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Abstract

The effects of exercise intensity on post-exermigasures of intestinal
permeability and absorption in sedentary and iivagioung men were examined
in this study. Measures were compared bewteenlogsintensity and high
intensity interval exercise interventions. In spf the exercise interventions
being matched for work output, the high intengitierval intervention caused an
increase in blood lactate and respiratory exchaaige during the performance of
exercise. No between intervention effect was fomrttexose absorption. Active
individuals had greater passive transcellular giignr (as measured with
mannitol) than sedentary individuals after 2 hafrmeasurement. Significant
differences in hunger measures were found betwedensary and active
participants, with active participants recordingreased measures of hunger. In
conclusion, the hypothesis that that exercise sitgmodulates post-exercise
hexose absorption was not confirmed. However, oreasof intestinal
permeability suggest differences in digestive tfanottion may exist between

sedentary and active individuals.
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1 — Introduction

1.1 Introduction

The small intestine is a dynamic organ that hasmigéed capacity to
respond to competing demands. It is the primargtion of nutrient absorption,
and, in this role, receives a significant perceatagtotal cardiac output (1).
Blood flow to the small intestine is variable arepdnds on numerous factors,
one of which is the presence of chyme (partly degt$ood). The presence of
chyme causes an increase in blood flow to the smtaftine to support digestion
and maximize the absorption of nutrients (2; 3he &bsorptive capacity of the
small intestine depends on an adequate blood supplyeriods of reduced blood
flow, the absorptive capacity of the small intestis also reduced (4).

A significant reduction in blood supply to the simatestine can occur
without causing regional hypoxia and tissue danfaye This allows some
capacity for reducing blood flow to the small irites to support an increase to
other tissues in times of need (5; 6). The detgreehich the small intestine’s
blood supply will decrease to support cardiac ougjam be demonstrated in times
when cardiac output is severely challenged. Fangte, in times of severe
hypovolemia, blood supply to the small intestine dacrease to such an extent
that damage to the small intestine can occur Thjs severe reduction in blood
supply may save the individual in the short terrhas been identified as a
potential cause for multiple organ failure, whicstan approximately 70%

mortality rate (8).



This places the small intestine in two competirigso One of these roles
is as the primary location of nutrient absorptidhe other role is as support for
cardiac output. Both of these roles depend omlived flow that the small
intestine receives. Nutrient absorption requidesgaate blood flow, but the
support of cardiac output requires a sacrificehat blood flow.

Hypovolemia is not the only cause of reduced iimiasblood flow.
Exercise is a state in which a large amount ofiaardutput is necessary to
support the body and its increased work outputly ®@ome of the increase in
cardiac output is directed to the working musdsue moving the pedals
(example: cycling) or hitting the ball (examplentés). A significant portion of
the increased cardiac output is diverted to sugperadditional work required of
the heart, lungs, and respiratory muscles (68%o0d flow to the small intestine
is reduced to help support this increase in caroligput (6; 10-12). The degree
of the shift in blood flow depends on the intensityexercise performed (6; 10).
This presents the possibility that exercise canceadutrient absorption by
decreasing blood flow to the small intestine, andsdso in an intensity dependent
fashion.

Experiments in humans have suggested (13; 14gimatise can reduce
the absorption of nutrients that are consumed dutenperformance. However, it
is currently unknown if nutrients consumed shoaffier exercise are affected in a
similar way. This is important, because the vaajomity of nutrients that the

general population consumes are not consumed Wigleonsumers exercise. If



a decrease in nutrient absorption continues betfmndessation of exercise, this
decrease may significantly affect nutrient absorptor the general population.
The examination of post-exercise nutrient absonptst consider
numerous variables. As noted, exercise intensaty ptay an important role,
because it influences the degree of blood-flow c&dn to the intestine.
Additionally, the human body can undergo significataptations in response to
regular exercise, therefore the training statuwefparticipants must also be
considered. For example, given that a reductidsiood flow to the small
intestine helps support cardiac output, activeviddials may experience either
reaction in response to exercise: greater redwgtioblood flow than sedentary
individuals to support greater cardiac output esé reductions in blood flow to

maintain absorptive capacity.

1.2 Purpose and Hypothesis

The purpose of this study was to examine the effeekercise intensity
on post-exercise hexose absorption in sedentargetinge young adult males. It
was hypothesized that high-intensity exercise waaldse a statistically
significant reduction in post-exercise hexose gitsam compared to a non-
exercise (control) condition, while low-intensityezcise would cause an
intermediate response. Hexose (3-O-methyl-glucalssprption has been

correlated with the absorption of glucose and otherients (15).



1.3 Significance of Study

Carbohydrates represent greater than 50% of tleicattake of
Canadians (16), and glucose is a primary compasfehese carbohydrates (17).
Canada is currently experiencing an obesity epidgetine prevalence of obesity
(body mass index 30 kgenf) increased by 150% from 1985 to 2003 (18; 19). A
reduction in carbohydrate absorption would caudeest reduction in the
calories available to the body, which, in turn, ldgpromote a negative energy
balance and, as a result, weight loss. Slowingdtesof glucose absorption and
favoring a more stable blood-glucose pattern caidd indirectly affect energy
balance through altered feelings of hunger (20).

In addition to affecting energy balance, glucossogition can also affect
athletic performance. Glucose absorption is ingydrin both long duration
exercise performance and post-exercise recovely Rlhanging rates of post-
exercise glucose absorption could then affect athperformance and recovery
from exercise.

Changes in glucose absorption can also have iatjgits for people with
type 2 diabetes. For example, the drug acarbaseden shown to prolong and
decrease overall absorption of carbohydrates (piyrsicrose) (22). In subjects
with impaired glucose tolerance, intake of acarli@sebeen shown to reduce the
risk of progression to diabetes and to increasedpeession to normal glucose
tolerance (23). This suggests that interventi@wehsing and/or slowing
glucose absorption may have some protective edigainst the development of

diabetes.



1.4 Limitations and Delimitations

This study examines the effects of exercise intgmsi post-exercise
glucose absorption and tolerance. It does notekew seek to examine the
mechanisms by which exercise may decrease glutsseion.

To accurately compare test results between sessianparticipants
should be in the same nutritional state prior sbing. The diets of the
participants were not recorded prior to the tessisms, though participants were
asked to match their eating habits before eacimgeséssion. To limit the
inconvenience of the study to the participants;, @is not specified on days
before testing.

Because this is the first study to examine thectsfef exercise intensity
on post-exercise glucose absorption, we delimitecsample to a sample of
young men (age 20-35 years) with a body mass i{i8s}) of 18.5 to 30. This
sample was selected for convenience of recruit@edtto minimize potential
confounding variables. Therefore, the results efgresent study may not be
generalizable to other groups, such as women @lpedfected by obesity or

diabetes.
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Chapter 2 — Literature Review

2.1 Pathways of Glucose Absorption
2.1.1 Transcellular Absorption

The human intestine must be versatile enough tdledngh levels of
glucose that are available post-prandially andlewels of glucose during an
overnight fast. To accommodate these extremekiobge concentration, the
body has a complex set of transporters that captadahe large fluctuations.
Glucose is transported across the cellular wathefintestine via both
transcellular (through the cells) and paracell(i@tween the cells) transport.
Transcellular transport requires glucose to cras the luminal and basolateral
membranes of intestinal tissue. The transcellwarsport of glucose uses both
facilitated transport and active transport (2)ciliated transport is the diffusion
of a substance across a membrane and is faciligtadorotein transporter.
Active transport requires a protein to expend gnerdransport a substance from
one side of a membrane to the other. In the imsthe active transport of
glucose across the luminal membrane occurs viateiprcalled sodium glucose
cotransporter 1 (SGLT1). The SGLT1 protein derig&nergy for active
transport from the concentration gradient of soditom the lumen into the cell.
A separate glucose transport protein (GLUT?2) thessifacilitated transport to

transport glucose across the basolateral membramethe cell to the blood (4).



The activity of the SGLT1 protein is regulated byaaiety of hormonal and
metabolic signals, including insulin, gastrin, gigon-like peptide 2, and insulin-
like growth factor 1 (see Harmon and McLeod (4)daromplete review of
SGLT1 activity regulators). Physical activity iménces many of the hormonal
and metabolic conditions which would cause SGLTtiviig to increase. An
example of one hormonal change that will incredsegge absorption is the
decrease in insulin that results from exercise HEgure 2.1 describes the

pathways of glucose absorption during times of lliewinal glucose.

Figure 2.1 Glucose transport in the small intestine durong intestinal glucose

concentrations. Figure adapted from Harmon andeddL(3; 4).
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These pathways are supplemented during periodglofdiminal glucose
concentrations. A large amount of SGLT1 activiayses GLUT2 located in the
cytosol to translocate to the luminal membrane UG2 is a high-capacity, low-
specificity transporter of glucose that, besidaagporting glucose across the
basolateral (blood barrier) membrane, can supple®@LT1 in transporting
glucose across the luminal barrier. In contra8®.T1, GLUT2 uses facilitated
transport to transport glucose. This necessitatesransposition of GLUT2 to
and from the luminal membrane, because in peribtswoluminal glucose
concentrations, GLUT2 would transport glucose duhe cell and into the
lumen. See Figure 2.2 for a diagrammatic represient of glucose absorption

during periods of high luminal glucose concentragio
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Figure 2.2 Glucose transport in the small intestine durirghintestinal glucose
concentrations. SGLT1 activates the translocaifcdBLUT?2 from the cytosol to the

luminal membrane. Figure adapted from Harmon antedd (3; 4)
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2.1.2 Paracellular Absorption

In contrast to transcellular transport, paracatitlansport moves glucose
around the cell, instead of through. The quantitglucose absorbed via the
paracellular route is up for debate. Some resdaaststated that paracellular
transport is the major route of absorption for gkes (5), but other research has

disputed this point (2; 6). The proposed mechamkparacellular absorption

12



begins with SGLT1. During glucose absorption, SGIcbtransports 2 sodium
ions and a glucose molecule into the cell. Thisaase in cellular sodium
concentration indirectly stimulates the contractipgparatus within the
cytoskeleton. This contraction pulls the cell avirayn the tight junctions that
exist between each cell. When these tight junstmpen, glucose diffuses into

the paracellular junction and is exposed directlthe blood vessels (5).

