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ABSTRACT
PURPOSE: The purpose of this study was to compare the effects of a high volume isokinetic
intervention on lower body strength and inflammation, as well as markers of muscle damage in
the subsequent 48 hours between younger and middle-aged men. METHODS: 19 healthy,
recreationally trained men were randomly assigned to two groups, younger adults (YA: 21.8 +
2.0y; 90.7 £ 11.6 kg; 21.5 + 4.1 % body fat), or middle-aged adults (MA: 47.0 £ 4.4y; 96.0 £
21.5; 24.8 + 6.3 % body fat). Both groups reported to the human performance laboratory (HPL)
on four separate occasions. On the first visit (D1), anthropometric assessment, as well as a
familiarization session with the isokinetic dynamometer, was performed. A muscle damaging
protocol (HVP) was performed on the second visit (D2) consisting of 8 sets of 10 repetitions at
60°-sec on the isokinetic dynamometer. An assessment protocol (AP) was performed to assess
performance decrements between the YA and MA groups. For this protocol, a maximal
voluntary isometric contraction (MVIC) was performed, as well as 3 isokinetic kicks at 2
different speeds (240°-sec and 60°-sec™?). For the MVIC, values for peak torque (PKT), average
torque (AVGT), rate of torque development at 100 ms (RTDZ100), and 200 ms (RTD200) were
recorded. For the isokinetic kicks at 240°-sec™ (1ISK240) and 60°-sec? (ISK60), values were also
recorded for peak torque (PKT), average torque (AVGT), as well as peak power (PP), and
average power (AVGP). The AP was performed before the HVP (BL), immediately after the
HVP (IP), 120 minutes after the HVP (120P), as well as one (24H) and two (48H) days
following the HVP. Blood draws were also taken at BL, IP, 24H, and 48H, as well as 30 minutes
(30P), and 60 minutes (60P) following the HVP to assess circulating levels of creatine kinase
(CK), myoglobin (Mb), c-reactive protein (CRP), and interleukin 6 (IL-6). Ultrasound



assessment was also performed at BL and IP as well to assess changes in muscle morphology as
a result of the intervention. Performance, blood, and ultrasound markers were analyzed using a
repeated measures ANOVA to observe between group comparisons for all of the outcome
variables. RESULTS: There were no group differences observed for isometric or isokinetic peak
torque or average torque, nor were there differences in isokinetic peak power or average power
between the two groups as a result of the intervention. There were, however, differences in the
pattern for rate of torque development at 100 ms and 200 ms between the two groups. RTD 100
was decreased at IP and 48H in YA, with MA showing decreases at IP, but also 120P and 24H
unlike YA. RTD200 was decreased at all time points in YA, while MA was decreased at IP,
24H, and 48H, but not 120P. For markers of muscle damage and inflammation, there were no
differences in the response of Mb, CK, CRP, or IL-6 between groups. CONCLUSIONS: Age
does not appear to be a driving factor in the inflammatory or muscle damage response from a
high volume isokinetic intervention. Though changes in peak torque and average torque from a
high volume isokinetic intervention do not seem to differ between younger and middle-aged
adults, the rate of torque production at 100ms and 200ms is different between groups. This
suggests that while recovery to average or maximal strength after an exercise bout may not be
affected greatly by age, the rate of neuromuscular recovery from exercise may be primarily

affected by other factors such as training status.
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CHAPTER I: INTRODUCTION

Sarcopenia, or the age-related decrease in muscle mass and function, as well as issues
with neuromuscular activation, are significant factors in the decline of quality of life in middle-
aged and older adults (Janssen et al., 2000; Macaluso et al., 2004). Incorporation of regular
resistance exercise can attenuate age-associated losses in muscle strength and bone mineral
density, as well as enhance immune function, functional capacity, and even increase cognitive
function (Chang et al., 2012; Johnston et al., 2008). While the topics of cognitive function and
bone health are beyond the scope of this work, it is important to note the many beneficial effects
seen from regular resistance exercise throughout life. With roughly only one quarter (~27 %) of
U.S. adults estimated in engaging in recreational resistance exercise, and even less (~10%) for
adults over the age of 50, it can be posited that an increase in this type of training can mitigate or

even eliminate the effects of many debilitating and chronic conditions (Peterson et al., 2011).

The positive effects of resistance exercise are well known and well catalogued, with there
being many benefits, including increased muscle mass and strength, increased bone mineral
density, and even increased insulin sensitivity (Castaneda et al., 2002; Conroy et al., 1993; Ishii
et al., 1998; Skerry et al., 1997; Staron et al., 1994). Though increasing age is a risk factor for
many conditions including osteoporosis, cardiovascular disease, cancer, etc., an individual’s
chronological age and their biological age can differ greatly. Previous research has reported that
age-related decreases in muscle mass, maximal strength and diminished exercise capacity may
be associated with an increase in recovery time from physical activity in older adults (Frontera et
al., 2000; Hunter et al., 2004; Toft et al., 2002). As a result, aged-associated adjustments may be
necessary for the exercise prescription of older adults (>60 y) to allow for appropriate recovery
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and maximize physiological adaptation from the training program (Candow et al., 2011).
Research has shown enhanced recovery from muscle damage can augment both muscular and
immune function (Frontera et al., 1988; Hunter et al., 2004). In younger adults, performance
following muscle damaging exercise may significantly decrease in comparison to both middle-
aged and older adults due to higher levels of muscle strength, which may contribute to enhanced
recovery. These greater strength levels in younger adults does not provide much insight into
potential mechanisms for greater recovery patterns in these age groups. In regards to the immune
response between younger and older adults (e.g. > 65 y), a decrease in the magnitude of the
immune response is seen with advanced age (Ceddia et al., 1999; Mazzeo et al., 1998). Only a
limited number of studies have examined recovery from resistance exercise in older adults, but
none that we are aware of in middle-aged (40 — 59 y) individuals. Previously, it has been
demonstrated that the recovery of recreationally trained (3-6 hours of exercise per week) older
adults (~ 69 y) is impaired compared to younger adults (Toft et al., 2002). However, the
mechanism of how these differences occur was not elucidated. Therefore, the purpose of this
study was to examine differences in the recovery and inflammatory response from an acute

resistance exercise session between young (18 — 30 y) and middle-aged (40 — 60) men.

Purposes

1. To compare the effects of a high-volume isokinetic intervention on lower body strength and
inflammatory markers between young and middle-aged men.
2. To compare the effect of a high-volume isokinetic intervention on markers of muscle damage

in 48-hour post-recovery period between young and middle-aged men.



Hypotheses

It was hypothesized that:

1. An attenuation in the inflammatory and muscle damage response would be shown in
young compared to middle-aged men following a high volume isokinetic training
protocol.

2. An accelerated recovery in strength would be observed in young versus middle-aged men

following the exercise protocol



CHAPTER II: REVIEW OF LITERATURE

General Response of the Body from Damaging Exercise

The role of exercise in health is known to be a potent modulator of cardiovascular,
respiratory, immune, and muscle function (Calle & Fernandez, 2010; Kelley & Kelley, 2000;
McArdle et al., 2015; Peterson et al., 2011). The aging process leads to decreased levels of health
and wellness, characterized by decreases in muscle mass, strength, fat free mass, and increases in
time to recovery and chronic disease risk (Fulop et al., 2010; McArdle et al., 2015). Age-related
decreases in muscle mass are referred to as sarcopenia, while age-related decreases in muscle
strength are known as dynapenia (Clark & Manini, 2008). Though there are many potential
mechanisms for the diminished recovery response occurring with age, it is likely due in part to
the role of muscle in the recovery process (Fell et al., 2008). It is posited that both sarcopenia
and dynapenia significantly affect the ability to recover from muscle damage, and while this has
been demonstrated in animal studies, whether or not this relationship occurs in humans is still
unclear (Brooks et al., 1994; Mcbride et al., 1994). Appropriately designed training programs can
improve human performance, improve the quality of life, and attenuate physiological deficits
associated with aging (Baechle et al., 2008; Cartee et al., 2016; Peterson 2010). The mechanisms
associated with these physiological benefits include increasing bone mineral density, increasing
lean body mass, and enhancing immune function, all of which can decrease the risk of disease
and physiological dysfunction (DeSalles et al., 2010; Johnston et al., 2008; McArdle et al.,
2015). The exercise stimulus may result in a degree of acute muscular damage that results in
physiological adaptation (Ebbeling & Clarkson, 1989). The extent of muscle damage can be

quantified by assessing muscle soreness, measuring muscle damage markers in the peripheral



circulation, and examining changes in muscle performance. Adaptation is often reported
following an acute protocol as “recovery”, which can be quantified by the duration of time
following exercise-induced muscle damage where performance returns to baseline levels. During
this recovery period following exercise, an individual can experience decreased neuromuscular
and immune function, so reducing time to full recovery can attenuate many of the potential
adverse effects of exercise-induced muscle damage (Byrne & Easton, 2002; Gleeson 2007;
Hakinnen et al., 1993). The importance of the differences within these responses will be further
explicated in the scope of this section. Much of the research focusing on recovery from
resistance exercise has primarily been directed at the endocrine response, or is quantified in
conjunction with ingestion of a nutrient or supplement before or following exercise (Bgrsheim et
al., 2002; Kraemer et al., 2005; Pasiakos et al., 2014; Rawson et al., 2007). This review of
literature will examine the differences in recovery with respect to neuromuscular and immune

changes between younger and middle-aged populations.

Muscle Damage Markers

After an acute bout of exercise, changes occur in the body’s physiological response,
including increases in inflammatory markers, increases in blood pressure, increases in markers of
muscle damage (i.e. creatine kinase), and increases in circulating myoglobin (Kraemer et al.,
1999; Kraemer et al., 2005; Shaner et al., 2014). These are all dependent upon the amount of
muscle mass utilized, as well as exercise mode, intensity, and volume. Creatine Kinase (CK) is
an intracellular protein found in muscle cells that appears in the blood following disruption of
these cells (Baird et al., 2012; Magal et al., 2010). CK is a generally well-accepted marker of

muscular damage, with increased levels being reported following exercise (Brancaccio et al.,



2010). Basal levels of CK vary between individuals, however the relative change in CK
following an acute exercise bout can be used as a marker quantifying the magnitude of muscle
damage resulting from an exercise session (Clarkson et al., 2006). Although the use of CK as a
tool in assessing muscular damage is well acknowledged (Baird et al., 2011; Sayers & Clarkson,
2003), myoglobin (Mb) is also often used to assess muscle damage resulting from exercise
(Brancaccio et al., 2010; Clarkson & Hubal, 2002; Magal et al., 2010). Myoglobin is an oxygen
transporting protein in muscle that allows oxygen to be stored within the muscle, and following
exercise may be released from damaged skeletal tissue into circulation (Clarkson et al., 2006;
Sayers & Clarkson, 2003). Myoglobin is a much smaller protein than CK, and thus is leaked into
the circulation much earlier than CK, providing a first indication of acute muscle damage (Sayers
& Clarkson, 2003). Because CK is a larger protein requiring the assistance of the lymphatic
system to enter circulation, its increase in circulation is delayed. For this reason, Mb is often
used as a marker for the acute-phase muscle damage response, while CK provides a better
measure of the response 24 — 48 hours following exercise (Sayers & Clarkson, 2003). Changes
in CK concentrations typically parallel increases in Mb (Clarkson et al., 2006; Sayers &

Clarkson, 2003).

