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Maximal oxygen consumption (\Max) is lower in females compared to males
during traditional whole body, systemic exercise. These differences imasCbetween
men and women are still present even after correcting for differencesamdfatuscle
mass and are due, in part, to central limitations in oxygen delivery in femdieny of

these limitations can be avoided by evaluating exercise in an isolated guasgs.

At rest and maximum in the forearm, both men and women have the same relative
oxygen consumption and blood flow. There are some differences in the calf at test; bot
males and females have the same relative oxygen consumption, however feraales rec
a higher relative blood flow. To investigate if inherent skeletal muscleetiites exist
between men and women, we measured &i@ power output during graded treadmill
and calf plantar flexion exercise to maximum. It was hypothesized thataheae
aerobic and work capacity of the calf would be lower in women compared to men.
During treadmill exercise, men had greater absolutg &f@d power output at maximum
and when expressed relative to fat free mass (FFM), there was no differgoeeer
output between genders, but differences inpvi@x persisted with men still being higher.
During plantar flexion exercise, men again demonstrated greater agtuand power

output at maximum and when expressed relative to calf FFM there was no défarenc



either VQ or power output between genders. It is concluded that there are no inherent
muscle differences in aerobic or work capacity between men and women supthedtin
differences in absolute aerobic and work capacity are not due to genderhéut rat

differences in muscle mass
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CHAPTER 1: INTRODUCTION

At rest and during aerobic exercise, oxygen is used as the final electron acceptor
in the respiratory chain. Maximal oxygen consumption (JM@ax) is a measurement of
maximal aerobic capacity. VOmax is lower in females compared to males during
traditional whole body, systemic exercise. Differences in,\Wa&ax between men and
women are still present after corrections for differences in fat and muaske These
differences are due to central limitations in oxygen delivery reguitom lower cardiac
outputs caused by lower stroke volumes and lower oxygen carrying capacitiesn Oxyge
carrying capacity is decreased in women due to lower hemoglobin concentrislizoTys
of these limitations can be bypassed by evaluating isolated muscle groupsohe dinea
at rest and maximum exercise, both men and women have the same oxygen consumption
relative to muscle mass (mlenfirL0OmMI* muscle) (Jahn, Barrett et al. 1999). However,
there are some differences between genders in the calf. Both males aled feawe the
same resting relative oxygen consumption (mlekgPkin™), however, females receive
greater resting blood flow relative to fat free mass (mlskgFfMn™)(Jensen, Nguyen et
al. 1998). Itis unknown if there are any there are differences inndéx or power
production between genders during calf plantar flexion exercise

In the current study, oxygen consumption and power output were measured
during graded maximal plantar flexion exercise and graded treaddise in
sedentary men and women. It is hypothesized that the relative aerobic and pamikyca

of the calf will be lower in women compared to men.



CHAPTER 2: REVIEW OF LITERATURE

When expressed in absolute terms, women have approximately 15-25% lower
maximal oxygen consumption (V£Omax), however when expressed relative to body
weight, women exhibit a 5-15% difference in Y@ax (Drinkwater 1973; Cureton,
Bishop et al. 1986). Expressing \dnax relative to body weight lessens the difference
in VO , max which indicates that body mass plays a significant role in differences
between men and women.

Typically, women weigh less (Nindl, Scoville et al. 2002; Abe, Kearns et al.
2003; Perez-Gomez, Rodriguez et al. 2008) and have approximately 10% less muscle
mass than men (Maud and Shultz 1986) which contributes to a lower absojuteaXO
In addition to having less muscle mass, women also have a different distribution of
muscle mass. Stepwise regression indicates that the main determiregysradicular
skeletal muscle mass, which includes the upper and lower extremitibgjgheand
weight for which women are shorter and weigh less than men. Arm and leg regional
muscle mass distribution comparisons suggest that the gender differences occur
throughout the appendicular skeleton (Gallagher, Visser et al. 1997). After lbogtrol
for differences in body mass between genders, women have a higher total fiaitagerce
and men have a greater total lean tissue percentage (Nindl, Scoville et al. K2802).
have greater muscle mass in the arm, while women have more fat distribuiedetp. t
Men and women have similar values for fat mass in the arms and trunk as welhgs havi

the same relative lean tissue distribution between the leg and trunk.



Average aerobic power output increases with absolute muscle mass (Per
Gomez, Rodriguez et al. 2008). Increases in aerobic power with increasescle
mass are the same for males and females. Due to their inherent lower anmustlef
mass, women have lower absolute aerobic power (Perez-Gomez, Rodriguez et al. 2008)
As muscle is the greatest consumer of oxygen during exercise, greater mass|e
men is responsible in part for their greater absolute Mé@xcompared to women.

As succinctly expressed in the Fick equation (Eq 1.), difference ymé@must
be explained by difference in cardiac output (CO), arterial oxygenation)Gatd/or

mixed venous oxygen content (C)O

VO,= CO x (CaG-CvOy), (Eq. 1)

Cardiac Limitations

Cardiac output is important in the delivery of oxygen to the organs of the body,
including muscle, during exercise. Increasing either heart r&g ¢Hstroke volume
(SV) increases CO. At rest, CO (I/min) is higher in males than in fentad@ever when
expressed relative to body mass (mlstakg™), there is no difference. At rest, there is
no difference in heart rate between genders (Wiebe, Gledhill et al. 1998nehalge
women are smaller and have smaller hearts when compared to men. Women have a
smaller stroke volume at rest which is attributed in part to their anhaléat size
(Ogawa, Spina et al. 1992; Charkoudian and Joyner 2004). At rest, women have a lower

absolute resting cardiac output due to a lower stroke volume.



In spite of differences in size, cardiac output is increased by the sathamsns
in response to exercise in both men and women. Increases in stroke volumeedle limi
by heart size in females. At maximum intensity, there is no differenc@aximum heart
rate; there are differences in maximum absolute stroke volume (ml/min). vielgwéhen
expressed in relative terms (mleritirg™?), there are no differences in maximum stroke
volume between genders (Sullivan, Cobb et al. 1991). Women still have a lower
maximal absolute and relative cardiac output. (Wiebe, Gledhill et al. 1998). At
workloads resulting in the same percentage of heart rate max, women have a lowe
cardiac output contributing to lower oxygen consumptions.

