2
sessions/week of interval exercise performed dree# cycle ergometer or treadmill.
Intensity on the treadmill will be achieved by wiallk on an incline or running or cycling
against weighted resistance on the cycle ergomdtee. exercise protocols are as
follows:

¢ 2 days per week of continuous exercise: 30 minatt@sheart rate associated with
75% VGmax determined from the baseline cycle test.

e 2 days per week of high-intensity interval exercise

e Ten 1-minute intervals at 90-95% of maximum heai rseparated by 1 minute
of active recovery at 60% of maximum heart ratétigtiet al, 2011).

e Four 4-minute intervals at 90-95% of maximum heate, separated by 3 minutes
of active recovery at 60% of maximum heart rateq(dif et al, 2009).
Each exercise session will being with a 5 minutemvap (50-60% of maximum heart
rate), and finish with a 5-minute cool-down (50-60%maximum heart rate).

Final Visit (Visit 12 for Control Group; Visit 15f Exercise Training Group):
Approximately 48 hours following the last trainiagssion, the participant will report to
the ISTB3 building. The testing procedures at g will be identical to those at Visit
2.

The procedures for testing are described in dieéhdw:

e Food Frequency Questionnaire:
The ASA24allows study participants to report their intaketfte previous day from
midnight to midnight. The Respondent applicatioidga the participant through the
completion of a 24HR for the previous day from nigditt to midnight using a dynamic user
interface.

e Brachial Artery Flow Mediated Dilation (BAFMD):
This is a non-invasive assessment of the abilitheforachial (upper arm) artery to dilate
in response to an increase in blood flow, andsessed using ultrasound. This
procedure is performed while the subject is lyingise on a padded ultrasound table.
All measurements are made on the non-dominant &iplood pressure cuff is
positioned on the subject’s forearm. After recogdbaseline ultrasound measures on the
upper arm, the blood pressure cuff is inflated46 BxmHg for 5 minutes. The cuff is
then deflated rapidly and brachial artery bloodvfland arterial diameter are measured
continuously for 5 minutes using the ultrasoundoproThese procedures conform to the
published guidelines of the International Braclhigkery Reactivity Task Force (Corretti
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MC, et al. Guidelines for the ultrasound assessmkeeandothelial-dependent flow-
mediated vasodilation of the brachial artelyurnal of the American College of
Cardiology, 2002; 39: 257-265).

¢ Blood Draw:
Subjects will be asked to report for each bloodwdpasits 2 and 12 for Control group;
visits 2 and 15 for Exercise Training group) in therning following an overnight fast
(i.e., nothing but water after 10 PM). Intravendisod will be draw via one of the
common antecubital fossa veins (cephalic, mediitalyor basilic vein) for
measurement of blood lipids, glucose, insulin, antioxidant capacity. All blood draws
will be performed by a certified phlebotomist. Appimately 15ml (3tsp) of blood will
be collected for each blood draw.

¢ Resting blood pressure will be measured using &om@ated blood pressure
machine while the participant is sitting quietlyarcomfortable chair.

e Anthropometrics:
Subjects’ weight will be measured on a standarchBgseale. Height will be assessed on a
stadiometer. Body composition will be measuredgisiiBod Pod (air displacement
plethysmography).

® VOomaxtest:
Subjects will be equipped with a mask attachedhiosse, and Polar heart rate monitor for
the metabolic measurement device (Parvo Truema@T4)to measure ventilation and
respiratory gas exchange data and heart rate canishy. After collecting resting data
for 2 minutes, subjects will pedal on a stationeygle ergometer at a cadence of their
choice at 50 watts for 5 minutes for the warm-upgeh After the warm-up phase, load
will increase continuously by 30 watts/min everynate until the subject cannot
continue. Verbal encouragement will be given tesalhjects throughout the entire test.
The highest oxygen uptake during the test willdleh as the peak O

e Doughnut consumption:
Each participant will be asked to consume 2 doutshper day, 6 days per week, for 3
weeks. Doughnuts will be purchased by the studgarchers at a local Dunkin Donuts
on Monday, Wednesday and Friday morning of eactkw@articipants will be required
to come to the ISTB3 laboratory on Monday, Wedngsdad Friday of each week for
doughnut pickup. This can be part of the regukar@se training visits for those in the
Exercise Training group. On each occasion padmipwill be given 4 doughnuts to
consume over the next two days. This will optingpenpliance while ensuring that the
doughnuts are fresh. Participants will be providedenu of doughnut options so that
each participant will be able to choose the tygesoaghnuts that he would like most to
consume. All doughnuts will contain between 260 880 calories, of which at least
70% of total calories are fat and sugar.

¢ Dietary requirements:
Each participant will be encouraged to maintainraemal diet during the three weeks,
other than consuming the 2 doughnuts per day peoMy study researchers as a
requirement for participating in the study.

c) What is the participant selectioA@ult Males (ages 18-30 years)
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d) What is the statistical desigR2ndomized control-group pretest-posttest design

e) Describe whether the study involves randominatioocontrol/intervention group$he
study will have participants randomized into eittlex aerobic training or control group.

f) How will study results be used?udy results will be submitted in manuscript fdora peer
reviewed journal.

DATA SAFETY MONITORING BOARD (DSMB)

6a) Does the study have a Data Safety Monitoringré&®
[ ] Yes(prompt submission of DSMB reports is required)[X] No

b) If no, what is the structure/plan to report ses adverse events to the ASU IRB?

All Adverse events will be reported to the IRB tlatld possibly (even remotely) be related to
the study intervention. If the event is immediatide threatening, or potentially severely
debilitating, then it will be reported to the IRBthin 48 hours.

STUDY DURATION

7a) What is the expected duration of the studyutinodata analysigAttach a timeline,
if applicable)l year

b) What is the expected date that recruitmentlain?(must be after the submission
date)October 1, 2012

STUDY SITES

8a) Where will the study be conductg@heck all that apply)
X] On campugPlease indicate building(s) and room number (®mknown)ISTB3, Rm. 183

[ ] Off campug(Please provide location and letter of permissigmere applicable)

b) Is this study being reviewed by another IRBPYes [X] No

Status of other IRB review: | Approved [ | Pending [ ] Not yet submitted [ ]
Attached

INTERNATIONAL RESEARCH

9a) Does this study include an international sife? Yes list country) X No

9b) If this is an international study, please pdevia statement including the
following items:
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o The investigator’s familiarity with the culture wihich the study in taking
place.

. Cultural norms and how this study may affect anviddial’s standing in
his/her community.

o The standard of care in the community, how it d#feecom the proposed
research procedures, and a plan for the continuaticcare once the research is
complete.

RESEARCH PARTICIPANT INFORMATION
10a) What are the inclusion criteriéi?se an expended list and attach a secondary
sheet with explanation, where applicable. If yaaet a secondary sheet,
reference on which padke information can be found.)

Participants must be nonsmoking males betweengée af 18-30yrs and be physically
able to participate in vigorous physical activifjhe must also be willing to consume 2
doughnuts per day, 6 days per week, for three coitise weeks. They must answer
“no” to all questions of the Physical Activity Readss Questionnaire.

b) What are the exclusion criteria?

Exclusion criteria:

o Does not meet age requirement

. Smoker

. Answers “yes” to one or more questions on the Rlaygictivity Readiness
Questionnaire

. Unwillingness to sign informed consent

. Currently engaged in a regular exercise program

. Unwillingness to consume 2 doughnuts per day, & gay week, for 3
consecutive weeks

. Currently consumes greater than 4 donuts per week

c) Please explain recruitment procedures in defailcopy of the recruitment
materials must be attached.)

Participants will be recruited through fliers pldcen ASU campus. Electronic media
will also be used by posting the research studgr fibon websites with volunteer
opportunity postings.

d) What is the expected duration of participatibeach participant®otal and at
each sessior) weeks total. The screening visit will take abbutour. The baseline
(visit 2) and post-testing (either visit 12 or B&ssions will require about 1.5 hours each.
The doughnut pickup visits will last about 5 mirsieach. The exercise training visits
will last about 45 minutes each. Total time regdirfor Control participants is
approximately 4 hours 45 minutes. Total time reggifor Exercise Training participants
is approximately 13 hours.

e) What is the expected number of individuals tedreened for enrollment20
people

f) What is themaximum number of individuals to be enrolledhis includes
individuals who drop ou24
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g) What is the approximate number of24 Males 0 Females

h) Indicate the age range of the participantsybatplan to enroll in your study.
18t0 30

i) What is the race of participantsH race/ethnicities

j) Does the study target any of the following papants? | Yes (please check
all that apply) X] No

Children (under 18) Pregnant women

Decisionally impaired Economically disadvantaged

Prisoners or detainees Persons at high risk of becoming
detained or imprisoned

[ ] Fetuses [ ] Patients, if yes — what is the status
of their health”ype |l diabetes
[ ] Native Americans [ ] Non-English speakef$nclude

copy of all materials in

ntaage of participants)
k) If any of the above categories have been checked, pttasehow you will
protect the rights and privacy of these individuals

) Does the study involve participants who haew-literacy? [ | Yes [X] No (If yes,
please describe how investigators will ensure thgigpants’ understanding of the
research):

m) Does the study involve participants who sitedents or faculty of ASU?[X
Yes[ | No (If yes, please state the
investigator’s involvement in the participareducation/employment):

ASU faculty or students that meet the inclusionitesion criteria will be eligible to
participate in the study. However, they will n& $&pecifically targeted for recruitment.
If ASU students, staff or faculty volunteer to peigate, there will not be any effect on
their employment or grade if they choose to withdfeom the study at time.