2.1.3 Blood Flow and Absorption

Regardless of the differences between transcebuld paracellular
absorption, these pathways share a common depgndBoth transcellular and
paracellular absorption benefit from a strong cotre¢ion gradient between the
cell and blood stream. To maintain this conceitnagradient, blood flow must
move glucose away from the intestine and decrdesmtestine’s glucose
concentration. It has been shown theoretically (@athematical modeling) (5; 7)
and experimentally (8; 9) that both transcellulad paracellular absorption

depend on blood flow to attain maximal glucose gitsan.

2.2 Intestinal Blood Flow

As previously indicated, blood flow is importantrmaintaining optimal
glucose absorption. Blood flow to the small intestranches off of the
descending aorta into the superior mesentericyar@uperior mesenteric artery
blood flow is classified as part of splanchnic clation, which encompasses all

blood flow to the abdominal portion of the digestivact (10).

13



2.3 Duration of Glucose Absorption

For exercise to affect post-exercise nutrient giigm, it must exert an
effect on the intestines for some, if not all, ke time during which the nutrients
are being absorbed. Measurements of glucose dlmsohave shown that, during
an oral glucose tolerance test, glucose absorptoars over approximately 4
hours, but that, during a meal, absorption occues an even longer period. See

Figures 2.3 and 2.4, which are taken directly fidalla Man et al., 2006 (11).

14



Figure 2.3 The rate of glucose absorption (Ra) during an Ghacose
Tolerance Test (OGTT) as measured by a tracerdreleenp technique. The
gray area indicates the range of variability with tine defining the observed

mean. Figure taken directly from Dalla Man et3l.(

OGTT
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Figure 2.4 The rate of glucose absorption (Ra) immediatégra
consumption of a mixed meal (10 kcal/kg, 45% caydlodte, 15% protein,
and 40% fat) as measured by a tracer-tracee clachpigue. The gray area
indicates the range of variability with the lindfideng the observed mean.

Figure taken directly from Dalla Man et al. (1)

MEAL

Ra, .o (Ma/min)
8

t(min)

16



2.4 Glucose Absorption and Exercise

Pencek et. al. demonstrated that exercise credtesadicial environment
for glucose absorption (12), showing that glucdssogption increased
significantly after exercise in the dog.

Contrasting the findings of Pencek et. al, van Mienhoven et al.
demonstrated decreased glucose absorption whenroedsduring exercise in
man (13). The results of the Pencek experimengusie dog model cannot be
generalized to humans because the physiologigabnsgs to exercise vary
between species. Experiments on blood flow andceseein the dog have yielded
interesting results. Burns et al. analyzed theot$f of digestion and exercise on
mesenteric blood flow (MBF) in the dog (14). Tmelings show that dogs
demonstrate little to no change in MBF during isieexercise. These findings
are supported by the work of Fronek et al. (15)0 wkamined similar variables.
Scher et al. compared the sympathetic and parasigetgaresponses of dogs and
man (16). Scher’s findings show that the sympathmervous system plays a
reduced role in regulating blood pressure in thgttlan it does in man. In
humans, the sympathetic nervous system plays artthe fight-or-flight
response, shunting blood away from the viscera.

Lang et al. further investigated on human subjettsey examined the
effect of exercise intensity on glucose absorpfising 3-O-methyl-glucose (3-
OMG) as a marker) during exercise. They compar@M& absorption during

rest and during exercise at 30%, 50%, and 70% of M© Exercise at both 30%

17



and 50% of VQ naxcaused no statistically significant change in 3:-®M
absorption as compared to rest. However, 70% M@ecreased 3-OMG
absorption during exercise as compared to rest (17)

Most calories consumed by the general populatiemat consumed while
they are exercising at all, let alone during exs @t an intensity of 70% \iQax
or greater. It is currently unknown if the reduedxborption extends to sugars
consumed shortly after high-intensity exercisér(eetperiod in which calories are

more likely to be consumed).

2.4.1 Mesenteric Blood Flow, Glucose Absorptiod Bxercise

As stated by Scher (16), the human body experiemsgmificant
sympathetic response to exercise, shunting blo@y &wm the viscera to
maintain blood pressure in periods of increasediaanoutput. Granger et. al.
found that sympathetic nervous system activity eawasdecrease in intestinal
capillary blood pressure and filtration (in thisntext,filtration refers to the
movement of fluid in the blood through the capillarall) (18). In humans, much
research has investigated the relation between MigFexercise. Qamar and
Read (19) found that MBF decreased in responsgeiise (treadmill, 5 km/h,
gradient 20%, duration 15 minutes) in humans. Thapd a 43% decrease
immediately after exercise, a 29% reduction fivautes after exercise, and a
24% reduction 10 minutes after exercise. This @@goborated in a study by
Perko et al. (20), in which cycling at an intensityresponding to 75% Vhax

(30 minutes in duration) caused a 32% reductidiB¥ during exercise. Pricher

18



et. al. (21) measured splanchnic blood flow (whietiudes mesenteric artery
blood flow) and found a reduction that lasted feeroan hour after the
completion of exercise (15.9% at 1 hour post exerc3.9% 2 hours post
exercise) though not statistically significant (ayg, 60% VQ max, 60 minutes).
Rowell, in 1973, published a comprehensive litamateview comparing heart
rate during exercise and splanchnic blood flows teiview found an inverse
relationship between heart rate and splanchnicdofloov (1). Taken together,
these studies suggest that MBF can be dramatieallyced during and
immediately after exercise, but that the reducti@msmuch less pronounced in
the hours following exercise. This may have implmas for the timing of meals
(eating before, during, or after exercise) and gbecabsorption.

As previously mentioned, dog and man display déffieichanges in
glucose absorption and MBF in response to exerdis®vever, what has not
been discussed is the importance of MBF in relaimoglucose absorption. Upon
ingestion of food, the body increases blood flowh® intestines, via the
mesenteric artery, to assist in the absorptiorutients (22; 23). Increased blood
flow allows better maintenance of the concentragjadients that drive
absorption in the intestine (5). Evidence thatioedl intestinal blood flow causes
a reduction in glucose absorption was found in sofrike first studies on this
topic. Nelson and Beargie were investigating thie between sodium and
glucose absorption (recall that the SGLT1 protkat ts responsible for glucose
absorption transports sodium and glucose in a&id)rwhen they noticed that

reduced blood flow in the abdominal aorta causeztiaction in glucose

19



absorption (24). This work on glucose absorptiod blood flow was
corroborated by Varro (25), who restricted bloahfldirectly to a section of
small intestine. Lichtenstein and Winne analyzedabsorption of 3-OMG and
encountered similar results (8). Ochsenfahrt faiwadl drug absorption was also
dramatically affected by blood flow (26), showirgt the absorption of many
substances may be negatively affected by reducextiiflow to the intestines.

However, this was not all that was found. Nelsot Beargie (24) found
two notable results:

i. Reducing blood flow causes a reduction in integtabsorption.

il. Restoring blood flow to normal from a reducedts does not
cause an immediate return to the rate of absorii@inwas in
place before the blood-flow reduction.

Measuring absorption during reduced blood flow #resh measuring
absorption during progressively increasing amoahtdood flow found that
absorption did not increase in proportion with téeirn of blood flow. This
implies that the initial reduction in blood flowda lingering effect on glucose
absorption after blood flow had been restored.s Ebintrasts with their findings
on blood-flow reduction, when blood flow is reducétere is a proportional
reduction in absorption. The fact that the resionaof blood flow does not cause
a simultaneously proportional return of absorptitay be due to the structure of
intestinal microcirculation and to its ability tasttibute blood flow in parallel,
rather than in series. The parallel distributibmeries allows the intestinal wall

to distribute blood flow away from the villi in ties of low blood flow (27). This
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implies that villus circulation, which has beenwinao be key in nutrient
absorption (5), may not be fully restored aftertrgzam blood flow (such as blood

flow in the mesenteric artery) has been restored.

2.4.2 The Competing Effects of Exercise and Famus@mption on Mesenteric
Blood Flow

Exercise causes a decrease in MBF, which may @atesguction in the
absorption of glucose. But what about the competiifect of food intake on
increasing MBF? Would that counteract the effbat £xercise may have in
regulating blood flow? Two of the studies previgusentioned attempted to
answer this question by including a prandial sessia the previously mentioned
study by Qamar and Read (19), the authors fourtddbd consumption
decreased but did not nullify the effect of exex@s MBF. (Protocol: treadmill,
5 km/h, gradient 20%, duration 15 minutes, 390 kecal/ided during first 10
minutes of exercise, MBF reduction found to beistiatlly significant 10
minutes post exercise). The previously mentionedysby Perko also used a
prandial session and confirmed a reduction in MBiewexercising in a prandial
state (20). (1000 kcal 40 minutes pre-exercisdjmy,c/5% VQ maxfor 30
minutes, 22% reduction in MBF during exercise anpgared to post-prandial
rest). Puvi-Rajasingham et al. found a 68% redadti MBF during exercise in a
fed state (28). (550 kcal 30 minutes pre-exeragejng at an incremental
difficulty of 25-75 watts for 9 minutes, 68% rediact from resting post-prandial

MBF). An experiment by Eriksen and Waaler (29)amtd results that
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contradicted the above findings. They found thetdtimulus to increase blood
flow due to food consumption overcame the effeaarcise and that the effect
of exercise on MBF was negligible even in the fagstate (30). (recumbent
cycling, 75% VQ max, 4 minute duration). These distinctly differemidings
could be explained by the duration of exercise use&hich experiment. As
Eriksen and Waaler mention in their paper, it isgdole that the duration of
exercise they used was not long enough to inisiatascular response. The
duration of exercise used by Eriksen and Waaleni(utes) was much shorter
than that used by Qamar and Read (15 minutes)pRe¢r. (30 minutes), and

Puvi-Rajasingham et al. (9 minutes).