Stroke volume is influenced in part by blood volume, which is lower in women
(Wiebe, Gledhill et al. 1998). Even when matched for body size, women still have less
blood volume (Charkoudian and Joyner 2004). Less blood volume results in less venous
return, which according to the Frank-Starling mechanism, leads to lowke swlume,
cardiac output and ultimately oxygen delivery. There is a strong positivéatiome
between blood volume and ¥@ax (Stevenson, Davy et al. 1994; Ferguson, Gledhill et
al. 2001). Thus, lower relative blood volumes contribute to lower relative stroke volumes
and cardiac outputs in women. In addition, because of their smaller absolute heart
volume, there is a limit to which stroke volume can be increased in women. These
differences hinder women from achieving the same maximum cardiac outputaslues
men; ultimately lowering oxygen consumption (Ogawa, Spina et al. 1992). Thus, lower
blood volume and heart size contribute to lower absolute and relativensn women

compared to men.



Oxygen Content (CaOy)

When VQ max is corrected for body weight, the difference between genders can
be diminished from 15-25% to 5-10%, but not eliminated. One reason for the remaining
difference is a limitation in oxygen carrying capacity of the bloodygen is carried to
working muscles in the blood by binding to the iron molecule of hemoglobin unit in a
blood cell. On average, women have lower hemoglobin concentration ([Hb]) than men
(female [13.99/dL], male [14.3g/dL]) (McArdle 2007). Decreasing malesstibj
hemoglobin levels similar to a women’s content, via blood withdrawal, sigmnilyca
decreases overall exercise time and oxygen consumption. This decrease in mal
hemoglobin concentration lowers oxygen consumption (ritkekgin™® and mle kg FFM*
-minY) to that of females (Cureton, Bishop et al. 1986). These results suggest that
decreased hemoglobin concentration in women limit oxygen availabilighvibivers
aerobic performance.

Diminished oxygen carrying capacity in women due to lower hemoglobin
concentrations has been shown to be improved through iron supplementation. When iron
deficient subjects are given an iron supplement for eight weeks, oxygen comsuamgti
endurance time increase compared to pre-supplement values (LaManca and Haymes
1993); suggesting that oxygen consumption was limited by delivery. However, the
results on the effect of iron supplementation on improvements in [Hb] apdnd®are
equivocal. Other studies found that in spite of increase in [Hb], through supplementation

there was not a significant increase in M@ax compared to that of the placebo group



(Klingshirn, Pate et al. 1992). These results imply that even when oxygen ttasispor
increased, oxygen consumption is limited by some other variable.

During submaximal exercise, [Hb] can be compensated by further increases
limb blood flow such that oxygedelivery and oxygen consumptiare unaffected
(Koskolou, Roach et al. 1997) However, at maximum exercise when limb blood flow is
also maximum due to a limit in CO, low [Hb] results in a lower,WW@ax. Thus, low

[Hb] contributes to lower V@maxin women.

Oxygen Extraction

Although oxygen delivery (CO and Cgds a major influence in the gender
difference in oxygen consumption, there is evidence that there is also a déferenc
venous oxygen saturation ( Cyoand muscle oxygen extraction (GaOvQ,). At rest
and during exercise, men have significantly higher arterial oxygen conteng, kligher
hemoglobin levels. At peak exercise, men have a lower venous oxygen saturation status
(Sullivan, Cobb et al. 1991). From this evidence, it appears that at maximum exercise
males extract more oxygen out of blood than females allowing them to consume more
oxygen. During graded exercise tests, men have a significantly hygiemsc arterio-
venous oxygen difference which could be due to differences in muscle massrycapilla
density of muscle and/or muscle fiber composition (Reybrouck and Fagard M#8%
have more skeletal muscle, and thus a greater amount of muscle beingéchivang
exercise, resulting in more oxygen extracted from the blood that isirgguo the heart

(mixed venous) compared to women. When men and women with similar hemoglobin



levels are maximally tested, men still have higher oxygen consumption uahiel are
attributed to differences in oxygen transport (central limitations) and nafgcail
(Cureton, Bishop et al. 1986).

Capillaries supply each muscle fiber with oxygen and thus a lower capillary
density could limit oxygen delivery to active muscle. Capillaries contrilbubeygen
extraction and CaCv0; at the level of the muscle. A higher distribution of capillaries
is indicative of higher functional capacity, allowing for a better distidoubdf blood flow
to local demand (Andersen and Saltin 1985). Men and women have similar capillary
density (capillaries/mA) (Porter, Stuart et al. 2002) Capillary density thus does not
contribute to lower oxygen extraction in women compared to men.

In humans, skeletal muscle is comprised of three types of muscle fiberltyies
and Il d/x. Type Il d/x fibers, called fast twitch fibers, are capablewtracting fast and
forcefully, fatigue quickly and have greater anaerobic capacity. Inasintype | fibers,
or slow twitch fibers, contract at slower velocities and with less foree, &digh fatigue
resistance, and have greater aerobic capacity. Type lla fiberseareddtate fibers
demonstrating fast contraction velocities, and moderate fatigue negistath glycolytic
and aerobic capacities. Higher oxygen consumption is associated with a higher
distribution of slow twitch fibers (McArdle 2007). In the vastus medialus, althalig
three types of fibers are larger in men than women, there is no gendenddfere
muscle fiber distribution (Staron, Hagerman et al. 2000) discounting the potefitierof

type differences contributing to differences in oxygen extraction.



Exercise of |solated Muscles

The Fick equation (Eq.2) can also be applied across an isolated muscle mass.

VO2muscle= QmuscleX (CaQ-CvOomuscid (Eq.2)

Evaluating exercise of an isolated muscle removes many of the denitictions
reducing VO, max in females. During exercise, muscle blood flow is increased linearly
to increase oxygen delivery to meet metabolic demand (Andersen and Saltin 1985).
Through changes in vascular tone, increased cardiac output is redistributed down a
hierarchy of vessels. At the onset of exercise, there is a rapid increaseddflblv to
the exercising limb. Blood has been demonstrated to increase as much as 85 fold i
isolated muscle (Laughlin 1987). Increases in blood flow during exercise@ctedi
towards newly recruited fibers (Ray and Dudley 1998), suggesting that limleemusc
perfusion is matched to increasing muscle recruitment and oxygen demand.

In the forearm there is no difference between genders in retasitiag blood
flow (mlemin™+100mI*) however, males have a greater oxygen uptake when expressed
relative to forearm volume (mlemim100miY). When consumption is expressed relative
to forearm muscle volume (mlemt100mI* muscle), there is no significant difference
between genders in consumption (Jahn, Barrett et al. 1999). In a small muscle mass,
women have the same resting relative blood flow to muscle as men, allowingpthem t
have the same relative oxygen consumption across that muscle.