Immune Response

Changes in the immune response to exercise are dependent upon the metabolic and
mechanical stress of the workout, as well as the training experience of the individual (Gordon et
al., 2012). Increases in inflammatory markers in the circulation following acute exercise initiates
the immune response to the site of muscle damage (Calle & Fernandez, 2010; Gleeson 2007).

Inflammatory markers not only represent the level of muscular damage following exercise, but



also have many different roles in the breakdown, repair, and overall recovery process. Interleukin
6 (IL-6) is an inflammatory cytokine that facilitates communication among cells for the
mobilization, proliferation, and differentiation of immune cells to the site of tissue damage (Calle
& Fernandez, 2010). IL-6 has a role as an adipokine (cytokine released from a fat cell) and as a
myokine (cytokine released from a muscle cell) (Pedersen & Febbraio, 2005; Trayhurn et al.,
2010). Its role as an adipokine has been shown to be pro-inflammatory, potentially contributing
to insulin resistance and potentially impeding recovery by modulation of other inflammatory
cytokines (Pedersen & Febbraio, 2005; Trayhurn et al., 2004, 2010). Conversely, its role as a
myokine is considered to be anti-inflammatory, potentially aiding in the recovery process by
inhibiting pro-inflammatory cytokines and stimulating other anti-inflammatory cytokines
(Mathur et al., 2009; Pedersen & Febbraio, 2005). There is a marked increase in IL-6 following
an exercise bout due to the contraction of muscle, and its appearance in the circulation precedes
the appearance of other cytokines in the blood (Febbraio & Pedersen, 2002; Mathur et al., 2009).
Because of this, IL-6 is a common biomarker used to show the degree of inflammation caused by

exercise (Febbraio & Pedersen, 2002).

C-Reactive Protein (CRP) is a protein present in the blood that is associated with the
acute-phase response of inflammation (Du Clos & Mold, 2004). Like IL-6, it is also a marker of
systemic inflammation, and many other cytokines (including IL-6) are thought to play an integral
role in inducing CRP production (Gleeson 2007; Stewart et al., 2007). CRP levels reflect the
circulating levels of IL-6, however CRP increases and decreases more rapidly and dramatically
compared to other inflammatory markers (Du Clos & Mold, 2004). Understanding this,

circulating concentrations of 1L-6 and CRP provide an indication of the immune and



inflammatory processes resulting from exercise (Gleeson, 2007; Stewart et al., 2007). Increases
in both of these biomarkers have been reported following acute exercise, and a faster return to
baseline concentrations may be indicative of an enhanced rate of recovery from damaging
exercise (Clarkson & Hubal, 2002; Gordon et al., 2012). Additionally, elevated basal
concentrations of both CRP and IL-6 have been shown to increase with advancing age, and high
concentrations have also been reported in individuals with lower levels of fitness (decreasing rate
of recovery and increasing disease risk) (Aronson et al., 2004; Bruunsgaard 2002; Kasapis et al.,

2005; Rohde et al., 1999; Toft et al., 2002).

Acute resistance exercise can cause short-term decreases in strength in both untrained and
trained populations, regardless of age (Byrne & Easton, 2002; Clarkson & Hubal, 2002). Though
the time to recovery (i.e. return to baseline strength) is dependent upon many factors (i.e. training
status, age, activity level, etc.), greater degrees of exercise-induced muscle damage incurred
during an acute bout of resistance exercise may lead to significant reductions in strength and
power (Clarkson & Hubal, 2002). As the extent of muscle damage becomes magnified, recovery

processes may be delayed (Byrne et al., 2004).

Effect of Age on the Recovery Response

Previous investigations have illustrated many of the strength and inflammatory changes
that occur following exercise in younger and older populations, with younger populations
showing higher maximal strength and circulating markers of muscle damage during the recovery
period (Kraemer et al., 1999; Smilios et al., 2007; Walker et al., 2014; 2015). Understanding the
recovery response between different age groups may provide a more effective, or appropriate,

exercise prescription. Increasing age is associated with increased disease risk and functional
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limitations, and decreased muscle mass and strength; these changes together or in part, can
impair the recovery process following exercise (Candow et al., 2005; Miszko et al., 2003;
Peterson et al., 2011). Increased muscle mass and strength changes observed with regular
resistance exercise can enhance recovery from exercise-induced mechanical damage (Brandt &

Pedersen, 2010; Johnston et al., 2007; Kelley & Kelley, 2000; Powers et al., 2014).

Importance of Preserving Muscle Mass

Sarcopenia and dynapenia not only decrease quality of life, but also increase health care
costs, risk of falls, and many other negative consequences (Hunter et al., 2004). Strength
decreases that are associated with age are primarily due to decreases in muscle mass (Frontera et
al., 2000; Volpi et al., 2004). Maximal muscle strength is achieved before the third decade of
life, with rapid declines in muscle strength and function after the fifth decade of life (Hakkinen et
al., 1998; Hunter et al., 2004). Decreases in neuromuscular function seen after this third decade
of life are associated with increases in joint stiffness, as well as a reduction in bone mineral
density (Volpi et al., 2004). Whether this is a result of a detraining effect or early signs of
functional performance loss related to aging is not clear. In any event, decreases in physical
function observed with advancing age can be attenuated or reversed by maintaining or increasing
muscle size and strength (Frontera et al., 1988; Volpi et al., 2004). Because lower body
musculature appears to have greater strength decreases than upper body musculature (Candow et
al., 2011), maintenance of these muscle groups in particular (i.e. legs) becomes essential in
preserving muscle mass, muscle strength, and physical function throughout the course of life
(Candow et al., 2011; Janssen et al., 2000). Twelve weeks of resistance exercise has been shown

to eliminate age-related deficits in elbow flexor, and lower limb strength (Candow et al., 2011).



These findings are significant, because they demonstrate that muscle quality, or the capacity of
skeletal tissue to perform is maintained or even increased, with regular low to moderate intensity
resistance exercise, in older adults (Peterson et al., 2011; Silva et al., 2014). The interaction
between these age-related decreases, and the attenuation of said decreases through training may
be the key to understanding the potential changes in recovery from muscle damage throughout

life.

Role of Exercise in Enhancing Muscular and Immune Function

Acute resistance exercise has been shown to substantially increase IL-6 concentrations
post-exercise, while changes in CRP levels appear to be dependent on different factors (i.e.
intensity, duration, and mode of exercise); though reductions of these inflammatory markers
have been reported following chronic training (Kasapis et al., 2005; Mathur et al., 2009; Petersen
et al., 2005). Changes in the concentrations of these immune factors may reflect overall training
stress and may potentially serve as immune markers for training or metabolic disorders (Brandt
& Pedersen, 2010; Gleeson 2007). The risk of overtraining increases with advancing age, with
increased resting concentrations of these immune markers, and an impaired regeneration
response to muscle damage reported in comparison to younger individuals (Mathur et al., 2009;
Stewart et al., 2007; Toft et al., 2002). Though circulating CRP concentrations can be elevated
up to 48-hours post-exercise, regular exercise training can attenuate resting CRP concentrations
and the CRP response post-exercise (Kasapis et al., 2005). In addition, resistance training has
previously been shown to attenuate resting CRP concentration to a greater degree than aerobic
exercise training in sedentary individuals (Donges et al., 2010). Aside from stimulating the

release of CRP, the role of IL-6 is multifactorial, while IL-6 is generally thought of as a pro-
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inflammatory cytokine, it has also been reported to act as an anti-inflammatory cytokine when it
is secreted from muscle tissue (Donges et al., 2010; Mathur et al., 2009; Pedersen & Febbraio,
2005). Therefore, increases in IL-6 concentrations and the subsequent increase in other anti-
inflammatory cytokines such as Interleukin-10 (IL-10) and Interleukin-1 receptor antagonist (IL-
1RA) following exercise suggests that IL-6 may have a direct role in the recovery process when
secretion is induced by resistance exercise (Brandt & Pedersen, 2010; Mathur et al., 2009;
Petersen et al., 2005). Additionally, lower basal levels of IL-6 and CRP can be achieved through
resistance exercise in both younger and middle-aged populations, increasing their health and
potentially enhancing immune function and recovery (Aronson et al., 2004; Petersen et al., 2005;

Stewart et al., 2007).

11



CHAPTER Ill: METHODOLOGY

Participants

Nineteen recreationally active males were recruited to participate in this parallel designed
study. Study participants were recruited into two groups based on age. The younger-age group
(YA) consisted of men between the ages of 18 —30 while the middle-age group (MA) consisted
of men between the ages of 40 — 59 years. Inclusion criteria required participants to meet the age
requirements of one of the groups and be recreationally active including resistance training for
the previous 6 months prior to enrollment as defined by the American College of Sports
Medicine (150 minutes of exercise/week). All participants were free of any physical limitations
that may have affected performance. Additionally, all participants were free of any medications,
performance-enhancing drugs, nor were they using any dietary supplements as determined by the
health and activity questionnaire. Following an explanation of all procedures, risks and benefits,
each participant provided his informed consent prior to participation in this study. The research

protocol was approved by the Institutional Review Board at UCF prior to participant enrollment.

Study Design

Both groups reported to the Human Performance Laboratory (HPL) on four separate
occasions (Figure 1). On the first visit (D1), participants reported to the HPL following a 2-hour
fast. Anthropometric assessments were performed and included height, weight, and body
composition. Following anthropometric assessment, participants performed a standardized
warm-up. The standardized warm-up consisted of 5 minutes of pedaling on a cycle ergometer at
50 watts. Following the warm-up, participants completed a familiarization protocol on the

isokinetic device. On the second visit (D2), participants arrived 10 hours post-prandial and
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recorded their subjective levels of pain and soreness on a visual analog scale (VAS). Following
the VAS, participants then provided a baseline blood sample followed by an ultrasound
assessment (US) of their lower body musculature. After the blood sample and US were obtained,
the participants performed the first lower body performance assessment (BL). After a brief five-
minute rest period, participants then completed the high-volume isokinetic protocol (HVP).
Immediately after the HVP (IP), participants again completed the lower body performance
assessment to determine performance decrements resulting from the HVP. Following the IP
measure, VAS and US assessments were performed. Blood samples were collected at 30- (30P),
60- (60P), and 120-minutes (120P) following the HVP. Participants reported to the HPL 24- (D3)
and 48-hours (D4) following D2 for blood, ultrasound, and VAS measures. All blood draws
during D3 and D4 were obtained following a 10-hour fast. The order of assessment, VAS, blood
draw and US measures were consistent for all testing sessions. Participants also performed lower

body performance assessments at D3 and DA4.
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Figure 1. Study Design

On D1, participants were assessed for anthropometric measurement and completed a
familiarization protocol prior to D2. On D2, participants provided blood samples at BL, IP, 30P,
60P, and 120P, ultrasound assessment at BL, IP, and 120P, as well as performance assessment at
BL, IP, and 120 P. The HVP was also performed on this day following the performance
assessment at BL. On D3 and D4, a blood sample, ultrasound assessment, and performance
assessment were collected at 24H and 48H, respectively.

