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ABSTRACT

INTRODUCTION: This study examined the effect of resistance training on exercise
induced hyperemia in the brachial and popliteal arteries in order to evaluate this exercise
modality as a method to improve endothelial function post-exercise and rest.
Cardiovascular disease (CVD) remains the leading cause of morbidity and mortality in
developed countries. What is less appreciated, perhaps, is that the great majority of CVD
is associated with alterations to the arterial system. The effect of aging on CVD is
illustrated simply, but powerfully, by the observation that the risk of CVD increases
progressively with age. Given the current and projected increases in the number of older
adults in North America, we face the possibility of a ‘new wave’ of CVD in the near future
and an associated increase in healthcare burden. Determining how arteries change with
respect to age and increased risk of CVD, the mechanisms by which these alterations are
mediated, integrated with strategies for the prevention and treatment of arterial aging are,
therefore, among our highest biomedical priorities. METHODS: Subjects were recruited
to participate in a six-week resistance training program, 3x/wk. The conventional resistance
training group used a duty cycle of one second concentric, and one second eccentric. The
slow eccentric contraction group will use a duty cycle of one second concentric, and five
seconds eccentric. Vascular function was evaluated by a series of isometric and isotonic
tests, using Laser Doppler ultrasonography. RESULTS: Resistance training revealed
decreases in resting pulsatility index and systolic peak blood pressure; however, it did not
matter which group each participant was assigned, as there was no main effect differences
between groups. CONCLUSION: Resistance training is proposed as a safe and useful
exercise method for muscular hypertrophy and strength gain, but also for increasing
peripheral blood flow and vascular conductance as an additional effect. Expanding this

research to cover investigation in patient groups is recommended for future consideration.
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Introduction

1.1 Introduction. Cardiovascular disease (CVD) remains the leading cause of morbidity
and mortality in developed countries (Lloyd-Jones et al., 2010). What is less appreciated,
perhaps, is that the great majority of CVD is associated with alterations to the arterial
system (Lloyd-Jones et al., 2010). The effect of aging on CVD is illustrated simply, but
powerfully, by the observation that the risk of CVD increases progressively with age
(Lloyd-Jones et al., 2010). Given the current and projected increases in the number of older
adults in North America, we face the possibility of a ‘new wave’ of CVD in the near future
and an associated increase in healthcare burden (Seals, Jablonski, Donato, 2011). As such,
establishing a better understanding of the relationship between arterial aging and CVD
represents one of our most important clinical challenges. Determining how arteries change
with age to increase our risk of CVD, the mechanisms by which these changes are mediated
and strategies for the prevention and treatment of arterial aging are, therefore, among our
highest biomedical priorities (Seals, Jablonski, Donato, 2011).

Aging is a well-documented cardiovascular risk factor. One of the possible
physiological mechanisms through which increasing age may lead to cardiovascular
disease is the promotion of endothelial dysfunction (Taddei et al., 2000). The endothelium
plays a primary role in the modulation of vascular tone and structure through production
of the relaxing factor nitric oxide (NO), which acts by protecting the vessel wall from the
development of atherosclerosis and thrombosis. Endothelial dysfunction is characterized
by a reduction of the bioavailability of multiple vasodilators, primarily NO. The resulting

imbalance leads to an impairment of endothelium-dependent vasodilation, which is the



functional characteristic of endothelial dysfunction (Deanfield et al., 2005). In addition to
impaired endothelium-dependent vasodilation, endothelial dysfunction also comprises a
specific state of endothelial activation, which is characterized by a proinflammatory,
proliferative, and procoagulatory states that favour all stages of atherogenesis (Hadi, Carr,
Suwaidi, 2005). The basic mechanisms involved in the establishment of atherosclerosis can
significantly reduce the physical size of the arterial lumen which can lead to a further
reduction in the synthesis and uptake of NO (Taddei et al., 2000) as well as an increase in
blood pressure and a decrease in blood flow (Hadi, Carr, Suwaidi, 2005).

The endothelium is situated between the blood and the tissue of the vascular wall
and acts as a protective barrier as it possesses anticoagulatory properties in addition to the
regulation of vascular tone and homeostasis (Brandes, Fleming, Busse, 2005). NO is
recognized as the primary vasodilatory component of the blood vessels but is also a vital
component in a number of other associated factors, most notably its anti-atherosclerotic
effects. Endothelial function is usually clinically assessed by determining changes in blood
flow or arterial diameter in response to endothelial stimulation, which are estimates of
vascular NO bio-availability. Several clinical studies have shown that endothelium-
dependent vasodilation progressively declines with age, resulting in an increased arterial
stiffness as well as a decrease in blood flow regulation (Singh, Prasad, Singer, MacAllister,
2002).

Endothelial dysfunction represents a common feature and is a strong predictor of
cardiovascular disease (Di Francescomarino et al., 2009). Cardiovascular risk factors
modify endothelial vasoactive substances such as the prostaglandins and endothelin-1, and

activate a number of pro-oxidant processes that reduce the bioavailability of NO (Di



Francescomarino et al., 2009). This leads to a transition from normal endothelial function
to endothelial dysfunction. There is a considerable amount of experimental and clinical
data indicating that endothelial dysfunction is involved not only in multiple disease states
such as atherosclerosis, hypertension, heart failure and diabetes mellitus, but also in the
continual physiological process of aging (Franzoni et al., 2004). Aging is one of the most
well established risk factors for cardiovascular disease. Even to disregard the implications
associated with CVD and aging there is still evidence suggesting that aging is associated
with endothelial dysfunction and reduced arterial elasticity. In addition, reduced arterial
elasticity parallels changes in impaired endothelium-dependent vasodilation (Hadi, Carr,
Suwaidi, 2005). Among aging, other conditions that negatively affect endothelial function
include diabetes mellitus, hypertension, hypercholesterolemia, obesity, as well as
peripheral arterial disease (Franzoni et al., 2004). Many of these conditions overlap causing
a synergistic effect on risk factors associated with CVD (Green et al., 2004).

A build-up of atherosclerotic plaque in the arteries results in decreased blood flow
through the effected arteries as well as reducing perfusion of the cerebral, coronary, upper
and lower extremities (Knowles et al., 2007). The physical blockage caused by
atherosclerotic plaque also results in a reduction in the release and uptake of epithelial NO,
decreasing the endothelium-dependent vasodilatory response, increasing systolic and
diastolic blood pressure. This increase in blood pressure has a strong and direct association
with cardiovascular mortality (Lewington et al., 2002) and is a major risk factor for the
development of diseases such as coronary failure, heart failure, and cerebrovascular events

(Braith & Stewart, 2006).



Atherosclerosis is the most common underlying etiology affecting endothelial
function (National Heart, Lung and Blood Institute, 2011). CVD is easily the leading cause
of death globally and is responsible for an estimated 17.3 million deaths in 2008 (World
Health Organziatoin, 2013), and is expected to reach 30.3 million globally by 2030 (World
Health Organziatoin, 2013). The prevalence of CVD in the general population is 16.9
percent (Diehm et al., 2004). In high risk groups; such as subjects over the age of 50 years,
subjects with high blood pressure, or hypercholesterolemia (Shammas, 2007), as well as
those with a family history of diabetes or peripheral artery disease (PAD); the risk of
developing a CVD related condition is greater than 29 percent (Knowles et al., 2007).

The traditional frontline treatment for CVD is walking based aerobic exercise (AE),
which has been prescribed as a form of low intensity physical exercise to reduce symptoms,
improve autonomic regulation, build strength, and increase walking endurance. Walking
activates the muscles of the lower limb and the muscle contractions stimulate vasodilation
(Milani & Lavie, 2007). The increase in blood flow (active hyperemia) results from the
complex interaction of local signaling at the vascular smooth muscle (Barclay et. al., 2001).
Some of the signaling results from metabolic vasodilation and some results from changes
in flow and shear stress within the vessel as the altering contraction/relaxation cycles
produce an increase in blood flow (reactive hyperemia). Thus, walking targets the
physiologic problem that needs to adapt (specificity), and if performed to the patients’
capacity should overload vasodilatory function to stimulate progressive improvement in
vasodilatory capacity (VC).

Progressive physiological adaptation is achieved by (1) specific activation of the

targeted system or process (specificity principle) and (2) repeated overload of the targeted



system (overload principle) (Pearson et al., 2000). For example, in individuals that have
significant vascular resistance measured at the lower limb, this would be the target area.
That area would then be overloaded to cause an increase in the muscular activity and
muscular response and thus an increase in blood flow to that region. In the case of an
individual with diabetes or PAD, conditions which have been shown to demonstrate
endothelial dysfunction with resulting reduced blood flow to the lower extremities,
physiological adaptation can be achieved by: targeting the gastrocnemius muscles of the
lower limb by performing a specific exercise such as calf raise and then overloading that
area. This activation of the lower limb near the individuals’ maximum capacity would
provide an overloading stimulus which would then promote physiologic adaptation of the
lower limb.

Until recently, resistance exercise prescription was contraindicated for individuals
with cardiovascular diseases, as resistance exercise has been shown to promote high
pressures and overload on the heart during high intensity isotonic loading (Braith &
Stewart, 2006). Limited research has been conducted on the effects of resistance training
(RT), independent of aerobic exercise and the relationship on endothelial function. Ideally,
if RT could deliver comparable results to AE, especially with targeted endothelial cell
health and lower intensity loading, then this method of RT could be incorporated into
regular cardiovascular rehabilitation.

RT is used as an alternative therapy for patients with CVD with the goal of
increasing strength or muscle size to combat muscular atrophy caused by disuse. This has
been shown to indirectly increase resistance to fatigue (McGuigan et. al., 2001; McDermott

et al., 2007; McDermott et al., 2008). Theoretically, RT should be able to provide



occlusion/reperfusion stimuli to maximally overload the vasodilatory response in specific
muscles of interest. With RT, one can vary the activity to alter both occlusion and
reperfusion time in a combination that stimulates sustained hyperemia.

Recent evidence indicates that physical exercise can improve endothelium-
dependent vasodilation in healthy humans (Clarkson et al., 1999) and especially in the
elderly to improve or reverse some of the age related performance characteristics such as
a marked decrease in muscle mass, strength, and power (Quieroz, Kanegusuku, Forjaz,
2009). In addition to muscle alterations, aging also causes alterations in cardiovascular
function such as decreased arterial compliance (Chetlin, 2003) which leads to an increase
in arterial stiffening, as well as progressive increases in blood pressure (Ferrari, Radaelli,
Centola, 2003; Taddei et al., 2000). Thus, this study examines the effect of resistance
exercise on reactive hyperemia in the upper and lower limbs in order to evaluate the
potential of using this exercise modality to improve peripheral blood flow. The specific
hypothesis tested is that RT incorporating the use of moderate concentric and slow
eccentric contraction tempo will increase arterial occlusion time, improving resting and
post exercise pulsatility index to a greater extent than a conventional RT protocol which

utilizes a moderate concentric, moderate eccentric contraction tempo.



Literature Review

2.1 Risk factors associated with CVD. With advancing age, there is increased risk of
developing CVD due to a decrease in vascular conductance (especially after reaching 50
years of age) and basal limb blood flow (Tanimoto et al., 2009; Anton et al., 2006).
Atherosclerosis is the number one cause and predictor of CVD. Well defined
atherosclerotic risk factors include aging, obesity, tobacco use, diabetes mellitus,
hypertension, hypercholesterolemia, as well as a family history of CVD (primarily heart
disease and/or stroke) (Milani & Lavie, 2007). An ensuing characteristic of the disease is
the affect it has on the structure and function of the aorta and peripheral arteries (Hirsch
et al., 2006; Makowsky et. al., 2011).

Although individuals with CVD most noticeably experience conditions related to
the arteries supplying the heart and brain, atherosclerosis associated with the disease is not
limited to that area. Fat deposits also build up and affect blood flow in the arteries supplying
the kidneys, and stomach as well as the peripheral limbs. The history of CVD in Canada
indicates that, as a general population, Canadians are at a heightened risk as nine of ten
individuals have at least one risk factor for heart disease and stroke (Public Health
Authority of Canada, 2009). Among those patients that have died from CVD, 54 percent
were due to ischemic heart disease, 20 percent due from cerebrovascular events, and 23
percent due to myocardial infarction (Shammas, 2007).

2.2 Symptoms. Due to the range in various conditions related to CVD, many individuals
that are at risk for developing CVD are asymptomatic or have atypical symptoms (Williams
et al., 2007). Many individuals do not get diagnosed with CVD until they experience an

event such as heart attack, stroke, angina, or heart failure (Braith & Stewart, 2006).



However, some of the most frequent symptoms may include chest pain (angina), shortness
of breath, pain numbness, weakness or coldness in the peripheral limbs (especially with
poor circulation or narrowed arteries), pain in the neck, jaw, throat, upper abdomen or back
(Williams et al., 2007). Poor diet, inactivity, and smoking, as well as a number of other
factors pertaining to lifestyle choices, have a major impact on development of CVD (Braith
& Stewart, 2006). Symptomology can severely limit the performance of daily physical
activities and often impairs the normal personal, social, and occupational functional
capacity of these patients, thus representing a disability (Regensteiner & Stewart, 2001;
Robbins et al., 2011). This disability can lead to marked and progressive impairment over
time, such that many patients become housebound or dependent on others (Milani et al.,
2007). Contemporary treatment of CVD is dichotomized into a breakdown of dietary and
lifestyle goals, which span from target blood pressure values, lipid profiles, HbAlc
(measures the ratio of glycated Hb in relation to total Hb), resting blood glucose, body
mass index and waist circumference (Banegas et al., 2011). The parameters of these goals
are directed at improving symptoms and consists of AE training, pharmacotherapy, and
revascularization through surgical measures. Of these, supervised AE training is currently
recommended as first line treatment and is the only one of these interventions that can
additionally reduce concomitant cardiovascular risk (Milani & Lavie, 2007).

2.3 Vascular Function and Exercise Hyperemia. At the onset of exercise, blood flow to the
active skeletal muscles increases rapidly to meet muscle metabolic demand. The
mechanism responsible for matching arterial oxygen delivery to metabolic demand in
exercising muscle is not completely understood. Metabolic regulation of vascular tone is

achieved through a complex cell signaling system that directly alters vessel caliber



(Barclay et al., 2001). Active hyperemia is the term used to describe the increase in blood
flow that occurs with the onset of the muscular activity. In developing force, the muscle
utilizes energy and produces metabolic by-products that can influence blood vessel
function (Barclay et al., 2001). Also, during contraction, intramuscular pressure increases
and this can compress inflow vessels causing reduced or occluded flow (Barclay et al.,
2001; Valic et al., 2002). During contraction the muscle compresses the veins within the
muscle and expels the venous contents toward the heart. One way flow is ensured through
the venous circulation which contains one way valves, and the enhanced arteriovenous
pressure gradient results in an increase in arterial inflow to skeletal muscle (Valic et al.,
2005).

The ability to sustain high metabolic rates during physical activity depends on a
constant supply of energy from oxidative metabolic sources, which requires adequate blood
delivery. Thus, it is essential to match the supply of oxygen to the metabolic demand for
this key substrate. Over a wide range of metabolic demands, there is a tight linear
relationship during steady state conditions between oxygen supply and oxygen utilization
(Hughson, 2003).

Muscle metabolic rate is altered by changes in the contraction type (isometric,
isotonic), frequency, duration, and amount of force developed. It has been shown that there
IS a competing negative and positive effect of dynamic muscle contractions and relaxations
on muscle perfusion (Lutjemeier et al., 2005). The positive effect is the muscle pump
effect, which is a rapid, localized mechanism for increasing blood flow through active
skeletal muscle in addition to promoting venous return. The negative effect is that during

skeletal muscle contraction, compression of all the vessels impedes tissue perfusion by



increasing resistance to arterial inflow. Several investigators have studied blood flow in
contracting muscles in humans while at the same time manipulating venous pressure by
positioning a limb above or below the level of the heart (Clifford & Hellsten 2004; Rowell
2004). Results from these studies all favour the hypothesis that there is a muscle pump
contribution to the initial enhanced blood flow during muscle work, acting in concert with
metabolic vasodilation (Nadland, Walloe, & Toska, 2009).

Once a stimulus occurs, blood flow increases quickly from resting levels (fast
phase), passes through a phase whereby it determines the level of blood flow necessary
(seeking phase), and finally reaches a steady level (matched phase) during which flow more
accurately meets the demands of the skeletal muscle (See Figure 1). The duration and rate
of these changes varies with the stimulation characteristics and the type of contraction

(Barclay et al., 2001).
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Figure 1 — Pattern of change of blood flow to a skeletal muscle stimulated to contract at time 0. The
pattern is normally divided into three components: a fast phase, a seek phase and a steady level flow
or matched phase. Arrows indicate components that vary with stimulation conditions (Barclay,
Murrant, Woodley, Reading, 2001).