There is also evidence that blood flow is the same between genders while doing

dynamic forearm exercises. At rest and task failure, absolute bloodvilengdower in



women than in men. However, there were no differences in relative blood flowsrfmlem
e100mI") (Gonzales, Thompson et al. 2007) These results show that forearm blood flow
is well matched to work and is independent of gender and vascular occlusion.

There are some variations within the leg. Although women have less muscle
mass in the leg compared to men, they receive greater resting blood #twertd fat
free mass (mlskgFFNmin™). Even with a greater blood flow relative to fat free mass,
women have a lower oxygen extraction rate but the same resting oxygemgdion as
men (mlskgFFM'min™) (Jensen, Nguyen et al. 1998). It is unknown if maximal oxygen
consumption and work capacities are different during leg plantar flexion gxerci

between men and women.

Hypothesis
It is hypothesized that the relative aerobic and work capacity of theaad be

lower in women compared to men.
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CHAPTER 3: METHODS
ubjects
Inclusion Criteria
Ten healthy sedentary young (18-30 yr) men and ten healthy sedentagyn wom

were included in the study.

Exclusion Criteria

Subjects were excluded if they were participating in regular esee(eR0
min/day, >3 days/week). A “yes” answer to any of the physical actie#giness
guestionnaire (PAR-Q) completed by the subject also precluded them fronpp#dici

in the study (ACSM 2000).

Informed Consent
After successful recruitment, verbal and written information regarttieg
purpose and nature of the study was presented to the subject. Informed coaghahwa

obtained from each subject. Following written consent, subjects completed th@ PAR

Determination of Fat Free and Fat Mass
Body composition was determined by dual energy X-ray absorptiometryAREX
Fat-free and fat mass were calculated from body mass and body fat pprc&aih

specific muscle mass was determined by DEXA.
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Graded Maximal Treadmill Test

Subjects performed a progressive graded (Bruce) treadmiltaetshg at a speed
1.7 mph and a grade of 10% for three minutes as outlined below (Bruce 1974). During
the treadmill test, oxygen consumption (y@as continuously measured through
indirect calorimetry using a ParvoMedics TrueMax 2400 Metabolic Measuterag
(Sandy, UT). Subjects were verbally encouraged to exercise until volitatiggle. The
test was stopped at the subjects’ request due to volitional fatigue. Teseatned an
oxygen consumption plateau and/or a respiratory exchange ratio greater tharel.0 we
considered valid tests. Power output at maximum (POmax) was calculatgdhesi
following equation for the treadmill exercise.

Power =Weight « Distance » Tinte (Eq. 3)
Where weight is body weight (Kg), and distance « this-vertical meters per minute
(memin®). Vertical meters per minute was calculated by multiplying firmjesspeed

(memin™) by final stage percent grade.

TABLE 1.
Time (min) Stage Speed (mph) Grade (%)
0:00-3:00 1 1.7 10
3:00-6:00 2 2.5 12
6:00-9:00 3 34 14
9:00-12:00 4 4.2 16
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12:00-15:00 5 5.0 18
15:00-18:00 6 5.5 20
18:00-21:00 7 6.0 22

Graded Maximal Plantar Flexion Exercise

Calf muscle work capacity was determined during plantar flexion eeerci
During the plantar flexion exercise, the foot was secured on a pivoting boardy thks
sole of the foot, subjects pressed down on the board. Pressing down on the board moved
an attached weight up and down. Subjects performed plantar flexion in the supine
position. Subjects were instructed to actively perform plantar flexion witlvpass
release and were verbally encouraged to exercise until volitional fatigue.

The subjects underwent a progressive plantar flexion exercise test to maximum on
each leg. The test for each leg started at a workload set at appedyih@®to of
subject’s body weight. Once the foot was positioned on the pivoting board, subjects were
instructed to perform plantar flexion synchronized with a metronome moving the board
the same distance with each contraction. Weight displacement was rdaasogea
meter stick. The metronome was set to 60 beats per minute, producing 60 plalutas flex
per minute (Yamamoto, Miyata et al. 2007). Subjects exercised at the siaigig for
two minutes. Workload increased every minute by adding one pound to the lifted weight
until exhaustion, indicated by the inability to move the weight the same distaneepor k
pace with the metronome. Maximal power output (POmax) was calculated by the

equation
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Power= Weight « Distance * Tinie Eq.4
Where weight is the total weight (Kg) lifted, distance is the distanten@mwed and time
is in seconds. During the incremental plantar flexion test, oxygen consumption was
measured by indirect calorimetry using a ParvoMedics TrueMax 2400 Metabolic
Measurement cart (Sandy, UT).

To evaluate the validity of the plantar flexion device, maximum plantaofiex
power output using the plantar flexion device was compared to maximum plantar flexion
power output using a Humac Norm testing system. The Humac Norm is a bionsathani
instrument that can test many joint movements in different resistance mbdesibject
was set in supine position, with the right leg and foot in the same position as in the
plantar flexion exercise. Plantar flexion movement was evaluated wét tépetitions at
several different isokinetic speeds, includind®&) 60/s, 90°s, and 120/s. The
machine is able to evaluate peak torque (Nem) and work (J) for each speedv&vatts
calculated from the Humac Norm data at’) by the following calculations:

47 J/ 3 repetitions = 15.7 J/rep (Calculation 1)

15.7 J/ 1.333 s= 11.8 Watts (Calculation 2)
The same subject completed the plantar flexion exercise on the plantam fliexice.
Watts were calculated by the following calculations using equation 3:

(8.165 Kg)(9.8 m/§)(0.113 m)= 13.6 W (Calculation 3)
0.67 s




14

The plantar flexion results are approximately 15% greater than the stahaaac
Norm. This difference in results is not considered significant, and the plexianfis a

valid exercise evaluation technique.

Satistical Analysis
Unpaired student’s t-tests were used to identify differences betweengender
Multiple linear regression was performed to identify relationships betweeihes.

Statistical significance was set a&p0b.
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CHAPTER 4: RESULTS

ubjects
Subject characteristics for men and women are in Table 2. There were no gende
differences in age or body fat percentage. Males were taller (1.79 + 0.03L168/s.
0.02 m), heavier (77.8 £ 3.1 kg vs. 60.3 £ 1.4 kg) and had a larger body mass index
(BMI) (24.4 £ 1 vs. 21.4 + 0) than women. Male subjects also had significantlyrgreate
total body fat free mass (58.5 + 2.4 kg vs. 42.3 + 1.4 kg), calf mass (RigBtleg0.1
kg vs. 2.6 + 0.1 kg; Left leg: 3.0 £ 0.1 kg vs. 2.6 £ 0.1 kg) and calf fat free mass (Right

leg: 2.4 + 0.1 kg vs. 1.7 £ 0.1 kg; Leftleg: 2.3 £ 0.1 kg vs. 1.7 £ 0.1 kg) than women.