COMPENSATION

11. Will any type of compensation be used? (e.giewpgift, raffle, extra credit, etc)
a)X]Yes (Please describe what the compensatjoash or gift certificate [ | No
(go to question 12)

Subjects assigned to the Control Group will rec&@ for completing both pre- and
post-testing visits.

Subjects assigned to the Exercise Training grodipr@deive $100 for completing all
exercise training sessions and both pre- and pssiig visits.

b) Explain why the compensation is reasonablelation to the experiences of and
burden on participants.

Financial compensation is commensurate with timmamdment. The higher
compensation for those in the exercise trainingigris justified due to greater time
commitment. All participants will receive 3 dozdoughnuts over the course of the 3-
week study.
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c) Is compensation for participation in a studgompletion of the study? (Note:
participants must be free to quit at any time withgenalty).
[ ] Participation <] Completion

d) If some or all participants are economicallyadigantaged, explain how the
compensation is provided in such as a way thatggaaihts cannot refuse the request to
participat@ This study will not be collecting information eacioeconomic status; all monetary
compensation will be equal for all that complete skudy

RISKS AND BENEFITS
Please reference the proposal, where applicablam@swler the questions below.

12a) What are potential risks to participants?

There is some risk associated with exercise, saanwscular soreness, musculoskeletal
injury, tenderness and bruising from blood drawsd ainexpected cardiovascular

reactions to exercise, including shortness of hrdieththeadedness, fainting, chest pain,
or death. Trained and certified personnel willreee the exercises and watch for signs
of distress and stop the exercises if necesstingre is a possible chance of weight gain
as a result of daily caloric intake. Additionally fat-sugar supplemented diet may lead
to impairment of arterial function and blood pregsu

b) What steps will the investigators take to redusles?

To prevent infection, standard procedures for ctatg blood samples will be used as
well as properly cleaning the area and using antquet to enlarge the vein prior to the

draw. Aerobic exercise protocol intensity will idative to the participant’s fitness level

and physiological signs will be monitored to preivencatch any abnormal responses to
exercise. If necessary, first aid will be admieietd and 911 will be called if the incident

requires such measures. All instruction based mercan College of Sports Medicine

guidelines.

c) What are any potential benefits to participants?

Free exercise testing, results of blood analysewiedl as brachial artery flow-mediated dilation
(assessment of vascular health), free body fahtest

d) Please note how the results of the study widlafthe health and welfare of the
general public.

The results of this study will be used to evalubtepotential for high-intensity aerobic exercise
to mitigate the anticipated negative health effettegularly consuming foods (e.g., doughnuts)
with a high content of fat and sugar.

e) What are the types of incentives, if any, wattcipants receive?
Participants will be compensated for their paratipn
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f) What are the costs, if any, to participanfs§Ris should be mentioned in the consent
form): No cost to participant

CONFIDENTIALITY

13a) Describe the steps you will take to ensurectimdidentiality of the participants and
data.

All information obtained in this study is stricttpnfidential unless disclosure is required by law.
Data will be secured in a locked file cabinet ia faculty office of Glenn Gaesser. The results of
this research study may be used in reports, pratsems, and publications, but the name or
identity of the subject will not be revealed.

b) How will you safeguard data that includes idigimg or potentially identifying
information (e.g. coding)?

In order to maintain confidentiality of records, wél use subject codes on all data
collected, maintain a master list separate andredoom all data collected, and limit
access to all confidential information to the studyestigators.

c) When will identifiers be separated or removexhfrithe data? At enroliment

d) Where on campus will you store the data and anadd ensure its security (videotapes
and/or audiotapes)?

Data will be coded and kept in a locked file cabimrepassword-protected computer.
e) How long do you plan to retain the data? Indedin
f) How will you dispose of the data?

Hard copies of blood work and patient informatioifl tae shredded and disposed.
Electronic copies of the data will be permanendieted.

g) Is a certificate of confidentiality requireld Yes [X] No

HIPAA
14a) Are any of the data coming from covered editinder Health Insurance
Portability and Accountability Act (HIPAA)P | Yes [XINo  (If yes, please
describe):
b) Is a data use agreement required?’es [X] No

c) Is a HIPAA Waiver of Authorization being reques®_] Yes [X] No
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DATA SOURCES AND USES

15a) Please check all the ways that you will obtaima:(Copies of written and
oral questions must be provided for ASU IRB reviewd approval prior to
implementation.)

Interviews Questionnaires/Surveys

Focus Groups Public Records

Medical Records Biological Specimens

Registries Other Experimental data collection in

the laboratory

b) How will the data be used@heck all that apply)

X] Dissertation X] Publication/journal article

[ ] Thesis [ ] Undergraduate honors project
<] Results released to participants/parents [ ] Results released to employer or
school

[ ] Results released to agency or organization [X] Conferences/presentations
[] Other(please describe):

INFORMED CONSENT

16. Describe the procedures you will uselbdain and document informed consent

and assent Attach copies of the forms that you will useln the case of secondary data,
please attach original informed consent or desdrédew why it has not been included.
Fully justify any request for a waiver of writtenresent or parental consent for minors.
(The ASU IRB website has additional information @adnple consent and assent forms.)

All individuals who inquire about participation the study will be provided with a brief
verbal overview of the study details, and will ppased of the inclusion and exclusion
criteria. Individuals expressing an interest toodrwill be provided with a copy of the
consent form to read at their convenience. Thediduals wishing to continue with
the enrollment will meet with one of the study istigators in order to complete the
written consent process. A copy of the consemhfisrattached.

INVESTIGATIONAL NEW DRUG OR DEVICE

17a) Does this study involve an investigational meug (within the meaning of 21
U.S.C. 355(i) or 357(d)) or a significant risk dewi(as defined in 21 CFR 812.3(m)?

[ ]Yes X No (If no, go to question 18. If unsure, go to:
www.fda.gov/oc/ohrt/irbs/).

b) What is the drug or device?

c) Has the 30-day interval required for investiga#il new drugs and for significant risk
devices elapsed, or has the FDA has waived thairesgent?

d) If the 30-day interval has expired, has the Fi2duested that the drug or
device be withheld or restricted for use in humalnjectsd | Yes [ | No
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DRUGS

18. What are the drugs to be used and in what @@sdg1o drugs will be used,
please write N/A.)N/A

RADIATION

19a) Will ionizing radiation (x-rays and or radi@smaceuticals) be usedp ]
Yes [X] No (If yes, include a copy of the radiation certifica).

b) Will non-ionizing radiation (MRI, ultrasound,ders, ultraviolet) be used?X
Yes Ultrasoun No

The ultrasound procedure will be performed by oeestigator Brandon Sawyer. He has
performed more than 100 ultrasound procedures,hwBiche number recommended by
the International Brachial Artery Reactivity Taskrée (Corretti MC, et al. Guidelines

for the ultrasound assessment of endothelial-degrerftbw-mediated vasodilation of the

brachial arteryJournal of the American College of Cardiolo@p02; 39: 257-265).

BIOLOGICAL MATERIALS

20a) Will biological materials be collected frombgects or given to subject§?]
Yes [ ] No(lf no, please skip to question 21)

b) Provide a description of the material (blood, tesstectors, antibodies, etc.)
that will be used:

Fasting Lipid Panel, Blood glucose

c) If the study involves human blood, do you hawerequired ASU Biosafety
disclosure on file<] Yes [ | No

(If yes, what is the biosafety disclosure numbed9)204

(If yes, when and how are the samples to be desdfbyNote: an active protocol
is required the entire period that the sampleseteened)

The samples will be destroyed 6 months after tie aaalysis by putting the vials in a
sealed plastic-lined biohazard waste box apprapf@atblood and glass. The biohazard
box will be labeled with contents, date, and ordjiimg location information.

d) Will any of the material being used in the stwdyne from a third party? |
Yes [X] No (If yes, attach copy of the Material Transfer Agremt if required.)

e) Does this study involve transfer of genetic mat®f animal tissue into
humans? | Yes [X] No
(If yes, please cite the ASU Institutional BiosgfBisclosure number).

GENETIC ANALYSIS

21a) Does this study involve genetic analygig¥es [X] No (If no, please skip
to question 22).
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b) What sources of genetic material will be stddiglood, tissue, DNA)?

c) Please specify whether the genetic analysis \wego pedigree, positional
cloning, mutational polymorphism, or gene theraggearch.

d) Please specify whether:
Stored samples already exist
Samples will be collected specifically for thisdyu
Stored samples already exist from a previously @t study
Samples collected are part of a routine clinicacpdure
Samples are discarded, already existing, and deHigel

e) If stored samples will be used, did participanassent to the use of their stored
sample(s)?

[ ]Yes []No (If yes, was the consent prospective to collectibthe sample,
or retrospective of the collection of the sample?)

f) Will any identifiers be maintained?] Yes [ ] No (If yes, please specify)

g) When will samples be destroyed or discarded?
h) Are any of the diseases being studied considem@dentable? [Yes [ | No

i) Is there a possibility of an incidental findirg a genetic condition? ] Yes
No
If so, is there a plan to disclose this to theviudiial?