Dietary Recall

All participants provided a 3-day dietary recall beginning the day before D2 testing until
the morning of D4 testing. Participants were asked to maintain their regular diet for the duration
of the investigation. FoodWorks nutrient analysis software (McGraw-Hill, New York, NY, USA)
was used to analyze the self-reported dietary recalls for total kilocalorie intake and macronutrient

distributions (carbohydrate, protein, and fat).
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Anthropometric Measurements

Body mass (£0.1 kg), and height (0.1 cm) was measured using a Health-o-meter
Professional scale (Patient Weighing Scale, Model 500 KL, Pelstar, Alsip, IL, USA). Body
composition was assessed using a direct segmental multi-frequency bioelectrical impedance
analyzer (BIA) (InBody 770, Cerritos, CA, USA) according to the manufacturer’s guidelines.
BIA estimates body composition using the conductivity differences of the various tissues due to
its tissue characteristics (water and electrolyte content). This analyzer processes 30 impedance
measurements by using six different frequencies (1, 5, 50, 250, 500, 1000 kHz) at each of five
segments of the body (right arm, left arm, trunk, right leg, left leg) using tetrapolar 8-point tactile
electrodes (Kurinami et al., 2016). Values for total and segmental body fat percentage were then

recorded.

Visual Analog Scales

Participants were instructed to assess their subjective feelings of pain and soreness using
a 100-mm visual analog scale (VAS) (Lee et al. 1991). Participants were asked to rate pain and
soreness intensity by placing a mark on a horizontal 100-mm VAS (Bijur et al. 2001; Nosaka et
al. 2002). No pain or soreness was recorded as 0 and the worst possible soreness or pain as 100.
Evaluations were performed upon arrival to the HPL on D2, D3, D4, and following the HVP on

D2.

Ultrasound Assessment
Non-invasive skeletal muscle ultrasound (US) images were collected from the dominant
thigh, of all participants during all assessment time points. Participants were asked to lay supine

on an examination table with both legs fully extended for a minimum of 5 minutes in order to
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allow fluid shifts to occur (Arroyo et al., 2016). Prior to image collection, all anatomical
locations of interest were identified using standardized landmarks for the rectus femoris (RF),
and vastus lateralis (VL) muscles. The landmarks for the RF and VL were determined along the
longitudinal distance over the femur at 50% of the length of each muscle, respectively. The
length of the RF was defined as the length between the anterior, inferior suprailiac crest and the
proximal border of the patella, while the length of the VL encompassed the distance from the
lateral condyle of the tibia to the most prominent point of the greater trochanter of the femur. The
VL measurement required the participant to lay on their side. Pennation angle (PA), muscle
thickness (MT), cross-sectional area (CSA), and echo-intensity (EI) were all measurements
obtained from the US. All measures were obtained by passing a 12MHz probe (General Electric
LOGIQ P5, Wauwatosa, W1, USA) coated with water-soluble transmission gel (Aquasonic®
100, Parker Laboratories, Inc., Fairfield, NJ) over the surface of the thigh at the predetermined
anatomical locations outlined above. Measures of CSA, PA, and MT were captured using B-
mode ultrasonography with gain set at 50 and dynamic range set to 72 to optimize spatial
resolution. Image depth was fixed at 5 cm*. Further analysis of all ultrasound images was
performed via ImageJ (National Institutes of Health, USA, version 1.45s) to quantify CSA, PA,

MT, and ELI. Fascicle length (FL) was estimated using the following equation:

FL = MT /sin(PA) (Kawakami, 1995)

Echo-intensity (EI) was quantified through grayscale analysis using the standard histogram
function in ImageJ. The same investigator performed all ultrasound measurements. Intraclass

correlation coefficients and minimal differences (MD) for the VL were as follows: cross-
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sectional area (R = 0.99; MD = 0.85 cm?), muscle thickness (R = 0.97; MD = 0.09 cm), fascicle
length (R = 0.96; MD = 0.45 cm), pennation angle (R = 0.98; MD = 0.68°), and echo-intensity (R
=0.99; MD = 1.46 au). Intraclass correlation coefficients and minimal differences (MD) for the
RF were as follows: cross-sectional area (R = 0.96; MD = 0.78 cm?), muscle thickness (R = 0.94;
MD = 0.21 cm), fascicle length (R =.95; MD = .38 cm), pennation angle (R =0.91; MD =

1.32°), and echo-intensity (R = 0.94; MD = 3.88 au).

Isokinetic Assessment Protocol

On D2 following the warm-up, participants were seated in the isokinetic dynamometer
(S4, Biodex Medical System, Inc., New York, NY, USA), positioned with a hip angle of 110°
and strapped into the chair at the waist, shoulders, and across the thigh. Chair and dynamometer
settings were adjusted for each participant to correctly align the axis of rotation with the lateral
condyle of the femur. All participants were tested on their right leg, which was secured to the
dynamometer arm just above the medial and lateral malleoli. Isokinetic dynamometer settings for
each individual were recorded and remained consistent throughout the study. The isokinetic
assessment protocol was performed ~10 minutes following the initial US of the participant.
Following the initial isokinetic assessment protocol, the participant remained seated, and a HVP
was performed. For the HVP, the lever arm of the dynamometer was programmed to extend the
participant’s leg to 155 degrees of knee flexion (where 180 degrees is full extension), and flex
the participant’s leg to 95 degrees of flexion. This protocol consisted of 8 sets of 10 repetitions
with concentric knee extension, and eccentric knee flexion at 60 degrees per second. Participants
were instructed to give maximal effort throughout the HVP; verbal encouragement was provided.

For all participants, the right leg was used for the HVP. Following the HVP, another isokinetic
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assessment protocol was performed (IP) in order to quantify the performance decrements of the
participant. Isokinetic assessment protocols were also performed 24 hours (24H), and 48 hours
(48H) after the HVP. The lever arm of the dynamometer was programmed to extend the
participant’s leg to 155 degrees of knee flexion (where 180 degrees is full extension), and flex
the participant’s leg to 95 degrees of flexion. The isokinetic assessment protocol at each time
point consisted of: (i) two maximal voluntary isometric contractions (MVIC’s) at a 70 degree
angle, (i) one set of 3 repetitions of concentric knee extension at 240 degrees per second and
concentric knee flexion at 60 degrees per second, (iii) one set of 3 repetitions of concentric knee
extension at 180 degrees per second and concentric knee flexion at 60 degrees per second, (iv)
one set of 3 repetitions of concentric knee extension at 60 degrees per second and concentric
knee flexion at 60 degrees per second, and (v) one set of 10 repetitions of concentric knee
extension at 60 degrees per second and eccentric knee flexion at 60 degrees per second. A
familiarization of this protocol was performed following anthropometric measurement on D1 in
order to acquaint the participant with the isokinetic dynamometer. Work performed in each set
was calculated as the product of the mean power of each kick over the time to complete the kick.
Total work done (TWD) was calculated as the sum of the work performed in each of the 8 sets of

ten repetitions during the HVP.

Blood Measurements

Blood samples were obtained at seven time points throughout the study (BL, IP, 30P,
60P, 120P, 24H, and 48H). The BL, IP, 30P, 60P and 120P blood samples were obtained using a
Teflon cannula placed in a superficial forearm vein using a three-way stopcock with a male luer

lock adapter and a plastic syringe. The cannula was maintained patent using a non-heparinized
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isotonic saline solution (Becton Dickinson, Franklin Lakes, NJ, USA). All blood samples were
obtained following a 15-minute equilibration period. The remaining time points (24H and 48H)
were obtained by a single-use disposable needle with the subject in a supine position also for at

least 15 minutes prior to sampling.

Whole blood was collected at each time-point in two 10 mL Vacutainer® tubes (Becton
Dickinson, Franklin Lakes, NJ) for a total of 20 mL. One containing K;EDTA, which is an
anticoagulant to prevent the blood from clotting, and a serum tube containing no anti-clotting
agents. An aliquot of whole blood from the EDTA tube was immediately utilized to assess
hematocrit, hemoglobin, and red blood cell count using a complete blood cell counter (Coulter®
AC-T diff 2™ hematology analyzer). Blood in the serum tube was allowed to clot at room
temperature and subsequently centrifuged at 4,000g for 15 minutes. The resulting serum was

placed into separate 1.8-mL microcentrifuge tubes and frozen at -80° C for later analysis.

Biochemical Analyses

Serum Concentrations of Creatine Kinase (CK) were analyzed with the use of a
commercially available Kinetic assay kit (Sekisui Diagnostics, Charlottetown, PE, Canada), per
manufacturer’s instructions. CRP, IL-6, and myoglobin concentrations were obtained via
enzyme-linked immunosorbent assays (ELISA) (Calbiotech, Spring Valley, CA, USA). To
eliminate inter-assay variability, all samples for a particular assay were thawed once, and
analyzed by the same technician using a BioTek Eon spectrophotometer (BioTek, Winooski,
VT). All samples were analyzed in duplicate with a mean coefficient of variation of 4.50% for
CK, 7.38% for CRP, 3.55% for IL-6, and 5.03 % for myoglobin. All biochemical assays were

run per the manufacturer’s instructions.

19



Statistical Procedures

Changes in subjective levels of pain and soreness, markers of inflammation and muscle
damage, as well as performance measures, were analyzed via repeated measures analysis of
variance (ANOVA). In addition, changes (A) in isometric and isokinetic performance from
baseline were analyzed via repeated measures ANOVA. In the event of a significant F value,
LSD post-hoc tests were used for pairwise comparison. Baseline performance comparisons of
both groups were determined by independent t-tests. Outliers were identified when values
exceeded 1.5 times the interquartile range (Barbato et al. 2011). For all analyses, a criterion
alpha level of o < 0.05 was used to determine statistical significance, and statistical software

(SPSS V.21.0, Chicago, IL, USA) was used. All data are reported as mean + standard deviation.
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CHAPTER IV: RESULTS
Nineteen men volunteered to participate in this investigation. Nine men were in the
younger group (YA), while the other ten were in the middle-aged group (MA). Groups were
significantly different in age (F = 7.969; p < 0.001); however, there were no significant
differences observed in height (F = 3.112; p = 0.390), body mass (F = 1.111; p = 0.559), or body
fat percentage (F = 0.255; p = 0.242). Descriptive data for each group are depicted in Table 1.
There were also no differences in TWD (F= 0.882; p = 0.832) during the isokinetic exercise

protocol between the two groups.