Maximal Graded Treadmill Exercise

The male subjects had a longer treadmill time compared to women during
treadmill exercise (11:55 £ 0:24 min men; 10:04 + 0:24 min women). Males had
significantly greater absolute (3.52 = 0.18 L/min men; 2.25 + 0.13L/min women) a
relative (47.3 £ 1.5 mL/kg/min men; 37.3 £ 1.7 mL/kg/min women) Wiax compared
to women. When oxygen consumption was corrected for fat free mass, males continued
to have higher oxygen consumption (62.9 + 2. mL/kgFFM/min vs. 53.1 + 1.8 mL/kg
FFM/min). Males also had a significantly higher treadmill power outpotaximum
(257 £16 W vs. 167 £ 8 W). Correcting for body mass (3.3 £ 0.2 W/kg v&.23B
W/kg) did not change the difference, however, correcting for fat free mass@42 +
W/kgFFM vs. 4.0 £ 0.2 W/kg FFM) eliminated these differences in treadmilepow

output (Table 3).
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Graded Maximal Plantar Flexion Exercise

During the plantar flexion exercise, males had a longer exercisertiboth right
(9:07 £ 0:44 min7:06 = 0:29 min) and left legs (9:40 = 0:26 min; 7:34 + 0:21 min)
compared to women. Both the right and left leg gross oxygen consumption during the
plantar flexion exercise were higher in males than females (Table 4 gvbEs oxygen
consumption was corrected for calf mass, left leg gross oxygen consumptioneg@mai
higher in men compared to women while right leg gross oxygen consumption was no
longer significantly different. After correcting gross plantaxifs@ oxygen consumption

for calf fat free mass (FFM), there was no difference between geimdeither leg.

Next, net calf maximal V&©was calculated by subtracting resting Mgdior to
plantar flexion from gross plantar flexion maximal ¥ @oth right and left calf net VO
max (L/min) were higher in males than females (Table 4). When nehaalmal VO
was corrected for calf mass or calf fat free mass differencesbetgenders were
eliminated in both legs.

Power output at maximum (POmax) during plantar flexion exerciseliahle 3.
There was a significant difference in right calf absolute POmax (12.2\& 0n@n vs.
9.2 £ 0.8 W women), but no statistical difference in left calf absolute POroax.
investigate if there is a gender effect on plantar flexion exercise-away ANOVA was
performed using plantar flexion data from both legs. The ANOVA analysis did eevea
main effect of gender such that absolute POmax was lower in women than men (p

=0.033, Figure 2) There was no significant difference in relative POmaectearfor
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calf mass (W/kg) or calf fat free mass (W/kg FFM) between gentlaldq 4).
Correcting for calf fat free mass eliminated the differences inP@xp=0.477, Figure
3). Right and left leg absolute POmax were strongly correlated (r = 0.889, p < 0.0001,
Figure 4)

Correlations were performed to identify relationships between power output and
VO, max during maximal plantar flexion exercise (Table 5) and between pomert
during maximal plantar flexion exercise and power output during maximal tileadm
exercise (Table 6). There were no significant correlations identifieeebatplantar
flexion power output and V£max during plantar flexion or power output during
treadmill exercise. In contrast, there was a significant correlatiamgoonaximal

treadmill exercise between power output and, {egure 3 A).



TABLE 2. -Subject Characteristics
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Males Females P Value
Age, yr 21.5+0.9 21.5+0.5 1.0
Height, m 1.79+0.03 1.68 +0.02 0.003
Weight, kg 77.8+3.1 60.3+1.4 <0.001
Body Fat, % 24.2 +3.0 29.9+2.0 0.131
BMI 244+1.0 21.3+04 0.012
FFM, kg 585+24 42.3+1.4 <0.001
Calf Mass, kg 3.1+0.1 26+0.1 < 0.001
3.0+0.1 26+0.1 0.001
Calf FFM, kg 24+0.1 1.7+0.1 <0.001
23+0.1 1.7+0.1 < 0.001

Values are expressed as means £SEM.

BMI — (Body Mass Index) = Body weight (kg) + Height (1)

FFM - Fat Free Mass




TABLE 3.-Maximal Graded Treadmill Exercise
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Males Females P Value
Time (min) 11:55+ 0:24 10:04t0:24 0.004
VO, (L/min) 3.5+0.2 2.3+0.1 <0.001
VO, (mL/kg/min) 47.3+15 37.3+1.8 0.001
VO, (mL/kgFFM/min) 62.9+2.2 53.1+1.8 0.003
Power Output (W) 257.0 + 16.4 167.2 £+ 8.4 <0.001
Power Output (W/kg) 3.3£0.2 28+0.1 0.012
Power Output (W/kg FFM) 4.2+0.3 4.0+0.2 0.171

Values are expressed as means + SEM.

VO, - (Oxygen Consumption)



TABLE 4.- Maximum Plantar Flexion Exercise
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Males Females P VaILJe
Time (min) R 9:07+0:44 7:06+ 0:29 0.035
L 9:40+ 0:26 7:34t 0:21 0.002
Gross Oxygen
Consumption (VOy):
VO, (L/min) R 0.92+0.04 0.70 £ 0.05 0.001
L 0.93+0.03 0.67 £0.03 <0.001
VO, (mL/kg Calf Mass/min) R 0.30 £ 0.02 0.28 £ 0.02 0.276
L 0.34£0.01 0.26 £ 0.01 0.006
VO, (mL/kg Calf FFM/min) R 0.38 £ 0.02 0.42 £ 0.03 0.396
L 0.41 +£0.02 0.39 £ 0.02 0.657
Net Oxygen Consumption
(VO):
VO, (L/min) R 0.55+0.04 0.37£0.04 0.008
L 0.54 £ 0.02 0.39 £ 0.03 0.001
VO, (mL/kg Calf Mass/min) R 0.18 +0.01 0.15+0.02 0.183
L 0.18 +0.01 0.15+0.01 0.099
VO, (mL/kg Calf FFM/min) R 0.23 £0.02 0.23 £0.03 0.81)
L 0.24 £0.01 0.24 £0.02 0.926
Power Output (POmax):
POmax (W) R 12.2+1.0 9.2+1.0 0.026
L 11.7+£1.0 9.1+1.0 0.057,
POmax (W/kg Calf Mass) R 4.0+0.3 3.7t04 0.527
L 3.9+0.3 3.6+0.3 0.383
POmax (W/kg Calf FFM) R 5.1+0.3 55+0.7 0.511
L 5.0+0.3 55+0.5 0.481

Net Calf VO= Gross Maximal V@—-Resting VQ

Values are expressed as means + SEM
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Tableb. - Correlation coefficients between power output (POmax) and oxygen

consumption (V@) during maximal plantar flexion exercise.