2.4.3 Exercise Intensity and Mesenteric Blood Flow

A reduction in glucose absorption during exercias already been shown.
However, an intensity-dependent effect has not.ofthe experiments that
showed a reduction in glucose absorption useded fixtensity (19; 20; 28) and
did not allow for a comparison between high- ang-iotensity exercise. But
other experiments compare blood flow at varyingege intensities. Armstrong
et al. explicitly measured the effect that exerasensity has on blood flow and
distribution (31). They observed an intensity-degent decrease in blood flow to
the duodenum (a section of the small intestineithatediately precedes the
jejunum) during exercise. The change in blood fleas remarkable: a >90%
decrease as the body shifted from rest (83ml/mia/gkercise at V@max (7

ml/min/g). Unfortunately, the experiment was paried on miniature swine and,
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as described before in relation to the dog, theag be a strongly species-specific
response to exercise. The results found in theatoire swine cannot be directly
generalized to humans.

A study that is more applicable is a comprehensvesw of literature by
Rowell (1). He found a linear relationship betwéeart rate and reduced
splanchnic blood flow in humans (1). A combinatadrthe data that show that
reduced intestinal blood flow causes a reductiogluicose absorption and the
data from Rowell allows one to argue that a reduciin glucose absorption may

result from an increase exercise intensity.

Figure 2.t Effect of exercise intensity on splanchnic blotmhf as taken
from Rowell (1) pg. 128
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Fig.l. Decreases in splanchnic blood flow (SBF) with increasing oxygen
uptake (Vp,) (per kg of body weight) up to maximal oxygen uptake (V02
max) in three groups: MS, patients with pure mitral stenosis; Sed,
normal sedentary young men; and Ath, endurance athletes. Each line on
the left ends at the average Vg, max/kg of the group. On the right,

lines are superimposed when data is related to per cent of V., max.
Adapted from Rowell et al. (26,29,38) and Blackmon et al. (3)7
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2.5 Selection of Experimental Exercise Intensities

In light of the evidence described above, to diysmompare exercise
intensities accurately, the effects of duration andrgy expenditure must be
controlled. Otherwise, any difference betweentife protocols may be due not
to intensity, but to differences in duration or gyyeexpenditure. To match the
duration and energy expenditure of low-intensitgreise, high-intensity exercise
must be performed in intervals. Interval exergidéinvolve periods of high-
intensity activity interspersed with periods of kimtensity activity, so that the
total work performed is the same for each proto&wth the low- and high-
intensity exercise protocols must be obtainablgtergiven duration. Hetzler et.
al. found that there was a strong relationship betwblood lactate and Ratings of
Perceived Exertion during exercise (32). To enshmethe low-intensity protocol
is feasible for a sedentary male to perform comtirsly for an extended period of
time, the exercise intensity must be below thatviddal's ventilatory threshold.

With that in mind, ventilatory threshold would be excellent choice for
deciding on the exercise intensities to use inek®eriment. However, Rowell
(1) found that splanchnic blood flow was invergalgportional to % V@
consumption. The data from Rowell (1) show thareise intensity should be
based on V@maxto ensure that a shift of blood flow occurs. Téwperiment will
use ventilatory threshold to constrain the exerpre¢ocols to ensure that they are
feasible.

Studies investigating the intensity at which vexttity threshold occurs in

male subjects have generally reported an averaggngfrom 56% to 69% VO
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max. INbar et. al. found ventilatory thresholds of58 4.5% and 68.8 £ 5.3%
VO3 maxfor healthy males 20-30 years old and 61-70 yelakrsespectively (33).
Jones et. al. found ventilatory threshold to o@ts6 + 12% of VQnaxin a
sample of healthy males 15-71 years old (34). dtudy of younger (age 23.4 £
4.3) physically active men, Palka et. al. foundtitatory threshold occurring at
61.0 + 7.8% of V@ max (35).

In a clinical study, Hansen et. al. recommended ¥@4axas the lower
limit for the non-clinical population (the populati that is free from
cardiovascular impairment) (36). Using an intgnsft40% VQ max resfor the
low intensity-protocol will ensure that the intetyds below the lactate threshold
for the participants. Having a ventilatory threlshioelow 40% VQ maxWill be
part of the exclusion criteria for this experiment.

For previously described reasons, high-intensigrese must have a
work output equal to that of low-intensity exercigleile having an identical
duration. Interval exercise will allow a total Wwavutput that is similar to that of
the low-intensity exercise within the same duratbtime, while still exposing
the subject to higher exercise intensities. A jpnesly performed pilot study
uncovered two limitations on the actual implemeatadf high-intensity interval
exercise on a mechanically braked cycle ergomeétaesistance of
approximately 20% of the resistance used to ach#€emax (VO2 max re} is the
lowest functional resistance on the mechanicalikéd cycle ergometer; any less
resistance causes inefficiencies because the wpe ahead of the pedals.

Efficiently and consistently changing the resistana the bike takes time;
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minimizing the number of resistance changes woalteht the consistency of the
study. Using this information, an exercise protaf®0% VO, max resfor 3
minutes, followed by 100% V&haxresfor 1 minute was defined. The low- and
high-intensity exercise protocols have an identsarage work output, to help
ensure that the protocols involved equivalent calexpenditures.

Pilot testing that compared the high- and low-istgnprotocols described
above found similar caloric expenditures. The higbnsity protocol was found
to have a higher caloric expenditure by 3.7% +9%.fh=6, p = 0.63).

All subjects were able to complete both protocais], anecdotally, most

subjects stated that the high-intensity protocd tiee more enjoyable of the two.

2.6 Summary

Glucose is absorbed both actively and passively, megardless of the
path of absorption, glucose absorption dependsiequate blood flow to achieve
maximal absorption. The absorption of glucose feomeal occurs over several
hours (>4 hours). Exercise decreases blood flotgsplanchnic region in an
intensity-dependent fashion. This reduction irodlélow to the intestinal region
is associated with a reduction in glucose absanptiexercise has been shown to
decrease both mesenteric blood flow and glucosarptien at high exercise
intensities. Blood flow to the mesenteric regiaesl not immediately return after
exercise ceases. In addition to the delay ingék®oration of mesenteric blood
flow, microvilli circulation may be further delayed his microvillus circulation

is key in supporting optimal glucose absorptiomede delays suggest that the
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decreases in glucose absorption that have beenveldsduring exercise may

continue after exercise.
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3- METHODS

3.1 Participants.

Fifteen young (20-35 years of age) men were resiuibr this study.
Participants had no known condition of the heargr| digestive tract, or
endocrine system. They had not been diagnosetidbetes or other glucose
regulatory disorder, and they did not have famigtdries of glucose regulatory
disorders. They were weight stable (no self-reggbveight fluctuations of more
than 5 pounds in the past 3 months) and were kivig@ny prescribed
medications. Subjects did not currently use tobgroducts and were required
to abstain from consuming alcohol for 5 days be&aeh study day.

Initially, only sedentary individuals were recrateSedentaryvas
defined as patrticipating in no more than 1 planB@aninute-or-longer bout of
physical activity per week. However, in prepamatior this experiment, a pilot
study on active individuals was conducted usinglantical exercise and oral
glucose tolerance test (OGTT) protocol used inshisly, but did not measure
intestinal permeability. This pilot work suggestetbwer area under the blood-
glucose curve after high-intensity exercise conghéoeafter low-intensity
exercise (1). This difference in glucose was nanhtl between exercise protocols
in the initial group of sedentary participants (&onsequently, the inclusion
criteria were modified to also include physicaltfige maleqphysically active
was defined as engaging in 2 or more 30-minutexngér bouts of physical
activity per week). Seven participants were cfassias sedentary, and eight

were classified as active.
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3.2. Body composition assessment.

Body composition assessment was performed by hiadiosveighing.
Vital capacity was assessed using a spirometertivitparticipant submerged up
to the neck in water. Vital capacity measurememe taken repeatedly until 3
measurements were taken showing a range of les®ft200 mL. Vital capacity
was taken to be the average of these three vaResidual volume was
calculated to be 0.24 of measured vital capacity (.hderwater weighing was
done at residual volume. Body fat was calculatgdgithe Brozek formula (4),
and measurements were taken until 3 measuremenigdta variation of less

than 0.5% body fat. Body fat was taken to be thezage of these three values.

3.3. Cardiorespiratory fitness assessment.

Participants underwent a graded exercise test\dorark Ergomedic
884E cycle ergometer. Participants were requimeddintain a cadence of 60-65
RPM throughout the test. This cadence was seléased on previous research
into the preferred cadence of untrained individ&)s Resistance began at 0.5
Kp and was increased by an additional 0.5 Kp etlese minutes. Testing was
terminated on volitional failure or if the subjeeas unable to maintain 60 RPM
for any 5-second period. Metabolic data was measusing an open-circuit
spirometer (a Parvomedics Truemax 2400 metabolasmement system). Heart
rate was measured using a Polar T31 heart ratetcanoniO, peak was taken as

the highest 30-second average observed duringgesiihe maximum resistance
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(max-res) reached and maintained for a period gréladn or equal to one minute

was recorded for future use during the exercisepots.