J) Will this information be kept confidential fromhird parties such as employers,
or insurance companies, or will findings be incldide the participant’s medical
record for clinical treatment?

k) How will other risks (e.g. discovery of informa regarding paternity or
ancestry) be disclosed to subject?
CONFLICT OF INTEREST AND COMMERCIALIZATION

22a) Does any member of the research team havieatjad conflict of interest with this
study that could affect study participants andfodg outcome? For more information
about examples of conflicts of interests, pleasé the ASU objectivity website:
http://researchintegrity.asu.edu/coi

[1Yes [X] No (If yes, please describe and disclose in the cdrisem)

b) Does the PI or Co-I have a current conflict ldisare questionnaire on file at the ASU
Office of Research Integrity and

Assurance?

|X| Yes |:| NO (Review ASU’s objectivity in research policy: httpeww.asu.edu/aad/manuals/rsp/rsp206.html)

c) Among the research team, is there any finamasbciation that could affect any of the
following: the study outcome, data analysis, emnelht of subjects, study design?
[ ]Yes [X] No (If yes, please describe and disclose in the cdrisan)
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d) Are there any plans for commercial developmelated to the findings of this study?
[ ]Yes (If yes, please describe.) <] No

e) Will the investigator or member of the investagas family financially benefit if the
findings are commercialized?
[ ]Yes (If yes, please describe.) <] No

f) Will participants financially benefit if the folings are commercialized?
[ ]Yes (If yes, please describe.) <] No

g) If there are conflicts of interests, please dbscthe ways in which the
researchers will minimize harm to research subjecid/or the objectivity of
researchiN/A

TRAINING
23. The research team must document completionrmofh subjects training.

Please provide the date that the Pl and Co-Inastig completed the training.

Glenn Gaesser 7-23-2012
Laurie Black 9-26-2012
Brandon Sawyer 6-13-2011
Dharini Bhammar 9-09-2011
Wesley Tucker 9-01-2010

(Attach a copy of the NIH Certificate for Human fapants Protections Education for
Research Teams or CITI Trainirfuttp://researchintegrity.asu.edu/training/humgms
the Pl and Co-Investigators. Training must be withie past 3 years)

REQUIRED SIGNATURES

24. By signing this application form:

* | agree to accept responsibility for the rigatsl welfare of the human subjects
involved with this study.

* | believe that the benefits outweigh the rigks¢hte participants in this study.

» | agree to comply with Arizona State Univerdi®B policies and procedures.

| certify that, to the best of my knowledge &n compliance with the Department of
Health and Human Services policies and procedegarding the protection of human
subjects.

Glenn Gaesser 9/26/2012
Principal Investigator Date
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Attach a copy of the PI's CV unless one is alreadyile with the Research Compliance
Office.

9/26/2012 Linda Vaughan
Department Chair/Dean Date intHPepartment
Chair/Dean Name
(If the Pl is the Department Chair or Dean, theliappon must be signed by another
authorized Department/ School/College level Adntraier)

FOR OFFICE USE: This application has been reviewed by the ArizotzeS
University IRB:

[ ] Full Board Review

[ ] Expedite Categories:

[ ] Exempt Categories:

[ ] Approved [ ] Deferred [ ] Disapproved

[]Project requires review more often than annual
Every months

Signature of IRB Chair/ IRB Member: Date:
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APPENDIX B

IRB MODIFICATION 1
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Arizona State University For Office Use Only:

Office of Research Integrity u Date Received:
and Assurance
660 S. Mill Avenue Suite 315 %
Tempe AZ 85287-6111
Mail Code 6111
Phone: 480-965-6788
Fax: (480) 965-7772
Modification Form Institutional Review Board
(IRB)

INVESTIGATOR INFORMATION

PROTOCOL TITLE: Effects of a fat-sugar HS # 1209008325
supplemented diet, with and without exercise
training, on endothelial function, blood
pressure, and blood markers of
cardiovascular risk

PRINCIPAL INVESTIGATOR: Glenn DEPARTMENT/
Gaesser CENTER: Exercise and
Wellness/Healthy Lifestyles
Research Center

CAMPUS ADDRESS: 500 North 3" Street, PHONE: 480-727-1884
Phoenix, AZ 85004 EMAIL:
glenn.gaesser@asu.edu

CO-INVESTIGATORS: Laurie Black, Brandon Sawyer,

FUNDING STATUS:
If project is funded or funding is being sought, provide list of all
sponsors and grant numbers:

TYPE OF MODIFICATION (CHECK ALL THAT APPLY)
Please attach any revised documents (forms, scripts, etc). Attach
a brief summary of the proposed changes as well as a justification.

X New Procedures Attach a description of the new
procedures and a revised consent form.
-VO2max test will be conducted on a
cycle ergometer rather than a treadmill.
-Training sessions will occur on a
treadmill or a cycle ergometer (intensity
remains the same as previously stated)

L] Study Title Change What is the new title?
[] Change in Study [ ] Add (include the name, role, and
Personnel contact information. Include copies of

training certificates:

http:/ /researchintegrity.asu.edu/train
ing/humans

[ ] Delete
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[] Change of Site

[ ] Add (include the name and
location. If this changes the
enrollment, that should be noted
below.)

[ ] Modify
[ ] Delete

X Change in
Enrollment

Attach a narrative justifying the
change. If this will affect the consent,
send a revised consent form as well.
Participants will not be allowed to
participate in this study if they
currently consume greater than 4
doughnuts per week.

[] Consent Change

Attach a copy and describe the
change(s).

[] Advertisement

Attach copies of the advertisement or
announcement.

[] Instruments
(surveys,
questionnaires,
interviews, etc)

Attach copies of the proposed
instruments and describe any changes
from the approved protocol. If you are
adding or deleting any instruments or
items to an instrument, describe what
the changes are and submit the revised
materials.

[] Other Describe the changes. If this affects the
consent process, submit a revised
consent form.

SIGNATURE

PRINCIPAL Name (first, middle, last):

INVESTIGATOR:

Signature: Date:
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IRB MODIFICATION 2
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INVESTIGATOR INFORMATION

PROTOCOL TITLE: Effects of a fat-sugar HS #

supplemented diet, with and without exercise
training, on endothelial function, blood
pressure, and blood markers of cardiovascular

risk
PRINCIPAL INVESTIGATOR: Glenn DEPARTMENT/
Gaesser CENTER: Exercise and

Wellness/Healthy Lifestyles
Research Center

CAMPUS ADDRESS: 500 North 3" Street, PHONE: 480-727-1884

Phoenix, AZ 85004

EMAIL:
glenn.gaesser@asu.edu

CO-INVESTIGATORS: Laurie Black, Brandon Sawyer, Wesley

Tucker, Dharini Bhammer

FUNDING STATUS:

If project is funded or funding is being sought, provide list of all

sponsors and grant numbers:

TYPE OF MODIFICATION (CHECK ALL THAT APPLY)
Please attach any revised documents (forms, scripts, etc). Attach a
brief summary of the proposed changes as well as a justification.

X New Procedures

Attach a description of the new
procedures and a revised consent form.
-Subjects will complete a Food Recall at
the beginning and end of the study.

[] Study Title Change

What is the new title?

[] Change in Study
Personnel

[ ] Add (include the name, role, and
contact information. Include copies of
training certificates:
http://researchintegrity.asu.edu/traini

ng/humans

[ ] Delete
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[] Change of Site [ ] Add (include the name and location.
If this changes the enrollment, that
should be noted below.)

[ ] Modify
[ ] Delete
[] Change in Attach a narrative justifying the
Enrollment change. If this will affect the consent,
send a revised consent form as well.

[] Consent Change Attach a copy and describe the
change(s).

[] Advertisement Attach copies of the advertisement or
announcement.

X Instruments Attach copies of the proposed

(surveys, instruments and describe any changes
questionnaires, from the approved protocol. If you are
interviews, etc) adding or deleting any instruments or
items to an instrument, describe what
the changes are and submit the revised
materials.
Online version of ASA24 for research
purposes

[] Other Describe the changes. If this affects the
consent process, submit a revised
consent form.

SIGNATURE

PRINCIPAL Name (first, middle, last):

INVESTIGATOR:

Signature: Date:
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ARIZONA STATE
UNIVERSITY

Do You Like Doughnuts?
Healthy men (18 — 30 years old) are needed for a
study looking at the health effects of consuming
2 doughnuts daily, 6 days per week for 3 weeks,
with or without exercise training

Compensation
$50 - $100 plus 3 dozen doughnuts

This study takes place at the Healthy Lifestylesd@ech Center at the ASU
Polytechnic Campus in East Mesad requires approximately 5 hours
(control group) or 13 hours (exercise training groaof total time
commitment over 3 week¥our participation throughout the study is
completely voluntary.

Eligible participants must bgenerally sedentary, nonsmokersMust be in
generally good health, have no restrictions fotip@ating in vigorous
intensity physical activity, and must not be takamy medications for blood
pressure, cholesterol, diabetes or a heart conditio

Please contact:
Laurie Black (614-359-0207jaurie.e.black@asu.ellu

108



APPENDIX E

CONSENT FORM

109



Informed Consent

Effects of a fat-sugar supplemented diet, with arttiout exercise training, on
endothelial function and blood markers of cardicudar risk.