To evaluate the regulatory system involved in exercise hyperemia, the organization
of the vascular bed and especially the microvasculature must be considered. For many
years, the cross section of the arteriolar wall was viewed functionally as a layer of vascular
smooth muscle (VSM) with the number of layers increasing as the vessel radius increases.
The functional complexity of the vessel wall increased dramatically with Furchgott and
Zawadski's (1980) identification of biological activity associated with the endothelial cell
layer. The identification of homocellular gap junctions (between VSM cells and endothelial
cells) and heterocellular gap junctions (between VSM cells and endothelial cells) added
another dimension to the vascular regulatory potential (Figueroa & Duling, 2009). The

presence of these gap junctions suggests that the intima and media of the vessel exist as a
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syncytium in which information flows along and/or across the wall (Barclay et al., 2001).
In terminal arterioles, local dilation caused by skeletal muscle contraction can be
transmitted upstream along the vessel through gap junctions (Murrant, Kim, & Sarelius,
2001). Thus, there is a retrograde, longitudinal component to physiological information
transmission through the vascular system. Barclay et al (2001) proposed that a vascular
function unit using local and retrograde signaling was responsible for establishing arteriolar
radius and the number of perfused capillaries needed to match hyperemia to muscular
activity (Barclay et al., 2001). See Figure 2 below for an illustration of potential cell to cell

communication that has been observed in a laboratory setting.
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Figure 2 - Potential signals that could interact to regulate the function of the arteriole and skeletal
muscle functional unit. Ach = acetylcholine; ado = adenosine; ATP = adenosine triphosphate; EDHF
=endothelium-derived hyperpolarizing factor; ET = endothelin-1; NE = norepinephrine; NO = nitric
oxide; PGI2 = prostaglandin 12 or prostacyclin. The ‘X’ represents metabolic vasodilators. The ‘y’
represents unknown products of the vascular smooth muscle. The ‘n’ represents unknown products
of the endothelium. EC indicates endothelial cells and VSM indicates vascular smooth muscle cells
(Barclay, Murrant, Woodley, Reading, 2001).

NO is the primary vasodilator substance released by the endothelium. It is a labile,
lipid-soluble gas, synthesized from L-arginine through the action of the enzyme eNOS
following stimulation by either shear stress/increased flow through the vessel lumen (with
consequent NO-mediated vasodilation tending to normalize shear stress) or endothelial
agonists such as bradykinin or acetylcholine (Budel, Bartlett, Segel, 2003). Physical
exercise augments blood flow and shear stress, resulting in increased NO production and
upregulation of constitutive eNOS activity (Di Fransecomarino et al., 2009). Shear stress

is a potent physiological stimulus for NO release, playing a role in vasodilation as well as
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other molecular mechanisms such as superoxide production (Di Fransecomarino et al.,
2009). Repeated episodes of increased blood flow with exercise may elicit an improvement
in endothelial function and lead to the long-term benefits of regular exercise. An
improvement of vasodilatory function would reduce the complications of atherosclerotic
vascular disease. The mechanism is likely to involve chronic increases in NO production
mediated by an increase in the expression of eNOS.

There are several other vasoactive compounds and numerous cellular sources of
these compounds in skeletal muscle tissue: skeletal muscle cells form NO, prostaglandins,
adenosine, lactate, and K*; endothelial cells release NO, adenosine, K*, ATP,
eicosatrienoic acids, and prostaglandins; and red blood cells can release ATP and NO. In
addition, vasodilators may be released from nerve terminals, (e.g., ACh, ATP). All of the
above-mentioned vasodilators, except for eicosatrienoic acids, are known to increase in the
extracellular fluid of the skeletal muscle cells in response to muscle contraction. Because
these compounds are potent vasodilators, they can potentially exert some effect on vascular
smooth muscle cells. It is noteworthy that there are multiple cellular sources for most of
these vasodilator compounds and that they may act via more than one mechanism to
influence exercise hyperemia (Clifford & Hellsten, 2004).

The numerous inhibitor studies performed to date reveal that none of the studied
compounds appears to be essential for exercise hyperemia, as the effect of one vasodilator
can generally be blocked without a change in blood flow. Nevertheless, these observations
do not exclude the possibility that the lack of effect could be due to a compensatory effect
of another vasodilator. Such redundancy between vasoactive compounds has been

observed in vivo as well as in vitro. It is likely that the importance of specific vasodilator
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compounds varies over different phases of blood flow, such as in the case of an onset of
exercise to steady state (Clifford & Hellsten, 2004).

2.4 Use of Aerobic Exercise to Improve Vascular Function in CVD Patients. As previously
mentioned, supervised AE training is currently recommended as first line treatment for
individuals with CVD. A typical intervention program for CVD patients consists of three
exercise sessions per week for 12 weeks (Spronk et al., 2009; McDermott et al., 2009).
Each participant starts with a five minute of warm up period, followed by 50 minutes of
intermittent AE and a five minute cool down. The treadmill starts at zero percent incline
and a speed of 3.2 km/hr. The severity of CVD risk can be calculated using a 10-year risk
analysis tool taking into account tobacco use, age, gender, HDL-cholesterol, total
cholesterol, and blood glucose status. Results are based on percentages, where a one
percent risk is associated with ‘low risk’; a three to five percent risk is associated with
‘moderate risk’; and a five percent is associated with a ‘high risk’; upwards of 15 percent
is associated with ‘severe or very high risk’ (Perk et al., 2012). During each session,
patients are instructed to walk unless they are feeling any sort of chest pain or discomfort,
and then rest by sitting on a chair. Once the pain subsides, walking then commences again,
with repeated bouts of AE and rest, ideally for a total of 50 minutes. When the participant
can walk for ten minutes with no chest pain or discomfort, the treadmill incline is increased
by 0.5 percent in the subsequent session. When the incline had been increased to a
maximum of 5 percent, the speed is then increased 0.5 km/hr each time to progressively
increase exercise intensity. The aim of this progressive procedure is to continuously

overload the cardiovascular system and the muscles that are active in during walking
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(Wang et al., 2009). Both the level of pain/discomfort score, pain free walking distance
and maximum walking distance are recorded. (Sakamoto et al., 2009; Wang et al., 2009).

There is strong evidence to support a central role for AE training to improve the
walking ability of patients with chest pain/discomfort (Gardner et al., 2001). In particular,
supervised, hospital based AE training is considered effective and is recommended as the
initial treatment strategy for patients with CVD associated symptoms such as chest
pain/discomfort. The degree of improvement in walking ability after supervised AE
training was shown to be significantly better than that of home based training such as “go
home and take walks” (McDermott et al., 2004). Regular AE or improved physical activity
is associated with increased pain free walking time (Wang et al., 2009), improved blood
pressure (Wang et al., 2006), serum lipid profile (Brendle et al., 2001), glycemic control
(Izquierdo-Porrera et al., 2000), and reduced central adiposity (Terjung et al., 2002).

A meta-analysis of 22 randomized and non-randomized trials of supervised AE
training revealed that pain free walking time improved an average of 180 percent and
maximal walking time increased by 120 percent (Watson, Ellis & Leng, 2009). A separate
meta-analysis from the Cochrane Collaboration evaluating only randomized, controlled
trials concluded that AE improved maximal walking ability by an average of 150 percent
(Leng, Fowler & Ernst 2000; Milani & Lavie, 2007). AE induced improvements in walking
ability have also been shown to translate into increases in routine daily activity (Gardner
et al., 2001). This study also reported that 6 months of AE training improved treadmill
walking ability, accompanied by a 31 percent increase in routine daily activity as measured

by accelerometry. Moreover, self-reported physical activity improved by 62 percent,
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suggesting that patients themselves appreciated this functional improvement (Garg et al.,
2006; Sakamoto et al., 2009).

In a study conducted by Brendle et al.,, (2001) Results of a 6-month AE
rehabilitation program improved endothelial function, as indicated by an increase in flow
mediated vasodilation of the brachial artery in symptomatic CVD patients with and without
PAD. Exercise rehabilitation training increased the time to onset and to maximal
claudication pain. These results are in agreement with previous studies that have shown an
increase in time to onset and maximal claudication pain. Meta-analyses reported positive
effects of AE rehabilitation programs on walking distance in patients with intermittent
claudication (IC) in both randomized and nonrandomized studies. Various clinical trials
have documented the beneficial effects of low to moderate AE training programs on
improving functional capacity in patients with PAD. Consequently, such patients can
improve claudication symptoms after only a couple of months of rehabilitation, and are
likely to experience continual improvement thereafter. In addition to improving endothelial
function and exercise tolerance, 6 months of AE rehabilitation improved calf blood flow
after an ischemic response (Brendle et al., 2001)

2.5 Use of Resistance Training Exercise for Improving Vascular Function in CVD Patients.
Previous research suggests that it is chronic ischemia resulting from CVD, rather than
disuse, which is the major factor causing fiber atrophy (McGuigan et al., 2001). Fiber area
is reduced in patients with symptomatic CVD compared to healthy age matched controls.
RT in patients with CVD provides a unique model of how skeletal muscle responds to
chronic ischemia. Findings of decreased muscle strength and size of the plantar flexor

muscles in patients with CVD could potentially allow for RT as an intervention that may
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translate into positive benefits for walking and strength. However, the efficacy of long term
(i.e., six months) RT programs has not been determined in patients with symptomatic CVD.
As skeletal muscle abnormalities are an important limitation to AE tolerance in patients
with CVD, and muscular strength affects their ability to perform daily tasks (McGuigan et.
al., 2001; McDermott et al., 2007; McDermott et al., 2008). A number of research projects
that involve physical activity (both RT and AE) as a treatment option for patients with
CVD have targeted the overall health of the individual. Although, there has been promising
results in studies regarding improving vascular health, there is still limited research
regarding the vascular adaptation to RT in patients with established CVD or individuals
with reduced vascular function (McDermott et al., 2007; McDermott et al., 2008).

As a consequence of CVD, many patients become inactive causing atrophy of the
calf muscle area and reduced leg strength. This aggravates their condition causing an even
greater loss of lower extremity muscle mass, strength and endurance (Ryan, Katzel,
Gardner, 2000; McDermott et al.,, 2007; McDermott et al., 2008). Peak oxygen
consumption in patients with claudication is generally half of age matched normal
individuals, indicating a level of impairment similar to patients with New York Heart
association class 111 heart failure (Hiatt et al., 2001; American Diabetes Association, 2003).
In CVD patients, reduced leg strength and atrophy in lower extremities has been associated
with disease severity and functional performance. The mechanisms behind the impaired
muscle strength have not been fully elucidated, but a muscle fiber denervation and a
decreased type Il fiber cross sectional area has been shown (McDermott et al., 2004). The
benefits of endurance training in CVD patients are recognized. However, whereas many

studies have investigated endurance training, clinical trials of lower extremity RT in
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persons with CVD have been small; have yielded mixed results; and have excluded CVD
participants without expressing classic symptomology (McDermott et al., 2009).

In addition to improved strength, strength training has been reported to improve
endurance performance by improved walking economy (Osteras, Helgerud, Hoff, 2002;
Hoff et al., 2007). Walking economy, defined as the oxygen cost at a sub maximal walking
workload is one of three factors determining an aerobic endurance performance, the other
two being lactate threshold and maximal oxygen consumption. Walking economy is
reduced in patients with claudication in that walking patterns change to favour stability
over speed. Following a program of strength training, walking economy has been shown
to improve by 5-20 percent in CVD patients and in patients with other chronic diseases, as
evidenced by a decrease in oxygen consumption at sub-maximal workloads (Wang et. al.,
2009). Supporting this concept are reports utilizing alternative exercise programs including
RT and moderate intensity interval training (Wang et. al., 2009, Adams et. al., 2006), each
yielding as good or greater improvements in walking endurance and walking economy than
standard aerobic based exercise programs. The observation that patients with CVD have
muscle weakness provides a strong rationale for strength training of lower extremity
muscle groups, in order to improve walking ability, as decreased muscular strength in the
lower extremities is correlated with an increased prevalence of CVD (McGuigan et. al.,
2001; Wang et al., 2009).

A study by Wang and colleagues (2009) examined eight-week strength training
duration in CVD patients. Their strength training protocol consisted four sets of five
repetitions of a dynamic leg press with emphasis on maximal mobilization of force in the

concentric action and a progressive adjusted intensity corresponding to 85-90 percent of
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each participant’s 1RM. The study demonstrated a 31 percent increase in 1RM, a 103
percent increase in dynamic rate of force development. The increased strength in CVD
patients in the study led to an improved endurance performance and thus walking ability,
by improving the patients’ walking economy. The strength training program resulted in a
9.7 percent increase in walking economy during continuous walking on a horizontal
treadmill. The increased 1RM strength induced by the strength training program also
correlated positively with rate of force development and with the improved walking
economy. Furthermore, the improved walking economy correlated positively with the
observed a 13.6 percent improvement in time to exhaustion. Despite documented findings
in healthy subjects, but there is limited evidence for effects from strength training on
walking time to exhaustion in CVD patients.

The effect of RT on muscle function has been studied in detail, especially pertaining
to the direct benefits of CVD and even more specifically, vasodilatory function. RT,
through the frequent induced ischemia effectively stimulates adaptive responses in
endothelial vasodilation which would be especially useful pertaining to populations
demonstrating vascular disease (Adams et al., 2006). Periodic exposure to repeat episodes
of exercise induced hyperemia should increase blood flow and augment a vascular response
of nitric oxide (NO) and prostacyclin, thereby promoting vasodilation. Research has shown
that RT improves hemorheology, thereby facilitating oxygen delivery to ischemic skeletal
muscle (Adams et. al., 2006). Although coronary patients demonstrate significant
improvements in blood viscosity and tissue oxygen extraction following formal RT, these
benefits may be even more applicable for patients with C\VVD and related conditions (Wang

et al., 2009).
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2.6 How Resistance Training Could Improve Vascular Function. The vascular endothelium
plays an important role in the modulation of vascular tone and function by synthesizing
and releasing NO (Tanaka et al., 2006). Physical exercise augments blood flow and shear
stress, which results in an increase in NO production and upregulation of constitutive
endothelial nitric oxide synthase (eNOS) activity. Shear stress is a potent physiological
stimulus for NO release, interfering not only in vasodilation but also in other molecular
mechanisms such as superoxide production. Repeated cyclic episodes of occlusion
followed by increased blood flow either mechanically through the use of an external cuff
(Heffeman et al., 2007) or through the natural occlusion that occurs with RT. Regular
continued episodes may elicit an improvement in endothelial function and lead to the long
term benefits of regular exercise that ultimately would reduce the complications of
atherosclerotic vascular disease. The mechanism is likely to involve chronic increases in
NO production mediated by an increase in the expression of eNOS (Di Francescomarino
et al., 2009).

In rhythmical AE, such as running, cycling, etc., blood flow to the contracting
skeletal muscles can also become limited or occluded during the contraction period due to
an augmented intramuscular pressure, and consequently the majority of the blood flow
occurs during the relaxation period between contractions (Su et al., 2009). Lutjemeier et
al. (2005) reported that although the muscle pump had a net positive effect on muscle blood
flow at the lightest work rate, and might provide sufficient perfusion to working muscle;
at heavier work rates any enhancement to flow during relaxation was insufficient to fully
compensate for the contraction induced impedance to muscle perfusion. Compression of

the veins during repeated cycles of muscle contraction relaxation aids venous return to the
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heart and has been postulated to increase skeletal muscle perfusion by reducing the
downstream venous pressure during relaxation via the muscle pump effect (Lutjemeier et
al., 2005; Clifford & Jasperse 2007).

During static muscle activity, blood occlusion occurs due to mechanical
compression of the blood vessels that occurs from tension developed by muscular
contraction. This also increases intramuscular pressure and decreases blood flow to the
region. Consequently, the blood flow to the exercising muscle decreases, or even ceases, if
the force developed is high enough (50-80 percent MVC) to overwhelm the increased
perfusion pressure. This temporary blood occlusion causes an increase in metabolites as
well as a stronger level of shear stress which has been shown to increase up to five times
the resting value (Kagaya & Homma, 1997). RT would allow manipulation of occlusion
and reperfusion time by varying the duty cycle of RT exercise. Pilot work conducted in the
UNB Exercise Physiology Lab suggested that varying the duty cycle to longer occlusion
and short reperfusion episodes significantly enhanced post exercise hyperemia when
compared to short occlusion-reperfusion cycles that closely mimic running (See Appendix
— section one).

A study conducted at the National Institute of Health and Nutrition in Tokyo, Japan
examined low intensity resistance training with slow movement and tonic force generation
(LST) versus a high intensity resistance training (HN) group with normal speed
contractions. The outcome measured was basal limb blood flow. The LST exercise
movement was performed to achieve continuous force generation throughout the resistance
exercise movement, which is based on the presumption that continuous force generation at

>40 percent maximum voluntary contraction has been shown to suppress both blood inflow
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to and outflow from the muscle due to an increase in intramuscular pressure. The results
indicate that RT even in LST, which used a relatively low mechanical load, is effective for
increasing basal femoral blood flow. There was an 18 percent increase in basal femoral
blood flow with only a three percent increase in leg muscular size. Moreover, increases in
the relative blood flow to leg muscle mass in the two training groups were quantitatively
the same as increases in whole leg blood flow. LST promotes muscular hypertrophy and
strength gain comparable to those in HN without high mechanical load. LST is proposed
as a safe and useful resistance exercise method not only for muscular hypertrophy and
strength gain, but also for increasing peripheral blood flow and vascular conductance as an
additional effect (Tanimoto et al., 2009).

High intensity RT has been shown to reduce arterial compliance and increase
arterial stiffness (Miyachi et al. 2004; Cortez-Cooper et al. 2005; Okamoto et al. 2006). In
contrast, habitual moderate intensity RT does not reduce central arterial compliance in
middle aged and older adults (Cortez-Cooper et al. 2008). It has been suggested that low
intensity RT with an emphasis on ‘slow’ lifting and lowering technique exerts a beneficial
effect on vascular function (Okamoto et al. 2008). High intensity RT has been shown to
increase arterial stiffness (Miyachi et al. 2004; Cortez-Cooper et al. 2005), which is not
commonly recommended for the majority of the population. Acute intermittent elevation
of blood pressure during high intensity resistance exercise may induce arterial stiffening,
which is an important determinant of chronic arterial stiffness. Regulation of arterial
pressure is associated with elevated baseline sympathetic nerve activity and the effects of

elevated noradrenalin on VSM tone (Okamoto, Masuhara, Ikuta, 2011).
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2.7 Purpose: With this knowledge in mind, the study design tested a RT program that
attempted to simulate this principle of a prolonged isometric contraction. The goal was to
induce a training response in the vascular system, characterized by an increase in VC. The
purpose of this work was to develop evidence based guidelines for using RT to improve
the VC of specific muscle groups (i.e. the plantar flexors of the lower limb).