POmax POmax POmax

(W) (W/kg) (W/kg FFEM)
Gross VQ (ml/min) 0.283 0.058 -0.129
Gross VQ (ml/kg/min) 0.021 0.118 0.012
Gross VQ (ml/kg FFM/min) -0.128 0.089 0.264
Net VO, (ml/min) 0.257 0.109 -0.061
Net VO, (ml/kg/min) 0.097 0.149 0.020
Net VO, (kg FFM/min) -0.025 0.084 0.123

* - significant correlation.
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Table6. -Correlation coefficients between maximal power output during maximal

plantar flexion exercise and maximal treadmill exercise.

Plantar Flexion (W) Plantar Flexion (W/kg FFM)

Treadmill (W) 0.301 -0.250
Treadmill (W/kg FFM) 0.151 0.024

* - significant correlation.
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FIGURE 1 - Maximal treadmill power output and oxygen consumption.
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FIGURE 2 - Maximal power output in both legs in men and women.
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men and women independent of legs.

Values are mean +SEM

* - main effect of gender
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FIGURE 3 - Maximal power output and oxygen consumption in right and left legs.
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CHAPTER 5: DISCUSSION

The main finding in this study was that during lower limb small muscle mass
(plantar flexion) exercise, there is a difference in absolute calf naapiower output
(POmax) between men and women. However when calf POmax was correctai fir c
free muscle mass (FFM), this difference between genders was no lorsgartprefuting
the hypothesis. The results from the current study suggest that men and weentreha
same aerobic and work plantar flexion capacity per unit fat free mass. t€onwith
this, during plantar flexion exercise, men had greater gross (ml/mimet VO, max,
but these differences were no longer present when corrected for calf FFMdfatswmr
the hypothesis that relative plantar flexion Y@ax would be lower in females. It was
anticipated that during maximal plantar flexion exercise power output wouldabed &b
oxygen consumption as was observed during treadmill exercise. Inconsigethisv
finding from maximal treadmill exercise, no relationships were identifeddden power
output and oxygen consumption during maximal plantar flexion exercise. l{swas a
anticipated that there would be a positive relationship between treadmilleardrpl

flexion exercise capacity, however no such relationship was identified.

Subject Characteristics

It is well known that men have different physical characteristics tharewom
Typically, men weigh more and have a higher percentage of muscle mass (Nindl
Scoville et al. 2002; Abe, Kearns et al. 2003). In the current study, male sulgeets w

taller, weighed more, and also had a higher BMI. Male subjects had similafabody
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percentage to that of the female subjects, an unusual finding compared tcstaties
where males have lower body fat percentage (Gallagher, Visser et al. 188I7; Ni
Scoville et al. 2002; Abe, Kearns et al. 2003). This could be a representation of the
sedentary subject population chosen for this study or a result of a relatialygample
size.

There was a difference in calf mass and calf fat free mass betwsggrgevhich
confirms results found by others (Gallagher, Visser et al. 1997). This could hetdee t
characteristics of this subject population, such as age, and limited possildyrdlaive

small sample size.

Treadmill Exercise Capacity
Male subjects had higher oxygen consumption, even after correcting for body
mass and fat free mass which is similar to results from previous st(ldiggk{ater
1973; Cureton, Bishop et al. 1986). Male subjects also had significantly higher absolute
treadmill power output. Correcting for fat free mass eliminated tferelifces in
POmax, confirming results from other studies which demonstrates that power output
increases with increases in muscle mass (Perez-Gomez, Rodrigu068a The
female subjects’ absolute power output was thus likely limited by lowerlenoness.
Maximal treadmill power output was correlated with M@ax. Correcting for
body and muscle mass eliminated differences in POmax but notd€ Even with the
correction for muscle mass, males continued to have a highemd These results

suggest that males may consume oxygen less efficiently than women ttheringadmill
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exercise; that is that at the same power output, males consume more oxygen. These
results are similar to other studies. Kang et. al. observed that men hakiereokiggen
consumption slope indicating that they were they became less effictartamilar

treadmill exercise power output compared to women (Kang, Hoffman et al. 2006).

Plantar Flexion Exercise

During the plantar flexion exercise, male subjects had a significantighig
absolute right leg maximal power output and tended to have a greater latixegal
power output ( p = 0.057) than women. A two-way analysis of variance (gender x leq)
was performed to identify if a main effect of gender existed in plamtaofi exercise.
The two-way ANOVA revealed a main effect of gender confirming that reaergte
greater power during maximal plantar flexion exercise than women

When plantar flexion power output was corrected for fat free mass, there was no
significant difference in maximal power output between men and wonmeiharsio
treadmill data. These data suggest that men and women have the same plamar flexi
work capacity per unit calf fat free mass. These findings appear tonsarsearch from
prior studies (Yamamoto, Miyata et al. 2007), however more research iscetpir
investigate if there is a difference in power production between right anddefil men
and women as the current study has found.

Men have greater gross oxygen consumption than women during plantar flexion
exercise. Because of their size, men have greater restingovtpared to women. To

correct for this, net Veduring plantar flexion was calculated. Men have greater net
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oxygen consumption at maximum during plantar flexion than women. When either gross
or net oxygen consumption was corrected for calf mass or the fat free massaif,the

there were no longer any differences between genders. Thus, when a gsaidl mass

is exercised, differences between genders are no longer present. Thisastdiffan

what occurs with treadmill exercise suggesting that efficiendyn(M@,) is similar

between men and women during small muscle mass exercises. This could thdicate

the oxygen consumption evaluation techniques used were not adequate to measure the
small responses. However, both right and left maximal plantar flexion oxygen
consumption (L/min) as well as maximal power output were significantlgleded

(Figure 3 A, B). The correlation between maximal oxygen consumption in righétand |
legs (r =0.699, p < 0.001) suggests that even though the results are different from the
treadmill results, oxygen consumption may be an effective evaluation tool during the
plantar flexion exercise. The maximal power output correlation between nigthefa

legs also indicates that the plantar flexion exercise was a good evalugtlantaf

flexion work capacity.