INTRODUCTION

The purposes of this form are to provide you (psogpective research study participant)
information that may affect your decision as to thlee or not to participate in this
research and to record the consent of those wleedgrbe involved in the study.

RESEARCHERS

Glenn Gaesser, PhD, a professor, and Laurie BBr@ndon Sawyer, Dharini Bhammar
and Wesley Tucker, doctoral students, in the PRay#ictivity, Nutrition and Wellness
Program in the School of Nutrition and Health Prdiotohave requested your
participation in a research study.

STUDY PURPOSE

Our primary objectives to determine whether exercise training can gmevhe
anticipated deleterious effects of a fat-sugar kmppnted diet (in the form of two
doughnuts per day, 6 days per week, for 3 weekgeoipheral artery function, blood
pressure, and blood markers of cardiovasculanmisiealthy young men.

DESCRIPTION OF RESEARCH STUDY

If you decide to participate, then as a study pgdint you will join a study involving
research on the effects of vigorous exercise tngion blood lipids, blood glucose, and
cardiovascular disease risk factors.

You are being asked to participate in this studyabee you are a relatively sedentary
male and are, 18 - 30 years of age, in good heattthcapable of performing vigorous
physical activity. You must also be willing to same two doughnuts per day, six days
per week, for three weeks.

As a study participant you will have between 11 adadotal visits to the Health
Lifestyles Laboratory in ISTB3 room 181 on the Rethnic campus of ASU. The
number of visits depends on whether you are (ramgaassigned to the Control Group
(11 visits) or Exercise Training Group (14 visits).

Visit 1 (screening):

Your first visit will involve coming to the testtsion the ASU Polytechnic campus and
filling out a physical activity readiness questiaire that consists of 7 questions designed
to assess whether participation in this study megriate for you. All aspects of the
study will be explained to you, and we will ans\aely questions you may have. If you
decide to participate after signing this consenifave will conduct the flow-mediated
dilation (FMD) procedure (see below) to make sueecan adequately image your
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brachial artery. During this visit you will alsoroplete an automated self-administered
24-hour diet recall. This visit will take approxately 90 minutes.

Testing:
All testing will be completed at baseline and aBeweeks for both the exercise training

and control groups.

Baseline and 3-Week Testing (Visits 2 and 12 (Comr Group); Visits 2 and 15
(Exercise Training Group):

e You will need to arrive at the laboratory in a &bstate (nothing but water after
10 PM)

e Height and weighwill be measured using a standard scale.

= BOD POD:
Your body composition (relative amounts of fat deah tissue) will be
determined by using a BOD POD, which is an airddispment plethysmography
procedure. This requires that you sit down irbarglass shell chamber (that
looks something like a giant egg shell), and resttty for a few moments. You
will wear a special bathing suit during this progesl A clean bathing suit will be
provided by researchers at ASU.

e Resting blood pressurkeill be measured using an automated blood pressure
machine.

= Brachial Artery Flow-Mediated Dilation:
This procedure involves taking ultrasound imagearoértery in your upper arm
before, during, and after a blood pressure cuffflated around your forearm.
All measurements are made on your non-dominant &fter lying quietly on a
padded ultrasound table for 20 minutes, a bloodsune cuff will be positioned
on your forearm. After recording baseline ultrasbmeasures on your upper
arm, the blood pressure cuff will be inflated tprassure of 240 mmHg (enough
to stop blood flow to your wrist and hand), andtkegplace for 5 minutes. You
may experience a tingling feeling in your hand, efthis normal. The blood
pressure cuff will then be deflated rapidly anadtagbund measures will be taken
for 5 minutes.

e A small amount of blood (approximately 3 teaspoamti)be drawn fromone of
the veins in your forearm for measurement of blijpids, glucose, insulin,
insulin sensitivity, and antioxidant capacity.

e Maximal Exercise Testrou will undergo a maximal exercise test on gblie.
The test begins with you pedaling at a comfortglalee with little resistance for 5
minutes, after which the resistance will graduailyrease until you reach a point
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that you no longer can or want to continue. Yoll ln@ asked to give an effort
that is as close to maximal as you feel you aralol@pof. During this test you
will wear a lightweight device that allows us toasare your breathing. This
device consists of a shoulder/chest harness, wialtts the gas analyzers in small
pouches secured to the harness, and a facemashidgsleat allows us to
measure your breathing. The facemask is maddlexiale, rubbery-type
material that fits over your mouth and nose anolvadlyou to breathe naturally.
The facemask is held in place with an elasticizetttimat fits over the back of
your head and attaches to the facemask via ektstips. You will also wear a
Polar heart rate monitor, which is a lightweighésticized strap that you wear
around your chest. This test takes about 20 msnute

Total time for testing visit 1 is approximately 0nutes

Exercise Training (Visits 3 through 14 for Exerciselraining Group)

If you are randomized into the exercise group ydube asked to complete 4 exercise
sessions per week for 3 weeks for a total of 12ats@ sessions. These training sessions
will include 2 high-intensity interval exerciseittang session and 2 continuous steady-
state exercise training sessions per week. Alaes@ will be conducted on a treadmill.
Training days and times will be flexible, accordiogyour schedule.

e Continuous Exercise Training (2 times per week):

o 30 minutes at a heart rate corresponding to 7596@f maximum aerobic
capacity determined from the baseline treadmitl te¥ou will have a 5-
minute warm-up and 5-minute cool-down at 50-60%afr maximum
heart rate.

o]
e High-intensity Interval Exercise Training (2 timgsr week):
o0 Once per week you will perform the following roigin
e 5-minute warm up at 50-60% of your maximum hea ra
e Ten 1-minute intervals at 90-95% your maximum heste separated
by 1 minute of exercise at a low intensity
e 5 minute cool down at 50-60% of your maximum heair
o Once per week you will perform the following rowgin
e 5-minute warm up at 50-60% of your maximum heas ra
e Four 4-minute intervals at 90-95% of your maximueatt rate
separated by 3 minutes of exercise at a low intgsbout 60% of
maximum heart rate)
e 5 minute cool down at 50-60% of your maximum heair

Total time for each exercise training visit is appmately 45 minutes, including warm-
up and cool-down.

Doughnut Pickup (Visits 2 through 11 for Control Group: Visits 3, 4, 6, 7, 8, 10, 11,
12 and 13 for Exercise Training Group)
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You will be asked to consume 2 doughnuts per dalgys per week, for 3 weeks.
Doughnuts will be purchased by the study reseascdies local Dunkin Donuts on
Monday, Wednesday and Friday morning of each wétu will be required to come to
the ISTB3 laboratory on Monday, Wednesday, andayraf each week for doughnut
pickup. This visit can be part of your regular & training visit if you are in the
Exercise Training group. On each occasion youleélbiven 4 doughnuts to consume
over the next two days. You will be provided a mehdoughnut options so that you will
be able to choose the types of doughnuts that ymudaike most to consume. You may
consume the doughnuts at any time of the day tatiioose. We ask that you not
consume all 4 doughnuts in one day.

Total time commitment for completion of the study is approximately 5 roand 15
minutes if you are in the Control Group and appmately 13.5 hours if you are in the
Exercise Training Group.

RISKS

Research studies often involve some risks. Tlks 0§ exercise include local muscle
soreness, abnormal changes in blood pressure,a)daseness, dizziness, irregular
heartbeats (rare), and, in very rare instancest h#ack.

You will be monitored by trained investigators ahthere are any adverse effects, the
exercise testing or the exercise session will hethaAll exercise testing procedures will
comply with the guidelines for exercise test adsthaition as recommended by the
American College of Sports Medicine and requiredigyHealthy Lifestyles Research
Center at Arizona State University. You will be eglnot to attempt any exercise that
you feel is beyond your physical abilities. If yexiperience discomfort, feel you are
unable to continue or wish to stop an exercisengf®int, you are requested to inform
the investigator immediately.

The blood draw involves a needle puncture in yooedrm and hence may lead to some
discomfort as well as a slight risk of infectiorneke will be minimized by using standard
procedures for controlling blood-borne pathogenaesas properly cleaning the needle
insertion site. Other possible risks of a blooavdinclude dizziness, fainting, nausea,
and vomiting. All blood draws will be conducted Yehyou are seated to ensure your
safety in case any of these possible side effextsro

There is a possible chance of weight gain as dtrespotentially higher daily
caloric intake. Additionally, a fat-sugar supplertexl diet may lead to
impairment of arterial function and blood pressure.

As with any research, there is some possibility Yl may be subject to risks that have
not yet been identified.

BENEFITS
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Although there may be no direct benefits to yow wall be provided information on
your test results and the study results if you wdikle us to contact you when the study
is complete.

NEW INFORMATION
If the researchers find new information during stwedy that would reasonably change
your decision about participating, then they wilbyide this information to you.