3.4. Experimental Protocol.

Each participant was required to perform 3 diffétest sessions. The
order in which the test sessions was performedraradom. Test sessions were
performed at least 4 days apart. The participaete asked to come to the lab
after a 10-hour overnight fast and having not carediany food or beverages
that morning.

The participants were instructed to rest for thet B0 minutes after
arriving at the lab. After this rest period, théeirvention (rest, low-intensity
exercise, or high-intensity exercise) was performélde intervention lasted for
45 minutes (a 5-minute warm-up plus a 40-minuterirgntion). Fifteen minutes
after completing the intervention, the participantse asked to void their
bladders. They then consumed an oral glucoseataterbeverage (Trutol®, 759
of glucose) with added lactulose (5g), mannitol)(3gO-methyl-glucose (3-
OMG)(5g), and ¢’ labeled glucose (25mg). Théabeled glucose was
packaged with 15g glucose, bringing the total amofiglucose consumed to
90g.

For the rest intervention, subjects sat quiethyefd5-minute period. This
accounted for the 5-minute warm-up and 40-minutg@se intervention used in
the other two tests. On the exercise days, thenwgr consisted of cycling at 60-

65 RPM against no resistance. During the low-isitgrexercise intervention, the
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subject cycled at 40% of his previously recorded ¥Qresat 60-65 RPM for 40
minutes. The high-intensity exercise interventiaswomposed of 10 intervals,
each 4 minutes in duration. Each interval begdh airesistance of 20% of VO
max resfOr 3 minutes and was then followed by 1 minut@@% VQ max res
Participants did not rest between intervals. Titervals of the high-intensity
intervention exposed the participant to high inies while matching the average
resistance (40% V& hax re Of the low-intensity intervention.

Subjects were given 250 mL water when they arratetthe lab and 250
mL 1 hour after they consumed the glucose beveragelitionally, subjects were
given a Chocolate Ensure® meal replacement bevéAdaett Laboratories,
Saint-Laurent, Quebec) 2 hours after they consutmedlucose beverage. The
meal replacement was given to reduce hunger asttalardize food
consumption, since subjects were required not tswme food or beverages
outside of the lab from the morning until the fin@ine collection. Two
participants displayed symptoms of reactive hypogtyia as defined by having a
blood glucose below 3 mmol/L 2-4 hours after a laglcose load. All incidents
of hypoglycemia occurred 3.5 hours after participamonsumed the OGTT
beverage (1.5 hours after they consumed the mglalcement beverage). Upon
identification of hypoglycemia the participants e@mmediately provided a meal
(chosen by convenience, Sukiyaki Beef produceddry Fapan restaurant,
approximate nutritional information: 80g carbohydral 69 fat, 32g protein).
One of these two participants (classified as aftigplayed signs of reactive

hypoglycemia during the rest session, and his r@mgisessions were symptom
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free. The other participant (classified as sedghtiisplayed signs of reactive
hypoglycemia for the rest session and the low-sitgrsession, with his high-
intensity session being symptom free. Both subje&re requested to consult a
physician regarding these symptoms. The partitgparre allowed to continue
testing on the condition that they remain at ouilifs for observation until
testing was complete and the protocol allowed tteebreak their fasts.
Following these incidents, all participants werstincted to break the protocol
and eat if they experienced signs of hypoglycesiglf as dizziness, weakness,
tingling, or tremors). No other subjects repoggthptoms or broke their fasts.
This consumption of food during the period betwksawving the lab and
collection of the last urine sample would affea 8hour urinary lactulose /
mannitol and 3-OMG measures.

Due to testing difficulties (the exclusion of 3-OMf&m a limited number
of test solutions, described in further detailhe £xamination of 3-OMG results)
both of the subjects that experienced reactive glypemia are excluded from 3-
OMG analyses entirely. Statistical analysis ofrém@aining 5-hour intestinal
absorption measures was done including and exgutimincidents of food
consumption.

3.5. Measures.

Small intestine permeability was measured by uyieacretion of
lactulose and mannitol (as well as their ratiotubase / mannitol). Lactulose is a
reliable measure of paracellular absorption whiganitol is representative of

transcellular absorption (6). Nutrient absorptwam be effectively measured by
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measuring 3-OMG (7; 8), particularly glucose absorp(9). However, recent
research in pediatric patients with short boweldsgme has shown that 3-OMG
absorption is also correlated with fat and protdsorption (10). Another study
analyzing nutrient absorption in surgically shoe@mat intestine found little
correlation between 3-OMG absorption and carboltgdabsorption but
significant correlation between protein absorptioa 0.70) and fat absorption (r
=0.67) (11). Urinary lactulose, mannitol, and B¥G were quantified via HPLC
(12). Coefficients of variation for the HPLC metlobogy for mannitol, lactulose
and 3-OMG are 2.5, 1.76 and 5.6 respectively. fBriarine was filtered through
a 0.4m filter. The filtrate was then diluted, deionize@ehd injected into a Dionex
MA-1 ion exchange column. The sample was eluted 400 to 600 mmol

NaOH at a low rate of 0.4 mL/min. Detection waseaising pulsed
amperometric detection on a Dionex HPLC and quantifising peak areas. The
intestinal permeability markers were provided akdg an oral glucose tolerance
beverage. The purpose of this was to provide tinkdsnmeasurements alongside a
reproducible nutrient load with the additional bienaf obtaining OGTT data.
However, the addition of glucose to the intestpaimeability measures has been
shown to modulate their absorption. Debru et&lf¢gund that a 1.5 molar
glucose solution decreased the lactulose / mamaitl as compared to a control
(0O molar glucose) solution. Additionally, 3-OMGsaioption was found to
decrease in the presence of 1.5 molar glucose¢hbutecrease was not
statistically significant (8). The solution proedlin the present study had a 1.7

molar glucose concentration.
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Capillary blood glucose concentrations were meabuig finger prick
with a One Touch Ultrasmart (LifeScan, Milpitas, YJ#lood glucose meter. All
blood glucose measurements were taken in dupliaatethe average was used
for analysis. If the duplicate measures exhibéetifference greater than 1
mmol/L, a third measure was taken, and the avarvhgh three measures was
used for analysis. Measurements were taken imiedgisefore the exercise or
rest intervention, at 33 minutes during the intatia@, and 10 minutes after the
intervention. Additional measures were taken 1645, 60, 90, and 120 minutes
after consumption of the glucose solution (seedahl).

Blood lactate measurements were taken with a teétad" blood lactate
test meter (Arkay Inc., Shiga, Japan) via fingéckor Measurements were taken
33 minutes into the exercise or rest interventiothl® and 135 minutes after the
exercise or rest intervention. All measures wekertan duplicate, and the
average was used for analysis.

Average energy expenditure and RER were measiiad a metabolic
cart. Measures were taken to be the average di@mnanute span. During
performance of the high intensity exercise intetienthe average was taken to
be the average of 3 complete intervals (12 minutEslergy expenditure was
calculated using the modified Weir equation (13).

A 150mm visual analog scale was used to measbjecive ratings of
desire to eat, hunger, fullness, and prospectiod tmnsumption (14; 15).
Measures were taken immediately before the exeocisest intervention,

immediately before participants drank the glucadatson and 30, 60, and 120
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minutes after participants consumed the glucosgisaol These measures were
used to identify any possible exercise-induced ghain appetite that have been
identified in previous studies (16).

Immediately before subjects consumed the gluceserbge, they were
requested to void their bladders (this urine wascotiected). Urine was then
collected 2 and 5 hours after subjects drank threfage. Urine was collected in
jugs containing 5 mL of a 10% thymol solution dised in isopropanol (used as
an antibacterial agent). Two hours after they ooresd the beverage, participants
were asked to void their bladders into a collecfign This sample was
immediately weighed, then a 10 mL sample was rechavel stored at -80°C.
The jug containing the remaining urine was thergydieon ice until 5 hours post
beverage consumption. At 5 hours after the paditis had consumed the
beverage, they were again asked to void their lglachdo the collection jug.
Again, the weight of the jug was recorded and anLGsample was stored at -

80°C.
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Table 3.1.Experimental Session Timeline

Time Activity Measures
Metabolic
Blood Blood cart data Hunger and Urine
glucose lactate collected (15 appetite collection
min.)

Subject given
250mL water, rests
Begins warm-
up/rest

Begin exercise/rest
intervention

60 min. X

0
30 min.

35 min.

68 min. X X

End exercise / rest
intervention

85 min. X X X

Void bladder.
90 min.  Consume glucose
solution

75 min.

105 min.
120 min.

135 min.

Consume water

150 min. (250 mL)

x X X X X

180 min.

Provide meal
210 min. replacement X X X X
beverage

390 min. X

3.6. Statistical analyses
Students’ T-Tests (independent) were used to iyestrtistically significant
differences in baseline characteristics betweemvbegroups (sedentary vs.
active). A mixed between-within subjects ANOVA(smlot ANOVA) was done
to compare the effects of exercise interventiordsgarticipant groups on exercise
measures.

To analyse the relationships between experimeatal flom all three

interventions, a mixed between-within subjects ANOEplit-plot ANOVA) was
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used. This allowed the simultaneous analysis tféen-subject (sedentary vs.
active) and within-subject effects (rest vs. loweimsity vs. high-intensity) and the
analysis of any possible interaction effects betwegerimental condition and
participant group. Pearson correlation coeffigemére calculated to measure the
strength of the associations among variables.