Conclusion

In the current investigation, men demonstrated greater absoluteaNpower
output during maximal plantar flexion exercise compared to women. However, whe
calf POmax was corrected for calf fat free muscle mass (FFM), fieeetices between
genders were no longer present. Differences in plantar flexion work betveseanth

women are thus due to differences in muscle mass and not gender-related ddferenc
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aerobic exercise. In addition, there was no relationship between treadmilbatat pl
flexion exercise capacity suggesting that in healthy, young men andnyaarear

flexion exercise is not a good predictor of whole body exercise capacity.
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APPENDIX A

=z  PAR-Q & YOU

{A Questionnaire for People Aged 15 te §9)
Aegular physical activity i fun and healthy, and inoreesingly more pecple are starting to become more active every dey Being more adive is very safe far most
pecple. However, some people should check with their doctor before they start becoming much mors physically active.

¥ you are planning ta becoms much more physically active than you are now, start by answering the seven questions in the box balow. ¥ you are between the
agas of 15 and &9, the PAR-G will tell you if you showld chedk with your dochor befora you start. IF you are owar 69 years of age. and you are not used ta being
very active, chack with your doctor

Commen sense is your best guide whan you answer these questions. Please read the questions careflly and answer each ane honesthr chedk YES or MO

1. Haz your dector ever zaid that you have a heart condition and that you zheuld only do physical activity
recommended by a decter?

2. De you feel pain in your chezt when you do phyzical activity?

3. In the past month, have you had chezt pain when you were not doing phyzical activity?
4. Do you loze your balamce becauze of dizzinezz or do you ever loze conzciouznezz?

5

Do you have a bone or joint problem [for enample, back, knee or hip) that could be made worze by a
change im your phyzical activity?

6. Iz your doctor currently prescribing drugz [for example, water pillz) for your blood prezzure or heart con-

O O OoOoo0o0o Og
O O OOOoO Oes

7. Do you kmow of any ether reazon why you should not do phyzical activity?

If YES to one or more questions

Talk with your doctor by phons or in parson BEFRJRE you start becoming much more physicaly acties or BEFURE you hawe 2 fitness appraisal. Tall
Tou your doctor about the PAR-Q and which questions you answarsd YES.

= ‘fou may be abls w0 do any ity pou want — as long a5 wou start showly and build up gradually. Or, you may need o resirict your actvites to
answered thoss which are s2fs for you. Talk with your doctor sbout the binds of acthities you wish to perticipats in and follos bisher advice.

= Find out which community programs are safe and heipful for you.

DELAY BEECOMING MUCH MORE ACTIVE:

= if you are not fasling well bacauss of 2 temporary ilness such 2=
a cobd or & fever —wait unit you deel better; or

= if you ars or may bs pregnant — ik to your dodor bafiors you

NO to all questions

If yous answernd MO honestly to all PAR-Q questions, you can b= reasonably surs that you cn:

= =art becoming much more physically active — bagin slowly and build up gradualy. This is the
safect and aasiast way toogo.

= tabe part in 2 finess appraisal — this i an sxcellent way to detsrmine your basic finess so
that you can plan the bast way for you to fve adively it is also highly recommandied that you

hawe your bood prossure evahated. § your reading is over 14434, talk with your docior

bedors you start bsooming mudy mone: physically adive.

PLEASE NOTE: If your heabih changes so that you then answer TES to
any of the above questions, tell your Siness or heakh professional.
Ask whather you should change your physical actity plan.
Informeesd Lke of the PARD: The Canadiaon Socety for Everciss Physiology Healh Canada, and their agents sssume na labllity for persons whe erderiake physical activiy and i in doubt aiter completing
bk questionnaire, consuk your doctor prier o physical acthity
Mo changez permitted. Tou are encouraged to photocopy the PAR-Q but only if you uze the entire form.

NOTE: H the PAR-Q is bedng given o & person before ke or she partidpanes in a physical actiity program or a finess apprakal, this secdon may be used for legal or administrathes purpases.
" have read, understood and completad this questionnaire. Any questions | had were answered to my full satisfaction.”

SMEMTURE DATE,

OF FRREHT WITHESS.
o ELNADRN Jier parlcipant eader e dge of Fijeditg]

Hote: This physical activity clearance is valid for a maximum of 12 moaths from the date it is completed and
becomes invalid if your condition chamges so that you would answer TES to any of the seven questions.

Hoalth  Samté
“ & Canadian Society for Bercise Prysiology Supperted by Canada Canada contnued on ather sida...



36

APPENDIX B

. o d
trutional Review Boar
Codio enter (nativutional ]
University and Mediea) Cea 104 » Grsemille, NC 27834
Eagt Carolina University - 0 Moye Bolevard « LS5
; en Life Scicnces Building ¢ &0 Y cueduirh
Ot i Dt 251 B. L. ey Nilone, MD o, PHD
E A 3 T  (Chairand Direstor ofBiomcd:call méocial e os D, Sucan L, oCommon,
i irector of Behaviorel and RB: Susa |
CAROLINA Chair and Direc

UNTVERSITY
—

T0: Timothy Gavin, PhD, Dept of EX$S, ECU—363 Ward Sports Medicillis Building

FROM; UMCIRE g

DATE: February 12, 2009
RE: Full Conunittee Approval for Contiauing Review of & Research Study
TITLE: Gender Differonces in Blantar Flexion Exercise

UMCIRE #68-0109

The above referenced research study was indtially reviewed by the conyened University and Medical Center Institional
Review Board (UMCIRB) on 3,26.08. The research study underwent 5 subsequent cor “nuing review for approval on
2.11.09 by the convened UMCIRE, The UMCIRE deemed This unfunged study no otore than minimal rigk tequiring a
continuing review in 12 months, Changes 1o thig approved research Y 1ot be inftiate] withsyt UMCIRE review
SXCEpt when neecssary 1o elimingre an apparent immediate hazard to the participany, ] nanticipated probicms
nvelving rigks to participants and others must be promplly reportud 1o the UMCIRR, Tz investigator must submil a
continuing Feview/elosure application to the UMCIRB prior to the date of study explirativn, The nvestigaior must gdlere
to all reporting requitements for this study,

The above referenced research study hag beer, given approval for the period of 2.11,69 1: 2.10.19. The approval
inciudes the following items;

*  Continuing Review Foryg (dated 1,23.09)

*  Protogol

*  Informed Consent, Version 1, (dated 1.23.09)

= Protocol Description

*  Physical Actlvity Readiness Questionnaire (PAR-Q)

¢ Advertisemen(

The following LMCiRg members were recused for e

asons of potential for Conflict of Inizrest on this resgarch study:
Nore

NOTE: The following IMCIRE members with a potential Conflict of lnterest did pot gitund this [RB meeling:
None

funding souree. 21 CFR 50 and 21 CFR 56 are applied to 2l Tesearch studies under ) Food and Drug

Administratipn regulation, The UMCIRB follaws applicable Internationy! Conferencr oy Harmonisation Good
Clinical Practice guidelings.