CONFIDENTIALITY

All information obtained in this study is stricttpnfidential unless disclosure is required
by law. The results of this research study maysesl in reports, presentations, and
publications, but your name or identity will not levealed. In order to maintain
confidentiality of your records, Dr. Gaesser waleusubject codes on all data collected,
maintain a master list separate and secure frodatdl collected, and limit access to all
confidential information to the study investigators

WITHDRAWAL PRIVILEGE

It is ok for you to say no. Even if you say yes ngau are free to say no later, and
withdraw from the study at any time. Your deciswill not affect your relationship with
Arizona State University or otherwise cause a tddsenefits to which you might
otherwise be entitled. Your participation is vdlany and if you decide not to participate
or decide to withdraw from the study it will nofedt your grade, treatment, care,
employment status.

COSTS AND PAYMENTS
All study procedures will be provided to you ateust to you. If you are in the Control
Group you will be paid $50 (cash) for completior #iudy, including both testing visits
and successful pickup of doughnuts on three dagts waek. If you are in the Exercise
Training Group you will be paid $100 (cash) for quation of the study, including both
testing visits and all exercise training sessiovisu will also receive 3 dozen free donuts
to consume during the 3 weeks of testing. Paraghpent will be made in the following
manner if you only complete some of the visits.
e Control Group: Completion of Baseline Testing faiiure to complete final visit
testing:$25
e Exercise Training Group: Completion of Baselinditgsand some/all of the
exercise training session, but failure to complieta! visit testing: $50

COMPENSATION FOR ILLNESS AND INJURY

If you agree to participate in the study, then yoomsent does not waive any of your
legal rights. However, no funds have been set asidempensate you in the event of
injury. In the event of a medical emergency fiigt\&ill be administered and if
necessary, 911 will be called.

VOLUNTARY CONSENT

114



Any questions you have concerning the researcly stuglour participation in the study,
before or after your consent, will be answered by@®enn Gaesser, 500 N 3rd ST,
Phoenix, AZ 85004; 602-827-2283; 480-727-1884.

If you have questions about your rights as a stipadicipant in this research, or if you
feel you have been placed at risk, you can comt@cChair of the Human Subjects
Institutional Review Board, through the ASU OffieeResearch Integrity and
Assurance, at 480-965 6788.

This form explains the nature, demands, benefitisaay risk of the project. By signing
this form you agree knowingly to assume any risk®ived. Remember, your
participation is voluntary. You may choose nopésticipate or to withdraw your
consent and discontinue participation at any tintaaut penalty or loss of benefit. In
signing this consent form, you are not waiving &gal claims, rights, or remedies. A
copy of this consent form will be given to you.

Your signature below indicates that you conseaxicipate in the above study

Subject's Signature Printed Name Date

Contact phone number E-mail

INVESTIGATOR'S STATEMENT

"I certify that | have explained to the above indial the nature and purpose, the
potential benefits and possible risks associatél participation in this research study,
have answered any questions that have been raiseédave witnessed the above
signature. These elements of Informed Consent confo the Assurance given by
Arizona State University to the Office for Humandearch Protections to protect the
rights of human subjects. | have provided the sfgarticipant a copy of this signed
consent document.”

Signature of Investigator Date
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Please Select 4 Doughnuts from each Category:

Participant #

Category 1
QTY QTY
Apple n Spice Jelly Filled
Bavarian Kreme Lemon Filled
Fall Harvest Maple Frosted
French Cruller Strawberry Frosted
Glazed
Category 2
QTY QTY
Blueberry Cake Old Fashioned Cake
Boston Kreme Coconut
Boston Scream Powdered Cake
Cinnamon Cake Vanilla Cocoa Kreme
Category 3
QTY QTY
Chocolate Frosted Cake Glazed Cake

Chocolate Glazed Cake
Chocolate Kreme Filled
Chocolate Long John
Double Chocolate Cake
Eclair

Glazed Chocolate Cake

Pumpkin

Red Velvet Cake

Vanilla Kreme Filled
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Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Group Statistic df Sig. Statistic df Sig.
Age 1 212 6 .200 933 6 607
2 209 7 .200 878 7 218
Height 1 218 6 .200 919 6 496
2 328 7 022 736 7 .009
WeightPre 1 194 6 .200 .888 6 .305
2 179 7 .200 943 7 661
WeightPost 1 210 6 .200 873 6 .237
2 174 7 .200 949 7 721
WeightDelt 1 .180 6 .200 921 6 514
2 263 7 152 .908 7 383
BodyFatPre 1 .230 6 .200 927 6 .556
2 236 7 .200 .884 7 246
BodyFatPost 1 258 6 .200 .884 6 .286
2 201 7 .200 924 7 497
BodyFatDelta 1 .198 6 .200 .898 6 .364
2 234 7 .200 .866 7 a71
FatMassPre 1 244 6 .200 933 6 .600
2 279 7 105 811 7 .053
FatMassPost 1 254 6 .200 .896 6 .348
2 246 7 .200 .859 7 148
FatMassDelta 1 172 6 .200 .949 6 730
2 140 7 .200 973 7 922
SystolicPre 1 .299 6 102 841 6 134
2 262 7 159 881 7 232
DiastolicPre 1 202 6 .200 .956 6 785
2 223 7 .200 901 7 338
SystolicPost 1 195 6 .200 915 6 470
2 172 7 .200 934 7 587
DiastolicPost 1 235 6 .200 .895 6 344
2 211 7 200 875 7 203

a. Lilliefors Significance Correction
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Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Group Statistic df Sig. Statistic df Sig.
VO2maxPre 1 241 6 200 936 6 629
2 171 7 .200 .980 7 961
VO2ZmaxPost 1 261 6 .200 .852 6 162
2 178 7 200 .956 7 .786
VO2ZmaxDelta 1 196 6 .200 .905 6 403
2 217 7 200 .866 7 170
RER 1 198 6 .200 .948 6 728
2 229 7 .200 941 7 652
RERPost 1 290 6 125 .840 6 131
2 172 7 .200 967 7 873
HRPRE 1 237 6 .200 .868 6 217
2 334 7 .018 831 7 .081
HRPost 1 243 6 .200 .885 6 293
2 145 7 .200 .980 7 .959
TTE 1 192 6 .200 .905 6 406
2 .186 7 .200 953 7 756
TTEPOST 1 174 6 .200 .945 6 701
2 263 7 155 .906 7 .366
Wattage 1 195 6 .200 911 6 441
2 .160 7 .200 .956 7 .788
WattagePost 1 179 6 .200 944 6 .690
2 278 7 .108 .898 7 319
BaseDiamPre 1 272 6 187 .889 6 311
2 213 7 .200 952 7 750
PeakDiamPre 1 312 6 .069 .855 6 172
2 198 7 .200 974 7 928
FMDPre 1 211 6 .200 .955 6 782
2 130 7 .200 981 7 .963
BaseDiamPost 1 175 6 .200 923 6 525
2 313 7 .036 845 7 111
PeakDiamPost 1 .190 6 .200 977 6 934
2 234 7 .200 914 7 422
FMDPost 1 234 6 .200 .849 6 153
2 .186 7 .200 .968 7 .883
FMDDelta 1 257 6 .200 867 6 216
2 340 7 014 720 7 .006

a. Lilliefors Significance Correction
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Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Group Statistic df Sig. Statistic df Sig.
FMDPreAdjBase 1 272 6 187 889 6 311
2 213 7 .200 952 7 750
FMDPostAdjBase 1 272 6 187 .889 6 311
2 213 7 200 952 7 750
FMDAd|Delta 1 272 6 187 .889 6 311
2 213 7 200 952 7 750
Calories 1 265 6 .200 .869 6 223
2 164 7 .200 .962 7 .838
Totalfat 1 164 6 .200 .986 6 976
2 227 7 .200 927 7 529
Satfat 1 .190 6 .200 .968 6 879
2 339 7 .015 .780 7 .026
Sugar 1 175 6 .200 936 6 629
2 241 7 .200 854 7 133
CHOLpre 1 263 6 .200 941 6 664
2 150 7 .200 .087 7 .087
CHOLpost 1 270 6 198 .843 6 139
2 .190 7 .200 .948 7 .708
CHOLdelta 1 218 6 .200 934 6 .609
2 .188 7 .200 915 7 432
GLU2pre 1 231 6 .200 .896 6 .353
2 150 7 .200 943 7 661
GLUZ2post 1 203 6 .200 947 6 715
2 150 7 .200 962 7 837
GLUZ2delta 1 195 6 .200 978 6 .943
2 198 7 .200 .895 7 301
HDLpre 1 272 6 187 .809 6 .070
2 256 7 181 851 7 125
HDLpost 1 282 6 147 877 6 256
2 183 7 .200 915 7 435
HDLdelta 1 256 6 .200 .898 6 .365
2 224 7 .200 .904 7 354
LDLpre 1 .237 6 .200 .863 6 .200
2 137 7 .200 .970 7 897
LDLpost 1 178 6 .200 .940 6 656
2 200 7 200 .920 7 466

a. Lilliefors Significance Correction
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Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Group Statistic df Sig. Statistic df Sig.
LDLdelta 1 222 6 200 867 6 216
2 162 7 .200 .987 7 .987
TRIGpre 1 319 6 .056 702 6 .007
2 255 7 .190 924 7 504
TRIGpost 1 221 6 .200 .896 6 352
2 131 7 .200 971 7 .905
TRIGdelta 1 276 6 169 .804 6 .064
2 .190 7 .200 .955 7 774
hsCRPpre 1 259 6 .200 .840 6 131
2 .386 7 .002 590 7 .000
hsCRPpost 1 247 6 .200 .869 6 223
2 356 7 .008 667 7 .002
hsCRPdelta 1 325 6 .047 731 6 013
2 443 7 .000 632 7 .001
NOpre 1 175 6 .200 915 6 468
2 185 7 .200 .959 7 811
NOpost 1 165 6 .200 .984 6 .970
2 252 7 .200 .858 7 144
NOdelta 1 198 6 .200 932 6 599
2 144 7 .200 985 7 979
AOXpre 1 214 6 .200 921 6 510
2 228 7 .200 .885 7 248
AOXpost 1 .253 6 .200 .888 6 .308
2 192 7 .200 .958 7 .804

a. Lilliefors Significance Correction
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Change in Body Weight (Exercise vs. Control)