A goal of this study was to determine the most beneficial method of RT that targeted
a training effect in the vascular system. This study attempted to increase the blood flow to
the working areas of the body as well as increase the VVC at rest through RT. Accordingly,
the purpose of this study was to determine if elderly individuals participating in a RT
program with an emphasis on slow eccentric contraction would experience increased VC
relating to endothelial function.
2.8 Alternative Hypothesis Statement: In older male participants, resistance training
performed using a slow eccentric contraction phase (one second contraction; five seconds
eccentric) compared to resistance training using a short occlusion time (one second
concentric; one second eccentric) will:

1) improve resting and post exercise pulsatility index in the brachial and popliteal

arteries.

il) improve resting and post exercise systolic peak in the brachial and popliteal

arteries.

iii) improve resting and post exercise mean blood velocity in the brachial and

popliteal arteries

iv) improve physical exercise variables, specifically musculoskeletal strength and

walking endurance
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v) decrease variables pertaining to cardiovascular disease, specifically resting
heart rate, systolic, diastolic, and mean arterial blood pressure

vi) decrease anthropometric data, specifically waist circumference and body mass

index

2.9 Null Hypothesis: Each of the above hypothesis statements will be examined as a null

hypothesis.
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Methodology

3.1 Participants. Subjects (n = 14) were recruited from the general population in the
Greater Fredericton Area using an online poster, electronic newsletter and word of mouth.
Inclusion criterion included male gender, age of 50 years or greater, ability to commit to
two pre-training testing dates as well as the six-week RT program. Exclusion criterion
entailed the following: major amputation, major surgery or a myocardial infarction within
the past 3 months, as well as current participation in other exercise related clinical trials.
All participants provided written, informed consent (appendices, section two) before
engaging in any study related procedures. Participants were required to complete a PAR-
Q & YOU form (appendices, section three) before they were eligible to engage in any type
of exercise related to the study. Those participants who respond “yes” to any of the items
on the “PAR-Q and YOU” form were required to have a “PAR MED-X" form completed
by their physician to obtain medical clearance for their involvement in the program
(appendices, section four). All testing procedures took place in the Exercise Physiology
Lab in the Faculty of Kinesiology at the University of New Brunswick. All weekly
supervised RT sessions were conducted in the west gymnasium located in the Lady
Beaverbrook gymnasium. This study design and methodology was reviewed and approved
by the UNB research ethics board (REB#2012-038). Please see appendices, section five
for a complete submission and resubmission of the research and ethics document.

3.2 Experimental Design. This was a quasi-experimental pre-test post-test research design.
The 10-week study assessed change in indices of vascular functioning, resting heart rate
(RHR), systolic (SBP) and diastolic blood pressure (DBP), aerobic endurance, muscular

strength and anthropometric measurements before and after completion of the six-week RT
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program that used long or short concentric and eccentric contraction times to alter vascular
occlusion time per repetition. Baseline measurements were made at one and four-weeks
before beginning resistance training. This baseline assessment period served as a measure
of stability in the indices of interest. During baseline testing the participants received
education on the principles of RT and familiarized with the strength training equipment
and exercises that were going to be used throughout the six-week RT phase. Following
baseline assessment, participants were placed into either the slow eccentric contraction
(SEC) group or the conventional resistance training (CRT) group. The SEC group were
allocated to the morning RT sessions and the CRT group were allocated to the afternoon
RT sessions. Participants were allocated to either group based on their availability. If they
were available to both sessions they were randomly assigned to either a morning or
afternoon group. A T-test was used to assess differences between groups following pre-
testing (age, fitness level (6MWT), musculoskeletal strength (table 1), pulsatility index,
systolic peak, mean blood velocity for the one to one ratio test (table 3), and the five to one
ratio test (table 5). No significant differences were found between the groups prior to the
intervention protocol.

Strength testing was measured at the beginning of the six-week RT program and
upon completion of the RT program. For safety reasons and participant RT experience,
participants completed a 10-repetition maximum test, instead of performing a one
repetition maximum test to measure strength. This was evaluated using the Brzycki
equation for estimating one repetition maximum: one repetition maximum = weight lifted

/(1.0278 - (.0278 * Reps)) (Brzycki, 1993).
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The intervention consisted of a six-week supervised RT program three times per
week. Each session was scheduled for one hour, for a total of three hours per week. This
study consisted of two training groups; a CRT group (n=7) and a SEC group (n=7). The
exercise protocol for each session consisted of a 10 minute warm up period of low intensity
walking to properly initiate a safe increase in blood pressure heart rate. This led into
approximately 45 minutes of moderate intensity RT which was followed by a five minute
cool down period of low intensity stretching and to return heart rate back to pre-workout
levels. Each group performed three sets with one minute rest between each set. The CRT
group completed 12 repetitions per set while the SEC group performed five repetitions per
set. The CRT group aimed for a work to rest ratio of one second concentric contraction,
one second eccentric contraction, and one second rest at the end of each eccentric
contraction (three seconds per repetition x 12 repetitions = 36 seconds). The SEC training
group aimed for a work to rest ratio of one second concentric contraction, five seconds
eccentric contraction, and one second rest (seven seconds per repetition x five repetitions
= 35 seconds). The training load for each group was determined by the 10-repetition
maximum values from the strength testing and then adjusted to the appropriate repetition
maximum percentage (86 percent for the five repetition maximum and 70 percent for the
12 repetition maximum). It is recommended that training load be increased by 2-10% when
the individual can perform the current load for one to two repetitions over the desired
number (American College of Sports Medicine, 2009). The whole body training program
required two days to complete. Training day one consisted of exercises that targeted the
chest, back, and arms (CBA). Training day two consisted of exercises that consisted of

exercises targeting the legs, shoulders, and core (LSC). The CBA session consisted of
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bench press, chest fly, lat-pull down, seated row, bent-over row, bicep curl, triceps
extension. The LSC session consisted of squats, leg press, walking lunges, dumbbell
shoulder press, lateral raises, as well as various core exercises. Each training session was

separated by a minimum of 48 hours (see Figure 3).

Typical Training Regiment

Week | Sunday | Monday | Tuesday | Wednesday | Thursday | Friday | Saturday

1 Rest CBA Rest LSC Rest CBA Rest

2 Rest LSC Rest CBA Rest LSC Rest

Figure 3: Two of six weeks of a typical training cycle (CBA: Chest, Back, Arms LSC: Legs, Shoulders, Core)

Participant Health Characterizations

3.3. Demographics A self-reported participant medical history questionnaire (Appendices,
section six) was given to collect participant age and information regarding past injuries or
medical conditions.

3.4. Anthropometric Data. Body weight and height were measured using a physician’s
scale and stadiometer (Seca 763, Hamburg, Germany) to the nearest 0.1 kg and 0.1 cm,
respectively. Body mass index (BMI) was calculated using the participants body mass in
kilograms divided by their height in meters squared (kg/m?). Waist circumference was
measured to the nearest 0.1 cm using a standard plastic tape measure using the revised
CSEP protocol (McGuire & Ross, 2008).

3.5 Ankle Brachial Index. Once the participant had been lying down at rest for 10 minutes,

a standard size (10 cm) sphygmomanometer was placed around the participant’s ankle,
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between the malleolus and the gastrocnemius and inflated. A laser Doppler ultrasound and
pencil probe (5MHz) was used to detect the reappearance of blood flow past the cuff as the
pressure in the sphygmomanometer is released. The reappearance of blood flow represents
the systolic blood pressure. Systolic blood pressures were taken twice at the posterior
dorsalis pedis artery at the left and right leg. Brachial systolic blood pressure was obtained
from both arms at the brachial artery. ABI was calculated as the highest ankle systolic
blood pressure value divided by the highest brachial blood pressure value (McDermott et
al., 2000).

3.6 Blood Analysis. A blood sample was obtained after a two-hr fast. Plasma blood glucose
and a lipid profile (LDL, HDL, triglycerides, total cholesterol) were tested. The blood
collection procedure was conducted by the project supervisor. The participant’s finger was
sterilized with an alcohol swab. The finger was then punctured with a lancet (BD
Microtainer Contact Activated Lancet, Becton Dickinson Company, New Jersey, USA)
and blood was collected in a plastic micro collection container (BD Microtainer Blood
Collection Tubes, Becton Dickinson Company, New Jersey, USA). The participants’ finger
was then wiped and held for 30-90 seconds with a sterile gauze (Stensvold, 2010). The
sample was analyzed using a clinical chemistry analyzer (Reflovet Plus, Roche, Basel,
Switzerland). For this, a sample of blood was pipetted onto the reagent test strip (Reflotron
Test Strips, Roche, Basel, Switzerland) and then placed into the measuring chamber.

3.7 Quality of Life. The Walking Impairment Questionnaire (WIQ) is a common
assessment tool for conditions associated with vascular disease and endothelial dysfunction
(McDermott et al., 1998). This survey (appendices, section seven) was completed prior to

beginning the RT intervention and once the intervention was completed at week 10.
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Cardiovascular Function Evaluation

3.8 Heart Rate and Blood Pressure. Resting heart rate (RHR) was recorded using a polar
watch heart rate monitor and was verified by wrist palpitation for 15 seconds and calculated
to determine the heart rate for one minute. Systolic (SBP) and diastolic (DBP) resting blood
pressure was taken using a manual sphygmomanometer (Riester, Jungingen, Germany)
after the participant was seated at rest for a 10 minute period. Mean arterial pressure (MAP)
was calculated from the equation: MAP = DBP + 0.33(SBP — DBP) (Gauer, 1960).

3.9 Exercise Hyperemia. For the upper limb, a hand grip apparatus was set up to a force
transducer (Interface Advanced Force Measurement, 9820-000-1, Arizona USA) to
measure the amount of force being generated. The participant was seated in a chair with
both arms comfortably resting on a platform above waist level. The participant’s left arm
was strapped into the hand grip apparatus holding onto a mounted bar with their second
and third phalanges holding the hand grip (Figure 14, Appendix — section eight). For the
lower limb, an ankle flexion apparatus was mounted to the wall and set up to a force
transducer (Premium Transducers Limited, PT 4000-500Ib, New South Wales, Australia)
to measure the amount of force generated. The participant lay comfortably face down with
their left leg strapped into the apparatus (See Figure 15, Appendix — section eight).

For both upper and lower limb devices, each participant completed a maximum
voluntary contraction (MVC) to determine the load required for the subsequent tests. In the
upper limb, participants were instructed to squeeze the hand grip apparatus with the second
and third phalanges to create the greatest amount of force. The MVC for the lower limb

required the participant to perform a plantar flexion of the ankle to create the greatest
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amount of force. Subjects then completed two tests at each testing site over the same
amount of time (180sec) with different work to rest ratios. During static forearm exercise
at lower intensities of up to 20-30% MVC forearm blood flow, measured by venous
occlusion plethysmography, increased, whereas at higher intensities of 50-80% MVC, it
decreased towards or below the resting level (Kagaya & Homma, 1997). During pilot work
in the EPL conducted at UNB we found that the 50% MVC value was quite difficult for
the sustained contraction test. Participants used 40% of their MVC value of each test. The
first test consisted of a five to one work to rest ratio. Each participant completed 18 sets of
a five second contraction with a one second rest between each repetition. The second test
was an equal work to rest ratio. Each participant completed 90 sets of one second
contractions with one second of rest between each repetition. At the end of the intervention,
participants were then re-tested on their MVC and conducted the same series of tests. Upon
completion of each test, Laser Doppler ultrasonography (Huntleigh Rheo Dopplex I,
Cardiff, United Kingdom ) and pencil probe (5MHz) was used to collect exercise
hyperemic response for 10 minutes after each of the tests to measure the recovery time to
return to baseline values. Participants completed these series of tests on three occasions,
week one, week four; before the commencement of the six-week RT program and upon
completion of the study. As mentioned above, participants were given a visual marker to
identify their personal 40 percent MVC value for each test and then instructed to aim for
that target. Rate of force was calculated during each test to determine accuracy of attaining
the 40 percent target as well as to measure the amount of fatigue that was occurring during
both the 1:1 and 5:1 functional tests. For the 1:1 test, the rate of force of the first six

contractions was calculated and compared to the last six contractions. This duration of time
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for six contractions is a total of twelve seconds. For the 5:1 test, the rate of force of the first
two contractions was calculated and compared to the last six contractions. This duration of
time for two contractions is equal to twelve seconds as well. The force transducers were
calibrated using a pulley system loaded with weighted plates, up to the maximum limit of
the force transducer. The force transducers and laser Doppler transmitted their signals to a
control panel (National Instruments, BNC-2090, Texas, USA) which was then transmitted
to a computer (Dell Incorporated, GX280, Texas, USA). The software program LabVIEW
7.1 (National Instruments, Texas, USA) was used to display the amount of force being
generated over time during the functional tests (1:1, 5:1). Upon completion of the tests, the
Doppler system, which was also set up to the control panel mentioned above, and
connected to another computer that was used to display cardiac cycles over time on the
computer monitor during the 10 minute recovery period.

3.10 Six Minute Walk Test. This functional test measures the distance that a patient can
walk on a flat, hard surface in a period of six minutes (6MWT, Appendices, section seven).
Subjects were instructed to walk as quickly as possible without running, covering as much
distance as possible during the allotted six minutes. The gymnasium located in the Lady
Beaverbrook gym on University of New Brunswick campus was used. The course in the
gymnasium was a 30 meter by 20 meter rectangular shape. Participants were allowed to
rest if they developed muscular cramping, excessive breathing or heartbeat, or any other
reason that may cause them to stop. Participants were encouraged to continue walking once
they were comfortable in doing so. The distance covered with no muscular cramping (Pain
Free Walking Time) and total distance covered (timed using a standard stop watch) were

recorded for analysis. Participants completed this test at the beginning of week four, before
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the commencement of the six-week RT program and again upon completion of the
intervention phase. A preliminary trial was completed to allow participant familiarization
with the test and also to reduce the learning effect associated with the test. This test has
been validated as a valid test for older adults (Jones & Rikli, 1998).

3.11 Musculoskeletal Strength. Before the commencement of the six-week RT program,
each participant was assessed on their strength of four foundation exercises (bench press,
squat, latissumus pull-down, and dumbbell shoulder press). The SEC group completed sets
aiming for five repetitions, while the CRT group aimed for 12 repetitions. Musculoskeletal
strength was observed on a daily basis throughout training program. When participant’s
achieved the number of desired repetitions the weight was increased by 2 — 10% as
recommended (Collier et al., 2008; American College of Sports Medicine, 2009).

3.12 Statistical Analysis. All statistical analysis was conducted using the IBM Statistical
Package for the Social Sciences (SPSS) v22.0. The primary variables examined were
pulsatility index (PI), systolic peak blood pressure (SP), and mean blood velocity (MV).
Two-way repeated measures analysis of variance (ANOVA) with Bonferroni’s correction
was used to examine differences at rest and during the 10 minute recovery period following
the two functional exercise tests (1:1, 5:1) at each interval; baseline one and baseline two,
baseline one and post-training, baseline two and post-training, as well as between groups.
Values will only be considered significantly different if both baseline values are
significantly different to the post training (PT) values. Secondary variables included
muscular strength (bench press, squat, latissimus pull-down, and dumbbell shoulder press),
muscular endurance (6MWT), as well as weight, RHR, SBP, DBP, MAP, BMI, and WC.

Two-way repeated measures ANOVA with Bonferroni’s correction was also used to
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examine differences in pre-test and post-test measurements of secondary variables.
Descriptive statistics were calculated for all variables collected at both baseline and post
intervention. For all statistical tests, P<0.05 was considered significant. All values are

expressed as mean + standard deviation.
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Results

4.1 Participants. Fourteen (n = 14) of the initial sixteen male participants (59.4 + 5.4 years)
completed both baseline measurements, separated by a four-week period and the six-week
training program, three times weekly. In regards to training session attendance of the 14
participants that completed both baseline and six-week RT requirements; perfect
attendance was recorded for twelve of the fourteen participants. Two participants had 89
percent attendance. In addition, there were two participants that provided baseline
measurements at week one and week four but were unable to participate in the 6-week RT
program. Reasons for dropping out included: inability to commit to the full 10-week
program (n=1), and an unrelated aggravation of a previous psychological issue (n=1).
Previous injuries that were reported included back, rotator cuff, knee, arm and head. All
participants reported that these previous injuries do not affect their regular activities of
daily living. Medical conditions included diabetes, post-traumatic stress disorder,
depression and arthritis. Reported medications included crestor, avodart, tamsulosin,
spasmhalt-ASA-8, lyrica, Prozac, Effexor, nortryptiline, Seroquel, prazison, tecta,

lorazepam.
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Table 1

Participant Anthropometric Data, Heart Rate and Blood Pressure. Reported as mean *
standard deviation.

SEC CRT

Pre Training | Post-Training | Pre Training | Post-Training

Anthropometric Data:

WC, cm 93.0+5.40 | 92.3 £4.30% | 92.2+560 | 91.7+5.10*
BMI, kg/m? 29.7+230 | 29.3+220 | 284+3.00 | 28.2+2.80
Height, cm 173.6+9.10 | 173.6+8.90 | 175.8+4.90 | 175.7 £5.10

Weight, kg 86.6+11.4 87.7+10.1 85.4+10.5 87.1+9.60

Cardiovascular Data:

SBP, mmHg 133.4+10.7 | 130.3+9.10* | 130.6+11.5 | 129.9 +9.10*
DBP, mmHg 85.6+9.70 | 84.9+860 | 87.7+7.30 | 86.7%6.10
MAP, mmHg 100.7+9.70 | 99.0+8.40* | 101.0+8.40 | 100.1 + 6.80*
RHR, bpm 727+6.10 | 72.0+4.70 | 740%530 | 73.6+4.10

Note: * indicates differences between groups at p<0.05. See Table 6 in Appendices Section
Ten for statistical p values.