The CMCIRB applies 45 CYR 46, Subparts A-D, tg ul) research reviewed by the UM “IRB regardless ot the

IRESOUNEIT 0 ol Y IRB#1 (Biomaical) 10 GDUYG41 UMCTRE 1080103
IRBUEOUSTE ast Gurolinn, U 1R3 42 (et et 10RGOG0D4 14 Pugs L of |
Vo7 Bt Caroion IR 44 (Bemmsiora 55 8. I0RGO0M0413

Verslon 3-5.07

TATOMN PRECPPLEGT LEBT BBEG/E1/2B
18 Zovd



University and Medical Center Institutional Review Board

East Carolina University

Ed Warren Life Sciences Building e 600 Moye Boulevard » LSB 104 ¢ Greenville, NC 27834
Office 252-744-2914  Fax 252-744-2284 ¢ www.ecu.eduw/irb

E_.u Chair and Director of Biomedical IRB: L. Wiley Nifong, MD

CAROLINA Chair and Director of Behavioral and Social Science IRB: Susan L. McCammon, PhD
UNIVERSITY

TO: Timothy Gavin, PhD, Dept of EXSS, ECU—363 Ward Sports Medicine Building, ECU

FROM: UMCIRB “L¢ %

DATE: April 28, 2008
RE: Full Committee Approval of a Study
TITLE: “Gender Differences in Plantar Flexion Exercise”

UMCIRB # 08-0109

The above referenced research study was initially reviewed by the convened University and Medical Center Institutional
Review Board (UMCIRB) on 2.13.08 & 3.26.08. The research study underwent a review and approval of requested
modifications on 4.23.08 by Dr. W. Nifong. The UMCIRB deemed this Human Performance Laboratory sponsored
study more than minimal risk requiring a continuing review in 12 months. Changes to this approved research may not
be initiated without UMCIRB review except when necessary to eliminate an apparent immediate hazard to the
participant. All unanticipated problems involving risks to participants and others must be promptly reported to the
UMCIRB. The investigator must submit a continuing review/closure application to the UMCIRB prior to the date of
study expiration. The investigator must adhere to all reporting requirements for this study.

The above referenced research study has been given approval for the period of 3.26.08 to 3.25.09. The approval
includes the following items:

e Internal Processing Form

¢ Protocol (submitted on 3.17.08)

eInformed Consent, Version 1 (dated 4.21.08)

ePhysical Activity Readiness Questionnaire (PAR-Q)

» Advertisement

The following UMCIRB members were recused for reasons of potential for Conflict of Interest on this research study:
None

NOTE: The following UMCIRB members with a potential Conflict of Interest did not attend this IRB meeting:
None

The UMCIRB applies 45 CFR 46, Subparts A-D, to all research reviewed by the UMCIRB regardless of the
funding source. 21 CFR 50 and 21 CFR 56 are applied to all research studies under the Food and Drug

Administration regulation. The UMCIRB follows applicable International Conference on Harmonisation Good
Clinical Practice guidelines.

IRB00000705 East Carolina U IRB #1 (Biomedical) IORG00004 18 UMCIRB # 08-0109
IRB00003781 East Carolina U IRB #2 (Behavioral/SS) IORG0000418 Page 1 of 1
TRB00004171 East Carolina U IRB #3 (Prisoner) IORG0000418

IRB00004973 East Carolina U IRB #4 (Behavioral/SS Summer) IORG0O000418

Version 3-5-07

37



38

INFORMED CONSENT

Gender differences in plantar flexion exercise

Principal Investigator: Timothy P. Gavin, Ph.D.
Institution: Human Performance Laboratory
Address: 363 Ward Sports Medicine Building
Telephone #: (252) 328-4684

INTRODUCTION

You have been asked to participate in a research study being conducted by Timothy P. Gavin,
Ph.D. at East Carolina University.

Why study differences in calf exercise capacity between men and women?

It is well known that on average, women demonstrate lower maximal oxygen consumption
(VOzmax) and work capacity compared to men. This is the result of several factors including less
muscle mass per unit body mass and lower hemoglobin concentrations. In addition, women
demonstrate lower muscle capillarization and lower values for oxidative enzyme, which are important
components in setting VOamax. Whether aerobic or work capacity differences between women
compared to men are present when only a small muscle mass such as the calf is exercised is

unknown. We hypothesize that aerobic capacity is lower in women during calf exercise compared to
men.

We are recruiting 20 healthy individuals (10 men and 10 women). You need to be young (18-30
yrs of age) and sedentary (less than 1 hr of physical activity per week), yet otherwise healthy.

PLAN AND PROCEDURES

Prior to participation in this project, you will read and sign this Informed Consent for research, as
well as complete a physical activity readiness questionnaire (PAR-Q) (included). A “yes” answer to
any of these questions will preclude subjects from further participation in the study (American College
of Sports Medicine’s Guidelines for Exercise Testing and Prescription).

You will arrive at the Human Performance Laboratory (HPL), testing will take approximately 2 hours.

¢ Determination of fat-free and fat mass. Body composition will be determined by DEXA. The
DEXA scan uses low levels of x-ray to scan the body which estimates fat mass, lean body
mass and bone mass. Fat-free and fat mass will be calculated from body mass and body fat
percentage.

* Plantar Flexion Exercise. You be asked to lie on your back, your foot will be strapped to a
pivoting board, and you will be asked to perform plantar flexion exercise by pressing down on
the board with the sole of your foot. The pivoting board is attached to a weight which will be
lifted up and down by performing this action. You will actively perform plantar flexion with
passive release. The exercising will begin with a progressive exercise test to determine your
maximum. The test will start at a light workload for 2 minutes and the workload will be
increased a small increment every 2 minutes until you can no longer continue. You will
perform this exercise on each leg.