Table 1. Participant Anthropometrics

Younger (n =9) Middle-Aged (n = 10)
Age (y) 218+22 470+44
Height (cm) 179.5+49 176.8+7.6
Body Mass (kg) 91.2+122 96.0+£215
Body Fat (%) 218+4.3 24.8+6.3

No differences in average daily caloric (F = 0.137; p = 0.685), carbohydrate (F = 0.009; p
=0.890), protein (F = 2.481; p = 0.337), or fat intakes (F = .154; p = 0.857) were observed
between YA and MA during the three-day study period. Details of nutrient intake for both

groups can be observed in Table 2.
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Table 2. Average Daily Nutrient Intake

Younger Middle-Aged
Calories (kcal) 2076.2 + 545.2 1975.3 +520.4
Carbohydrate (g) 220.3+70.2 224.8 £ 69.1
Protein (g) 110.2 £43.8 94.8+£21.6
Fat (9) 76.0£27.4 78.6 £32.9

Performance Measures

Isometric Assessment

Isometric performance measurements can be observed in Table 3, and changes in PKT
are depicted in Figure 2. No significant group x time interactions were observed for PKT (F
=1.928; p = 0.116) or AVGT (F = 1.712; p = 0.158). Significant main effects for time were
observed for both PKT (F =17.574; p < 0.001) and AVGT (F = 15.345; p < 0.001). PKT and
AVGT at IP, 120P, 24H, and 48H were all significantly lower (p < 0.001) than BL. Baseline
differences were observed for AVGT (p =0.043), and a trend was observed in PKT (F =0.692; p
= 0.057). However, there were no group X time interactions in A change observed for PKT (F =

2.033; p = 0.146), or AVGT (F = 1.096; p = 0.359).
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Table 3. Isometric Performance Measures.

Time Points
BL IP 120P 24H 48H
Peak Torque
(Nm)
YA | 296 +44 193 +41 240 + 50 260 * 48 260 * 49
MA | 248 +57 190 + 48 214 + 39 218 + 43 214 + 52
Average Torque
(Nm)
YA | 229+36 147 + 32 180 + 35 188 + 37 190 + 34
MA | 18846 146 £ 35 160 £ 30 169 + 36 161 £ 43
Rate of Torque
Development
at 100 ms (Nm/s)
YA | 1320+ 370 599 + 225 1117 + 446 1063 + 459 790 + 324
MA | 1170 %421 770 + 325 953 + 336 908 + 374 964 + 413
Rate of Torque
Development
at 200 ms (Nm/s)
YA | 980+214 465 £ 111 777 + 185 668 + 207 579 £ 93
MA | 726 %260 573 +197 622 + 144 532 + 165 549 + 266
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Figure 2. Comparisons of PKT response from Isometric Performance Assessment.

All data are reported as mean = SD.
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Figure 3. Comparisons of AVGT response from Isometric Performance Assessment.

All data are reported as mean = SD.

A significant interaction was observed for rate of torque development at both 100 ms (RTD100)
(F = 3.408; p =0.013), and 200 ms (RTD200) (F =5.772; p <.001). RTD100 values at IP and
48H were significantly reduced (p < 0.001) compared to BL in YA, while significantly lower
from BL at IP (p = 0.001), 120P (p = 0.023), and 24H (p = 0.011) in MA. For RTD200, values at
IP (p <0.001), 120P (p = 0.001), 24H (p = 0.004), and 48H (p = 0.001) were significantly lower
than BL in the YA group, while RTD200 was significantly lower from BL at IP (p = 0.015), 24H
(p =0.002), and 48H (p = 0.021) in the MA group. No between group differences were observed
at any time point for RTD100. However, RTD200 was significantly greater (p = 0.033) for YA
than MA at BL. A group x time interaction in A change was observed for both RTD100 (F =

4.249; p = 0.009) and RTD200 (F = 4.859; p = 0.005). The A change from BL was significantly
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greater for YA than MA in RTD100 at IP (p = 0.033) and 48H (p = 0.044), while the A from BL
at RTD200 was significantly greater for YA than MA change at IP (p = 0.001) and 48H (p =
0.037) as well. Changes in RTD100 are depicted in Figure 4, while changes in RTD200 are

depicted in Figure 5.
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Figure 4. Differences in RTD100 between YA group and MA group.

All data are reported as mean = SD
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Figure 5. Differences in RTD200 between YA group and MA group

* = Asterisk represents a significant difference in RTD200 between groups. All data are reported
as mean + SD.

Isokinetic Assessment

No significant group x time interactions were observed for PKT at either 240°-sec (F =
1.756; p = 0.174) or 60°-sec’® (F = 1.928; p = 0.137). Significant main effects for time were
observed for PKT at both 240°-sec® (F = 10.444; p < 0.001) and 60°-sec (F =15.629; p <
0.001). PKT was significantly lower at IP (p < 0.001), 120P (p =0.007), and 24H (p = 0.032)
compared to BL at 240°-sec?, and significantly lower than BL at IP (p < 0.001), 120P (p <

0.001), 24H (p < 0.001), and 48H (p = 0.002) at 60°-sec®. Though no baseline differences were
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found for PKT at either 240°-sec® (F = 0.081; p = 0.061) or 60°-sec® (F = 1.562; p = 0.083),

trends were observed for both measures.

No significant group x time interactions were observed for AVGT at 240°-sec™ (F =
1.837; p = 0.160) or 60°-sec (F = 2.371; p = 0.086). Significant main effects for time were
noted in AVGT at both 240°-sec’? (F = 12.494; p < 0.001) and 60°-sec™? (F =16.425; p < 0.001).
AVGT values at IP (p < 0.001), 120P (p = 0.002), 24H (p = 0.013), and 48H (p = 0.036) were all
significantly lower than BL at 240°-sec’, and significantly lower at IP (p < 0.001), 120P (p <
0.001), 24H (p < 0.001), and 48H (p = 0.001) compared to BL at 60°-sec™. There were no
baseline differences found for AVGT at either 240°-sec™ (F = 0.008; p = 0.094) or 60°-sec® (F =
0.940; p = 0.148), though a trend was observed for AVGT at 240°-sec’’. There were no group x
time interactions of A change observed for PKT at 240°-sec? (F = 2.937; p = 0.070), PKT at
60°-sec (F = 2.410; p = 0.101), AVGT at 240°-sec’! (F = 2.665; p = 0.092), or AVGT at
60°-sec (F = 2.796; p = 0.069). All isokinetic performance measurements are depicted in Table

4.
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Table 4. Isokinetic Performance Measures.

Time Points
BL IP 120P 24H 48H
Peak Torque at
240°-sec’?
(Nm/s)
YA 151 + 23 112 + 36 134 + 33 136 + 39 145 + 39
* * *
MA 129 + 24 103 + 20 117 + 23 118 + 18 110 + 23
* * *
Average Torque
at 240°-sec?
(Nm/s)
YA 136 + 26 92 + 32 115+ 30 119+ 35 125 + 36
* * * *
MA 115+ 26 90 + 20 101 + 25 104 + 20 98 +24
* * * *
Peak Torque at
60°-sec?t
(Nm/s)
YA 234 + 28 157 + 46 196 + 40 197 + 36 207 £ 33
* * * *
MA 205+ 39 161 + 25 172 + 29 169 + 32 171 +52
* * * *
Average Torque
at 60°-sec’?
(Nm/s)
YA 187 + 30 113+ 41 154 + 32 159 + 32 166 + 24
* * * *
MA 164 + 36 121 + 27 138 + 33 130 + 32 133 + 47
* * * *

* =significantly different than BL.

Blood Analyses

No significant group x time interactions were observed for myoglobin (Mb) (F = 0.307; p

= 0.640), creatine kinase (CK) (F = 0.607; p = 0.551), C-reactive protein (CRP) (F =0.320; p =

0.602), or IL-6 (F = 0.466; p = 0.589). However, significant main effects for time were observed

for Mb (F = 8.708; p = 0.005) and CK (F = 8.127; p =0.001). Mb was significantly higher at 30P

29




(p =0.002), 60P (p = 0.001), and 120P (p = 0.007) compared to BL, while CK concentrations at
24H (p = 0.002) and 48H (p = 0.006) were significantly higher than BL. Although no significant
main effect for time was observed for CRP (F = 3.042; p = 0.097), a trend was noted for IL-6 (F
= 3.689; p =0.052). Changes in Mb concentrations are pictured in Figure 4, while changes in CK

concentrations, CRP concentrations, and IL-6 concentrations are pictured in Figures 5, 6, and 7,

respectively.
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Figure 6. Changes in Mb concentration.

* = significant difference compared to BL for both YA and MA combined. All data are reported
mean + SD.
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Figure 7. Changes in CK concentration.

* = significant difference compared to BL for both YA and MA combined. All data are reported
mean * SD.
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Figure 8. Changes in CRP concentration.

All data are reported mean + SD.
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Figure 9. Changes in IL-6 concentration.

All data are reported mean + SD.

Visual Analog Scales

No significant group x time interactions were observed for subjective measures of pain (F
=0.102; p = 0.959) or soreness (F = 0.886; p = 0.455). No significant main effect for time was
observed for subjective levels of pain (F = 1.085; p = 0.351), however a significant main effect
for time was observed for subjective levels of muscle soreness (F = 7.319; p = < 0.001). Muscle
soreness was significantly higher at 30P (p = 0.001), 24H (p = .001) and 48H (p = .002)

compared to BL. VAS values for each group are depicted in Table 5.
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Table 5. Average Levels of Subjective Pain and Soreness

Time Points
BL 30P 24H 48H
VAS for Pain
(cm)
YA | 0.06+0.19 0.072 £1.53 0.070 £1.16 0.076 £ 1.97
MA | 0.17+0.52 0.54+154 0.50 + .68 0.64 +1.05
VAS for Soreness
(cm)
YA | 0.25+0.53 3.31+2.10 2.78 £2.55 2.67+2.75
* * *
MA | 0.08+0.25 1.76 + 2.64 1.97 +1.83 3.23+3.23
* * *

* = significant difference compared to BL for both YA and MA combined. All data are reported
mean * SD.