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 10 -.050000 1.2695098 4014542
WeightDelta
Control 9| 1.691556 2.0192692 .6730897
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F | Sig. df Sig. Mean Std. Error 95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal .8721.363 - 17| .036 -| .7649876 - -
variances 2.277 1.7415556 3.3555382|.1275729
assumed
WeightDelta Equal -113.217| .044 -| .7837189 - -
variances 2.222 1.7415556 3.4318513.0512599
not
assumed
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Change in Flow Mediated Dilation (Exercise vs. Coht

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 9 1.25333 4.274541 1.424847
FMDDelta
Control 9 1.19444 2.913473 .971158
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F Sig. | t df Sig. Mean Std. Error 95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal 1.109|.308].034 16| .973 .058889 | 1.724337 -|3.714319
variances 3.596541
assumed
FMDDelta Equal .034 (14.114| .973 .058889 | 1.724337 - | 3.754433
variances 3.636655
not
assumed
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Change in VQnax (Exercise vs. Control)

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 10 .230500 .2089185 .0660658
VO2maxDelta
Control 9| -.022222 .1054488 .0351496
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F Sig. t df Sig. Mean Std. Error |  95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal 2.826|.062 | 3.267 17| .005| .2527222( .0773490|.0895301 |.4159143
variances
assumed
VO2maxDelta Equal 3.377]113.591| .005( .2527222| .0748344].0917643|.4136802
variances
not
assumed

125




Change in Body Fat Percentage (Exercise vs. Control

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 9 -.255556 1.4116578 4705526
BodyFatDelta
Control 8| 1.500000 1.1058287 .3909695
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F | Sig. df Mean Std. Error 95% Confidence
Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal .8431.373 - 15| .013 -| .6210339 - -
variances 2.827 1.7555556 3.0792580 | .4318531
assumed
BodyFatDelta Equal -114.798| .012 -| .6117817 - -
variances 2.870 1.7555556 3.0610880 | .4500231
not
assumed
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Change in Total Cholesterol (Exercise vs. Control)

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exiercise 10 6.50000 16.372402 5.177408
CHOLdelta
Control 9 -4.11111 11.634479 3.878160
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F | Sig. t df Sig. Mean Std. Error 95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal 452 1.51111.611 17| .126]10.611111( 6.588383 -124.511384
variances 3.289162
assumed
CHOLdelta Equal 1.640(16.197| .120]10.611111| 6.468824 -124.310892
variances 3.088670
not
assumed
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Change in Blood Glucose (Exercise vs. Control)

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 10 -.10000 6.640783 2.100000
GLU2delta
Control 9 1.33333 4.062019 1.354006
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F Sig. | t df Sig. Mean Std. Error 95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal 1.319|.267 - 17| .583|-1.433333| 2.562819 -13.973741
variances .559 6.840408
assumed
GLU2delta Equal -115.102| .575|-1.433333| 2.498666 - [ 3.889312
variances 574 6.755979
not
assumed
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Change in HDL Cholesterol (Exercise vs. Control)

Group Statistics

Group Mean Std. Deviation | Std. Error Mean
Exercise 10 4.70000 6.929005 2.191144
HDLdelta
Control 9 -.55556 7.617597 2.539199
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F | Sig. t df Sig. Mean Std. Error 95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal .0471.830|1.575 17| .134| 5.255556 | 3.336285 -1 12.294502
variances 1.783391
assumed
HDLdelta Equal 1.567(16.311| .136| 5.255556 | 3.353900 -112.354507
variances 1.843396
not
assumed
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Change in LDL Cholesterol (Exercise vs. Control)

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 9 2.60556 12.830132 4276711
LDLdelta
Control 9 -2.51444 11.104841 3.701614
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F Sig. t df Sig. Mean Std. Error 95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal .734] .404].905 16| .379| 5.120000( 5.656165 -117.110533
variances 6.870533
assumed
LDLdelta Equal .905]15.678| .379| 5.120000| 5.656165 -117.130609
variances 6.890609
not
assumed
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Change in Triglycerides (Exercise vs. Control)

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 7| -16.02857 29.726504 11.235562
TRIGdelta
Control 9 15.07778 24.139614 8.046538
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F | Sig. t df Sig. Mean Std. Error 95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal .011].917 - 14 .036 -113.444272 - -
variances 2.314 31.106349 59.94144412.271254
assumed
TRIGdelta Equal -111.470] .045 -113.819719 -| -.840762
variances 2.251 31.106349 61.371937
not
assumed
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Change in High Sensitivity C-reactive Protein (Exse vs. Control)

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 9 -.03444 627477 .209159
hsCRPdelta
Control 9 77111 2.560852 .853617
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F Sig. | t df Sig. Mean Std. Error 95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal 2.467].136 - 16| .373| -.805556| .878869 -11.057562
variances 917 2.668674
assumed
hsCRPdelta Equal -18.957| .383| -.805556 .878869 -11.184034
variances 917 2.795145
not
assumed
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Change in Nitric Oxide Availability (Exercise vsoftrol)

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 9 4.33269 8.769026 2.923009
NOdelta
Control 9| -4.29953 3.398838 1.132946
Independent Samples Test
Levene's t-test for Equality of Means
Test for
Equality of
Variances
F Sig. t df Sig. Mean Std. Error 95% Confidence
(2- | Difference | Difference Interval of the
tailed) Difference
Lower Upper
Equal 2.858].110(2.754 16| .014| 8.632214 | 3.1348921.986541 | 15.277888
variances
assumed
NOdelta Equal 2.754110.351| .020( 8.632214| 3.134892]1.679181|15.585247
variances
not
assumed
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Change in Antioxidant Capacity (Exercise vs. Cditro

Group Statistics

Group N Mean Std. Deviation | Std. Error Mean
Exercise 9 .0573 44769 .14923
AOXdelta
Control 9 .1805 .32414 .10805
Independent Samples Test
Levene's Test t-test for Equality of Means
for Equality of
Variances
F Sig. t df Sig. Mean Std. Error 95%
(2- | Difference | Difference | Confidence
tailed) Interval of the
Difference
Lower | Upper
Equal .024| .880 - 16| .513| -.12320 .18424 -|.26736
variances .669 .51377
assumed
AOXdelta
Equal -114.579( .514 -.12320 .18424 -1.27048
variances not .669 .51689
assumed
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APPENDIX H