Statistical analysis was performed using StatisAcelysis System (SAS)
software (version 9.1.3) using the proc gim funtti®dna of 0.05 was used to

identify statistical significance.
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4- RESULTS

4.1 Participants

The participants who were considered physicalliwacchieved a

significantly higher VQ peak and a higher workload during initial subjesting

(p < 0.05). No other differences, including hejgiight, and % body fat,

reached statistical significance (Table 4.1).

Table 4.1Participant characteristics

Sedentary Active
p value
n=7 n=238
Age (years) 29+5.2 26.6 £4.6 0.696
Body mass (kg) 77.2+12.0 78.4£8.8 0.748
Height (cm) 179.2+45 179.8+7.7 0.832
BMI (kg/m?) 24.0+2.9 24.3+2.0 0.726
% Body fat 16.4+£6.9 124 +6.3 0.204
Fat free mass (kg) 63.5+£9.9 68.6 £5.3 0.230
VO, peak (mL Q-kg
14 39.5+6.9 52.2+5.6 0.005
‘min-)
Resistance at V£peak
3.7+0.6 5.1+0.7 0.0004

(kp)

BMI= body mass index
Results shown as mean + SD
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4.2 Comparison of Exercise Interventions

A comparison between the high-intensity and lotemsity interventions
(Table 4.2) found that the high-intensity sessioodpced a higher level of blood
lactate during and 10 minutes after exercise (08)Qbut not 2 hours 15 minutes
after exercise. There were no statistically sigalffit differences in blood lactate
between active and sedentary subjects at any ditae times; consequently,
their results have been pooled in Figure 4.1. ghificant group-by-intervention
interaction was observed for blood lactate 2 hda@rsinutes after exercise (p <
0.05): blood lactate concentrations were highéhéactive subjects following
low-intensity exercise but were lower following hightensity exercise (as

compared to measures of sedentary participantd)d #a2).

10

—e— Low Intensity Session
4 - —=— High Intensity Session

Blood Lactate (mmol/L)

33 minutes 10 minutes 2 hours 15

into exercise post exercise minutes post

intervention intervention exercise
intervention

Figure 4.1 Blood Lactate (Error bars = SD)

* = statistical difference between exercise intatiens (low intensity vs. high
intensity) (p < 0.05)

Groups pooled in figure
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Table 4.2Comparison of Exercise Interventions

. Between-  Within- .
. Sedentary Active Overall . Interaction
Measure and session - _ _ Groups Subject
n=7 n=3=8 n=15 Effect
Effect Effect
; ; Low 3.06+156 286+166 2.96+1.56
_Bltood Ia:_:tate durlrlwg/; I(_exeruse | 0.4913 <0.0001 0.7146
intervention (mmol / L) High 7.59+3.18 6.26+25 7.11%2.71
Blood lactate 10 minutes post | oy  1.85+1.17 1.94+0.78 1.90+0.95
exercise intervention (mmol / _ 0.6400 <0.0001  0.2519
L) High 5.39+2.94 4.46 +1.86 4.89 +2.38
Blood lactate 2 hours 15 Low 2.31+1.03 243+1.09 2.38+1.03
minutes post exercise _ 0.2440 0.1734  0.0117
intervention (mmol / L) High 3.51+1.88 2.02+0.61 2.72+1.51
Mean respiratory exchange Low 0.92 +0.06 0.93 +0.02 0.92 +0.04
ratio during exercise _ 0.6408 <0.0001  0.3461
intervention (CQL /O, L) High 1.00 £ 0.04 0.98 + 0.06 0.99 £ 0.05
Mean respiratory exchange | oy  0.91+0.07 0.93+0.04 0.92+0.05
ratio 1 hour 15 minutes post
S . 0.5821 0.0136 0.9904
gxel_f)c'se intervention (CA/ High 0.87+0.04 0.89+0.06 0.88+0.05
2
Average energy expenditure | oy  7.35+1.41 9.27+1.21 8.38+1.60
during exercise intervention _ 0.0015 0.0405  0.4260
(Kcal / min) High 7.74+0.88 10.11+1.09 9.00+ 1.55
Average energy expenditure 1 | oy  153+024 1.57+0.17 1.55+0.20
hour 15 minutes post exercise 0.2471 0.4203 0.6716
intervention (Kcal / min) High 1.50+£0.19 1.58 £0.12 1.55+£0.15

Results shown as mean + SD



In spite of being matched for work output, a witkirbjects effect was
found when examining average exercise intervergimrgy expenditure (p <
0.05), with low intensity exercise found to have.@% lower energy expenditure
(Table 4.2). A between-subjects effect of 28% alas found when we examined
intervention energy expenditure (p < 0.05) (TabR).4A difference in
intervention energy expenditure between subjeatggavas expected, given that
there was a 37% difference in resistance at p€ak between groups (p < 0.05)
(Table 4.1), which is the measure by which the @gerinterventions’ intensities
were calculated. No statistically significant diénce was found for average
energy expenditure 1 hour 15 minutes post exerdi$e. average energy
expenditure was averaged from the 15 minutes thestuwas on the metabolic
cart, and therefore does not take into consideratiaess post-exercise oxygen
consumption and if there was greater efficiendphatbeginning of the
intervention. The respiratory exchange ratio veasfl to be higher during high-
intensity exercise (p < 0.05), but lower 1 houmiiutes after (p < 0.05) high-

intensity exercise as compared to after low-intgrestercise (Figure 4.3).
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During
Intervention

One Hour 15
Minutes Post
Intervention

Figure 4.2 Respiratory exchange ratio, comparison of exersessions
(Error bars = SD).
* = statistically significant difference betweerssmns (p < 0.05)
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4.3 Primary Outcomes

The statistical analysis of intestinal absorptiosasurements was done
twice: once including the subjects (one sedentadyane active) who displayed
reactive hypoglycemia during testing and once aknolyithese subjects (Tables
4.3 and 4.4, respectively). There was no chanfjedmgs between the two
statistical analyses.

No statistical difference was found for percentdémse excretion (Figures
4.4 and 4.5) between interventions or subject ggoWpbetween-subjects effect
was found for 2-hour percent mannitol excretior @.05): active participants
had an approximately 50% (range: 31-66%) highermtalnexcretion in all three
sessions (Figure 4.6). No statistically significdifferences were found for the
lactulose / mannitol ratio (Figures 4.7 and 4.8).

Due to an error during the preparation of the bayes, 3-OMG was not
consumed for 8 of the 45 test sessions. This dedd subjects (1 classified as
sedentary, 3 classified as active) from 3-OMG asialyThe participants who had
observed symptoms of hypoglycemia are part of thesgbjects, thus a
secondary analysis excluding this population wdsemuired.

No statistically significant between-groups or witsubject differences
were found in our measurements of 3-OMG. Howea@roup-by-intervention
interaction was found for the 5-hour 3-OMG meagpre 0.05) (Table 4.5,

Figure 4.9).
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Table 4.3Intestinal Permeability Measures (urinary lactelasd mannitol) Including Subjects with Observegdétlycemia

Sedentary Active Overall Between W'th'n Interaction
n=7 n=_8 n=15 Groups Subject Effect
Effect Effect
Rest 0.381 +0.192 0.545 +0.366 0.468 + 0.300
Urinary 2 hour Low 0. 348 +0.274 0.442 +0.209 0.398 + 0.237 0.4558 0.2169 0.5038
lactulose High 0.349 +0.272 0.381 +0.278 0.366 + 0.266
(percent Rest 0.741 + 0.361 0.863 +£0.721 0.806 + 0.565
excretion) 5 hour Low 0.634 + 0.455 0.898 + 0.575 0.775 + 0.522 0.5001 0.8524 0.6980
High 0.693 + 0.415 0.797 £ 0.396 0.748 + 0.394
Rest 3.882 +1.436 6.455 + 2.609 5.254 + 2.460
Urinary 2 hour Low 3.820 +0.985 5.787 + 2.681 4.869 + 2.245 0.0404 0.3321 0.2831
mannitol High 3.929 + 0.847 5.141 +1.550 4,575 +1.379
(percent Rest 12.722 + 4.029 19.351 + 8.848 16.258 + 7.604
excretion) 5 hour Low 13.310 + 3.516 17.007 + 8.064 15.282 +6.438 0.1568 0.1403 0.1787
High 12.537 +3.130 14.885 + 4.926 13.789 +4.219
Rest 0.10310 £0.04317 0.08408 +0.04514  0.092004374
Urinary 2 hour Low 0.09206 £+ 0.06930 0.08272 +0.04114  0.08708056411 0.4429 0.5647 0.8788
lactulose / High 0.09042 +0.06247 0.06794 +0.04131  0.0784305158
mannitol Rest 0.06035 +0.02459  0.04667 +0.02808 0.0530H2652
ratio 5 hour Low 0.04800 £0.03057  0.05032 +0.02440  0.049240264M5 0.6439 0.4858 0.5403
High 0.06137 £0.04347  0.05439 +0.02386  0.0576508328

0S

Results shown as mean + SD



Table 4.4Intestinal Permeability Measures (urinary lactalasd mannitol) Excluding Subjects with Observegdtyycemia