Ultrasound Assessment

No significant group x time interactions were observed for muscle CSA (F= 0.246; p
0.747), or MT (F=0.687; p = 0.530). However, a main effect for time was observed for both
CSA (F=13.460; p < 0.001) and MT (F= 3.685; p 0.028). Muscle CSA and MT were
significantly greater at IP (p < 0.001) compared to BL. CSA and MT are depicted for each group

in Table 6.
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Table 6. Muscle Morphology Characteristics

Time Points
BL IP 120P 24H 48H
CSA (cm?)

YA | 342+60 | 375+52 | 341+56 | 348%6.2 344+59
*

MA | 321+65 | 347+74 | 318+56 | 31.9+57 315+55
*

MT (cm)

YA| 18+04 | 20+£04 1.8+0.3 1.9+0.5 1.8+0.4
*

MA| 15+03 | 18%0.2 1.7+0.2 1.6+0.4 1.6+0.4
*

*=significant different from BL. All data are reported as mean £SD.
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CHAPTER V: DISCUSSION

This investigation sought to compare changes in neuromuscular performance, muscle
damage, and inflammation between young and middle-aged adults on recovery from a fatiguing
isokinetic exercise protocol. In this investigation, there were no baseline differences in the
height, body mass, body fat percentage, average daily caloric intake, or average daily nutrient
intake between the two groups. There was also no difference in muscle size or thickness between
the groups. In regards to muscular performance, there were no baseline difference in isometric or
isokinetic peak torque, isokinetic average torque, or total work between the groups. There were
baseline differences in isometric average torque, and the rate of torque development at 200 ms.
Also at baseline, a trend towards a difference was observed for isometric peak torque, isokinetic
peak torque (at both 240°-sec " and 60°-sec 1), and isokinetic average torque at 240°-sec L.
Results of the study indicated that although both groups experienced significant performance
decrements, no between-group differences were observed between the younger and middle-aged
participants for these measures. Furthermore, no differences between the groups were observed

in the inflammatory or muscle damage response.

Decreases in muscle mass, function, and neuromuscular activation are major contributors
to the decrease in quality of life for adults (Janssen et al., 2000; Kamen et al., 1995). The amount
of force a muscle can generate, how long it can generate optimal force, and how quickly it can
generate this force, are all vital in assessing the quality of muscle, and its effect on health and
activity. The benefits of resistance training (e.g. increased muscle size and function) can be
observed in both younger adults, as well as older adults (Hakkinen et al., 1998; Walker et al.,
2014).
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Peak torque is a measure of the maximal performance capability of an individual.
Previous investigations examining the effect of age on isokinetic performance have reported
significantly greater peak torque in younger adults (means ranging from 23 - 29 y) compared to
older adults (mean ranging from 60 — 65 y), Candow et al., 2005; Hakkinen et al., 1998; Lynch et
al., 1999). Similar differences in muscular performance have also been observed when
comparing middle-aged (41 — 42 y) and older adults (70 — 72 y) (Hakkinen et al., 1998; 2000).
Evidence from these investigations indicate that there are age-related decreases in muscle
performance (e.g. power, and rate of force development). In contrast to these studies, baseline
differences were found in average torque, and in the rate of torque development at 200 ms, with
only a trend observed in peak torque. As previously discussed, trends were also found in
isokinetic peak torque (at 240°-sec’ and 60°-sec™), and average torque at 240°-sec™ between the
two groups at baseline. It should also be noted that all of the aforementioned studies included
participants who were untrained or novice to resistance exercise. In addition, the population
comparison performed in this investigation was unique, in which this appears to be the first study
to compare young to middle-aged adults with recreational resistance training experience. The
results of this study also indicate that recovery of peak torque from fatiguing exercise appears to
be similar between middle-aged and young adults with recreational resistance training
experience. Whether this is a function of this age group or training status is not clear, but the data
does appear to suggest that recreational training does maintain recovery capability from high

volume isokinetic resistance exercise.

There were no differences in peak or mean torque between groups during the recovery

period. There were also no differences between these groups in A change from BL for these
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variables. Differences in the pattern of recovery between the groups were noted in the rate of
torque development. YA experienced a significantly greater A change between BL and IP, and
between BL and 48H for both RTD100 and RTD200. YA experienced a 52.6% decrease from
BL to IP during RTD100 and a 50.6% decrease in RTD200. In contrast, MA experienced a
31.4% and an 18.3% reduction for RTD100 and RTD200, respectively. The results of this
investigation are in agreement with other studies that have reported decreases in force and the
rate of force development with increasing age (Hakkinen et al., 1998; Izquierdo et al., 1999;
Thompson et al., 2014). It appears that the rate of force development declines at a greater rate
than muscle performance with increasing age. This provides a potential explanation for the
differences observed in the rate force development between the groups at baseline, as well as

differences in the rate of torque development at 100 ms and 200 ms during the recovery period.

Both the younger and middle-aged adults showed similar patterns of muscle damage, as
reflected by the comparable myoglobin and CK responses from the exercise protocol. Elevations
in myoglobin and creatine kinase concentrations in both groups are consistent with the expected
physiological response from high volume exercise (Clarkson et al., 2006; Sayers & Clarkson,
2003). Considering the similar training background (e.g. recreational) of these subjects, these
results are not surprising. These results also suggest that middle-aged recreationally active men
who regularly engage in resistance training are not at greater risk for either muscle soreness or

muscle damage in comparison to younger recreationally trained adults.

No significant elevations from BL were observed in either C-reactive protein or IL-6
concentrations for either group. This again is likely related to the recreational training status of

both groups. Previous research has reported that regular exercise can attenuate the C-reactive
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protein response (Kasapis et al., 2005; Toft et al., 2002). IL-6 has generally been reported to
increase following acute exercise (Kasapis et al., 2005; Pedersen & Febbraio, 2005). Although
no significant elevations were observed in the I1L-6 response, a trend towards an increase was
detected. Considering the participants were at least 10 hours fasted before the initial exercise
protocol, although speculative, a reduction of muscle glycogen may have influenced the IL-6
response. Muscle glycogen depletion has been reported to upregulate IL-6 transcription
(Steensberg et al., 2001).

No differences in subjective levels of pain or soreness were observed between the groups.
The results regarding subjective feelings of pain are consistent with the inflammatory response
observed, while the elevations observed in subjective feelings of soreness is supportive of the
pattern of response observed in the muscle damage markers. The significant increase in muscle
soreness through 48H, accompanied by elevated markers of muscle damage (i.e. myoglobin,
creatine kinase) is consistent with other studies assessing muscle damage from an acute exercise
bout (Jajtner et al., 2015; Kanda et al., 2013). The CRP concentrations in the current
investigation remained unchanged, which is consistent with other investigations of recreationally
experienced subjects (Croisier et al., 1999; Jajtner et al., 2015). However, in contrast to the
current findings, Jajtner and colleagues (2015) reported significant elevations in I1L-6; these

differences may be related to differences in the exercise intervention or muscle mass utilized.

Conclusions
This investigation sought to compare the changes in the recovery response from a high-
volume intervention among younger and middle-aged men. Although participants from each

group displayed baseline differences in isometric average torque and rapid force production, age
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did not influence the ability to recover from a damaging high-volume isokinetic protocol
between younger and middle-aged men. There was not a pronounced physiological difference
observed in the recovery response in the groups studied in this investigation, however previous
research has shown differences in recovery with age groups different from the current research
(e.g. younger to older adults; middle-aged to older adults). Furthermore, age may not
significantly affect the recovery response from exercise in mid-life, but may become a primary
factor in older age. Age also may be more of a factor in recovery depending on the muscle mass
utilized, as well as the intensity and volume of exercise. Results of this study seem to suggest
that there may be other primary contributing factors to the rate of recovery from exercise beyond

an individual’s chronological age (e.g. training status) during mid-life.
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@ University of Canmal Florida Instituticzal Review Board
Liniviorsaty of Office of Ressarch & Commercisliation
Central 2201 Basearch Parkuay, Seite 501
Fll}riﬂa Orlando, Florida 32836-3146
Talephoma: 407-823-2801, 407-E82-2500 or 407-882-2276
www research uof edu'compliancairh. ki1

Notice that UCF will Rely Upon Other IRB for Eeview and Approval

From : TUCF Inzdrwtiensl Review Board
FWANEH035], IRE00E1138

Te - Adam J. Wells

Date - Diecember 05, 2016

EE Muxbsr: 5BE-16-12384

Study Title: Effeces of an Acwte High-Volume Loldnetic Intervention on Inflimmatory and Scrensth Changes:
Inflmence of Ape

Duar Rsssarchar:

The ressarch protocol noted abows was mviswsed by the University of Cantmal Florida [RE Designated Reviewss on
December 85, 2016. The UCF BB accepts the Mew England’s Institational Review Beard review and apgroval of this
stady for the protection of lnoan subjscts in ressarch. The expiration dute will be the daie amigued by the New
Englamd’s Institetismsl Eeview Board and the comsent proces: will be the preces: spproved by that IRB.

This project may meovs formard as described = the protocal. It is undemiood that the New England's IRB is the [RB of
Record for this study, but local fsues ivolving the UCF population shonld be brought to the attention of the UCF IRE
as wall for local ovenight, if needed.

All dwtn, inclading signed consent forms if applicebls, emst be mained and sscured par protocel for 2 miniewem of five
years (xix if HTIPA A appliss) past the completion of this ressarch. Amy links to the identification of participants chosld
be maimimined and wecemed per prodocol. Additiczal requirsmssts may be mmpossd by your fanding agency, your
department, or other softies. Access to dafa is imited to anthonized individuals listed ac key study pemoomal.

Failare to provide a comdnuing review report for renewal of the smdy to the New Enpland's IRE could lead oo
simdy mspemsion, o loss of fanding andior publicartion possibilities, or & report of nomcompliasce to sponsers or
fundimp agemcies. If this srndy it fanded by any bramch of the Deparmment of Health and Homan Services
(DHHS), an Office for Human Research Protection: (HEP) IRB Authorizacion form mmst be sipmed by the
siznatery officials of beth instiutions and a copy of the form must be kept om Gle at the IRE office of both
mstimmtions.

On'bahalf of Sophia Driegielewsid, FhD., L.C.5'W., UCF IEB Chadr, this letter is signed by:
r@@
Signatere applied by Patria Daeis on 12052015 09:51-38 AM EST

IEE Coordizator

42



APPENDIX B: NEIRB APPROVAL LETTER

43



ngla
P

N g8
AWWIR Copemcus Grous Company
Jausry 16, 2017

Adbers Well, P2l
University of Certral Flords
12494 Usiversity Bodlevard
Oviando, FL 32816, United States

NEIRE: 120160046
mmma-mwvmuﬁmuwdwo*: nflumce

Nuificstios of Approval

Thas = o sefoers you that New England Independent Review Bosrd (NEIRB) bas approved the fallowng for
the sbove referenced sescmech.