4.2 Quality of Life. The walking impairment questionnaire (WIQ) was completed by each
participant, despite none of the participants being clinically diagnosed with a known
endothelial dysfunction such as diabetes or PAD. Each participant reported zero degree of
difficulty in any of the three segments of the survey (walking distance, walking speed or
stair climbing) throughout the pre-test and post-test survey. The primary use of the WIQ is

to determine if individuals experience symptoms associated with endothelial dysfunction,
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such as intermittent claudication while walking. This information is useful as it determines
that no participants in this study experienced severe endothelial dysfunction.

4.3 Cardiovascular Test Assessments. Each participant performed a MVC for the upper
and lower limb at the beginning of each testing day; baseline one (B1), baseline two (B2),
post-training. Forty percent of each individual’s MVC value was used for the exercise
hyperemic tests. The MVC values for the upper and lower limb tests for both the SEC
group and the CRT group are displayed below in table 2. There were no significant different
between groups (SEC vs CRT) or within each group, comparing each baseline (B1, B2)
value to the PT results.

It was determined that the various training conditions were not significantly
different in comparison when regarding the resting values before the equal work to rest
ratio test (1:1) and the five to one work to rest ratio test (5:1) for both the upper and lower
limb. RT did show decreases in pulsatility index and systolic peak at rest, however; it did
not matter to which group each participant was assigned, as there was no main effect
differences relating to any of the above mentioned variables between groups or over time

as well as no interaction effect of group and time.
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Table 2

Maximum voluntary contraction values for the hand-grip apparatus and the ankle flexion
apparatus at baseline one, baseline two, and post-training for SEC and CRT groups.
Reported as mean + standard deviation.

SEC(n=7) CRT (n=7)
MVC Baseline 1 Baseline 2 Post-Training Baseline 1 Baseline 2 Post-Training
Upper | 396.3£76.9 391.1+71.2 | 404.2176.7 345.0494.3 | 3494 353.2 £90.6
(N) 192.6
Lower | 277.0+42.5 | 282.8+45.5 | 288.351.3 315.6 £82.1 | 320.2 312.3£89.6
(N) 187.6

Note: * indicates differences between groups at p<0.05, a indicates significant within group
differences from pre to post testing at p<0.05. See appendices — section ten, table 7 for
statistical p values.

4.4 One to One (1:1) Work to Rest Ratio - Upper Limb

Resting Pulsatility Index: The SEC and CRT groups saw significant changes from the PT
values compared to baseline values (B1, B2). The SEC experienced a significant reduction
in resting PI from the initial baseline values by 0.13 £ 0.69 to 0.19 + 0.68 data points. The
initial baseline resting Pl reduced by 0.12 + 0.52 and 0.13 £ 0.58 data points for the CRT
group. Although resting mean blood velocity decreased, the primary decrease in resting
pulsatility index was due to a drop in peak systolic blood pressure.

Resting Systolic Peak Blood Pressure: The SEC and CRT groups experienced significant
changes from PT values when compared to both B1 and B2 values for the 1:1 work to rest
ratio test. The negative decrease from PT values ranged from 3.66 + 10.49 to 4.70 + 8.53
cm - sect. As mentioned above this is the most substantial reduction in the equation for
pulsatility index. The CRT group displayed a negative change in PT when compared to

either B1 or B2 values in SP by 1.41 + 8.46 to 2.16 + 7.75 cm - sec’’. There was no
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significant change between B1 and B2 in either the SEC or CRT group. There was also no
significant difference between groups.

Resting Mean Blood Velocity: The SEC group experienced a significant change for the 1:1
work to rest ratio tests between PT and baseline values, however; only when comparing
PT values to the B1 values, observing a change by 0.97 + 2.73 cm - sec™t. However; values
will only be considered significantly different if both baseline values are significantly
different to the PT values. The PT and B2 values were not significant for the SEC group
so it will be deemed insignificant, given that there was no significant difference between
baseline values. The CRT group saw no significant change comparing both B1 and B2 to
the PT values.

4.5 One to One (1:1) Work to Rest Ratio — Lower Limb

Resting Pulsatility Index: The SEC and CRT groups saw significant decreases in PT values
compared with B1 and B2 for the 1:1 test (0.49 £ 2.49 and 0.52 + 2.47 data points for the
SEC and 0.36 £ 2.20 and 0.10 + 2.29 data points for the CRT group, respectively.

There were no significant changes in resting systolic peak or resting mean velocity in the

lower limb for either the SEC or CRT group.
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Table 3

Resting upper 1:1 test results for systolic peak (SP), mean blood velocity (MV), pulsatility
index (P1) at B1, B2 and PT for the SEC and CRT groups. Reported as mean * standard

deviation.
1:1 Ratio SEC(n=7) CRT(n=7)
Test
Resting Bl B2 PT B1 B2 PT
Upper
SP 39.9 £10.5 38.9 £8.53 35.3+6.11*% | 39.3 +8.46 38.6+7.75 37.2 +6.78*
MV 13.9+2.73 12.8 £2.94 12.9 £2.57 12.0 £2.66 11.5+2.33 11.8 £2.47
P 2.81 +0.69 2.87 £0.66 2.68 +0.66* | 3.16 +0.52 3.17 £0.58 3.04 +0.53*
Resting Bl B2 PT B1 B2 PT
Lower
SP 25.5+454 | 25.1 +4.41 27.1 +4.70 2724272 | 26.0+3.14 | 27.3+3.28
MV 6.15+2.24 | 5.83+2.12 6.25 +2.06 5.65+2.10 | 5.22+1.73 |5.33+1.71
Pl 5.80+2.49 | 5.83+2.47 5.31 +£2.14* | 6.77 £2.20 | 6.67 £2.29 | 6.41 £2.22*

Note: Significance was set at a value of 0.05 between baseline and post training values and
is identified by the asterisk (*). See Table 8 in the appendices — section ten for statistical p

values.

4.6 Five to One (5:1) Work to Rest Ratio - Upper Limb

Resting Pulsatility Index: The SEC and CRT groups both displayed significant changes at

PT compared to B1 and B2 measurements for the 5:1 test condition. The SEC experienced

a reduction in baseline resting PI between 0.15 = 0.73 and 0.20 £+ 0.72 data points. The

CRT experienced a 0.17 £ 0.50 to 0.19 £ 0.54 drop in resting PI after the PT intervention.

Resting mean blood velocity decreased, with the primary decrease in resting pulsatility

index due primarily to a drop in the peak systolic blood pressure.

Resting Systolic Peak Blood Pressure: The SEC and CRT groups both experienced a

significant change in PT values when compared to both B1 and B2 values for the 5:1 work

to rest ratio test. The largest change was observed in this variable with a drop by 3.94 +
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9.10 t0 6.29 + 9.78 cm - sec’ in the SEC group. The CRT group saw significant changes
in PT values compared to both B1 and B2 values for the 5:1 work to rest ratio test as well
with a decrease from 2.72 + 8.68 to 3.86 + 8.94 cm - sec™. There was no significant change
between B1 and B2 in either SEC or CRT group as well as no significant changes between
groups to report.

Resting Mean Blood Velocity: The SEC group experienced a significant change for the 5:1
work to rest ratio condition between PT values and baseline values, however; only for B1,
a change of 1.23 + 3.24 cm - sec’. The B2 values were not significant, which decreased by
0.44 +3.28 cm - sec’t. The CRT group did not show a significant difference at the 5:1 work
to rest ratio test for either of the baseline phases.

4.7 Five to One (5:1) Work to Rest Ratio - Lower Limb

Resting Pulsatility Index: The SEC group displayed significant changes from PT values
compared to both baseline (B1,B2) measurements for the 5:1 test condition with a drop
between the range of 0.42 + 2.44 and 0.45 £ 2.36 data points for the SEC. The CRT group
displayed a significant change from the initial baseline measurement with a decrease of
0.31 £ 2.18 data points. The second baseline measurement did not show a significant
difference with a decrease of 0.29 + 2.33 data points.

Resting Systolic Peak/Mean Velocity: There were no significant changes in resting systolic

peak or resting mean velocity at the lower limb for either the SEC or CRT group.
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Table 4

Resting upper 5:1 test results for systolic peak (SP), mean blood velocity (MV), and
pulsatility index (P1) for B1, B2 and PT for the SEC and CRT groups. Reported as mean +
standard deviation.

5:1 Ratio Test SEC(n=7) CRT(n=7)
Resting Upper Bl B2 PT Bl B2 PT
SP 40.9+9.78 | 38.6£9.10 34.7x7.27* | 40.8 +8.94 39.7 +8.68 37.0 +6.89*
MV 14.0 £3.24 | 13.2 +3.28 12.7 £2.93 12.5£2.47 11.6 £2.53 11.6 £2.27
Pl 2.78 £0.73 | 2.83+0.72 2.63 +0.70* | 3.14+0.50 3.16 +0.54 2.97 +0.51*
Resting Lower Bl B2 PT Bl B2 PT
SP 25.8+4.84 | 25.8+5.04 | 26.7 £3.57 26.4 £2.40 253250 | 26.6 £3.66
MV 6.27+2.34 | 6.10+x2.20 | 6.10+1.90 5.49 £1.80 516 ¥1.50 | 5.33%1.63
Pl 580236 | 577244 5.35 £2.15* 6.70 £2.18 6.68 £2.33 6.39 £2.17*

Note: Significance was set at a value of 0.05 between baseline and post training values
and is indicated by the asterisk (*). See Table 9 in the appendices — section ten for
statistical p values.

It was determined that the various training conditions were not significantly different in

comparison when regarding the resting values before the equal work to rest ratio test (5:1)

for both the upper and lower limb. In the upper limb there is a significant difference

between one of the baseline measurements (B1) and mean velocity, however, if both of the

baseline values were not significant it is not considered significant.

4.8 Rate of Force. As mentioned, the rate of force during each test was recorded. Please

see the figures below (Figures 4 to 7).
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Rate of Force: Upper during 1:1 Ratio Test
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Figure 4 — Initial 6 contractions compared to the final 6 contractions during the
1:1 work to rest ratio vascular test of the upper limb. Reported as mean +
standard deviation.

The rate of force comparing the initial six contractions to the final six contractions in the

SEC group as well as the CRT group there was an increase in the level of fatigue (Figure

4).
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Rate of Force: Lower during 1:1 Ratio Test
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Figure 5 — Initial 6 contractions compared to the final 6 contractions during the
1:1 work to rest ratio vascular test of the lower limb. Reported as mean +
standard deviation.

In figure 5, the level of force was above the 40 percent target for each group during the

initial six contractions. During the post training testing session participants were more

accurate with the control of the ankle flexion apparatus.

45



Rate of Force: Upper during 5:1 Ratio Test
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Figure 6 — Initial 2 contractions compared to the final 6 contractions during the
5:1 work to rest ratio vascular test of the upper limb. Reported as mean +
standard deviation.
Figure 6 shows a large drop in fatigue from the initial six contractions to the final six
contractions in both groups. This does not seem as prevalent in the post training testing

session. Figure 7 shows a similar increase in the level of fatigue in the post training testing

session in both the SEC and CRT groups.
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Rate of Force: Lower during 5:1 Ratio Test
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Figure 7 — Initial 2 contractions compared to the final 6 contractions during the
5:1 work to rest ratio vascular test of the lower limb. Reported as mean +
standard deviation.
4.9 Post Exercise Hyperemia — (Figures 8 - 13). Despite the level of significance in the
baseline and post training resting values of SP, MV, and PI values, there were only a small
number of variables that proved to be significant in the post exercise measurements in the
SEC and CRT group. There were additional significant differences between baseline and

post-training; however, as indicated earlier, if both baseline values were not significantly

different that value was not indicated as significant.
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Figure 8 — Upper Body Pulsatility Index Baseline versus Post Test (A = CRT 1:1 Test, B
= CRT 5:1 Test, C = SEC 1:1 Test, D = SEC 5:1 Test). Reported as mean + standard

deviation.
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Figure 9 — Upper Body Systolic Peak Baseline versus Post Test (A = CRT 1:1 Test, B =
CRT 5:1 Test, C = SEC 1:1 Test, D = SEC 5:1 Test). Reported as mean + standard
deviation.
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Figure 10 — Upper Body Mean Blood Velocity Baseline versus Post Test (A = CRT 1:1
Test, B=CRT 5:1 Test, C=SEC 1:1 Test, D = SEC 5:1 Test). Reported as mean + standard

deviation.
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Figure 11 — Lower Body Pulsatility Index Baseline versus Post Test (A = CRT 1:1 Test, B
= CRT 5:1 Test, C = SEC 1:1 Test, D = SEC 5:1 Test). Reported as mean + standard
deviation.

In Figure 11 - panel A, there is a significant change between baseline (B1 = 6.77 + 2.13,
B2 = 6.74 + 2.30) measurements and the post training value (PT = 6.45 * 2.25) at minute
seven. In panel C, there is a significant difference at minute ten (B1 = 6.05 + 2.36, B2 =
6.04 + 2.38, PT =5.97 + 2.21) as well as a significant difference at minute zero in panel D

(B1=2.45+0.53,B2=2.47+0.44, PT =1.69 + 0.76). These significant points are denoted

by a large black circle in place of the black square.
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Figure 12 — Lower Body Systolic Peak Baseline versus Post Test (A = CRT 1:1 Test, B =
CRT 5:1 Test, C = SEC 1:1 Test, D = SEC 5:1 Test). Reported as mean + standard
deviation.
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Figure 13 — Lower Body Mean Blood Velocity Baseline versus Post Test (A = CRT 1:1
Test, B=CRT 5:1 Test, C=SEC 1:1 Test, D = SEC 5:1 Test). Reported as mean + standard
deviation.

4.10 Six Minute Walk Test. Baseline average 6MWT values for the SEC group were 527.9
+ 28.4 meters. Post intervention average 6MWT scores were 556.4 + 36.5 meters. The pre-
post values for the CRT group were 555.1 + 27.6 meters and 571.4 + 24.4 meters. No
participant required a rest or stoppage during either the baseline or post-test. Both groups
displayed a significant change between the pre and post values. There was no significance
between groups. See Appendix — section ten, table ten.

4.11 Musculoskeletal Strength. Each participant increased their musculoskeletal strength.

In the four foundation exercises (bench press, latissimus pull-down, shoulder press, squat)
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the average absolute increase for the SEC group for each of these exercises was 4.49 + 5.05
, 9.60 = 6.41, 3.09 = 1.50, and 14.6 = 11.3 kgs. In comparison the change for the CRT
group was 4.17 + 4.14, 8.80 + 10.6, 3.59 £ 2.5, and 13.0 £ 11.6 kgs. These increases
resulted in a significant change for each foundational exercise. There was a significant
change between groups for the shoulder press and squat exercises. See Appendix — section

ten, table ten.

Table 5

Exercise Parameters for the 6MWT and compound muscle activities (reported as mean *
standard deviation)

SEC CRT
Pre-Training | Post-Training Pre-Training | Post-Training
6MWT (m) 527.9+28.4 | 556.4 £ 36.5* 555.1+27.6 | 571.4 +24.4*
Bench Press (kg) 5.91+5.00 | 10.4 £5.05* 6.23£3.50 | 10.4 £4.14*
Latissimus Pull-Down (kg) | 30.7£7.95 | 40.3 +6.41* 33.8+7.91 |42.6+10.6*
Shoulder Press (kg) 400+1.23 |7.09+150%*a |3.82+1.55 |7.41+2.50%a
Squat (kg) 159+6.32 |30.5+11.3*a |13.0+7.45 |26.0+11.6*«a

Note: * indicates a significance of < 0.05 between baseline and post training values. o
indicates a significance of < 0.05 between SEC group and CRT group. See Table 10 in the
appendices — section ten for statistical p values.

General Participant Health Data

4.12 Ankle Brachial Index. The average ankle brachial index was 1.03 £+ 0.07. Nine
participants were in the ‘normal’ category (1.0-1.2) Four participants were in the
‘acceptable’ category (0.9 — 1.0), while one participant was in the ‘some arterial disease’
category.

4.13 Blood Analysis. A blood sample was taken prior to the start of the RT program. No

PT sample was taken as this was a pilot study conducted over a six-week intervention. The
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profiles measured can take up to three months to recognize a change in the typical
population. Average triglyceride samples were 1.72 £ 0.40 mmol/L. Six participants were
above the normal range of 1.70 mmol/L. Two of these participants were in the higher risk
category (2.26 - 5.65). Average glucose was 5.36 £ 0.93 mmol/L. All fourteen participants
were in the normal range for a two-hour fasting blood glucose test. Average cholesterol
was reported at 4.39 £ 0.83 mmol/L. Eleven participants were in the normal range with
three participants in the ‘borderline high’ category. Average hemoglobin was 15.79 £+ 0.92

g/dL. All fourteen participants were in the normal range for this sample.
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Discussion

5.1 Discussion. There is limited, although a growing body of evidence outlining the
relationship between physical activity and endothelial function. This study explores the
potential of developing a RT protocol with that targets endothelial health as the primary
training response. This type of RT would be most beneficial for older individuals among
others that may be susceptible to decreased endothelial function.

The most significant finding from this study is that every participant involved in
the study, regardless of resistance tempo experienced a decrease in resting pulsatility index
at both the upper (brachial) artery and the lower (popliteal) artery. This would suggest that
their endothelial function improved, as a higher pulsatility index is indicative of greater
resistance which could be associated with atherosclerotic as well as other inflammatory
processes causing a narrowing in the lumen of the blood vessel. When these conditions
occur, there is an increase in vessel resistance that can lead to a reduction in distal perfusion
pressure and blood flow.