SUBJECT DATA
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Group  Subject Age Height WeightPre WeightPost WeightDelt BMI
1 2 24 183 67.78 67.92 0.14 20.24
1 3 21 176 75.76 74.39 -1.38 24.46
1 6 23 176 76.61 77.64 1.02 24.73
1 7 22 168 64.15 61.18 -2.97 22.73
1 11 25 1739 73.97 74.79 0.82 24.46
1 16 28 175.5 69.11 69.17 0.05 22.44
1 17 19 172 68.40 68.52 0.12 23.12
1 18 22 171 85.71 86.62 0.92 29.31
1 20 23 177.1 86.90 86.61 -0.29 27.71
1 21 24 187.8 74.52 75.58 1.06 21.13
2 1 29 179 87.80 89.40 1.60 27.40
2 4 24 181 83.41 88.56 5.16 25.46
2 5 25 181 79.39 82.46 3.07 24.23
2 8 20 181.5 71.37 73.28 1.91 21.67
2 9 26 181 123.63 122.36 -1.27 37.74
2 10 19 164.25 55.21 56.67 1.47 20.46
2 12 30 179.2 60.51 63.25 2.74 18.84
2 14 22 170.5 55.60 54.34 -1.26 19.13
2 15 30 174.5 92.72 94.53 1.81 30.45
AVEG1 23.100 176.030 74.290 74.240 -0.050 24.032
GROUP SDG1 2.424 5.765 7.482 8.090 1.270 2.791
DATA AVEG2  25.000 176.883 78.846 80.538 1.692 25.042
SD G2 4.153 6.000 21.767 21.502 2.019 6.150
AVE
TOTALS AGE 24.000 176.434 76.448 77.223 0.775 24.510
SD AGE 3.399 5.728 15.622 15.768 1.848 4.580
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Group  Subject BodyFatPre BodyFatPost BodyFatDelta FatMassPre FatMassPost
1 2 5.1 6 0.90 3.44 4.084
1 3 11.3 10.8 -0.50 8.58 8.025
1 6 24.9 23.9 -1.00 19.05 18.533
1 7 #NULL! #NULL! #NULL! #NULL! #NULL!
1 11 20.5 22.6 2.10 15.16 16.891
1 16 10.9 10.2 -0.70 7.57 7.038
1 17 12.2 10.2 -2.00 8.32 6.971
1 18 24.6 25.4 0.80 21.11 22.009
1 20 31.8 29.6 -2.20 27.81 25.614
1 21 15.3 15.6 0.30 11.40 11.76
2 1 23 24.5 1.50 20.18 21.895
2 4 27.8 30.2 2.40 23.22 26.719
2 5 17.6 19.5 1.90 14.00 15.88
2 8 14.8 16.3 1.50 10.53 11.633
2 9 50.5 50.1 -0.40 62.48 61.331
2 10 9.7 9.8 0.10 5.35 5.476
2 12 12.3 14.7 2.40 7.44 9.301
2 14 #NULL! #NULL! #NULL! #NULL! #NULL!
2 15 28 30.6 2.60 25.99 28.919
AVE G1 17.400 17.144 -0.256 13.604 13.436
GROUP SDG1 8.568 8.381 1.412 7.810 7.599
DATA AVE G2 22.963 24.463 1.500 21.146 22.644
SD G2 13.050 12.702 1.106 18.277 17.700
AVE
TOTALS AGE 20.018 20.588 0.571 17.153 17.769
SD AGE 10.927 10.949 1.532 13.846 13.725
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Group  Subject FatMassDelta SystolicPre DiastolicPre SystolicPost DiastolicPost
1 2 0.65 113 78 118 78
1 3 -0.55 120 75 115 72
1 6 -0.52 132 63 122 68
1 7 #NULL! 112 66 125 76
1 11 1.73 117 77 117 66
1 16 -0.53 117 70 130 78
1 17 -1.35 119 82 113 70
1 18 0.90 133 80 131 78
1 20 -2.19 132 90 137 90
1 21 0.36 125 86 129 90
2 1 1.72 135 92 143 94
2 4 3.50 127 74 122 85
2 5 1.88 123 81 117 73
2 8 1.11 114 65 115 65
2 9 -1.15 126 68 122 69
2 10 0.13 113 68 113 67
2 12 1.86 129 84 127 77
2 14 #NULL! 118 66 112 63
2 15 2.93 131 85 130 94
AVE G1 -0.167 122.000 76.700 123.700 76.600
GROUP SDG1 1.203 7.986 8.525 7.959 8.276
DATA AVE G2 1.498 124.000 75.889 122.333 76.333
SD G2 1.483 7.632 9.867 9.899 12.031
AVE
TOTALS AGE 0.616 122.947 76.316 123.053 76.474
SD AGE 1.556 7.670 8.932 8.702 9.930
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Group  Subject VO2Pre VO2Post VO2Delta RERpre RERPost HRPRE HRPost
1 2 2.99 3.64 0.65 1.2 1.22 192 191
1 3 2.8 3.28 0.48 1.24 1.24 198 196
1 6 2.94 3.01 0.07 1.25 1.24 195 191
1 7 3.59 3.63 0.04 13 1.22 190 193
1 11 3.19 3.32 0.13 1.25 1.23 181 173
1 16 3.51 3.62 0.11 1.2 1.22 177 167
1 17 2.98 3.05 0.07 1.16 1.19 174 182
1 18 3.11 33 0.19 1.14 1.21 179 188
1 20 2.63 3.05 0.42 1.28 1.24 176 169
1 21 3.14 3.29 0.15 1.23 1.23 188 182
2 1 2.9 2.97 0.07 1.15 1.23 183 181
2 4 2.66 2.67 0.01 1.13 1.21 183 174
2 5 2.34 2.34 0 1.22 1.29 178 178
2 8 2.88 2.69 -0.19 1.33 1.24 184 176
2 9 2.48 2.55 0.07 1.2 1.23 165 166
2 10 2.99 2.81 -0.18 1.21 1.24 188 191
2 12 2.14 2.07 -0.07 1.08 1.25 175 158
2 14 2.14 2.13 -0.01 1.13 1.23 166 183
2 15 3.4 3.5 0.1 1.19 1.22 186 186
AVE G1 3.088 3.319 0.231 1.225 1.224 185.000 183.200
GROUP SDG1 0.294 0.243 0.209 0.050 0.016 8.628 10.412
DATA AVE G2 2.659 2.637 -0.022 1.182 1.238 178.667 177.000
SD G2 0.424 0.442 0.105 0.072 0.023 8.426 10.137
AVE
TOTALS AGE 2.885 2.996 0.111 1.205 1.231 182.000 180.263
SD AGE 0.414 0.489 0.209 0.064 0.020 8.907 10.487
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Group Subject TTEpre TTEPOST Wattage WattagePost PkDiamPre PkDiamPost
1 2 8:44:00 9:13:00 301 316 0.36 0.38
1 3 5:54:00 6:52:00 219 247 0.40 0.44
1 6 7:20:00 7:38:00 256 271 0.40 0.40
1 7 9:05:00 9:35:00 316 331 0.40 0.44
1 11 6:50:00 7:45:00 249 271 0.45 0.45
1 16 8:53:00 8:36:00 308 301 0.41 0.45
1 17 6:26:00 7:57:00 234 279 0.40 0.40
1 18 7:21:00 8:15:00 260 294 0.46 0.50
1 20 6:02:00 6:46:00 226 249 0.47 0.45
1 21 8:25:00 9:05:00 294 315 0.40 0.42
2 1 7:26:00 8:53:00 264 309 0.43 0.45
2 4 5:41:00 5:28:00 211 204 0.38 0.41
2 5 6:22:00 6:08:00 234 229 0.43 0.50
2 8 6:30:00 5:11:00 241 196 0.37 0.41
2 9 4:38:00 5:17:00 181 203 0.42 0.39
2 10 7:26:00 7:23:00 263 263 0.32 0.32
2 12 4:03:00 4:05:00 167 167 0.42 0.42
2 14 4:29:00 4:27:00 179 175 0.32 0.35
2 15 8:27:00 8:22:00 303 294 0.47 0.46
AVE G1 0.312 0.340 266.300 287.400 0.415 0.432
GROUP SDG1 0.050 0.040 35.793 28.722 0.035 0.034
DATA AVE G2 0.255 0.256 227.000 226.667 0.397 0.411
SD G2 0.063 0.071 46.046 51.091 0.054 0.055
TOTAL
S AVE AGE 0.285 0.300 247.684 258.632 0.406 0.422
SD AGE 0.063 0.070 44.602 50.431 0.045 0.046
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Group  Subject PeakDELTA BaseDiamPre BaseDiamPost BaselineDELTA FMDPre
1 2 0.02 0.36 0.37 0.01 0.84
1 3 0.04 0.40 0.42 0.02 -0.50
1 6 0.01 0.38 0.39 0.02 5.60
1 7 0.04 0.38 0.43 0.05 5.26
1 11 -0.01 0.43 0.44 0.01 5.36
1 16 0.04 0.41 0.43 0.03 1.23
1 17 0.00 0.37 0.38 0.01 8.15
1 18 0.03 0.44 0.48 0.04 5.94
1 20 -0.02 0.42 0.44 0.01 10.64
1 21 0.01 0.37 0.40 0.03 9.78
2 1 0.01 0.40 0.41 0.01 7.96
2 4 0.03 0.36 0.38 0.03 7.30
2 5 0.06 0.39 0.45 0.07 11.57
2 8 0.04 0.38 0.40 0.02 -1.59
2 9 -0.03 0.39 0.34 -0.05 8.29
2 10 0.00 0.31 0.32 0.02 4.26
2 12 0.00 0.40 0.39 -0.01 6.80
2 14 0.03 0.31 0.32 0.00 0.96
2 15 -0.01 0.45 0.44 0.00 6.28
AVE G1 0.02 0.39 0.42 0.02 5.23
GROUP SDG1 0.02274887 0.028795254  0.032380378 0.013543756 3.759519
DATA AVE G2 0.01 0.37 0.38 0.01 5.76
SD G2 0.02950894 0.044269377  0.050059964 0.030384115 4.000835
TOTALS AVE AGE 0.016 0.385 0.401 0.016 5.481
SD AGE 0.025 0.037 0.044 0.023 3.775
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Diet