Date of Review. 011672017

Approval lndudes:

Protocal (Sebeaitied on 01-13-2017)

Man Consent (01-16-2017), NEIRB Version 4.0
Dictay Recall lastructons 867160 0 - Ax Subminad

NEIRS haa approved the following locations ts be used In e rescarch:
s  University of Certral Floruda Humas Performusce Lab, 1245 Unversty Boulevasd, Orbndo, Flonds 311816

Contisuad sppeonsl & condonsl wpon your complimce with the following regquesments.

o  Complasce with all sspects of NEIRB's lavestigator Respoansdilises (available o soew soirh com).

¢ The sudy cmnol contnue afder the Ead Appeoval Date sl re-spproved by NEIRBE. A Sindy Coalinuing
Review Report musi be complcied snd returnad wo NEIRB peice 10 the siudy end date of the spproval peniod.

¢  Comphasce with all fodersl sisie sad local laws penasung © this sescanch

*  Any and all necessary FDA approvals smust be received praoe 2 your iniliation of e sl

Flesse contact NEIRE with 2y qouestions shoul thas determmaton
Thask you

NEIRB study fe
Enclowares

T

"r

190 R Avecam  Sute 250 Neadhaw, VA DO Phone S07-00-2004 ° R GIT6GR L0 wwwnelrt.com .\@I{'
Ay

44



APPENDIX C: APPROVED INFORMED CONSENT

45



é “Umiversiy of

Ceniral
Florida

Effects of an Acute High-Volume Isokinetic Intervention oun Inflammatory
and Strength Changes: Influence of Aze

Principal Investzatons):
Sub-Investigators:

Phone mumber:
Sponsor:
Investigatonal Sibes):

Introduction:

Informed Consent
Dr. Adam J. Wells, PRI

Dir. Jeffrey B Stout, PaD.
Dir. Jay B Hoffman Ph .
Jozeph A. Gorden I, B.5.
Eliott Amroye, B.S.

Alyssa Varanezke, M5

(407) 823-2347
UCF Institate of Exercize Phyziology and Wellness
Univerzity of Central Florida

College of Educaton and Human Performance
Institute of Exercise Physiology and Wellness

Yow are being imvibed i take part in a ressarch stody which will recnot abaut 20 people at UCF and its
surrounding areas. You have been adked to take part in this research stady because you are a
recreationally active male between the ages of 18 and 30 years or between the ages of 40 and &0 years.

The investigators condwoting the research are Dr. Jay B Hoffman, Dr. Feffrey B Stout, (Professors of
Sport and Exercize Science in the Collage of Education and Human Performance), Dr. Adam J. Wells
(Assistant Professor of Sport and Exercize Science in the College of Education and Human
Performance), Mr. Joseph A Gordon 1T, Mr. Eliott Amoyo, and Ms. Alyssa N Varanoske (Graduate
Smdents of Sport and Exercizs Science in the College of Education and Human Performance).

What yon should know abowt a research stody:
= Someone will explain this ressarch stody to you.
= A ressarch study is something you veluntesr for.
= Whether or not you take part is up to you.
= You should take part in this stady only because vou want to.

lof 10 Approed by NEIRE on 01202017
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= You can choos= not to take part in the research study.
= You can azvee o take part now and later change your mind
= Whatever you decide it will oot be beld azainst you

» Feel free to ask all the questions you want before you decide.

Purpase of the research study:

The parpese of this study is 1 compare the effects of an acute. high-wolumes isokmetic exerciss
interventson on the rate of recovery m younger versus older recreationally-trained males. Fecovery
parameiers inchide lower-body performans e and markers of muscle damape and mflammarion, which
will be assessad m the subsaquent 48 hours following a muscle-damaging protocal.

What yon will be asked to do in the stady:
Scresning Visit

Tou will be asked to read and sign this consent form before aoy stody-related procedurss are
performed. Crarng the screenmg visit, the following will be done:

= Physical actrity readiness questiormaire (PAR-())

= Your age, race and pender will be collected

+ Self-reparted confidential medical and actvity history questiommaire

Churing the scresning visit, we will review the inclusion/exclusion criteria with you. We will also
inform you of the requirements of the study and determine whether yow have any intolerance to the
eRercise.

Studv Pratocal”

Investigator expectations ae the same for all participants. All procedures are being done solely for
research purposes. Following enrollment info the study, vou will repert to the Human Performance Lab
for assessment an four separate oCcxsions:

= Day 1: Om the first visit, you will report to the Human Performance Laboratery (HEL)
following a 10-hour fast. Upon armval, your weight and heigbd will be measured using a
standard scale and measaring tape. respectively. Additonally, your body composition
will be aszessed using bicelectrical impedance analysis. Following a brief warmup, you
will be familiarized with the lower body performance assessments (Isokinetic device
and isometric mid-thigh pull).

= Day 2: Om the second wisit, azain followms a 10-hour fast, you will outfitted witha
pear-infared specirescopy (WIELS) optode. Following this, you will undergo baseline
(BL) measurements inrloding: an ulrasmmd assessment, a blood sample collection, a
lower-body performance assessments protocol. and a visual analog scale (WAS) to
mdicate your cumrent level of pain and soreness. After a brief rest period following the

12510 Approved by MEIRE on 01302007
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lower-body performance assessment, you will indergo the acute moscle-damaging
protocal (MDF).

o Immediately upen completion of the MDP (IF), you will conplete a blood
sample collection, a second lower-body assessment protocol fallowed by an
nlrasonnd assesment

o Thirty mimites post MDP (30F), you will complete another ultrasound
assessment, a blood sample collection, and a VAS.

o At simty mimetes (50F) and 120 minotes (120F) post MDP, additional blood
samples will be collected.

o A third lower-bedy performance assessment protocol (BioDex 54 isokinefic

er, and mid-thizh poll} and an additional ulrasoumd assessment will
e completed at 120P.

» Day 3 Om the third visit, you will repert to the HPL again following a 10-hour fast and
perform the 24-hour post (24H) ultrasound assessment. a bloed sample collection, and
lower-body performance assessment protecol. Addmenally, you will indicate your level
of pain and soreness wsing the VAS.

»  Day4: On the fourth and final wisit. you will again report to the HFL followimg a 10-
bowr fast ¥ou will then complete the 48-hour pest (48H) assessment, which ichides an
ultrasound assessment, a bleod sample collecton, and the lower-body performance
assessment protocal. Additionally, you will indicate your level of pain and sorensss
using the VAS.

The figure below outines the daily procedures thronghent the imvest gation-

Familiariration Parler nancs
fsserum et

WE:
UEmeound; T T T T
Bood Craw: % & & B L
Periormance: g e LT U1 L{]
s
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Anthropometric Measurements

Body mass and height will be measured wsing a standard professional scale. Body compositon will be
assessed using a bioelecrical impedance analysis device. You will be asked to remdove your footwear
and socks before performing the test This assessment requires you to wash your hands and feet with a
wet tissue priar to analysis. Next, you will stand on the platform while holding the two handles out to
the side. You will hold this position for ene mimie as the device conducts an elecirical carrent thoongh
your bady to determine body composition. Valies for total and sepmental body fat percentags will be
recorded. The test will be completed in appresimately 5 minotes. There are no rsks or discomforts
associated with the nse of bivelecrical impedance analysis.

ower-B g Assescment Protoco

The lower body performance assessment protocol will comsist of three assessments. Two
assessments will be performed on an isokmetic dynamometer, and one on a force pladorm
{mid-thigh pull).

Afid-thigh puil

Followins a general warm-up, you will complets a two mid-thigh pulls to evaluate isometric
strength of the lower body, two isomefric mid-thigh pulls will be assessed. You will be
mstructed fo stand oo a force platform, bent slizhtly at the knees and hip. A barbell will be
adjusted 50 that if is foed at mid-thizh pesition. You will be mstocted to pull upwards on the
barbell as hard and forcefully as you can for & seconds. Betwesn sometric mid-thigh poll
assessment sets, you will be provided with three mimrtes of rest. Potenfial isks and'or
discomforts asseciated with the isemetnc mid-thigh pull assessment may inchude muoscle pam
and /o7 soreness, similar to those experienced when exercising.

JTrokinenic Dymamamarer

Fallowing the mid-thigh pall, you will be seated in an isokimetic devics, positioned with a hip
anele of 110° and srapped into the chair at the waist, shoulders, and across the thigh to
complets fwo maximal volmntary isemetnc conmactons (WMVIC) where vou will be required i
kick maximally agamst a fiwed resistance for 5-seconds as your leg sfays in one posidon.
Berwesn MVIC sets, you will be provided with three mimites of rest. Potential rsks and/or
discomfarts asseciated with the lower-body Bokinetic and isometric assessment may inckode
muscle pain and'or soreness, similar fo these experienced when exercisms.

After completng the MVIC test, you will then complete a series of isokinetic conmactions on
the BwoDex 54 isokinetic dynamometer. The seat and leg setup will be the same as it was for
the MVIC test. you will complete 3 sets of isokinefic leg extension at §0, 180, and 240 degrees
per second, respectively. The order of the sets will be modomized o account for any fatigue
from each set. The starting pomt for a repetiion will be when the knes is at 90 degrees, with
180 degree: representing full extension you will be given two practice attempts at each spesd
hefiore recording begins. You will be instructed to give maximal «ffort as you extend the knes
jomnt to 130 degrees. Then they will relax the muscles o allow the leg to reiam to the starting
position. This process of starting at %) degrees, extending to 180 degrees and then retuming
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back to ®) dezrees will be considered | repefifion You will be given 3 mimares of rest
hetween each st This test should last approwimately 10 mimiies.

Acute Lower-Body Muscle-Damamne Pratocol

After completing the lower-body assessment protocol. you will remain seated in the isokinetic
dynamomeater chair. Fallowmz a five-mimite rest, you will perform the MOP. The MDP is composad
of eight sats of 10 repetitions. You will be insucted to give maximal efont during this protocal. You
will be provided with ope mimute of rest between each st of the MDP. Potential nsks and/ar
discomforts asseciated with the kower-body MDP are the same as associated with the lower-body
isokinetic and isometric asseszment.

Visual Analoz Sereness Juestionnaire

Tou will be asked to quantify your degree of lower-body nmscle soreness and pain using a 15-cm
visual amalog scale (VAS). You will provide vour levels of pain and soreness by making a mark on a
horizontal line with weords anchared at each end of the VAS.