Page 1 of 5 Subjects initials
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» Exercise test. You will begin by walking on a tread mill at 1.5 mph and 10% grade. Every
three minutes the speed and incline of the treadmill will be increased as outlined in the table
below. We will continue to do this until you feel that you can no longer walk because of
discomfort. During this test you will be fitted with a mouthpiece through which we can
measure the oxygen and carbon dioxide levels that you breathe and the size of the breaths
that you take while exercising.

| Time (min) Stage Speed (mph) Grade (%)
0:00-3:00 1 1.7 10
3:00-6:00 2 2.5 12
6:00-9:00 3 3.4 14
9:00-12:00 4 4.2 16
12:00-15:00 5 5.0 18
15:00-18:00 6 5.5 20
18:00-21:00 7 6.0 22

RISKS AND DISCOMFORTS
There are risks and discomforts that may be associated with this research. They include:

* Maximal and Sub-maximal Exercise Testing. Risks associated with the exercise to be
completed in the current study are dizziness, ventricular arrhythmia (odd heart beats), and in
very rare instances death. These risks are very small, with an occurrence of fewer than 1 in
10,000 deaths in patients who are known to, or suspected of, having heart disease. To
minimize this risk, an Exercise Physiologist will conduct the maximal exercise test. The
maximal exercise test will be stopped if you feel dizzy, are having chest pain, are having
serious shortness of breath, or ask that the test be ended. The test will also be stopped if it is
detected (from the ECG) that heart function is not normal.

e DEXA Scan. There is a very small amount of radiation from the DEXA scan. The amount is
less than you would receive by being outside for a day and 100 times less than you would
receive from a chest x-ray.

There may be unforeseen risks involved with this and all research studies.

EXCLUSIONS
To your knowledge, you do not have any active heart disease, i.e., had a heart attack or worsening
chest pain or shortness of breath with exercise. In the last two months, you have not participated in a

structured exercise program. You do not perform vigorous physical activity for more than 1 hour per
week.

POTENTiAL BENEFITS

The information gathered from this study may add to the body of knowledge regarding methods to
assess exercise capacity in humans. The risks are considered minimal compared to the benefits.
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TERMINATION OF PARTICIPATION

Your participation in this research study may be terminated without your consent if the investigators
believe that the technigues outlined here will pose unnecessary risk to you. You may also be
terminated from participation if you do not adhere to the study protocol.

COST AND COMPENSATION

You will be paid $25 for the day of testing. The checks will be mailed out within 4 weeks of
completing each phase of the study.

The policy of East Carolina University does not provide for compensation or medica! treatment for
subjects because of physical or other injury resulting from this research activity. However, every

effort will be made to make the facilities of the School of Medicine available for treatment in the event
of such physical injury.

CONFIDENTIALITY

Only the investigators associated with this study will have access to the data obtained. However, the
University Medical Center Institufional Review Board (UMCIRB), governmental, or university officials
may require access to the data to determine if the research outlined here complies with all university

and governmental statutes. Numeric coding will protect your identity. In the reporting of the results,
no identifying information will be released.

VOLUNTARY PARTICIPATION
You understand that your participation in this study is voluntary. Refusal to participate will involve no
penalty or loss of benefits to which you am otherwise entitled. Furthermore, you may stop

participating at any time you choose without penalty, loss of benefits, or without jeopardizing your
continuing medical care at this institution.

PERSONS TO CONTACT WITH QUESTIONS

The investigators will be available to answer any questions concerning this research, now orin the
future. You may contact the investigators, Timothy P. Gavin, Ph.D. at 252-328-4684 or 252-328-4688
(days) or 252-353-9969 (nights and weekends). If questions arise about your rights as a research
subject, you may contact the Chairman of the University and Medical Center Institutional Review

Board at phone number 252-744-2914 (days). You may contact Risk Management & Quality
Programs at 252-328-2010.

Exclusion Criteria Checklist

To your knowledge, you {please initial each):
Are not ill (sick) today
Do not have active heart disease (have had a heart attack in the last six months, recent
worsening of chest pain or increasing shortness of breath on exertion.)
Do not vigorously exercise more than 1 hour a week or have been invelved in a
structured exercise program in the last two months.
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RESEARCH PARTICIPANT AUTHORIZATION TO USE AND DISCLOSE INFORMATION

Federal laws require that researchers and health care providers protect your identifiable health
information. Federai laws also require that researchers get your permission to use collected health
information for research. The identifiable information we wilt collect from subjects in this research
project will include: medications, physical activity levels, body compasition information, blocd levels of
insulin, glucose, lipids, and other compounds related to cardiovascular disease risk.

The members of our research team that will have access to your information will include the
Principle Investigator, co-investigators, as well as technical and nursing personnel involved in this
project. Information about you will be used and released in such a way that will protect your identity
as much as possible; however, confidentiality cannot be absolutely guaranteed. Someocne receiving
information collected under this Autharization could potentially re-disclose it, and therefore it would
no longer be protected under HIPAA privacy rules (federal rules that govern the use and disclosure of
your health information. We will only share your information with those individuals listed above. If we
need to share information with other individuals other than those listed, we will request your
permission a second time.

You will be given a signed copy of your authorization to release medical information for your
records. You can limit the amount and type of information that is shared and you must make this
request in writing; however, the researcher is able to use any and all information coliected prior to the
request not to disclose information. Although you can limit the release of your medical information,
withholding some information may cause you to become ineligible for this research project. Because
research information continues to be looked at after a study is finished, it is difficult 1o say when the
use of your information will stop. There is currentiy not an expiration date for the use and disclosure
of your information for this study. If a commercial product is developed from this research project, you
will not profit from such a product.
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CONSENT TO PARTICIPATE

| certify that 1 have read ali of the above, asked questions and received answers concerning areas |
did not understand, and have received satisfactory answers to these questions. | willingly give my
consent for participation in this research study. Additionally, it is okay with me to use data collected
during this study for future studies.” (A copy of this consent form will be given to the person signing as
the subject or as the subject’s authorized representative.)

Subject’'s Name (Print)

Signature of Subject Time and Date

Signhature of Legally Authorized Representative Time and Date

AUDITOR WITNESS: | confirm that the contenis of this consent form were orally presented.

Auditor's Name (Print)

Signature of Auditor Witness Time and Date

Timothy P. Gavin, PhD
Principal Investigator's Name (Print)

Signature of Principal Investigator Time and Date

Questions Asked by the Subject {Time and Date}(Continue on back if needed)
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