Sedentary Active Overall B(;artc\;\ilepzn ;Vu' LT(';:,[ Interaction
n==6 n=7 n=13 Effect Effect Effect
5 Rest 0.347 £0.186 0.575+0.384 0.470 £ 0.320
Urinary hour Low 0.284 +0.237 0.453 £ 0.223 0.375+0.236 0.1961 0.1841 0.4083
lactulose —  High 0.277 £0.212 0.397 £ 0.296 0.342 + 0.258
(percent 5 Rest 0.703 £ 0.379 0.982 + 0.690 0.853 £ 0.564
excretion) hour Low 0.585 +0.478 0.908 + 0.620 0.758 + 0.562 0.2085 0.4877 0.6394
— High 0.580 + 0.314 0.808 + 0.426 0.703 + 0.382
5 Rest 3.782 £ 1.547 6.457 £+ 2.818 5.222 +2.626
Urinary hour Low 3.620 £ 0.911 5.518 £ 2.777 4.642 £2.274 0.0399 0.3055 0.2918
mannitol — High 3.886 + 0.920 5.225 + 1.655 4.607 +1.485
(percent 5 Rest 12.486 + 4.361 18.326 £ 9.030 15.631 £ 7.608
excretion) hour Low 13.760 £ 3.624 16.309 + 8.445 15.133 £6.548 0.1854 0.2897 0.3515
—  High 12.918 + 3.246 14.654 £ 5.274 13.853 +4.371
5 Rest 9.852 + 4.539 8.882 + 4.656 9.329 £ 4.436
Urinary hour Low 8.314 +7.137 8.774 £4.172 8.561 +5.476 0.8562 0.5172 0.7874
lactulose / =  High 7.435 +5.011 6.918 + 4.447 7.156 + 4.519
mannitol 5 Rest  0.05897 £0.02664  0.05315 +0.02300  0.05583 +3862
ratio hour Low 0.04139 £0.02744  0.05211 +0.02579 0.04716 +6DB2 0.8320 0.5586 0.7313
— High 0.04931 £0.03231  0.05594 + 0.02534  0.05288 +1{X 02

Results shown as mean + SD
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Figure 4.4 Two-hour percent urinary excretion of lactuloBer¢r bars = SD)
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Figure 4.5 Five-hour percent urinary excretion of lactul¢&eror bars = SD)
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Figure 4.6 Percent urinary excretion of mannitol (Error barSD)
* = statistically significant between group (sedaewtvs. active) difference for 2-
hour measurements (repeated measures ANOVA, p5 0.0
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Figure 4.7 Two-hour lactulose / mannitol urinary excreti@io
(Error bars = SD)
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Figure 4.8 Five-hour lactulose / mannitol urinary excretratio
(Error bars = SD)

Table 4.53-O-methyl-glucose (percent excretion)

Sedentary Active  Overall Between W'th'n Interaction
Groups Subject

n==6 n=>5 n=11 Effect Effect Effect
Rest [185% 9748+ 8350%
3.772 1.631  3.157
2 8.083+ 8.805+ 8411+
hour O 2000 576 50p 02285 09806  0.4929
High 7489 9695+ 8492+
9 2.507 2575  2.669
Rest 25293t 30076+ 27.467
7.037 3.921 +6.095
5 28.954 + 24.467 + 26.915
hour L% 370, 6047 +ea1s 07551 03790 0.0104

Hiqn 27526+ 29.885% 28598
9 3.482 2965 +3.331

Results shown as mean + SD
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Figure 4.9 3-OMG percent urinary excretion (Error bars = SD)
statistically significant interaction effect fortsur measurements (repeated
measures ANOVA, p < 0.05)

Because differences in urinary volumes betweeri@essvere found (p <
0.05) (Table 4.6), cross-sectional analysis wagdonnvestigate whether
intestinal permeability and absorption measuremaste correlated with urinary
volume during the resting sessidNo statistically significant correlation was
found between urinary volume and measurements@dtinal permeability and

absorption (Table 4.7).
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Table 4.6 Total 5-Hour Urinary Volume

5-hour . Between Within .
urinary Send?n7tary 'Ar‘]CEVBG Cr:v_erlaSII Groups  Subject Intéfrfaécéttlon
volume B B B Effect Effect
Rest 657.4 + 728.0+ 695.1+
254.9 326.7 287.3
514.9 + 4493+ 4799+
Low 2433 161.4 198.9 0.6310 0.0040 0.3445
Hiah 385.5 + 525.2+ 460.0 =
9 121.6 2907  231.9

Results shown as mean + SD

Table 4.7Pearson Correlation of Urinary Volume with Measwemtestinal
Absorption (measurements as taken 5 hours aftgecgbconsumption of

glucose beverage, for the rest sessions only)

3-OMG Lactulose Mannitol Lactulose
n=15 fractional fractional fractional / Mannitol
excretion excretion excretion ratio
; r 0.2344 0.1427 0.2623 -0.1697
Urinary volume 0.4003  0.6120  0.3449  0.5454
3-OMG fractional r 0.06123 -0.4872 0.3017
excretion p 0.8284 0.0655 0.2745
Lactulose fractional r 0.4746 0.6476
excretion p 0.0739 0.0090
Mannitol fractional r -0.2994
excretion p 0.2783

4.4 Secondary Outcomes

No statistical difference between groups and uaetions was found for

peak or area-under-the-curve measurements of lgjocdse (Table 4.8, Figure

4.10). As shown in table 4.8, the active subjemsléd to have lower peak
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glucose levels and glucose areas under the cunvéhd difference failed to reach
statistical significance.

A statistically significant (p < 0.05) within-sulgjeeffect was found in the
respiratory exchange ratio during and post intetfeas. (Table 4.8). No
statistically significant difference (group or intention) was found in energy

expenditure as measured 1 hour 15 minutes posvaniton (Table 4.8).

—e— RestSession
- - Low Intensity Session

-4~ HighlIrtersity Session

Blood Glucose (mmaliL

3 T T T T T T T T T T T T

-5 m 28 40 88 Y00 8% 100 113 130 145 160 175 190

Minutes from start of intervention(rest ar exercise)

Figure 4.10 Blood glucose (sedentary and active groups pdoled
shaded section = 40 minute rest, low intensityigh Intensity exercise
interventions

vertical line = consumption of glucose beverage
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Table 4.8Metabolic Measures

8G9

. Between- Within- Interaction
Session Sendgn7tary Ar‘]CEVg (r)‘v_erlaél Groups Subject Effect
Effect Effect
Peak Rest 8.1+1.0 7310 7710
(mmol/L-min) Lc_)w 85+21 7.0+0.9 7.7+1.7 0.0557 0.441 0.4306
Blood High 7.8+0.7 7.0+0.5 7.4+0.7
glucose AUC Rest 812.0+1125 733.0+99.8 769.9+109.9
(mmol/L-min) L<_)w 866.0 +179.2 723.8+89.7 790.1+152.2 0.0569 0.3934 0.3318
High 802.0 + 65.2 722.6 +60.8 759.7 £ 73.2
Rest 1.30+0.13 1.33+£0.13 1.32+0.13
Average intervention Low 7.35+1.40 9.27+1.21 8.37+1.60 0.0021 <0.0001 0.0006
energy High 7.74 £0.87 10.10+1.08 9.00 £ 1.55
expenditure Rest 1.49+£0.25 1.54 +0.13 1.52 +£0.19
(Kcal/min) intervention Low 1.52+£0.23 1.57£0.16 1.55+0.19 0.2099 0.2702 0.8630
High 1.50+0.18 1.58 £0.12 1.54 +£0.15
Rest 0.82 £0.05 0.83+0.03 0.83 +0.04
Respiratory  intervention Lc_)w 0.92 +0.05 0.92 +0.02 0.92+0.03 0.7983 <0.0001 0.6596
exchange High 0.99 +0.41 0.97 +0.06 0.98 + 0.05
ratio Rest 0.88 +£0.03 0.90 £ 0.02 0.90 +0.03
intervention Lc_)w 0.90 + 0.06 0.93+0.03 0.92+0.05 0.3766 0.0306 0.9658
High 0.87 +£0.03 0.88 + 0.05 0.88 + 0.04

Results shown as mean + SD

AUC = area under the cuve



Between-groups differences were found in regasdhtmus subjective
appetite ratings. Statistically significant diteces were found between groups
for peak desire to eat (p < 0.05), area-under-timeecdesire to eat (p < 0.05),
peak hunger (p < 0.05), area-under-the-curve huipger0.05), peak prospective
food consumption (p < 0.05), and area-under-thgecprospective food
consumption (p < 0.05) (Table 4.9). Means forgheviously mentioned
measurements of hunger were found to be highdéemadttive group for all

conditions (Table 4.8).
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Table 4.9Subjective Appetite Ratings

Sedentary Active Overall Between- W'th.m' Interaction
n=7 n=8 n=15 Groups Subject Effect
Effect Effect
Peak Rest 7.02 +2.33 10.78 £ 2.73 9.03+3.13
(cm) L(?W 6.60 + 2.04 9.40 +£2.52 8.09 + 2.66 0.0051 0.4589 0.6725
Desire to eat High 6.04 + 2.49 10.19 + 3.54 8.26 + 3.68
AUC Rest 1028.23 +414.31 1600.20 + 549.74 1333.288t4856
(cm-min) LQW 892.60 + 348.55 1297.65 + 597.85 1108.63 +923. 0.0303 0.1157 0.6958
High 774.62 + 408.64 1374.12 + 579.26 1094.36 +858
Peak Rest 7.53 +2.09 10.45 + 2.60 9.09+2.74
(cm) L(?W 7.71 +1.56 10.48 +1.73 9.19+2.14 0.0018 0.7771 0.4789
Hunger High 6.59 + 1.88 10.75 £ 2.57 8.81 + 3.07
AUC Rest 1092.56 + 345.48 1509.87 + 526.50 1315.136048
(cm-min) L(?W 1035.55 + 298.44 1368.19 + 443.04 1212.96 £207 0.0200 0.3285 0.3591
High 803.52 + 346.74 1455.15 + 495.96 1151.06 +436
Peak Rest 5.60 +2.44 5.12 +3.95 5.35+3.23
(cm) LQW 6.00 £ 1.35 499 +2.94 547 £2.32 0.5271 0.9520 0.8503
Fullness High 6.10 £ 2.95 4.98 +2.90 5,50 +2.87
AUC Rest 756.48 + 412.35 577.22 + 589.21 660.88 + §05.0
(cm-min) LQW 821.13 + 327.86 535.86 + 384.89 668.99 + 376.61 0.2032 0.9498 0.7214
High 808.78 + 484.89 491.45 + 266.77 639.54 + 483.9
Peak Rest 8.27 +1.43 11.60 +1.89 10.05 + 2.37
Prospective  (cm) L(?W 8.38 +1.01 11.52 + 2.04 10.05 + 2.26 0.0005 0.1724 0.3531
food High 7.43 +0.84 11.43 £1.95 9.56 +2.54
consumption AUC Rest 1297.35 + 199.39 1834.62 + 442.67 1583.898t143
(cm-min) L(?W 1230.48 + 182.80 1721.98 + 509.11 1492.61 +456 0.0108 0.1069 0.7271
High 1132.97 +177.48 1725.42 + 501.51 1448.94 238

Results shown as mean + SD
AUC = area under the curve



5. DISCUSSION

5.1 Discussion

The study presented in this thesis is the firgxamine the effect of
exercise intensity on intestinal permeability alnel &bsorption of a glucose
solution after exercise. Our primary hypothesis wat confirmed; no significant
changes were found in 5-hour urinary lactulose,mah lactulose / mannitol
ratio, or percent 3-OMG excretion following low- loigh-intensity exercise
compared to a resting condition.