Blood Measurements

Youw will report to the HPL at the same tims on each day following a 10-hear fast. The blood samples
collected at BL, IP, 30P, S0P, and 120P will be drawn from a forearm vem using a Teflon™ cannoly
Ty personnel mained in phisbotomy with extensive experience in both research and clinical settings. 4
canrla 1= 3 hollow tabe, which can be insarfed mto the opening of a vein and serve as a channe] for
the tramsport of fluid The canmula prevents the need for moltiple needle prcks from being performed.
The caomula will be kept open following each blood draw with an infusson of a saline solution. This
solufion coofams salt that is similar o the esmalality of the blood and acts to minimize potential bload
clotting within the carmula that may eoour with prolenged use. The canmula placement will not
interfere with your abiity to perform the exencise routine. The blood draws at 24 and 45H will be
made using a 11 gange, 1 ' mch Vacutainer® blood collection needle. The fotal amount of bleod that
will be taken during the study as a whole will not exceed 140 ml (20 ml per blood draw). This is
approximately 9.5 @mblespoons. To pat the wwdal volume of bloeod being drawn in proper perspective,
one pint (475 ml) of blood is typically dawn when donating blood. All blood draws will be condacted
nnder sterile conditions. As an additional safezuard in preventing contamination, new dispozable
eloves will be used for all bleod draws. The discomforts associated with the blood drawing procedures
are mimimal, bat sometimes bruising and infecton may ocour, a5 well as soreness in the area.

Muscle Ulinasound

To evaluate the muscle anchitecture and marphalogy of your upper thizh non-mvasive ulrasound
meanmements will be made using a linear probe wlraseund. The probe will be coated with a water-
based conduction gel. Yoo will be positioned on your on-dominant leg sids, with your hips
perpendicolar to the examination fable. You will be instructed to keep you legs, knees, and ankles
stacked topether. A mark will be made at on your thigh at a specified locaton to guide location of the
imagze capture Uliraseund images will be later analyzed for omescle morphelogical charactenstics.
There are no potential rsks associated with ulirasonography.
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Near Infrared Specioscopy

To assess tissue oxygenation during the acute puscle damape protwcol a pear infrared spectmoscopy
(WIR3) optode (PoraLite, Artings Medical Systems, Gelderland, the Metherlands) will be placed over
the wastus lateralis moscle of your right leg. The optode will be secured using a self-adhering bandage.
There are no nsks o discomforts assocated with the use of near infrared spectroscopy.

Dietary Recall
Youw will be instmacted to remember as acourately as pessible everything they consumed during the 24-
hers preceding BL assessments. Yiou will also be required to provide a distary recall upon arrival to

the HPL on Day 3(24h) and Dray 4 (48h). be required to ou will be inferviewsd at each wisit, and asked
to recall all food consumed on each of these days.

Location:
All testng will be performed i the Institute of Exercize Physiology and Wellness at the Human
Performance and Soength and Conditioning Laboeratories at the University of Central Flarida

Time required:

We expect that the time requirements for participation in this study will be 4 days, which will consist
of a total af 4 visits to the HPL. The familianzaton visit will last approximately 60 mimies, the
interventson visit will last approximately 240 mimites, and the subseguent two consecutive days
following the intervention visit will be approximately 60 mimites each. The total time that yvou will be
in the laboratory will be approwximataly 7 howrs over a peniod of 4 days.

Funding fior this shody:
There will be no fimding provided for the conapletion of this shady.

Rishs:

= The infervention protocol consists of both concentric and eccentric mmscle confractions ata
bigh vohme. It is expected that you will experience the normal soreness that accompanies a
bt of resistance exercise.

= The msks associated with the bloed draw include seme momentary pain at the fime the needle is
mserted i the vein, bt other discomfort shonld be minimal [ is also possible for a bnuise to
develop at the needle sife or for individuals to report dizziness and faint after the blood is
drawn. It is alse rare, but possible to develop minor infections and pain after the blood draw. To
minimize the risks, the skin area where the peedle or catheter is to be nserted will be cleansd
and prepared with a disinfectant wipe before the needle or catheter is mserted  In addstion, the
catheter will be inserted while the participant is hying supine and all blood draws will be
performed with the subject in a supine posifion.
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= There ate no risks or discomfors asseciated with any of the ulrasound or anthropemetric
MEAsUr=s.
= All resting will be overseen by individuals certified in CPR. and AED. An AFED is located in the

Wallness Fesearch Center within the Education Building {approximately 200 fest from the
Human Performance Labaratory).

=« [If at any time during the stody. you feel discomfort or do pot wish o cootimue, you are
encouraged to inform the researcher. Discontnuation of participation may ooour at any tme.
Any discomforts should be immediately reported to Joseph Gordon I (407-823-1367). Alyssa
Varanozke (407-823-2367) ar fo the professional performing the test and later to the pnncipal
mvestigator (Dr. Adam Wells, 207-B13-3006).

Benefits:

There are no expected benefits to you for taking part in this stody.
Compensation ar payment:

There 5 no compensation or ather payment to you for taking part m this shdy.

Medical care and compensation for imjury:

This &5 a minimal-risk study and it is unlikely that you will expenience adverse effects. Howewer, m the
event that an adverse effect ecours, you will be mstrocted fo immediately report aoy discomfonts or
adwverze effects to the principal mvestizator. An adverse effect is defined as an intolerable response,
perceived to be a direct conseguence of participation in this study. If inmmediate assistance s needed it
will be provided wia the emergency medical system. For non-emergency injuries, you mmest sek
ireatment from your own physician. I you suffer a physical injury as a result of participation in this
study. you may be reimbursed for medical expenses to treat the myury, fo the extent not paid by your
insurance. You should receive medical care in the same way as you would nommally. Ne finds have
been set aside for payments or other forms of compensation (such as for lost wages, lost time, or
discomfort). You do not give up aoy of your legal rights by signing this consent form. Adverse
events/side effects will be reparted to the New England Indspendent B eview Board (WEIFE)

Alternative:
The alternative is fo not paricipate in the study.

Cast:
There is n» cost to you to be in the sudy.

Confidentiality:

Fecords of your participation in this stady will be beld confidential so far as permitted by law. The
study investigater or it's desipnee, and, under certain ciroumstances, the Instifutonal Review Board
will b= ahle fo inspect and have access to confidential data that identifies you by name. Any
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publication or presentation of the data will not identify you. By sipning this consent form, you
anthorize the stdy imestizator to release your medical records to the [RE.

The resalts of this sudy will be published as a group as part of a scienfific publication. Mo mdividual
resules will be published or shared with any person or party. All information arfained from the medical
and acdviry questiommaire or performance tests will be beld mn simict confidence Indhvidual resulfs will
remain confidential Indisidual fest requles will be shared with the participant oply at their request Test
resules will not be shared with participants. All medical and activity questionnaires, as well as data
collection sheets will be kept n a locked cabinet during and fallowms the study. Your names will be
kept separately from the study results as a separate electronic file under password protection. This file
will be stored on a compuiter in the Educaton and Human Performance building. All information will
e destroyed 5 vears from the end of the stady. Your folders and blood storage tabes will be marked
with an I D). number to proect against a breach of confidentiality and the [T number will be removed
upon disposal Your names will be stored apart from the blood samples. The identifiers will be
removed from the samples and destroyed when the samples are disposed of. All the medical
infrmation taken during the shady will net be useful for you or canmot be used to supplement Teplace
medical care.

Study contact for questions about the study or to report a problem:
If you have questions. concems, or complaints, or think the research has hurt youo. contact Dr. Adam
Wells, Human Performance Laboratory, Spont and Exercise Science (407) B23-3906 or by email at

IRE contact about your rights in the stndy or to report a complaint:

For information about the rights of people who take part i research or if vou have questions,
complaints or concerns, please contact New England Indspendent Beview Board at (800) 232-0570 ar
email at mfo@ENETRE . com.

Withdrawing from the study:
Youw have the right to discontinue participation without penalty, regardless of the stams of the snady.
Your participation in the sady may also be termmated af any time by the ressarchers m charge of the
project for the following reasons.
= Inability to adhere fo the stady protocol. This mchides:
o Failre fo adhers to requirements
o Faihre fo complete all visits to the buman performance lab
o Faihrs fo provide a fasted blood draws af the start of the control or exercizs frial
= Cancellaton of the smady.

The investigatar or the New England [RH can also stop your participation m this stady at any tma
For Students and Empioyees of UCF:

Your participation in this stady iz velumtary. You are free to withdraw your consent and discontinus
participation m this snady at any time withowt prejudice or penalfy. 'ln'nrdeusmnmpnmnpatenrm
participate in this stady will in no way affect your continned employment ar your relatonship with
indiwidnals whi may have an interest in this stady. Employees of UCF cannot participate to the study

Baf 10 Approned by MEIRE cn 01202017
WERE Varsion .0
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dhring werk hours. In additson, if you are a stadent you have the right to withdraw at any time and
without any nagative affect on your grade or on your ability to continue your education at the
University.

imitials.

Eesults of the research:

Biologic specimens obtained from this research are not expectsd 1o be pant of or lead to the
development of a commercial product. As previeusly stated, individual results will remain
confidential. and you will be informed of ealy your results upen request.

02610 Approved by MERE om 01202017
NEEE Varsion 5.0
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VOLUNTEER'S STATEMENT

I have been given a chance to ask questions about this research stody. These questions have been
answerad to oy satisfaction. [ may contact Foseph Gordon or Eliott Armoyo (shadent investigators),
ar Adam Wells, PhD | if ] have any mare questions abowt taking part in the snady.

I understand that my partcipation in this research preject is voluntary. I kmow that I may quit the
stody at any time without harming mvy furure medical care or losing any benefits to which I might be
enfitled I alse understand that the mvestigator in charge of this stody may decide at any time that I
should oo longer participate i the stady.

T hawe any questions about my rights as a research subject in this stady I may contact:
MWew England Independent Feview Board, 197 First Avenne, Suite 250, Nesdham, M4, 02404
E-Mail: infoineirh. com
Teleghone 1.800.2132.0570
By signing this form, I have not wanved any on my legal rights.

T have r=ad and understand the above mformation. I agree to partcipate in this shady. [ understand
that I will be ziven a copy of this signed and dated form for my own records.

Wame of participant
Sizmarure of participant Date
Sipnature of person obtainmz consent Date

Prinfed name of person obtaining consent

10510 Approved by MEIRE on 01202017
NEEE Varsion 5.0
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APPENDIX D: MEDICAL AND ACTIVITY HISTORY QUESTIONNAIRE
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Fmom Parformance Labaratary
Umiversdty of Central Florida

Confidential Medical and Activity History (Juestionnaire

Participant #

When was your last phyzical examination?

[ =]

"

List any medication: (prescription or over-the-counter), herbals or supplements
you currently tale or have taken the last month:

Medication Peazon for medication

. Are yvou allergic to any medications? If ves, please list medications and reaction

. Please Bst any allergies, incloding food allergies that yon may have?

. Are yon a current or former smoker? If former, how long has it been since you

quii?