Another finding in this study was a change in resting systolic peak at the upper
(brachial) artery that was demonstrated in both groups. This indicates that a regular,
scheduled RT program, regardless of resistance tempo decreased resting systolic peak. A
direct effect of this is a decrease on the demand of endothelial cells to recognize and
respond to increased levels of shear stress and cyclic strain, which include triggering a
variety of cellular responses that involve alterations in cell morphology, cell function, and
gene expression (Ando & Yadamoto, 2011).

These findings extend our current understanding of the relation between RT and

basal limb blood flow. This study acknowledges that through RT, both slow eccentric
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contraction and conventional RT may improve resting arterial resistance measured through
pulsatility index score in an older male population. Individuals in both the SEC and CRT
group used 70 percent of their 1RM to attain the five and 12 repetition target. These
numbers are based on the repetition maximum estimation equation by Bryzicki (see
methodology pg. 23). These findings suggest that moderate intensity RT, regardless of
contraction velocity, may be an effective strategy for increasing basal limb perfusion
without the reduction in arterial compliance (Okamoto, Masuhara, lkuta, 2011) and
increase in arterial stiffness that has been associated with high intensity RT in healthy
males (Miyachi et al., 2004; Cortez-Cooper et al., 2005). Further testing should be
conducted to ensure RT is safe and applicable to CVD populations.

The primary goal of this study was to determine if RT can result in an improvement
in resting hyperemia and post exercise hyperemia, comparing a slow eccentric RT group
to individuals in a conventional RT group. Secondary variables included comparing
differences in musculoskeletal strength, walking endurance, functional ability (walking
impairment), body mass index, waist circumference and blood pressure between the SEC
and CRT groups. Resting hyperemia did improve in all participants; however, there was
no evidence to support any real improvement in post exercise hyperemia in either the SEC
or CRT group. Both groups displayed significant improvements in strength, walking
endurance, systolic blood pressure, mean arterial pressure, and waist circumference. There
were no improvements with regard to the WIQ. This may be due to the fact that this group
of participants have an active lifestyle and reported zero degree of difficulty with walking

on the WIQ.

57



In a study conducted by Cohen et al (2007), endothelial function was examined
following a 14-month resistance exercise training program in twenty-nine adults (60.5
7.6 years of age) with type-2 diabetes. Endothelial function was measured using a laser
Doppler flow technique which assessed the circulation in the forearm in response to
vasoactive compounds. Measurements were performed at baseline, two months following
the introductory training program, and at 14 months, at the conclusion of the study. After
the two month introductory training program, participants were split into either a home
based training program or a training center facility based program. The results
demonstrated that a strength training program in adults with type-2 diabetes is associated
with an improvement in endothelial dependent vasodilation at 14 months but not at a two
month interval. At the end of the two month period, every endothelial dependent
vasodilation testing parameter showed no change or a negative change. At the conclusion
of the study, there were improvements in endothelial dependent vasodilation, suggesting
that improvement in vascular response may not be purely due to improvement in
endothelial function, but in addition to an enhancement of smooth muscle responsiveness
to vasodilators such as nitric oxide. Despite a lower exercise compliance, limited exercise
equipment, and no supervision, the home-based subjects experienced improvement in
endothelial function at the conclusion of the study. Although intensity is a crucial
component of RT, for long term health, the above results suggests that the duration of an
exercise program may also be an important element to consider when designing a program
for improvements associated with endothelial function and vascular health.

Another study examined the effect of combined resistance and aerobic training on

reactive hyperemia in 39 healthy men 19 to 38 years old (Kawano, Fujimoto, Higuchi,
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Miyachi, 2009). Subjects were randomly assigned into a high intensity resistance training
group (HIR), a moderate intensity resistance training group (MIR) or a combination of high
intensity resistance training and moderate intensity aerobic training (COMBO). Forearm
blood flow was measured by using a mercury filled silastic strain-gauge plethysmograph.
Measurements were taken following a reactive hyperemic procedure at three intervals,
baseline, two-month interval, and upon completion of the study at four months. The results
show no significant change in brachial blood pressure, resting heart rate and forearm blood
flow in all groups after the initial two-month exercise intervention. After four months of
training, forearm blood flow following the reactive hyperemic procedure increased
significantly in the MIR and COMBO groups. Moderate intensity training increased
forearm blood flow response to reactive hyperemia; however, in this case; the high
intensity resistance training did not. Although the duration of repetition tempo is not stated
in the article, the authors do indicate that the exercise volume of the HIR were lower than
the MIR. The total time that tonic force was applied to the muscular function in the MIR
group was longer compared with the HIR group. This suggests that resistance exercise
completed over a longer duration (four months) with a higher volume may induce
improvement of endothelial function in the microvasculature of the forearm.

Tanimoto and colleagues (2008) examined low-intensity resistance exercise with
slow movement and tonic force generation versus traditional high-intensity resistance
training at normal speed. Thirty-six healthy male individuals (19.0 £ 0.2 years of age)
participated in the study two times per week for 13 weeks. Participants were divided among
the two training groups and a control group. The training program consisted of a whole-

body training session, twice weekly for 13 weeks. The slow movement training program
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utilized a three second concentric phase and a three second eccentric phase. The traditional
training group utilized a one second concentric phase and a one second eccentric phase.
Vessel diameter and pulse wave blood velocity of the femoral artery and carotid artery
were measured using a laser Doppler. Ankle brachial index was measured with a semi-
automated device over the brachial and dorsalis pedis arteries. Echocardiography was used
to measure left ventricular function. This study revealed that of the eleven variables tested
among the three groups, the only significant (p<0.05) change was mean blood velocity in
the femoral artery observed in the two training groups. The findings of the Tanimoto study
indicate that the slow eccentric training group experienced muscular hypertrophy and
strength gain and increases in peripheral blood flow and vascular conductance comparable
to the high intensity training group. This was achieved without high mechanical load which
is associated with increased levels of shear stress which could be problematic for
individuals with vulnerable endothelial function.

The above mentioned studies discuss various results relating to RT and endothelial
health. A key trend within the available body of research, including this research thesis, is
the lack of significant changes in endothelial function at or less than two months duration.
This is indicative that program duration is an important factor. In addition, all studies
utilized various combinations, resistance tempo and training modalities to attempt to
improve endothelial function. These studies demonstrate that RT, regardless of tempo, does
warrant further investigation of maintenance and improvement of endothelial health in both
healthy and disease populations over the long term duration.

5.2 Limitations. As there were few significant differences found in either the SEC or CRT

group in relation to post exercise hyperemia, this particular approach to improving

60



endothelial function in a healthy population can be eliminated from future research. Further
research should include populations with greater room for improvement due to a vascular
function issue to completely discredit this method of experimentation. There is substantial
literature that supports slow eccentric RT as a method to enhance endothelial function
through direct stimulation of the vascular system (Anton et al., 2006; Tanimoto et al,.
2006). Previous studies have demonstrated that low-intensity RT with slow movement and
the generation of tonic force on muscular function induces hypertrophy through the
hypoxic intramuscular environment, (Tanimoto et al., 2006) and this may lead to the
activation of angiogenesis. That being said, it appears the primary limitation of this study
is the duration of the training program. Participants trained three times each week over a
six week period. As discussed in the articles above, each study did not see significant
changes after a 2-3 month training intervention. Two of these articles later showed
significant results after intervals of four and 14 months (Kawano, Fujimoto, Higuchi,
Miyachi, 2009; Cohen et al., 2007). Several studies (Cohen et al., 2009, Kawano, Fujimoto,
Higuchi, Miyachi, 2009) provide a training program introduction that extends over a
number of weeks. This is useful to familiarize participants to the type of exercises as well
as correcting for breathing, technique, and tempo of the training program. In addition, this
helps to decrease the initial rapid increases in strength that are experienced with new or
returning exercisers that is the result of neuromuscular adaptations. The training program
in combination with training experience of the participants was a major limitation. Due to
varying degrees of RT experience, the program had to be tailored to the individuals with

the least amount of experience; however, this could be avoided with an introductory
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training program to ensure each participant is on a similar level or with individualized
training.

A few challenges that may have played a factor is the health status of the
participants. Although the average age of the participants was 59.4, the overall health status
was above average compared to the general population in that age range. This is shown by
the diagnostic tools that were used to gauge vascular health (6MWT, ABI, Blood Analysis,
WIQ), as well as the self-reported healthy active lifestyle. The average ABI was 1.03 +
0.07. Nine participants were in the ‘normal’ category (1.0-1.2). Four participants were in
the ‘acceptable’ category (0.9 — 1.0), while one participant was in the ‘some arterial
disease’ category. There is no action required for the normal and acceptable categories
(Aboyans et al, 2012). The recommended action for the category of ‘some arterial disease’
is the management of risk factors. Continuation of a structured physical fitness program is
a major component in managing these risk factors. No participants were in the category of
moderate or severe arterial disease, both of which are recommended to see a vascular
specialist (Aboyans et al., 2012). As reported in the results section, no participants reported
difficulty or impairment in the WIQ and displayed that in the 6MWT with above average
test results for the age group. The blood analysis results also displayed normal levels for
two-hr resting BG, cholesterol, and Hb with the triglyceride level being the sole variable
slightly above normal.

In addition, there are two factors that may have limited the success of the project,
the first being the recruitment process. The primary source of public exposure was through
the UNB e-newsletter. The population that has access to this newsletter is primarily faculty,

ex-faculty, alumni and current students, which may not be representative of the general
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population of the greater Fredericton area. The second factor is that the study was entirely
voluntary, and although perhaps not so much of a limitation as a reality of research, this
may have led to a non-representative sample of older male adults. In addition, many
participants communicated leading an active lifestyle and displayed an interest in the study
as an alternate source of exercise throughout the winter months. These participants were
self-motivated and enthusiastic about the program and were not referred by a doctor or
health professional to seek a more active lifestyle. In contrast, within a population such as
individuals with severe diabetes or PAD there is a greater degree of endothelial dysfunction
and thus, room for more absolute, recognizable improvement.

5.3 Potential improvements of experiments and treatments. As mentioned above, the
duration of the program is one of the most important components leading to an
improvement in endothelial health. Individuals need to engage in a regular structured
resistance exercise program three times per week for a minimum of four months. As
indicated by the research, no studies examining endothelial health were able to demonstrate
significant changes in less than the suggested duration. In particular, new individuals to
exercise or those who have taken extended time off from exercise need an extended
program to instil lifestyle changes that may help to reverse years of inactivity.

Some of the diagnostic tools that were used for this study were not representative
of the population that was recruited. Tailoring the tools to the participants or more
preferably tailoring the individuals to the desired assessment tools would allow these tools
to be utilized to their true nature. The 6MWT and WIQ were not ideal for the participants
in this study. However, these tools could be beneficial in a study involving individuals with

a walking impairment as a result of endothelial dysfunction or symptoms of IC or
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diagnosed PAD. This could be improved by adjusting the recruitment process to target the
desired population and possibly through alternative methods of recruitment such as a
doctor/hospital recommendation.

5.4 How the findings fit with current treatment options for endothelial dysfunction. The
primary findings of this thesis show improvements of vascular resistance in resting
pulsatility index and resting systolic peak regardless of which training protocol was
applied. This decrease was due in large part to a reduced spike in peak systolic blood
pressure. Current approaches to treating PAD patients is endurance training three to five
times per week for a desired duration of 50 minutes, depending on stoppage time due to
claudication pain. Recently, supportive literature has indicated that RT should be included
in treatment options for CVD (Hornbuckle et al., 2012; Williams & Stewart, 2009). The
idea of RT prescribed to a delicate population could actually trigger a cardiovascular
related event such as a heart attack or stroke (Williams et al., 2007); however, recent
findings suggest that much of the reasoning behind prescribing RT is relating to the
secondary findings, such as increases in musculoskeletal strength and to also combat
muscular atrophy. Resistance training has shown promise toward improvements in
vascular function in healthy adults; however, further testing is necessary to include research
on patients with CVD to determine if the same results would be observed.

5.5 Future Directions. Future experiments would benefit from the inclusion of the
standardized non-invasive flow mediated dilation test to assess endothelial function
through extended duration of occlusion (2-5min) and measuring the rate of reperfusion.
This test uses high resolution ultrasound imaging, under baseline conditions and during

hyperemia induced by inflation and deflation of a sphygmomanometer cuff. This is usually
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performed around the forearm (brachial artery), distal to the site scanned with ultrasound.
The induced shear stress caused by the increased blood flow following transient ischemia
induces NO release, which in turn causes local arterial vasodilatation. Endothelial function
IS estimated as the percentage increase in vessel diameter from baseline conditions to
maximum vessel diameter during hyperemia. This test is the gold standard for endothelial
function and has been validated in studies involving adults with elevated cardiovascular
risk factors such as smoking, PAD, hypercholesterolemia, hypertension, hyperglycemia,
and hyperhomocysteinemia (Bots et al., 2004).

Future treatment interventions should include an introductory training program for
a minimum of six to eight weeks depending on previous experience to allow participants
to develop a basic level of mobility and understanding of the exercises as well as to ensure
participants are past the neurological phase before expecting to achieve physiological
muscular/vascular adaptation. For general application incorporating an aerobic component
in addition to RT should be implemented; however, for research purposes the results from
a RT program should be tested against the aerobic gold standard for specific rehabilitation
programs. The theory of increased time under tension and slow movement moderate
intensity RT are some of the most recent theories in microvascular health relating to
preventative medicine. Thus, identifying intensities and duration of activities is essential
to determine the most efficient strategy in progressing research forward. Heart rate
monitors, calculations pertaining to repetitions, as well as questionnaires to determine
perceived exertion may be helpful in this area.

Further research should incorporate patients with a known endothelial dysfunction

such as participants with metabolic disorder, diabetes, severe symptoms related to CVD,
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or PAD. This would enable researchers to determine if the effects of a similar RT program
could improve endothelial function. A longer training period would be beneficial to ensure
training experience is equalized, as some individuals progressed at a higher rate which may

have impacted the results (trained versus untrained).
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Physiological and Clinical Implications

6.1 Physiological and Clinical Implications. While there have been improvements in the
detection and treatment of diabetes, and PAD throughout the past decade, increased
attention is shifting toward extending and improving the quality of life in patients. Though
pharmaceutical type therapy is commonly used to aid improvement in quality of life, they
do not adequately address the physical problems encountered such as fatigue, intermittent
claudication, muscular atrophy and weight gain (Campbell et al., 2004).

The present findings have potentially important physiological and clinical
implications. Conventional RT increases muscle mass and strength (Kosek et al., 2006;
Mero et al., 2012). It is widely accepted that such training also facilitates performance of
daily tasks, and promotes spontaneous physical activity especially in the elderly and in
subjects with low physical capacity (Borst, 2004; Hunter et al., 2004). Several recent
studies showed the beneficial influence of high-intensity RT on vascular function,
contributing to increases in basal whole leg blood flow (Miyachi et al., 2005; Anton et al.,
2006). The present study in older male adults suggested that the RT program, regardless of
tempo, resulted in an improvement in resting pulsatility index in the upper and lower limb
for both protocols, as well as resting systolic peak in the upper limb for both testing
protocols, musculoskeletal strength, and walking endurance. In addition, RT is not
associated with reduced central arterial compliance (Miyachi et al., 2005; Cortez-Cooper
et al., 2005; Okamoto et al, 2006) as well as increased arterial stiffness, marked elevation
of blood pressure thereby increasing shear stress on the vasculature (Tanimoto & Ishii,
2006). Thus, RT may be a safe and effective method of exercise for increasing peripheral

blood flow.
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In addition to the characteristic reduction in blood flow to the lower limbs,
conditions such as diabetes and PAD have been shown to reduce the amount of blood flow
to the heart and brain. Both of these conditions are also likely to be a sign of a more
widespread accumulation of fatty deposits in the arteries which is attributable to increased
risk of cardiovascular disease, stroke and early mortality. This direction of research will
provide insight into how different duty cycles used during RT effect the dilatory capacity
in patients with a known endothelial dysfunction. This research may help to develop a
deeper understanding of the compromised vascular system that occurs as a result of aging.
In future developments the efficacy of this treatment option may further be applied to the

inclusion of conditions related to the development of CVD.
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Conclusion

7.1 Conclusion. Many studies that incorporate training programs designed for individuals
with CVD experience improvements in the vascular system indirectly by targeting
improvements in hypertrophy and activities of daily living (Adams et al., 2006; McDermott
et al., 2009; Okamoto, Masuhara, Ikuta, 2007; Wang et al, 2009). The theory of targeting
the endothelial system directly is a novel and innovative approach that, through further
research may help develop treatment exercise strategies as a primary approach to further
improving rehabilitation and more importantly prevention of CVD.

The results of the present study indicated that RT increased basal blood flow may
have improved vascular conductance at rest. RT is proposed as a safe and useful exercise
method for muscular hypertrophy and strength gain, but also for increasing peripheral
blood flow and vascular conductance as an additional effect. This study investigated
preventative effects for healthy individuals, not curative effects for patients with metabolic
syndrome, diabetes, PAD, or other diseases relating to CVD. Expanding this research to

cover investigation of patient groups is recommended for future consideration.
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Appendix — Section One

PILOT STUDY: Participants performed two tests, each consisting of 80 second
contractions. One test was a constant 80 second contraction and the other was a 160
second test with one second contractions paired with one second rest between each
repetition. Recovery period was measured for seven minutes upon the completion of each
test. Figure 9 shows the seven minute recovery period after each test protocol. The test
protocol that consisted of a 1:1 work to rest ratio reaches the baseline value much faster

than the test with the constant work rate.
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Figure 9: Pulsatility Index trace of a seven minute recovery period after an 80 second
constant contraction and 160 second one second work to rest ratio test.