Previous studies have shown that markers of glugbserption and
intestinal permeability can be reduced by exerofse sufficient intensity (1; 2).
However, there are important differences betweendlstudies—in which a
reduction was found—and the current study. Inghisly, the solution in which
the intestinal markers were provided was diffethan in previous studies. Lang
et. al. (2) provided the absorption markers in watet alongside additional
nutrients. In the van Nieuwenhoven study, absonptinarkers were dissolved in
a carbohydrate-electrolyte solution that providesirall quantity of additional
nutrients (0.14g carbohydrate kgodyweight, 0.42mg amino acids kg
bodyweight) (1). In our experiment, the absorptioarkers were provided in an
OGTT beverage (909 glucose). A glucose load afitignitude can affect
measurements of intestinal absorption. Debrul éuad that a 1.5 Mol glucose
solution decreased the lactulose / mannitol rattb@used a small, statistically

insignificant decrease in 3-OMG absorption in thie(8). The absorption
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markers in this study were provided in a 1.7 Maoicglse solution. There is a
sharp contrast in the percent excretion of 3-OM@vben Lang et. al. (45.4%)
(2), van Nieuwenhoven et. al. (46.6%) (1), and stigly (27.5%) (all values are
from the rest condition of the respective experite@md were collected over 5
hours). The scale of these differences is sinddhat found by Debru et. al, who
found a ~50% percent excretion in relation to adl lucose solution and a
~34% percent excretion in relation to a 1.5 Molcglse solution; however, as
mentioned previously, these differences were nmdao be statistically
significant (please note that 3-OMG measurements wely provided in figure
format in that paper, and thus the numbers provigied are estimations based on
that figure) (3). Given that additional glucos@ caodify intestinal absorption
measurements, it is unknown if this effect woulddulate the effect that exercise
has on intestinal absorption measurements.

The exercise intensities used in our experimefeddramatically from
those used in Lang et. al. (2) and van Nieuwenheteal. (1). Both the Lang
and van Nieuwenhoven studies involved continuo@saese and, in that aspect,
are comparable to this study’s low-intensity ingertton. The highest-intensity
exercise protocol used by Lang et. al. involved@ge at 70% V@ax for 60
minutes. The exercise protocol in the van Nieuw®eh study was exceptionally
difficult, representing a greater than 80% Mg intensity for 90 minutes. No
participants in the van Nieuwenhoven study were &bmaintain the prescribed
intensity; participants required an average reduadt intensity of 11% to

complete the 90 minute protocol. The duration iabtehsity in our experiment
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were restricted to ensure their successful congridiy sedentary individuals.
The low-intensity / continuous intervention useaur experiment involved
exercise at 40% V&haxfor 40 minutes. The high-intensity interventioasv
constrained to match both the work output and camadf the low-intensity
session and was thus composed of intervals. Theval nature of the high-
intensity intervention does not allow for an eagynparison to the continuous
protocols found in other experiments. The higlemsity intervention was 40
minutes long and switched between 20% and 100%\Qntensity. During the
high-intensity intervention, participants accumethf0 minutes of activity at
100% VQ maxintensity. Few, if any, of the studies reviewedhis thesis
approached a relative intensity this high. Thigasure was expected to reduce
mesenteric blood flow. Both the Lang and van Niealoven studies involved
exercise interventions of much greater durationvaork output, both of which
may affect mesenteric blood flow and intestinalopson capacity. The
workload and durations were lower in our study, dldwed low-intensity and
high-intensity to be matched for duration and woukput.

An additional difference between this study and/janes studies (1; 2) is
the time at which the intestinal absorption markeese consumed in relation to
exercise. Both Lang (2) and van Nieuwenhoven db)inistered the intestinal
absorption markers at the onset of exercise ardatet urine for the subsequent
5 hours, thus measuring intestinal absorption dating and post exercise. The
durations of these exercise sessions were 60 andriies respectively; during

these sessions, exercise was being performed imtgigtinal absorption was
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being measured. The study presented in this thdsmnistered the intestinal
absorption markers post exercise, thus excludiagffect that exercise may have
on absorption during its performance, measuring anksidual effect that
exercise may have after its cessation. To our kedye, the study presented in
this thesis is the first to investigate whethereffects of exercise on glucose
absorption and intestinal permeability extend belythre cessation of exercise.

Though no statistically significant within subjexffect was found, an
interaction effect was found in 5-hour 3-OMG petaexcretion. This effect is
primarily due to one outlying value. The 5-hourgaat excretion of 3-OMG for
active individuals for the low intensity sessionsna24467 + 0.08247. This is
the lowest average value reported for 5-hour 3-Od€&ent excretion regardless
of session type or group. The 5-hour measureadive individuals for the low-
intensity session contain an exceptionally low edl.12745). Removing this
one outlying value (0.12745) changes this grougieasnean £+ SD from
0.24467 £ 0.08247 to 0.27398 + 0.05781, bringirgggtoup-session mean in line
with other means and reducing the reported stardarition for that group-
session. However, the removal of this value da¢®lminate the statistically
significant group-session interaction; the statedty significant interaction effect
remains (p = 0.0415).

Active individuals had higher percent excretiom@nnitol than sedentary
individuals for all sessions (rest, low, and highy for all time periods (2-hour
and 5-hour); with the differences for 2 hour measureing statistically

significant. Percent excretion of mannitol washieigin active individuals after 5
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hours for all sessions but did not reach statissicmificance (p = 0.16). One
noticable but statistically non-significant obseéiva was that lactulose
measurements were also higher in active individilgla in sedentary individuals
for all time periods and sessions. These genenadis observed in intestinal
permeability measurements when comparing sedeatahgactive participants
suggest that numerous statistically significandifigs might be identified in a
sample of sufficient size. The lactulose and mahobservations suggest that
active individuals have greater transcellular (nittnand paracellular
(lactulose) transport than sedentary individudlke lactulose / mannitol ratio is
used to measure intestinal permeability. The pgedoncrease in transcellular
and paracellular transport cannot be explainechbyeased permeability because
no statistical difference was found in the lactalésnannitol ratio between groups
(5-hour measurements, p = 0.8320).

One possible explanation of these findings is &edihce in segmentation
contractions occurring in the small intestine betwgroups. Segmentation
contractions are contractions of the small intestirat mix the chyme and
improve the chyme’s exposure to the intestinal waltreased exposure of the
chyme to the intestinal wall would increase absorpin the absence of increased
intestinal permiability (4). One explanation oéfe findings could be that the
active participants had a greater number of segrheantractions than the
sedentary participants, thus causing an increaskeyime exposure and absorption

in the absence of increased intestinal permeability
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Numerous between-groups differences were foundeasarements of
appetite. This may be partially explained by thevpusly mentioned difference
in intervention energy expenditure between thedvonips. However,
measurements of appetite were also greater inctheegroup during the rest
session. Basal metabolic rate might offer an engilan, but there was a
negligible difference in resting metabolic rated@etary: 1.30 £ 0.13 Kcal/min,
active: 1.33 £ 0.13 Kcal/min).

A possible explanation for the differences in itited absorption (as
measured by mannitol and lactulose) and in appetiteeen groups is
differences in gastrointestinal hormones betweertlo populations. For
example, the hormone ghrelin has been shown teaserboth appetite and gut
motility (5); however, further experimentation wdule necessary to ascertain its

influence on these experimental measurements.

5.2 Future Areas of Research

The primary hypothesis that high-intensity exerai®uld cause a
reduction in post-exercise hexose absorption wasardirmed. However,
numerous areas for future experimentation have losified. Trends observed
in transcellular and paracellular absorption (tHoogpst of these trends did not
reach statistical significance) suggest that thesg be differences in gut motility
between sedentary and active individuals. Thefsignt differences in appetite
suggest that an experiment comparing the restingigHevels between sedentary

and active individuals may yield interesting result
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The long duration in which nutrients are absorbestqprandially invites a
modification of the current experiment. Could #iesorption of a meal be
reduced by exercise performed post-prandially?t{Bang (2) and van
Nieuwenhoven (1) have shown that exercise canfgigntly influence the
absorption that occurs immediately after the corgion of absorption markers,
but they did not examine the the effects of a dbltyveen the consumption of
absorption markers and the performance of exercible¢ long duration of
absorption of a meal (4 hours or more) (6) presantspportunity for the
absorption of nutrients to be directly affectedidgthe performance of post-
prandial exercise. More than 50% of the nutrieotssumed have yet to be
absorbed 1 hour after a person has consumed aglocake tolerance beverage

(estimation based on data from Dalla Man et. 3). (6

5.3 Conclusion

A reduction in hexose absorption after the perforoe of high-intensity
exercise cannot be confirmed from this study; hawefuture areas of research
have been identified. The hypothesized (but rstet§ method by which this
reduction in intestinal absorption would occur Wwgsan exercise-intensity-
dependent reduction of blood flow (7) to the intesttract causing a reduction in
nutrient absorption (8; 9). It has been shown ghatose absorption for an oral
glucose tolerance beverage occurs over approxiynateburs. The exercise
interventions used in this experiment may havecgdti superior mesenteric

artery blood flow and intestinal absorption; howeg¥eere exists a 4-hour
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window in which intestinal absorption capacity ¢cenrestored. This long
duration of absorption may allow for the compermsafor a temporary decrease
in capacity.