Are you currently enrolled in another clinical research study?

. Do you currently drink = S8oz'day of either sreen or black fea?

. In the past two years have yon been diagnosed with cancer? If so what type?

. Are you currently on a dief regimen incloding but not imited to, Atkins, South

Beach, Intermittent Fasting, efc?
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Ehrron Parformance
Universdty of Cantral Flarida

9. Have yon donated blood or plasma recently? If so when?

10. Do you corrently have any chronic llmess that camses continnons medical care?
If so what i the illness?

11. Have yon ever been hospitalized? If yes, please explain.

Year of hospitaliza, Fe=ason

12 Dinesses and other Health Issmes

List any choomic (long-term) illnesses that have cansed you to seek medical care.

Have you ever had (or do you have now) any of the following. Please circle
guestions that yvou do not know the answer to.

Sickle cell anemia yes oo
Cystic fibrosis yes o
‘Water retention problems yes oo
Heart pacemaker yes oo
Epilepzy yes Bo
Convalsions yes oo
Drizziness famting, \meonsc knsness yes oo
Asthma Ves oo
Shormess of breath Fes oo
Chromic respiratnry disorder yes oo
Chronic headaches yes oo
Chromic cough yes oo
Chromic sims problem yes oo
High blood pressure yes oo
Heart murmur yes oo
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Ehmon Parformance
Unhsrdty of Cantral Flarids

Heart attack

High cholesteral

Diabetes mellitas or insipidus
Fheumatic fever
Emphysema

Bronchitis

Henatiti

Eidney disease

Bladder problems
Toberculosis (posiove kin test)
Tellow jaundice

Agto immme deficiency
Ansmia

Endotoxemia

Thyroid problems
Hyparprolactmemia
Anoresia nervosa

Bulimia

Stomach/'intestnal problems
Arthritis

Back pain

ot

Hepatic encephalopathy
Mania

Hypermania

Monosodium ghiamate hypersensitivity
Seizare disordars

R dR iR i dE I FI iR

Any ochers (spacify):

EEEEEBEEBEEEEEEEEEEEEEEBEEEEEERE

Lo vou smoke cigareties of use aoy other tobacco
products? yes
Do you hawe a histary of drog or alcobol

dependency” ves
D[ you ever have any pain in your chest? ves
Are you ever bothered by racing of your heant? yas
Lo you ever notice abmormal or skipped heartheats? yes
Lo vou ever have any arm or jaw discomfort, nanssa,
Or vomiting associated with cardiar symptoms? — yes

Do you ever have difficulty breathing? ves
Do you ever experience shormess of breath? ves
Do you ever become dizzy during exercizs? vas

Are you pregrant? ves

EEEEE EEEE E



Eheron Parformance Labaratary

Uivarsity of Comtral Flarida
L= there a chance that you may be pregnant? yes
Have you ever had any tingling or oumbress in
your ams of legs? ves

Has a member of your family or close relative

died of heart problems or sudden death hefore

the age of 507 ves oo
Has a health care practitoner ever demied or

restricted your participation in sparts for any

problem ves oo

I ves, please explain

What iz your current lewel of physical actvity (hours per week, intensity, mode af
exercise)?

Are you presently taking any nutritional supplements or ergogenic aidsT (if yes. pleass
detail
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APPENDIX E: PHYSICAL ACTIVITY READINESS QUESTIONNAIRE
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=== PAR-Q & YOU _

{& Questionnaire for People Aged 15 to §3)
Regulor piysical activey s An and healthy, and Increcsingly mane people are staring 1o become moe acties svery g Being mone actiee S very safe for oz
peopie. Hiowever, some people shoukd check wiih their doctor befone ey start econing much more physcally adive.

¥ you are planning 1o become: mech more physically active than you ame now, star By aRswening the seven questions in e bos below. T you ane between the
ages of 15 and £5, The PR wil 18 you F you shouid check wih your doctor beore you start. H you are ower &3 yeors of age, and yau ane ot sed i heing
ey active, chisci with oar oo,

Commen sense ks your best guide when you answer thse questions. Plaase read the questions caneiully and answer each one honestly: check TES or NI

-

Hia your docter swar asid that ypau heve o heart toadition gnd St you skeald saly do physical activity
recommended by a docter?

Do you Feel pain in pour deest when you do physical activigg?
ln the past meath, have you had cheat pain whea pou were sot doing physicsl activity?
Do pou lose your balsscs bucanss of dissincas s« da pou ever lese consdicussnsa?

Do you have & beas of joint problem |fof ciample, back, knse o hip) that coald be made warie by a
dhange in poar physical scivity?

s your dector dy p ibing droga |ber ple, water pilla] for ponr blood pressere or beart cons
ditiaa?

T. Do you bnow of goy olber reecsen why you should eet do physizal sctivity?

O 0O OoOooo dg
O O OOooOooOo Os=

If YE5 to ome or more questions

Tk with yeure doctor by phame o i perion BEFDRE you siart becowning mech mone physicelly asive or SEFORE you birve i Bineis appraal Tl
you your doctor sl the PARH] el which quesfior you asswered YES.

* o iy be il b o ey ity pou wasl — i lorg ik v sl slowly and bl s oracially. O, pou iy el 1 sesiieied your actilies 1
IIS'I'I'EIEd theur which are sl b you Tah st your Secdee alwnd the ek of ativie: o wah i par e inard bllow b her advis.

» Pl wbich oty primgaes e sl e bl e .

H DELAT EE(OMENG MUCE MORE ALTNE:
NO to all questions = il o ars e b e e ol @ gy e e
H o asumemrend 87 bty 1 gl PRS- quesio, o car be ooy ere that you can: aodd o i b — mil il o o bl o
+ it becoming much mone phyialy icshve — bein showly i Bl up grschualy. Thii b e = il e i o iy b et — ik b yeer docker’ bl
skt el il way 0 g atirl bewoming mor it

= L e i ok appratial — this b ae el may ko delermine pour B e i
! e e D b waiy o o b e ity B s gy recormneded Bl yeu PLEASE WOTE: 1 yoor heaith dhamoes io Sl you Fen s 155 12
Fam: ot bl priears evahaied. 1 your reiing b over 144134, Lk with your docor iy o the dbow queition, idl yor Beeis or haalh profesiond.
baskore yow sl becrming mech more physiically acsive. sl whether o shoukd dhirge your physical sclily plis.

|nicrmas Uss oF e RLLE T Darmeier Loty i Earmes Mgty Hasl Do el S s e e sy for parsore: she oncartule phyeel schly ard F B doas st compieing
thin usScare, TR L ST ey = el iy

B dhamges permitied. Tou are entouraged o photocopy e PAR-Q but saly H peu use the entive lerm.

SOFE: |t PR i b a3 e baform o o i il oty prograes o S ool £ o ey b amec o il o7 kst purpome.
1 e readl, undiershiond and complated this questionnalee. Ay questions | Rad were answered i my ol satichrtion.*

Wl
L AT,
TR OF TeATNT L

o NI hr sripeims e B g o e

Hote: This phyascal activity deasaace b2 walid Far & masimam of 12 manths fram the date i |2 completed
[ bmvalid H poar somditicn changen 35 hat you would saswes TES to any of the soven queath

ﬂ-g'ﬂ;ﬁ 5 Coraciar: Sociaty b Exmrcies Physiongy sessarcyfiorms
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APPENDIX F: VISUAL ANALOG SCALE
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Effects of an Acute High Volume Izoldnetic Intervention on Inflammatory and Strength
Changes: Influence of Aze
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APPENDIX G: DIETARY RECALL INSTRUCTIONS

66



1201602466
E26T160.0

Dietary Recall Instroctions
1. Use the forms provided to record everythmz you eat or drink on the days instructed.

1. Indicate the name of the FOOD ITEM, the AMOUMNT eaten. how it was PREEPARED (fred. boiled,
eic.), and the TIME the food was caten. If the item was a brand name product, pleazs include the
mame. Try to be acourate about the amounts eaten. Measuring with measuring cups and spoons is
besst, but if you must make esimates, use the following guidelines:

A fistis about | oop

Tip of your thumb is about 1 teaspoon

A thunb represents about 1 ounce of cheese

A zolf ball represents about 2 tablespoons

The palm is about 3 ounces of meat {Toughly the size of a deck of cards)

3. Try to mamntain your normal diet, and be honest about what you eat. The information you
provide is confidential.

4. Follow the specific instractions below when reporting foods:

= MILE — mdicate % fat, source (e g, cow, almond. coconuf), and flavering (if any).

= FRUITS & VEGETABLES - an awerage serving size of cooked or canned foorts
and vegetables is ¥ cup. Fresh, whole fruits and vegetables should be listed as
small, medinm, or large Be sure to indicate sogar or symap is added to fruit and List
if any marganms, butter, chease sance, or cream sauce 15 added to vegetables. When
recording salad, st items comprising the salad separately and be sure to inchide
salad dressing used

» EGGS - indicate whole or whites only, methed of prepamtdon (e g., scrambled,
fried, poached), and oumber eaten.

= MEATPOULTEY/FISH - indicate approximate size ar weight, in ounces, of the
serving. Be sure to inchude any gravy, sance, or breading added and preparation
method.

» CHEESE - indicate kind, number of ounces or slices, and whether it iz made fom
whole milk, part skim, or is low caloria.

= CEREAL - specify kind. brand. whether cooked or dry. and measure in terms of
oups or ounces. *Consuming § oz. of cereal is not the same as consuming 1 cup of
cereal. Be sure to inclode any milk consumed with cereal (s MILE).

= BEEADS - sperify kind (e g, whole wheat, eoriched wheat, white) and number of
slices.

= BEVERAGES - inchde everything dnnk. exclnding water. Be sure to recard
cream and suzar used in t2a and coffes, whether juices are sweetened or
unswestened. and whether soft drinks are diet or regolar.

= FATS - record aoy batter, marganne, oil or other fats used in cooking or oo food.

» PREPARED DISHES/CASSEROLES - list the main ingradients, approximate
amount of each ingredient to the best of your abdlity, and brand (if applicable).

Lh

Express approximate measures i cups (), tablespoons (T, teaspeons (1), grams (g),

ounces (oz), pieces, atc.

§. If you are unsure of how fo repert aoy food items you consume, please take picnmes of the
packaging and WNutriton Facts panel when possible.
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Drate:

Subject #:
Dav1
Total keal
Aieal Time FOODBEVERACGE DESCEIFTION AMOUNT (from
labei)
z
¥
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Day 1 Date:
Total keal
Meal | Time FOODBEEVERAGE DESCEIFTION AMOUNT | (from
labei)
-
T
]
-}
5
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Dav 3 Drate:
Total keal
Meal | Time FOODBEEVERAGE DESCEIFTION AMOUNT | (from
labei)
-
4
]
-}
5
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