90



91

Appendix — Section Two

PROJECT TITLE: The examination of the effect of slow concentric resistance training on
vascular function in older adults

Principal Investigator: Supervisor:

Jonathan Baillie, BSc Stacey Reading PhD. Assistant Professor
Master of Science Candidate Faculty of Kinesiology

Faculty of Kinesiology University of New Brunswick Fredericton
University of New Brunswick P.O. Box 4400

baillie.jonathan@unb.ca Fredericton, NB

Office Phone:(506)458.7034 Canada

Mobile Phone: (506)471.8546 E3B 5A3

Office Phone: (506)453.4893
Home Phone: (506)206.1735
Email: sreading@unb.ca

YOU ARE INVITED TO PARTICIPATE IN THE FOLLOWING RESEARCH
STUDY BEING CONDUCTED IN THE FACULTY OF KINESIOLOGY AT THE
UNIVERSITY OF NEW BRUNSWICK. THIS PROJECT HAS BEEN REVIWED
BY THE RESEARCH ETHICS BOARD OF THE UNIVERSITY OF NEW
BRUNSWICK AND IS ON FILE AS REB 2012-038.

BACKGROUND

Aging is a well-documented cardiovascular risk factor because blood vessels can lose
their ability to dilate fully as we get older. These arteries become more rigid and narrow
preventing blood from reaching and nourishing our tissues; especially during exercise.
In extreme cases this results in peripheral artery disease; a condition that causes pain in
the lower legs with exertion. The traditional frontline treatment for improving dilator
function and peripheral artery disease is walking-based aerobic exercise. The repeated
muscle contractions help stimulate the blood vessels to dilate and over time can reduce
the pain associated with walking.

Resistance training is also used to help patients with peripheral artery disease. The goal
of resistance training is to increase muscle size and strength size to counteract the
muscle wasting that often occurs with diminished blood vessel function. Resistance
exercise should also restore some lost vasodilator function however; this has not been
well studied. In this study, we intend to evaluate how effective resistance training
exercise is for improving vasodilator function in older adults.
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APPLICATION OF THE STUDY

The purpose of this work is to determine if resistance training with a slow contraction
speed will improve the dilatory capacity better than conventional resistance training
protocols that use fast contraction speeds. This may result in the development of
evidence based guidelines for altering resistance exercise programs to improve
vasodilatory capacity in older adults.

EXPERIMENT DESIGN

e This study will involve 6 laboratory evaluation sessions to evaluate vascular
function in your lower arm and leg. Two sessions will occur at the four weeks
prior to the training program as a baseline measure. Two will occur at the
beginning of the program and two will occur at the end of the program. You will
need to wear a loose fitting short-sleeve t-shirt and shorts during each of the lab
sessions. The lab sessions take place in the Kinesiology Exercise Physiology Lab
located in the L.B. Gymnasium.

Each lab session will take approximately one hour (6 laboratory hrs. total).

e Each volunteer will participate in a six week supervised resistance training
program appropriate for your age and capability. The program is supervised
by a Canadian Society for Exercise Physiology Certified Personal Trainer®. The
training program consists of three one hour sessions per week for six weeks.
Training sessions will run week days (Monday thru Friday) and each session will
be separated by a minimum of 24 hours.

Total time commitment for the resistance training program is 18 hrs (3 hrs
per week over 6 weeks). In addition, please allocate time for travel and
changing clothes before and after each session.

DETAILS OF LABORATORY EVALUATION SESSIONS:

These sessions are designed to measure how well the blood vessels in your arms
and legs dilate.

Recording equipment: Non-invasive sensors are placed on your skin over top of the
muscle and blood vessels of interest. Muscle activity (electromyography) is measured
using small sticky disks with wires attached to recording amplifiers. The sensors record
the electrical activity generated by your muscles. Near-Infrared Spectroscopy (NIRS)
sensors shine infrared light into your skin and record light that is reflected back to the
surface. This information is used to measure blood volume changes in your muscle. A
small amount of ultrasound gel will be placed in the crook of your elbow and behind
your knee and a pen-like Doppler ultrasound probe will be touched to your skin to
measure blow flowing through an artery supplying blood to your lower arm and lower

leg.
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Your Tasks In These Sessions:

1) While seated comfortably, you will squeeze a lever as hard as you can for 5 to 10
seconds. This is called a Maximum Voluntary Contraction (MVC) and is used to set the
criteria for the rest of the testing. A similar test will be done for the leg. You will lie face
down on a padded table with your foot in a holder. You will flex your ankle as hard as
you can for 5 to 10 seconds.

2) To evaluate your vascular function, each participant will perform the following tests
for the arm and for the leg:

1) You will squeeze the lever or flex your ankle at 40% of your MV C strength 90
times over 180 seconds. Each contraction is held for 1 second and there is 1
second of rest between contractions. Once the task is finished, the Doppler flow
probe will be used to measure the blood flow for 10 minutes while you rest to
recover. You receive feedback from a computer screen while doing the tests so
that you can keep proper pace and contract at the correct strength.

i) You will squeeze the lever or flex your ankle at 40% of your MV C strength
18 times over 108 seconds. Each contraction is held for 5 seconds with one
second of rest between contractions. Once the task is finished, the Doppler flow
probe will be used to measure the blood flow for 10 minutes while you rest to
recover. You receive feedback from a computer screen while doing the tests so
that you can keep proper pace and contract at the correct strength.

iii) A blood pressure cuff will be placed around the upper arm/thigh and inflated
to temporarily stop blood flow to your forearm/calf for 2 minutes. The cuff will
then be deflated and blood flow will be restored. The Doppler flow probe will
be used to measure the blood flow for 10 minutes while you rest to recover.

Note: Please inform us if you have a deep vein thrombosis
or are receiving Warferin or Coumadin (blood thinners).

4) In one pre-training and one post-training session, we will take one small blood
sample from a finger tip using a disposable automated lancing device. This is the same
type of lancing device that a diabetic patient would use on a daily basis. During the
blood sampling procedure you will feel a momentary sting when the lance produces a
small cut on the tip of your finger. The painful sensation will subside quickly and there
will be no lasting discomfort. The lancing device is very accurate and precise — making
the cut as small and painless as possible. The dimensions of the cut are 1.5mm long by
2.0 mm deep resulting in 6 to 10 drops of blood being produced (50 to 100uL). These
wounds clot and heal quickly.
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DETAILS OF THE RESISTANCE TRAINING PROGRAM:

e All training sessions will be guided by a CSEP Certified Personal Trainer.
Participants will receive education on the principles of strength training relating
to vascular function and will be familiarized with the strength training equipment
and exercises that will be used throughout the program. Attention will be
designated to the safety of the participants while performing the resistance
training exercises.

e The training program will last for 6 weeks. You are required to attend three 1-
hour training sessions each week for 6 weeks. The sessions will be held Monday
through Friday in either the morning or evening. You must allow 24hrs of rest
between sessions, with a maximum of two consecutive days in a row.
Attendance will be recorded and each participant must attend 80% (14 of 18) of
the sessions in order for the data to be included in the study.

e The protocol for each session will be:
i) 10 minutes of warm-up activities such as walking and stretching.
i) 40 minutes of moderate intensity resistance training using a
combination of
free weights and resistance machines.
iii) 10 minutes of cool activity such as walking and stretching.

e There are two experimental groups in this study. One group will perform the
resistance exercise to the tempo of 1 second lift, 1 second hold, 1 second return.
The other group will perform the exercises to the tempo of 1 second lift, 1
second hold, 4 seconds return.

e Each resistance training session will involve 8-10 exercises and you will
complete 2 to 3 sets of each exercise. A set involves approximately 30 seconds
of muscle work with one minute of rest between each set.

e The weights used in this program are set to the individual participant’s ability
and will represent 60 to 70% of their repetition maximum, making this program
a moderate intensity program. During the program you should feel as though
you are exerting some effort, you should feel warmer than at rest, you may sweat
a bit, your heart rate will increase somewhat and you might breathe a little more
quickly. You should not feel as though you are exerting your maximal effort to
perform the exercises and each training session should feel tired but not
exhausted.

e Those unaccustomed to exercise may be somewhat stiff and sore after the first
few training sessions. This is normal and part of the adaptation your muscle
undergoes as it becomes more trained. The trainer will show you some stretches
that can alleviate some discomfort. The initial soreness should disappear after the
first few sessions and is unlikely to appear again during the program.
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POTENTIAL RISKS AND DISCOMFORTS

Engaging in resistance training with proper supervision poses little risk. During the
resistance training sessions you may feel a “burning sensation” associated with intense
muscular effort. You may hold your breath in order to maintain the effort. This may
cause your heart rate and blood pressure to increase slightly. All of these responses are
normal and associated with muscular effort. Once the muscular effort stops the
sensations will rapidly reverse back to normal. You may experience delayed muscle
soreness after completion each session. This sensation will feel like tightness in your
muscles. Stretching and proper nutrition will help in decreasing this effect. This feeling
will begin to decrease throughout the program as your body adapts to the program.

During the laboratory evaluation, when we stop the flow of blood to your forearm with

the blood pressure cuff your arm will begin to feel like it has fallen asleep with a “pins

and needles” sensation. This sensation will fade and your arm will become numb. Once
the blood flow is restored the sensations will reverse and you will feel pins and needles
again briefly before returning to normal sensations. Stopping blood flow to your arm

for 2 minutes will not produce any lasting effect or impairment.

The techniques and equipment used to assess arterial pulse waves and muscle
oxygenation pose no identifiable risk to you. Individuals that have known allergies to
the adhesive in medical tape or an allergy to ultrasound gel should not participate in this
study.

The activities you perform in this study pose minimal risk to you, the participant.
Participation in this study is strictly voluntary, and thus you are free to withdraw at

any time.

POTENTIAL BENEFITS TO SUBJECTS AND/OR SOCIETY

The minimum physical activity requirements for Health Canada are 150 minutes per
week. Participation in this study meets these requirements (180 min/wk). We will
provide you with feedback on group results should you wish. The results of this study
will enable us to better understand the changes in arterial blood flow that occur before,
during and after exercise. This may lead to better strategies that result in early detection
and treatment of blood flow abnormalities for the purpose of preventing the
development and progression of vascular disease.

CONFIDENTIALITY

Any information that is obtained in connection with this study and that can be identified
with you will remain completely confidential and will only be disclosed with your
permission. Only the investigators will have access to the data. All data will be stored in
a locked environment within the principle investigator’s office at the University of New
Brunswick and will remain there for a period of two years, at which point it will be
destroyed. A participant ID number in place of your name will be used to code all data
and as such you will not be identified. In addition, the results of the study will not
include your individual data unless you have given prior consent.
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PARTICIPATION AND WITHDRAWAL

You can choose whether to be in this study or not. If you volunteer to be in this study,
you may withdraw at any time without consequences of any kind. During the data
collection you may exercise the option of removing your data from the study. You may
also refuse to answer any questions you don’t want to answer and still remain in the
study.

QUESTIONS

Should you have any questions regarding this project, feel free to address them to the
principal investigator. If you wish to speak to someone not associated with the project,
please feel free to contact Dr. Wayne Albert, Dean of the Faculty of Kinesiology
(506)453.4576, or Stephen Turner, Chair of the University of New Brunswick’s Ethics
Review Board (ethics@unb.ca), (506)453.5189.

If you wish to volunteer in this study, please complete the section on the next page.
Thank you for your participation.
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CONSENT FORM

The purpose of this study has been explained to me by

. I have understood the information, including the risks
of participation, and agree to participate in the study. | have been given a copy of the
Consent form, which I have read and understood. | have been given an opportunity to
ask questions about the study and my participation, and | understand that | may ask
questions at any time.

By signing this form, | agree to participate in the study with the understanding that |
may withdraw from it at any time, without penalty.

Name of Participant (Print) Signature of Participant Date

Witness (Print) Signature of Witness Date

If you wish to be informed of the research results, please provide contact information.
Name:

Address:

Telephone #:

Email address:
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Appendix — Section Three

=== PAR-Q & YOU

(A Questionnaire for People Aged 15 to §3)
Regular physical activity is fun and healthy, and inocressingly more peopls are starting to become mone active every day  Bsing more active is very safe for most
paople. Howsver, some peapls should check with their doctor before they start bacoming much mors physically adive.

i you are planning to becams much mors physically active than you are now, start by answering the seven questions inths box below. [ you are batwean tha
ages of 15 and &9, the PAR-R will tsll you if you should check with your doctor before you start. i you ane over 69 years of age. and you are not wsed ta being
wery active, chech with your doctor

Comman sense is your best guide whan you answer thess questions. Please read the questions carsfully and answer sach ane hanestly: dheck YIES or RO,

Haz your dector ever zaid that you have a heart condition and that you zhould only de physical activity
recommended by a deocter?

Do you feel pain in your chezt when you do phyzical activity?
In the pazt momth, have you had chezt pain when you were not doing phyzical activity”
Do you loze your balance becauze of dizzinez: or do you ever loze conzciouznezz?

Do you have a bone or joint problem (for example, back, kmee or hip) that could be made worze by a
change im your physzical activity?

6. Iz your doctor currently preseribing drugs (for example, water pillz) for your blood prezzure or heart con-
ditien?

O O oooo o
O O OOO0oO Os=
W e W R

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

If YES to one or more questions

Talk with your doctor by phone or in person BEFRJRE yeou start becoming much mers physically active or BEFORE you bawe a fitness appraisal. Tell
'rou your doctor abowt the PAR-D and whidh questions you answarsd YES.

= You may be abls to do any acivity you wart — a5 long s you start slowly and build up graduzlly. Or, you may need 1o restrict your acivities to
answ—e'ed those which are e for you. Talk with your doctor about the birds of activites you wish o parficpate in and follos higfher advice.

= [Fired out which community programs ame saie and kelpful for you.

DELAY BECOMING MUCH MORE ACTIVE:

= if you are not feeling well baczuse of 2 temporary iliness such =
a rold or 2 fever — wait untl you feal better; or

= if you are or may be pregnant — @l to your doctor before you

NO to all questions

H you answersd MO konsstly o all PAR-0 questions, you can be reasonably sere that you can:

= start becoming much mere physically active — begin slowly and build wp gradually This is the
safest and easiest way to go.

= tabe part in a fimess appraisal — this is an excollant say o determire your basic finess so
that you can plan the best way for you to ve activelg it & also highly recommended that you

haue your bood presmure svahated. F your reading is over 144494, flk with your docior ary of the abowe questions, tell your firess o healh professional.

Inionmed Use of $he PARAG: The Canadian Sodety for Exercse Physiclogy, Health Canada, and their agents assume no labdity for persons who sndertake physical activity, and if in doubt afier completing
this quesstionnaine, conselt your doctor prior i physical adhity
Mo changez permitted. You are encouraged to photocopy the PAR-Q but enly if you uze the entire form.

FLEASE NOTE: F your health changes so that you then anewer TES 1o

WIOTE: [ thee PAR-Q) s besing s i & pesraces before: he or she: parfiopaies in a physical sctivity program or a finess appradsal, thes section may be ssed for legal or adminisirative purposes.
"1 haws read, understood and complisted this questionnaire. Any guestions | had were answered to my full satisfaction.”

RAME
SIMATRE DATE,
SHEMATURE OF PARENT WATHESE

or ELINADIAN (lor paricipants undier the age- of majoring]

Hote: This physical activity dearamce is valid for a maximam of 12 months from the date it is completed and
becomes invalid if your condition changes so that you would sanswer TES to any of the seven questions.

.“ o Caradion Sodety for Exerdse Physiclogy wwscsepoaforms
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Appendix — Section Four

Physcal Act vty Reaginess

Vedical Examination
{revees 20024 PA R med _X PHYSICAL ACTIVITY READINESS
MEDICAL EXAMINATION

The PARmed-X is a physical aclivity specific checklist to be used by a physician with patients
who have had posifive responses to the Physical Aclivity Readiness Quesfionnaite (PAR-Q). In addition, the
Conveyance/Refertal Form in the PARmed-X can be used fo convey dearance for physical activity parficipaion,
ot to make a referral to a medically-supet vised exercise program.
Fegular physical activtyls fun and healh ¥ and increasingly more peogle are staring 1o become more acive everyday Belng more actlwe
Is wery safe for most people . The PAR. Q by itself provides adequa® screening for the maority of people. Howeer, some Individuals may
require a medical evaluation and specifc adJce {e»ercise prescripion) due 1Done or more posii we responses © he PARQ

Following the panidpants evaluation by a phsidan, a physical acivity plan should be deused in consulmtion with a physical acivty
professional (CSEP-Certitied Personal Trainer™ or CSEP-Cerified Exercise Physiologist™). To assistin his, he following instructions are

prodded

PAGE1: »Secions A B, C, and Dshould be comple®d by the paricipant BEFORE he examinaion by the phisiclan. The borom
section is 10 te compleed by the examining physiclan

PAGES 2 & 3: + Achecklist of medical condltions requiring speclal consideration and management

PAGE 4: + Physical Acivity & Lifestyle Advice r people who do notrequire specific Instructions or gresoribed exercise.

+ Physical Acivity Readiness Conveyance/Meferral Form - an optional ®ar-off 1ab for he physician © conweyclearance or
physical activty partidpaion, or tomake a referral 10 a medicall ysupervised exercise program

This secfion to be completed by the parficipant

PERSONAL INFORMAT ION: PAR-Q: Please indica® the PAR.Qquestions 10
which you answered YES
NAME
a Q1 Heanconditon
ADDRESS a Q2 Chestpain during actJty
= | Q3 Chestpain atrest
a Q4 Lossof balance, diziness
TELEPHONE. a QS5 Boneor pint problem
a Q6 Blood pressure or heart drugs
BIRTHDATE GENDER ___ £ a Q7 Other reason
MEDICAL No
RISK FACTORS FOR C ARDIOVASCULAR DISEASE: PHYSICALACTIVITY
Check'al thatapmy INT ENTIONS:
2 Less than 30minutes of moderate physical 0 Excessive accumulaton of fatarocund | What physical acivity do you Inend 10do?
actvty mostdays of the week walst.