Group  Subject FMDPost FMDDelta Intake Calories Totalfat Satfat Sugar
1 2 2.73 1.89 2897 11640 702 324 546
1 3 4.49 4.99 2319 11580 720 324 462
1 6 2.80 -2.80 2201 11940 756 345 522
1 7 3.50 -1.77 2604 11640 702 318 540
1 11 2.53 -2.83 2130 11850 672 303 531
1 16 4.61 3.37 2810 11400 720 324 456
1 17 3.94 -4.22 2920 12000 669 303 597
1 18 4.42 -1.52 1910 11550 627 279 579
1 20 2.99 -7.65 2245 11460 672 300 564
1 21 5.82 -3.96 2518 11340 642 291 564
2 1 9.05 1.09 2854 11850 681 309 519
2 4 7.05 -0.25 2705 11880 618 264 552
2 5 9.69 -1.88 2690 11520 696 312 534
2 8 1.59 2505 11580 702 309 441
2 9 14.54 6.25 2412 11760 666 303 585
2 10 -0.63 -4.89 2752 11760 714 327 534
2 12 7.65 0.85 2580 11670 684 309 549
2 14 10.76 9.80 1985 11520 687 306 498
2 15 4.52 -1.75 2008 11730 669 306 546
AVE G1 3.78 -1.45 2455.400 11640.000 688.200 311.100 536.100
GROUP SDG1 1.06112 3.831513 348.576 224,944 39.120 19.393  46.369
DATA AVE G2 7.83 1.20 2499.000 11696.667 679.667 305.000 528.667
SD G2 4.49767 4.431717 313.926 133.697 27.663 16.837 40.632
AVE
TOTALS AGE 5.581 -0.193 2476.053 11666.842 684.158 308.211 532.579
SD AGE 3.634 4.233  324.118 184.633 33.533 17.996 42.701
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Group  Subject CHOLpre CHOLpost CHOLdelta HDLpre HDLpost  HDLdelta
1 2 129 121 -8 43 43 0
1 3 108 110 2 36 39 3
1 6 202 185 -17 38 43 5
1 7 0
1 11 171 199 28 39 47 8
1 16 148 153 5 49 56 7
1 17 140 178 38 64 85 21
1 18 138 136 -2 68 75 7
1 20 172 186 14 67 63 -4
1 21 171 176 5 53 53 0
2 1 207 194 -13 61 56 -5
2 4 150 130 -20 38 54 16
2 5 198 198 0 58 49 -9
2 8 75 81 6 40 39 -1
2 9 139 143 4 49 46 -3
2 10 116 113 -3 42 43 1
2 12 158 136 -22 70 61 -9
2 14 118 118 0 55 57 2
2 15 176 187 11 37 40 3
0
AVE G1 153.222 160.444 7.222 50.778 56.000 5.222222
GROUP SDG1 28.350 31.714 17.196 12.863 15.684 2.821866
DATA AVE G2 145.125 139.125 -6.000 51.625 50.625 -1
SD G2 43.676 39.808 10.863 11.326 7.615 -3.71094
0
TOTALS AVE AGE 150.889 152.444 1.556 50.389 52.722 2.333333
SD AGE 34,918 36.241 15.390 11.917 12.527 0.609643
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Group  Subject LDLpre LDLpost LDLdelta TRIGpre TRIGpost TRIGdelta
1 2 82.21 75.89 -6.32 57.43 52.75 -4.68
1 3 64.91 64.09 -0.82 44.73 56.85 12.12
1 6 146.83 132.47 -14.36 201.98 123.24 -78.74
1 7
1 11 110.97 128.37 17.4 222.84 269.49 46.65
1 16 80.11 75.54 -4.57 137.1 247.14 110.04
1 17 70.91 90.44 19.53 59.5 38.69 -20.81
1 18 59.24 50.11 -9.13 87.98 80.42 -7.56
1 20 103.99 122.16 18.17 62.72 65.48 2.76
1 21 108.3 111.85 3.55 131.96 116.67 -15.29
2 1 135.9 132.91 -2.99 75.28 93.21 17.93
2 4 94.1 70.44 -23.66 114.46 86.79 -27.67
2 5 121.66 127 5.34 143.93 191.28 47.35
2 8 26.25 26.84 0.59 68.68 115.27 46.59
2 9 79.59 84.95 5.36 95.86 106.32 10.46
2 10 64.81 60.05 -4.76 75.89 71.15 -4.74
2 12 83.29 71.73 -11.56 58.16 48.77 -9.39
2 14 55.31 49.35 -5.96 55.95 86.91 30.96
2 15 122.87 137.88 15.01 128.53 120.97 -7.56
AVE G1 91.941 94.547 2.606 111.804 116.748 4,943
GROUP SDG1 27.984 30.151 12.830 65.836 85.220 51.436
DATA AVE G2 82.614 77.909 -4.705 86.026 99.963 13.936
SD G2 35.345 36.491 9.570 30.374 42.180 27.057
AVE
TOTALS AGE 89.514 89.559 0.046  101.277  109.522 8.246
SD AGE 31.207 34.503 11.935 51.297 65.027 39.777
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Group Subject hsCRPpre hsCRPpost hsCRPdelta GLU2pre GLU2post GLU2delta
1 2 0.17 0.35 0.18 107 94 -13
1 3 2.7 1.1 -1.6 83 91 8
1 6 0.58 0.33 -0.25 87 84 -3
1 7 0
1 11 0.11 0.52 0.41 91 91 0
1 16 0.15 0.61 0.46 82 91 9
1 17 1.34 1.33 -0.01 80 82 2
1 18 0.16 0.43 0.27 76 73 -3
1 20 0.72 0.72 0 90 84 -6
1 21 0.32 0.55 0.23 88 93 5
2 1 0.48 0.7 0.22 89 92 3
2 4 0.41 0.29 -0.12 96 94 -2
2 5 1.07 0.96 -0.11 93 89 -4
2 8 0.31 0.51 0.2 91 99 8
2 9 4.26 2.81 -1.45 99 106 7
2 10 0.13 0.45 0.32 88 89 1
2 12 0.37 7.81 7.44 80 78 -2
2 14 0.15 0.52 0.37 94 94 0
2 15 0.87 0.94 0.07 100 99 -1
AVE G1 0.694 0.660 -0.034 87.111 87.000 -0.111
GROUP SDG1 0.851 0.342 0.627 8.923 6.819 7.044
DATA AVE G2 0.898 1.756 0.859 91.250 92.625 1.375
SD G2 1.390 2.576 2.723 5.800 8.141 4.340
TOTALS AVE 0.794 1.163 0.368 89.667 90.167 0.474
STDEV 1.071 1.758 1.856 7.889 7.868 5.481
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Group  Subject Insulinpre Insulinpost InsulinDelta HOMApre HOMApost HOMAdelta
1 2 8.401 7.166 -1.235 2.220 1.663 -0.556

1 3 7.323 7.303 -0.02 1.501 1.641 0.140

1 6 15.142 12.585 -2.557 3.253 2.610 -0.643

1 7 0 0.000 0.000 0.000

1 11 14.295 10.285 -4.01 3.212 2.311 -0.901

1 16 13.585 11.923 -1.662 2.751 2.679 -0.072

1 17 7.185 7.093 -0.092 1.419 1.436 0.017

1 18 16.629 16.011 -0.618 3.121 2.886 -0.235

1 20 8.822 7.95 -0.872 1.960 1.649 -0.312

1 21 8.893 5.156 -3.737 1.932 1.184 -0.748

2 1 7.152 11.367 4.215 1.572 2.582 1.010

2 4 7.95 8.638 0.688 1.884 2.005 0.120

2 5 5.469 5.434 -0.035 1.256 1.194 -0.062

2 8 12.921 23.002 10.081 2.903 5.623 2.719

2 9 10.274 18.844 8.57 2.511 4.932 2421

2 10 12.55 11.944 -0.606 2.727 2.625 -0.102

2 12 6.682 6.42 -0.262 1.320 1.236 -0.083

2 14 10.52 6.95 -3.57 2.442 1.613 -0.829

2 15 13.2 11.95 -1.25 3.259 2.921 -0.338

AVE G1 11.142 9.497 -1.645 2.374 2.007 -0.368

GROUP SDG1 3.712 3.459 1.486 0.728 0.619 0.363
DATA AVE G2 9.190 11.575 2.385 2.077 2.726 0.649
SD G2 2.777 6.301 4.796 0.651 1.674 1.289

TOTALS AVE 10.389 10.557 0.159 2.171 2.252 0.081
STDEV 3.332 4.814 3.724 0.867 1.303 0.979
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Group  Subject Nopre Nopost Nodelta Aoxpre Aoxpost Aoxdelta
1 2 1.61 2.17 0.56 2.18 2.13 -0.05
1 3 1.05 0.56 -0.48 2.05 2.16 0.11
1 6 3.14 1.64 -1.49 2.32 2.68 0.36
1 7
1 11 26.16 51.87 25.71 2.60 2.66 0.06
1 16 16.76 27.21 10.45 3.22 2.66 -0.56
1 17  3.47 2.88 -0.60 2.77 2.46 -0.31
1 18 2.20 3.06 0.86 2.71 2.68 -0.03
1 20 0.90 3.92 3.02 2.36 3.40 1.03
1 21 8.55 9.52 0.97 3.19 3.10 -0.09
2 1 8.18 1.38 -6.79 1.60 1.97 0.37
2 4 422 2.58 -1.64 2.41 2.18 -0.23
2 5 10.49 2.54 -7.95 2.38 2.26 -0.12
2 8 11.23 1.53 -9.70 1.71 2.27 0.56
2 9 6.01 1.57 -4.44 1.91 2.24 0.33
2 10 0.97 2.35 1.38 2.35 2.65 0.30
2 12 4.22 1.79 -2.43 2.36 2.43 0.06
2 14  4.85 1.01 -3.84 2.19 1.96 -0.23
2 15 493 1.64 -3.28 2.15 2.74 0.59
AVE G1 7.092 11.425 4.333 2.601 2.658 0.057
GROUP SDG1 8.780 17.274 8.769  0.417 0.404 0.448
DATA AVE G2 6.272 1.845 -4.426 2.115 2.244 0.129
SD G2 3.477 0.581 3.618 0.328 0.225 0.304
TOTALS AVE 6.607 6.624 0.017 2.360 2.479 0.119
STDEV 6.450 12.844 7.834 0.434 0.380 0.384
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