Outside of the main hypothesis, possible differennentestinal motility

and absorption have been suggested between sgdamntbactive individuals.
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Information Sheet

Title: The effects of exercise intensity on sugar absompti

Principal Investigator: Normand Boulé (Ph.D.)nboule@ualberta.c&92-4695.
Co-Investigator: Jason Howard (M.Sc. Candidat@phoward@ualberta.c492-
7394.

Dear Participant.

I (Jason Howard) am a graduate student in the Baafl Physical
Education and Recreation under the supervision ofN@rmand Boulé. | am
conducting a study on the effects of exercisesugarsabsorption.

To be a subject in our study, you must be a healtalg between 20 and
35 years of age. Also, you must be free of medioatitions that influence blood
glucose (e.g. diabetes). We will ask you a seri@giestions to ensure you can
perform exercise with minimal little risk to youedlth.

You will be asked to come to the exercise physiplagoratory fors
visits. The total time commitment of the sessions ig@pgmately 21.75 hours
(22.75 hours in lab, 9 hours out). During thist visit, you will be given more
information about the study. During teecond visitwe will measure your
physical fithess. The test requires you to cyclaatationary bike for about 15
minutes. The difficulty is easy to begin with. Hoxee, the difficulty will be
increased gradually every 3 minutes until you catonger continue. During this
test, your heart and your breathing will be momitbrTo monitor your heart, we
use a heart rate monitor which is placed around gbeast. To monitor your
breathing, you will be asked to breath into a mpigbe (similar to a snorkel)
while wearing a nose clip. During tkecond visit we will also measure body fat.
This test requires us to measure your body weigtifevwwou are under water. You
need to bring a swimsuit.

After the measurement of your fithess and body amsitipn, thenext
three sessionsvill be scheduled. Please refrain from consunailcghol for 5
days prior to each test day. These sessions edglirdfrom approximately 8AM
to 3PM on three separate days. They will invok& or exercise, and drinking a
very sweet beverage. You will be asked to consasienilar diet (of your own
choosing) and refrain from eating past 10PM thelmgre each testing session.
On the morning of testing, please do not consurad @ fluids. Also, please do
not exercise the morning of each testing day. Tukides walking (>15
minutes) or bicycling to the laboratory. If sonwiaty must be performed,
please ensure that it is light, and is performddreecach test session.

During 2 of your last 3 sessions, exercises will gegformed on an
exercise bicycle. One of the sessions will incledercise of a low-to-moderate
intensity for 40 minutes. The other will be compoof 3 minutes at a very low
intensity followed by 1 minute at a higher intepsiDuring this session, you will
alternate between low and high intensity exeroiseaftotal of 40 minutes. The
difficulty of these exercises will be based on theistance you reached during
your fitness test. We will also ask you to do adttsession in which there is no
exercise. The order of these 3 sessions will bdaty determined (in a manner

70



similar to flipping a coin). Two drops of blood Wile taken during each exercise
session. Blood samples will be used to measumdghiand lactate.

Fifteen minutes after performing the exercise, yall be required to
drink a sweet beverage. This sweet beverage wiitain four markers. These
markers are called 3-OMG, mannitol, lactulose, @tabeled glucose. Three of
these markers are inactive sugars. This meanstthdiody absorbs them, but can
not use them for energy. They are excreted ineusvhich will be collected for
measurement. The only side-effect of these thradens may be minor digestive
upset. The fourth marker is a different versionthed sugar glucose. This is a
naturally occurring stable version and is very salfginking the sweet beverage
will be followed by 9 blood sugar and blood lactateasures over the next 2
hours. Blood samples will be taken by finger psighkerformed with a small
needle. This is the same method used by diabetiosonhitor blood sugar. Each
blood sample will require less than a drop of blodébur other blood samples
will be taken with a needle to measure insulin oese. Breath samples will be
taken at the same time as these measures. Thesth kamples will be used to
measure one of the markers that was consumed.willbalso be asked questions
regarding your hunger and appetite.

Two hours after completion of the exercise or mstocol you will be
given a commercial meal replacement beverage te aag feelings of hunger.
You will then be allowed to leave the lab, and viaé required to collect your
urine for three hours. You will be provided withsaalable container and only
require to refrigerate the sample until it is cameeat to bring it to the lab.

All biological samples will be destroyed after pohtion of the data
gathered (up to 2 years after completion of theygtu

Risks: All blood samples will be taken with sterile eguent by trained
individuals. However, a very small risk of infemti exists. The finger prick
procedure is performed by diabetics multiple tinpes day and represents a
minimal risk.

There may be some health risk with exercise, paddity during the
maximal fitness test. During and following the tastis possible to experience
symptoms such as abnormal blood pressure, fainligigtheadedness, muscle
cramps or strain, nausea and, in very rare casep€d 10,000 in testing facilities
such as exercise laboratories, hospitals and phwgsioffices), heart rhythm
disturbances or heart attack. While serious riskealthy participants is highly
unlikely, they must be acknowledged and participamitlingly assume the risks
associated with very hard exercise. The exercise w@l be administered by
qualified personnel under the supervision of DruBo Personnel are trained to
handle identifiable risks and emergencies, and hessification in CPR.
Certifications can be produced if requested.

Benefits: Your fitness and body fat levels can be provitteglou. You will also
be advancing research in the area of exercise amgemt absorption. On
completion of this study you will be provided adrene hour session with a
personal trainer.
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Time Commitment:

Information Assessment: 1 hour

Fitness Assessment: 2 hours
Exercise sessions: 6.75 hours X 3
Total time commitment 23.25 hours

Confidentiality: To ensure confidentiality, personal data will beded and
stored in a locked file cabinet to which only tmwestigators will have access.
Normally data is retained for a period of five y&epost-publication, after which it
may be destroyed. Any presentation of data willtamnno personal information
and will have no way to identify individual pargents.

Freedom to Withdraw: You will be allowed to withdraw at any time witlio
guestion or consequence. You can withdraw fromsthdy by informing one of
the investigators verbally, by phone, or by emdill information regarding your
participation in the study will be deleted at yoequest.

Additional contacts: If you have concerns about the study and wishpials

with someone who is not involved with this studyegse call Dr. Marcel
Bouffard, Associate Dean of Research and Chair eeBrch Ethics Board,
Faculty of Physical Education and Recreation at390.

Thank you,

Normand Boulé, Ph.D. Jason Howard
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INFORMED CONSENT FORM
Part 1 (to be completed by the Principal Investigair)

Title: The effects of exercise intensity on sugar absompti

Principal Investigator: Normand Boulé (Ph.D.)pboule @ualberta.c492-4695.
Co-Investigator: Jason Howard (M.Sc. Candidatephoward@ualberta.c492-
7394.

Part 2 (to be completed by the research participant

Do you understand that you have been asked to dedsearch study? Yes
Have you read and received a copy of the attaaifedmation Sheet Yes
Do you understand the benefits and risks involvetdking part in this Yes

research study?
Have you had an opportunity to ask questions asclds this study? Yes

Do you understand that you are free to refuse tiocgaate, or to withdraw  Yes
from the study at any time, without consequencd,that your information
will be withdrawn at your request?

Has the issue of confidentiality been explainegan? Do you understand  Yes
who will have access to your information?

This study was explained to me by:

| agree to take part in this study:

Signature of Research Participant Date Witness

Printed Name Printed Name

| believe that the person signing this form undards what is involved in the
study and voluntarily agrees to participate.

Signature of Investigator or Designee Date
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The information sheet must be attached to this coesit form and a copy of both forms given to the

participant.

The effects of exercise intensity on sugar absorpti

Participant Screening and Medical Information Form
1.

To the best of your knowledge, has your weighdtéiated more
than 5 pounds in the past 3 months?

Yes No
Do you participate in planned bouts of physamlvity for more

than 30 minutes twice per week?

Yes No
Do you plan to change your activity level in tiext month?
Yes No

Do you have any limitations to intense physazdlvity?
(Examples: orthopedic (joint pain), metabolic (ditds), asthma)

Yes No
Have you been previously diagnosed with cardioutar disease
or hypertension?

Yes No
Have you been previously diagnosed with a deseaslisorder
effecting the central nervous system, renal sysli&er, endocrine,
gastrointestinal systems?

Yes No
Have you had a history of alcohol or drug adadigtor regular (>=
once per day) tobacco use?

Yes No
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Participant Screening and Medical Information Form (continued)

8. Are you currently receiving any prescribed matians?

Yes

No

9. Have you been previously diagnosed with diabetegher

glucose regulatory disorder or have a family histifrdiabetes?

Yes

Name:

Current address:

No

Postal Code:

Phone numbers:

Home: Cell:

Family physician’s name:

Work:

Phone:

Emergency contact:

Emergency contact phone numbers:

Home: Cell:

Work:

Participant’s signature

Date
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