=2 Currently smoker (Dbaccosmcking 1 or 2 Familyhiswory of heart
more imes per week)

2 High blood pressure reported Mense note: Manyo! these risk facors
by physiclan after repea®ed measurements are moditable. Please refer to page 4

2 High cholesterd leel reported by physiclan. | @7d disouss wih jour ghysician.

ecfion to be completed by the examining physician

Physical Exam: Physical Activity Readiness Conweyance/Referral:
o Wt BP 1) 7 Based upon acumrentreview of healh Furher nirmaton
suaws, | recommend 0 Auched
8P i) /! 2 To b rearded
2 Nophysical acivty 2 Awaiatie on reguest

2 Only amedicallysupervised exercise program unil furher

Condifions limifing physical activity: medical clearance

2 Cardiovascular 2 Bespraory 2 Other 2 Progressiwe physical actty.
2 Musculoskeleml 2 Abdominal 2 wih avoldance of
3 with inclusion of:
Testsrequired:
2 under the super Jslon of a CSEP-Centified Exerdse
a ECG 3 Exercise Test 3 X-Ray Physiclogist™
3 Blood 3 Urinalysis 2 Orther

2 Unresriced physical actvty-start slomly and twild u pgradually

Gm © Canadian Scaety & Exercae Physclogy wawmepca
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Physicl fc1 Uty Readiness
Mecicd Examn naten
yeused 2002

PARmMed-X

PHYSICAL ACTIVITY READINESS
MEDICAL EXAMINATION

Following Is a checklist of medical conditions for which a degree of precaution and.or speclal advice should be considered for those who

answered "YES" toone or more questions on he PAR.Q, and people over he age of 69.

Condlions are grouped by sysem. Three

categories of precauions are provided. Cormments under Advice are general, since dewlls and alemaives require clinical udgementin
each Individual Instance

Absolute
Contraindications

Relative
Contraindications

Special Prescriptive
Conditions

Permanentresticion of Bmuorary
resycdcn undlcondiion is Teard,
smtie, andior pastacy® thase

Hphly varniatie. Valie of eercee
®<ing andler gogram may
eceed rek. A

nowcualzed gesoimve aduce
generally apyomiae:

ymay

Desiatie © madmize conyelof
onciton.

Directer indirect medcal
2per veen of eergse ogram

o andier
« speoal eergses gesoited.

Mayrequre medicd menixeng
andier infal = perviicn n
eerose ogram.

mayte desratie ADVICE
Cardiovasaular | 0 acricaneuryam o g o acric foe puimen any « cinicy exerciss Bstmay be
¢ P . seneds—mid angina prepnis waran®d n seleced cases,
O acricsenoss (2ven) U 2ubnoric senoss e vere) and ohar manifeasions of Br specife derrmnaion
2 mopgesy e heart Silre 3 marked cardiac en by gement corenar yinsuffciency g of incicnal cageeityand
2 gexendo angina O =pawnvioila dyshyhmias PoaraciB infucy '(';mmsmﬂ aecauicos
O myccardial infarcion {acus) uncontolled or high rate) J cyenodc heart ol sease
, 3 ’ P 4 + swpogresion of exerces
O mecardiis {acive of recenty O \entichla ectgicac uty O shunts {nemitentor fied) el tased on wst
3 pumenary o sysemic fepeslie o feqieny J concucion disu rbences per rmance and ind youal
emboism—acu® EX aenRich|AL anesiryasy + compew AV Heck Bicnce:
r . 3 hyperension — unteard of « let BEB + conser nol vicdual need or
T S oghietine uncatolied severe (ssemic « Wollt Parknscn-Whie inal conciening gregram
J enricula sehyoy o and of puimenary sydrome under medicy Supervsion
oher dan d i
k:. mulrh:‘:mw:tmrm O hyperyoshic oy dom oty J dy=zhyhmias—centolled {hdinéceos drecy:
actvng 3 tompen sued congestie heart | O fied rate mcemabers
Sdure 3 inemimentchudcatn gogress e eerdse b berance
J hyperenson: sysoic pogress e eerose, cre wh
160180, deswiic 105+ medicaicns Senm electol yes
FOSTEBICES S\ e, AT )
Inectons 0 aoue infciou s disease 0 subaoy wxhronckequrent J chronicinfcion s wniabie a5 D condiien
fegardes of efobogy infecious deeases g 0 HIV
malaria, chers
U uncenyolled messtolc J renal, hepaio & oher nriabis a5 DSBS
Metabolic dimecers faters melius, messtolic ina fcency
hy ® J obesity o Sy meceraien, and inisy Ight
. . expcEes with dow iy egression
3 snplekihey {aaking, seimming, cyeling)
Pregnan 0 mmgicved pregnancy o gnancy Jae d | md o he PARmed X &
g 2. Deemia, hemenhage, Timeswed PREGNANCY"
ncomeEntceriy, o)
Aeferences: The PAR-Qand PARmed-X were developed by the Briish Columbla

A, GA, Wigle, DT, Maag, Y. (1962). Risk Assessmentof Physical
ﬁ“l finess n he Canada Health Survey Folow
Epidemiol, 454418.48

Momoka, M, Wdite LA (1664). Actve Livnpand Pregnancy,
A erey L Chmr\T wnl Q:us]

Aciwyand Ph
Up &my J.C

Ptomdn&-l
essand Healh Champaign, 1L Nmm Kinedcs.
PAR G \aldmon Repon, Brissh Coumbia Minisy yof Healh, 1978,

Thomas, §, Reading, J, Shephard, RJ. (1892). Reweionofthe Physical
Actwly Feadiness Questonnaine (PAR-Q).

4 338345

owndAcl\:

rqx

Can. J. Spt.Sci. 17

Ministry of Health. Theyhave been revsed byan Expert Advisory
Commitee of the Canadlan Scclety for Exerdse Physiclogy chalred
by Dr. N. Gedhill (2002).

No changes pamitied. You are encouraged fo
photocopy the PARmed -X, but only if you

use the enfire form.

Disponi ble en francals sous le tre

«Evaluation médicale de I'aptiude & 'activté physique (X-AAP)»

~

Continued on page 3
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Physcal Act vty Readiness
MVedical Examinaton
{reveed 2008}
Special Prescriptive
Conditions ADVICE
Lung J chrenie pulmenary cisorders speoal relaaton and breahing exercees

2 ot=yuctve lunp dease treah con¥ol curing » avold polued jr

d asthma

0 exero2t incuced bronchospasm averd hyper wnilaton duning esercee, avord ex¥emely cold contiion =, warm up adecuarly,
ulize appor e medcaton.

Musculoskelerl | O lowbsck oo dicns ahelogiod, Uincional) aved of minimize eercEe hat eoptaks of masperars e g broed sdeme fexicn,
exEnaen, and okt tasIng, OMect posre, proper gk exercses

2 arhinds—aoue {n oo ve, heumamid, geud Teament s udideus Hend of st sinthg and gende mowment

O arhnis—atecue popress ve noreass of act v exeroe heapy

Q2 arhriis—dhrenic psecarhnisand ato o mainenance of motiity and syengh. non. weipgh ] » pintyauma

condiiong .0, ocing, aquaicaciity ex)

O orhopmedc highly vanatie and nd voualed

3 hernia minimize syainng and i sreghen

a C9s of low bone densty BVOD ExerOse Wi high rek o facure such a8 push-ups, cuups, verical umpand Yunk
forward fiexion, en gage n low im pact weght tearing actwies and regsonce Tainng

CNS ) conwiksi v disorder notcom et y con Tolked by | minmize o aveid eerose n hamy dous endrenmens andior exercsing alone gg.
medeagon swimmng, mountn cimbng, ex)

J recentoncusson thercugh eam naten ifher yof 2o oncusacn s, revew o dswninuaton of contact
sportif hree on curagen of reYograce
persisen theagach 6=, and oth er object ve evidence of censtyal camage

Blood J anemia—sewre < 10 Gndl matol prefered, exercee a8 Dlerard
2 elecrolye dsurtances
Medications | O ansanpnal 0 andarh yhmic NOTE: consicer uncerlynp condidon. Poental - s onal synoope, ekctol e

; imisson oo, tradheardis, dysth yhmias, im gired coordnation and reacien Yme, heat

CahhypetBASE Cranian ot inperance Mayaler msing and mercee ECGS and exercee 2ot prbrmance

J temtockers J digmdis repyaions

O dureics 2 ganglionic teckers

0 ohers

Oter | 2 pesteerose sncop MOCks 4% TOgrAm

J heatnoierance

mobng ceol-down wih ightacivi®es, avod exercise in exteme heat

3 empey ymines ihess

fosgrne unllrecowred

J cancer

if poenial metsises, 2t by cycle erpomes y consoer non-weight bearing eerdses
expreie atlover end of gescrip v range JO-859 of heartrase neser e, dependng
on and recent § . menfor in and
Iynphocyee counts; add dyhamic Ifing exercee D sTenghen muxck s, using machines
rather han weph®s.

"Referiospecial publcatons for slabaalion as required

The £

e

The Physi

Activity Readi Ouen§
y

The diowing companion fms are avalate online . hno /ey coep caAyms
(PAR-Q) - aguesionnare & peode aged 1568 tocomples tefore becaming much more physically

ity Readi Medical E ination for Preg
mients who wish 0 became more physically acsve

o mae intrmaton, please contact the

y(PARmMed X for PREGNANCY) - 10 be used by hysicians with gegnam

Canadian Socetyfo Exrrise Phy=ology
37018 Louisa Omawa, ON K1REBYE
Tel. 1.877-651-3755 « FAX (613) 234.3565 + Online. www.csepca

Note to physical activity professionals...
ntls a prudent practice © remin he completed Physical Acivity
Feadine ss Conveyance /Fetferral Form in the paridpant's fle.

© Canagian Soaety or Exercese Phydckpy wawosepcafms

Contnued on pmage 4

3
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Phsicl Actuty Readiness
Mecicd Examn naten

yeused 2002
PA R med _X PHYSICAL ACTIVITY READINESS
MEDICAL EXAMINATION

Based upon a currentrede wof he health staus of

3
a
a

PARmed-X Physical Activty Readlness Conveyance/Referral Form

, I recommend:

No physical acivty
Only amedicallysupervised exercise grogram unil furher medical clearance
Progressive physical activity

3 wih avoldance of:

2 with inclusion of:

3 under the supervidon of a CSEP.Cerifled Exerdse Phsiclogist™
Unresticed physical activity — sartslowyand tulld upgradually

Funber informaion
3 Amached
2 Tobe {owarded
O Awailabk onrequest

Physician £lnic stamp.

MD.

dan)

NOT E: This ph ysical actiityclearanceis valid
for amaxmum of six months from the date
I1tis campleted and becomes invalid if your
medical condition becom es worse.
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Appendix — Section Five

FOR REB USE ONLY: File No.:

Date Complete App’n. Rec’d.:

Approved/Approved with.:

Modification/Rejected.:

University of New Brunswick
Application for Review of Research Involving Humans

Principal Investigator(s): Name(s); Academic Status (Faculty, Undergraduate Student or
Graduate Student); Academic Unit, e-mail Address, Office Telephone, Home Telephone:
Jonathan Baillie

Faculty of Kinesiology

University of New Brunswick Fredericton

P.O. Box 4400

Fredericton, NB

Canada. E3B 5A3

Office Phone: 506-453-4893

Home Phone: 506-471-8546

Email: baillie.jonathan@unb.ca

Title of Proposed Research:

The Examination of Slow Eccentric Contraction Training on Vascular Function in Older
Adults

Commencement Date: 04/15/2012 Completion Date:
31/07/2012

Co-Investigator(s): Academic Unit, e-mail address, Office Telephone

IN/A

Supervisor(s) (if Principal Investigator is a student); Academic Unit, e-mail address,
Office Telephone:
\Stacey Reading PhD. Assistant Professor ’
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Faculty of Kinesiology

University of New Brunswick Fredericton
P.O. Box 4400

Fredericton, NB

Canada. E3B 5A3

Office Phone: 506-453-4893

Home Phone: 506-206-1735

Email: sreading@unb.ca

The undersigned parties certify that they have read, and undertake to comply fully
with, the Tri-Council Policy Statement “Ethical Conduct for Research Involving
Humans.”

Principal Investigator(s):

Co-Investigator(s):

Supervisor(s):

The undersigned certifies that the proposed research has been reviewed by, and is
acceptable in all respects to, the academic unit(s) responsible.

Dean/Director/Chair(s) Typed Name: Tim McGarry

Signature

Date submitted to the REB: March 20, 2012

1. Summary: Provide here, in approximately 300 words, a summary of the proposed
research, indicating clearly the role of the research subjects and any procedures to which
they will be subjected.

The proposed study will examine resistance training (RT) exercise on vascular
function of the upper and lower limbs in order to evaluate the efficacy of using
resistance training to improve vasodilatory reserve. During a normal muscle
contraction, intramuscular pressure increases and temporarily reduces or occludes
blood flow through the muscle. Upon relaxation, intramuscular pressure decreases
and blood flow is restored. This mechanical action on the blood vessels contributes
to the total vasodilation that occurs in a muscle in response to contractile activity.
Previous work in our lab showed that muscular work performed with short
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contraction-relaxation cycles produced a smaller and shorter vasodilation when
compared to an equivalent amount of work performed using fewer but longer held
contractions.

To extend these findings, the proposed study will test the hypothesis that RT
exercise performed at a tempo that increases activation time (e.g. slow eccentric
phase of a lift) will provide an overload training stimulus to the vasculature such
that it will improve vasodialatory capacity of the limb. Male participants over 50
years of age will be recruited from the general population to participate in a 10
week RT program 3 times per week. There will be two groups in this study. The
conventional resistance training (CRT) group will use a muscle activation cycle of
one second concentric, one second isometric, and one second eccentric (1:1:1). The
slow eccentric contraction (SEC) group will use a duty cycle of one second
concentric, one second isometric, and five seconds eccentric (1:1:5) to maximize flow
restriction.

Pre- and Post-testing of vascular function will be done by having participants attend
two testing days, one day for upper body and one day for lower body (4 sessions
total). Active and reactive hyperaemia (vascular function) will be evaluated using a
hand-held duplex Doppler system and custom made software. Blood velocity will be
recorded from the brachial artery (arm) or popliteal artery (leg) while the
participant squeezes (forearm) or rotates (ankle extensors) a lever attached to a
force transducer. Post-occlusive (reactive hyperaemia) blood velocity will be
measured in both vessels after arresting blood flow by application of a tourniquet
(Blood pressure cuff) for 2 minutes. Two sets of muscular contraction exercises will
be performed for the upper and lower limb. Each set will be matched for total work
however; the work will be completed using either short or long contraction-
relaxation cycles. Each set requires approximately 2 minutes of muscular work
with 10 minutes of post contraction blood velocity monitoring. The muscular
contraction strength is set to 40% of the participant’s maximum voluntary
contraction strength (MVC). Each set will be paced using a metronome.
Throughout the tests and recovery periods, near infrared spectroscopy (NIRS) and
electromyography (EMG) electrodes will be placed on the muscle belly
(gastrocnemius or flexor carpi radialis) to measure blood flow and muscle activity.

The pre/post training evaluation will also include a 6 minute walk test (6MWT) to
evaluate functional exercise capacity and pain free walking time. This is performed
on a long flat surface. Participants are instructed to cover as much distance as
possible over the given period. Two hour post-prandial blood glucose and a blood
lipid profile will be measured from a capillary blood sample obtained by finger
prick in the Exercise Physiology Biohazard Lab (samples collected by lab
supervisor). The ankle/brachial index (ABI) will be measured using standard
technique of blood pressure cuff and duplex Doppler. All participants will complete
a PAR-Q & YOU form before they are eligible to engage in any type of exercise
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related to the study. Those participants who respond “yes” to any of the items on the
“PAR-Q and YOU?” form will be required to see their physician to complete a “PAR
MED-X” form to obtain medical clearance for their involvement in the program. In
addition, participants will complete a medical history questionnaire and a walking
impairment questionnaire (WI1Q). Please see attached forms. See below for a
flowchart of the proposed study.

Baseline Testing:

MVC
Isometric/Isotonic Tests
- EMG
- Doppler US

- NIRS

Functional Test
ABI

Blood Analysis
QoL Questionnaire

Isometric/lsotonic Tests:

-40% MVC

-90 second isometric contraction
-18 sets; 5 second sustained
contraction: one second rest

-90 sets; one second contraction:

one second rest

MVC
Isometric/Isotonic Tests
- EMG
- Doppler US

- NIRS

Functional Test
ABI

Blood Analysis
QoL Questionnaire

!

Post Intervention Testing:

Intervention: 10 Week
Resistance Training Program;
3x/wk

-CRT group performs one
second concentric contractions;
one second eccentric
contractions

-SEC group performs one second
concentric contractions; five
second eccentric contractions

2. Risk: In your opinion, does this research pose more than minimal risk (Tri-Council
Policy, Section 1.C1) to participating subjects? Yes No X

If yes, provide here a statement that describes in detail the aspects of the research procedure
that pose a risk to subjects, and provide your assessment of the risk of harm (probability

106




107

and severity). Note that not only physical injury but also anxiety or embarrassments are
included in the concept of harm. Describe means adopted to minimize risk, and means
(such as provision of counseling) to deal with harms, which subjects may experience.
Describe as well the potential benefit, which will result from this research, which justifies
the above risk of harm.

IN/A \

3. Deception: Does this research involve deception or partial disclosure? Yes No X

If yes, refer to the Tri-Council Policy, Section 2, specifically Article 2.1(c) and subsequent
commentary, and provide here an explanation of how you plan to comply with the
requirements of that Section for debriefing. Describe as well the potential benefit, which
will result from this research, which justifies waiving the normal requirements for full
disclosure.

IN/A \

4. Funding: Has funding been received for this research? Yes No X

If yes, from what agency and for what period?
[N/A |

If yes, from what agency and for what period?
IN/A \

5. Research Subjects:
5.1 Number of Subjects: How many subjects will participate in this research? 40
5.2 Recruitment: How will they be recruited, and from what population?

Newspaper ads, bulletin board ads and community newsletter ads will be used to
recruit subjects from the greater Fredericton area and surrounding communities.

6. Informed Consent:

6.1 Informing Subjects: How will the nature of the research be explained to potential
subjects, in compliance with Section 2D of the Tri-Council Policy? Attach a copy of
any document(s), such as an explanatory letter, to be used for this purpose.
The principal investigator will discuss the nature of the project with each subject
prior to the collection of any data. During the discussion details concerning data
collection techniques, instrumentation, and the subject’s role during the experiment
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will be given. The voluntary nature of the subject’s participation and their right to
withdraw from the experiment at any time will be clearly indicated.

6.2 Consent: If written evidence of informed consent will be obtained, attach a copy
of the consent form. (See Requirements for Informed Consent Forms.) If written
evidence of informed consent will not be used, explain here, in detail, how you
intend to comply with the requirements of Section 2A of the Tri-Council Policy:
see particularly Article 2.1(b) and subsequent commentary.
Prior to beginning any data collection the subject will read and sign an Informed
Consent Form. Please see attached form.

6.3 Children as Research Subjects: If the proposed research involves children as
subjects, provide here a statement indicating how compliance with Section 2E, and
specifically with Articles 2.5, 2.6 and 2.7 of the Tri-Council Policy, will be achieved.

[N/A |

6.4 Incompetent Adults as Research Subjects: If the research involves adults of
diminished competence as subjects, provide a statement indicating how compliance
with Section 2E, and specifically with Articles 2.5, 2.6 and 2.7 of the Tri-Council Policy,
will be achieved.

IN/A |

7. Inducements: Will any inducements (money, grade points, etc.) be offered to
encourage participation? Yes No X

If yes, indicate here how compliance with Section 2B of the Tri-Council Policy (concerning
voluntariness) will be achieved. If academic rewards are to be used, give details of
alternative means of achieving equivalent rewards.

IN/A \

8. Private Information: Does the proposed research involve accessing identifiable
personal information about subjects by means of surveys, questionnaires, etc.? Yes X No

If yes, indicate here, in detail, how you propose to meet the requirements of the Tri-Council
Policy, Section 3, specifically Article 3.2. A copy of any questionnaire, survey document
or interview schedule to be used should be attached as well.

\See attached documents \

9. Feedback: Describe the measures, which you propose for providing feedback to
research subjects concerning the outcome of the research.

Upon completion of the study a summary of the main findings and their significance
will be distributed to interested study participants.
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10. Data Security: Describe the measures, which you propose for ensuring the security
of any identifiable personal data, which will be retained after completion of the research.

Each subject will be assigned an identifier (i.e. subject 001) that will be used on all
data collection sheets and files. A master list connecting the identifier to the subject
contact information will be stored in a locked filing cabinet in the faculty supervisor’s
office. At the completion of the study the master list will be destroyed.

11. Continuing Review: All research requires brief annual reports and a brief report upon
completion of the research. Suitable report forms are included at the end of this file.
Research involving more than minimal risk may require additional measures for
continuing review. If your research involves more than minimal risk, describe here the
measures you propose for facilitating continuing review of this research, in compliance
with Article 1.13 of the Tri-Council Policy.

IN/A

12. Additional Information: Please feel free to append any additional information,
which you feel may be helpful to the REB in evaluating this application.

Surface recording EMG electrodes will be placed on the active muscles of either the
forearm or calf. This will measure the amount of muscle activity occurring
throughout each test. NIRS sensors containing an infrared light emitter and
detector will be placed on the skin over the belly of the active muscles. This device
measures the total blood flow throughout the duration of the test and recovery
period. Adhesive disks keep all the sensors and electrodes in place. Each electrode
and sensor has a wire that connects it to our recording equipment.

Each participant will perform the following test two times, once for the calf trial and
once for the forearm trial.

1) 90 sets of one second contractions with equal rest between each set, for a
total time of 180 seconds.

2) 18 sets of five second sustained contractions with one second rest between
each set, for a total time of 108 seconds.

Forearm trials: Participants will sit in a chair with their testing arm extended over a
table, strapped into the apparatus. They will be instructed to pull on the handle on
the apparatus by contracting the 2" and 39 fingers.

Calf trials: Participants will lay face down on a massage table with their feet
hanging off the edge. They will extend their foot pushing against an apparatus that
is mounted to the wall.

They will receive feedback on how hard and often they need to contract their
muscles to maintain the necessary force from a computer screen.
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Each participant will conduct a maximum voluntary contraction (MVC) for each
apparatus. This is the maximum amount of force that can be generated for one
repetition. For each test, the participant will use 40 percent of their MVC.

After completion of each test, a small pen-like ultrasound probe will be held against
the skin for a 10 minute period. Ultrasound gel will be placed on the inside of either
the arm or the back of the knee, depending on the test. This will record the velocity

at which blood flow is travelling through the artery.

At the end of the 10 week training program, participants will be retested on their
MYVC and will conduct the same series of tests.

In addition, a third test to evaluate reactive hyperemic response will be conducted
by placing a blood pressure cuff around the upper portion of either the arm or thigh
and inflated so that it occludes blood flow to the forearm/calf for 2 minutes. The cuff
will then be deflated and blood flow will be restored. Measurements will be taken to
determine the time for blood flow to return to a normal resting level. During the 2
minute occlusion of blood flow there will be a feeling of numbness or tingling
develop in the fingers/toes that may be a little uncomfortable. This is normal and
will rapidly disappear when the cuff is deflated. Even though blood flow to the
forearm/calf has been briefly stopped no damage or injury will result.

In one session, we will take a small blood sample from your finger tip using a
disposable automated lancing device. This is the same type of lancing device that a
diabetic patient would use on a daily basis. During the blood sampling procedure
there will be a momentary sting when the lance produces a small nick in the side of
the tip of your finger. This sensation will be momentary and there will be no lasting
discomfort. The lancing device is very accurate and precise — making the cut as
small and painless as possible. The dimensions of the cut are 1.5 mm long by 2.0 mm
deep resulting in 6 to 10 drops of blood being produced (30 to 50 pL).

University of New Brunswick

Application for Modification of Research Project Involving Humans
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REB File Number: 2012-038 Application Date: May 11, 2012

Project Title:

The Examination of Slow Eccentric Contraction Training on Vascular Function in

Older Adults

Principal Investigator Name(s): Jonathan Baillie Pl Signature(s):

Supervisor Name(s): Dr. Stacey Reading Signature(s):

Summary of Requested Modifications:

Will the risk of harm or deception/partial disclosure change? Yes[ ] No[X

Will the nature or the objectives of the research change? Yes [ ] No [X]
Will the changes to the research design be major [_] minor [X] none []
Will the changes to the ethics protocol be major [ ] minor [ | none [X

Which sections of the approved REB application will be affected by the
modification(s)?

**|_ist all affected Sections (e.g. Recruitment, Consent, ..., Data Security) below.

Detailed Description of the Requested Modifications:
Outline the planned changes to the research design and/or ethics protocol (status before

the changes and after the changes) along with justifications and implications.

Of the original document:
Page 22: The intervention will change from a ten week program to a six week program.
Page 25: Blood Chemistry will now only be taken one time (not twice).
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Page 27: There will be six laboratory evaluation sessions instead of the original four.
Two sessions will occur at four weeks prior to the training program as a baseline
measure. Two will occur at the beginning of the program and two will occur at the end of
the program.

Page 49: Page 2 of the Participant Informed Consent Form will change to match the

changes of the above mentioned modifications (6 laboratory sessions and 6 weeks).

If more pages are needed, please attach them and check here: [ ]

Please append the approval from your ERC with respect to these changes if relevant.
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Appendix — Section Six

Self Reported Participant Information

This form is beneficial for use of a screening tool, as well as in the unlikely event that an
accident or an incident occurs during a training session. Therefore, it is essential that the
principal investigator is aware of any medications and conditions (asthma, etc.). In the
case of interpreting data, this may also help to explain any data that may stand out.
Name:

DOB (mm/dd/yyyy):

Medications/Prescriptions:

Previous Injuries:

Medical Conditions:

Date of Diagnosis (mm/dd/yyyy):

This section to be measured by Principle Investigator:

Weight (kg) Height (m)

Resting Heart Rate:

Resting Blood Pressure — Systolic Diastolic

Additional Comments:
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Appendix — Section Seven

The Periphera Arterial Disease (PAD) Walking Impairment Questionnaire

Overview: Regensteiner etal developed a questionnaire for evaluating waking impairment in patients
with peripheral arterial disease (PAD). This can be used to identify patients with significant impairment
and to monitor effectiveness of therapeutic interventions. The authors are from the Univers ities of

Colorado and Rochester.

Parameters:

(1) difficulty walking a distance during the past month

(2) difficulty walking at a certain speed during the past month

(3) symptoms associated with waking impairment

Wd king Distance Degree of Difficulty Points
waking indoors (around the house) no 3
some 2
much 1
did not do 0
waking 50 feet no 3
some 2
much 1
did not do 0
waking 150 feet (0.5 blocks) no 3
some 2
much 1
did not do 0
waking 300 feet (1.0 blocks) no 3
some 2
much 1
did not do o]
wak ing 600 feet (2.0 blocks) no 3
some 2
much 1
did not do 0
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waking 900 feet (3.0 blocks) no 3
some 2
much 1
did not do 0
waking 1500 feet (5.0 blocks) or more no 3
some 2
much 1
did not do 0

waking distance score =

= (20 " (points for walking indoors)) + (50 " (point for waking 50 feet)) + (150 " (points for waking 150
feet)) + (300 " (points for waking 300 feet)) + (600 ™ (points for waking 600 feet)) + (900 * (points for
waking 900 feet)) + (1500 " (points for waking 1500 feet))

where: each distance s waked is used as a weighting factor for the points from the degree of
difficulty.

fraction of maximalwalking distance s core = (walking distance score) / 6060

Waking Speed Degree of Difficulty Points
waking 1 block slowly?(about 15 mph) no 3
some 2
much 1
did not do 0
waking 1 block at an average speed? (about | no 3
2.0 mph)
some 2
much 1
did not do 0
waking 1 block quickly? (about 3.0 mph) no 3
some 2
much 1
did not do 0
running or jogging 1 block? (about 5.0 mph) no 3
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shortness of breath? no 3
slight 2
some 1
much 0
heart palpitations? no 3
slight 2
some 1
much 0
other problems? (please list) no 3
s light 2
some 1
much 0
where:

« A total symptom score was not calculated. This was the questions "were nota ranked
series."

« The data was presented as "a percentage ofthe maximals core possible of4.0."
Interpretation:
= minimumwaking distance score: 0
«maximumwaking distance score: 345
= minimum waking speedscore: 0
= maximumwaking speedscore: 6 60
«Thescore canbe used to compare impairment before and after vascular surgery.
Performance:

« Changes in questionnaire scores correlated with some measurements of readmill
performance.

»Retesting in an untreated control group showed similar scores after 12 weeks.
References:
Regensteiner JG Steiner JF et al. Evaluation of waking impairment by questionnaire in patients with

peripheral arterial disease.J Vascular Medicine Biology. 1990; 2: 142-152. (Appendix | pages 150-
151).
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much

did not do

wakingspeed score = (1.5 (points forwalking slowly)) + (2 * (points for walking ataverage speed)) +

(3 " (points forwalking quickly)) + (5" (points for running or jogging))

where: eachspeed is walked is used as a weighting factor for the points from the degree of difficulty.

fraction of maximalwalking speed score = (walking s peed score) /345

Symptoms of Walking Impairment Degree of Difficulty Points
pain or aching in your calves? no 3
slight 2
some 1
much 0
pain or aching in your thighs? no 3
slight 2
some 1
much 0
pain stiffness or aching in your joints (knees or hips)? no 3
slight 2
some 1
much 0
pain or discomfortinyour chest? no 3
slight 2
some 1
much 0
weakness in one or both of your legs? no 3
s light 2
some 1
much 0
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Appendix — Section Eight

Figure 14 — A participant engages in forearm muscular contraction during a pilot study.
As mentioned in the methodology, the participant can see the 40 percent target (red line)
on the left computer screen while the computer on the right measures force.

Figure 15 — A participant lies in the prone position while demonstrating the ankle flexion
apparatus which is hooked up to the force transducer.
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Appendix — Section Nine

6 Minute Walk Test Instructions

General Information:
= individual walks without physical assistance for 6 minutes and the distance is
measured
=« start timing when the individual is instructed to “ Go"
« stoptiming at6 minutes
« assistive devices can be used but should be kept consistent and
documented from testto test

= if physical assistance is required to walk, this should not be performed
=« ameasuring wheel is helpful to determine distance walked

= should be performed at the fastest speed possible

Set-up and equipment:
= ensure the hallway free of ohstacles

= stopwatch
+ measuring wheel recommended to calculate distance

Patient | nstructions (derived from references below):

“Cover as much ground as possible over 6 minutes. Walk continuously ¥ possible, but
do not be concerned if you need to slow down or stop to rest. The goalis to feel at the
end of the test that more ground could not have been covered in the 6 minutes. ™

Downloaded from www.rehabmeaswes.org
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Name:

6 Minute Walk Test

Assistive D evice and/or Bracing Used:

Date:_

Distance ambulated in 6 minutes:

Date: _

Distance ambulated in 6 minutes:

Date:

Distance ambulated in 6 minutes:

Date:

Distance ambulated in 6 minutes:

Downloaded from www.rehabmeasuwres.org
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References:
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walking tests in respiratory disease. Br Med J(Clin Res Ed). 1982 May
29,284(6329):1607-8.

McGavin CR, Gupta SP, McHardy GJ. Twelve-minute walking test for assessing
disability in chronic bronchitis. Br Med J. 1976; 3;1(6013):822-3.

Rossier P, Wade DT. Validity and reliability comparison of 4 mobility measures in

patients presenting with neurologic impairment. Arch Phys Med Rehabil. 2001,82(1):9-
13.

_------a
Downloaded from www.rehabmeasuwres.org
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Appendix — Section Ten
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Table 6 — Statistical p values for pre and post-training measurement of anthropometric
and cardiovascular data for SEC, CRT and combined (no main effect difference).

SEC (Pre — Post) CRT (Pre — Post) COMBINED
(Pre- Post)
Anthropometric Data:
WC, cm .030 .034 .037
BMI, kg/m? 201 632 810
Height, cm .766 .356 677
Weight, kg 071 231 181
Cardiovascular Data:
SBP, mmHg .005 .009 .035
DBP, mmHg 394 376 430
MAP, mmHg .045 .022 .038
RHR, bpm 376 573 .688

Table 7 — MVC statistical p values for baseline comparisons (B1 — B2), and baseline —
post training comparisons (B1 — PT, B2 — PT) for SEC and CRT groups.

SEC (n=7) CRT (n=7)
MVC B1-B2 | B1-PT B2-PT | B1-B2 | B1-PT B2-PT
Upper (N) 301 248 421 .850 291 601
Lower (N) 323 408 388 376 320 208
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Table 8 — Statistical p values for systolic peak, mean velocity, and pulsatility index at rest
prior to 1:1 Ratio Test for upper and lower body. Baseline comparisons (B1 — B2), and
baseline — post-training comparisons (B1 — PT, B2 — PT) for both SEC and CRT groups
as well as combined (no main effect difference).

1:1 Ratio Test SEC (Pre — Post) CRT (Pre — Post) Combined (Pre — Post)

Resting Upper | B1-B2 | B1-PT | B2-PT | B1-B2 | B1-PT | B2-PT | B1-B2 | B1-PT | B2-PT

SP .355 .042 .043 128 .046 012 .310 .010 .029
MV 723 .086 123 .106 .698 .385 237 270 738
Pl .187 .017 011 875 .044 .003 .326 .016 .035

Resting Lower | B1-B2 | B1-PT | B2-PT | B1-B2 | B1-PT | B2-PT | B1-B2 | B1-PT | B2-PT

SP 173 434 .358 117 939 403 164 575 .786
MV 132 .696 141 .209 .363 .206 75 .320 .256
Pl 347 .019 .010 145 .004 .007 458 .045 .024
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Table 9 - Statistical p values for systolic peak, mean velocity, and pulsatility index at rest
prior to 1:1 Ratio Test for upper and lower body. Baseline comparisons (B1 — B2), and
baseline — post-training comparisons (B1 — PT, B2 — PT) for both SEC and CRT groups
as well as combined (no main effect difference).

5:1 Ratio Test SEC (Pre — Post) CRT (Pre — Post) COMBINED (Pre — Post)

Resting Upper | B1-B2 | B1-PT | B2-PT | B1-B2 | B1-PT | B2-PT | B1-B2 | B1-PT | B2-PT

SP 313 .002 .025 151 .016 .028 .168 .018 .046
MV .210 .049 110 .896 .336 .256 .645 .560 .378
Pl .336 .023 .008 .819 .006 .003 578 .034 .048

Resting Lower | B1-B2 | B1-PT | B2-PT | B1-B2 | B1-PT | B2-PT | B1-B2 | B1-PT | B2-PT

SP 971 677 .651 126 .938 472 222 .809 .878
MV .309 .626 544 .072 .545 .367 474 .984 .606
Pl .753 011 .009 .820 .008 .008 .345 .034 .032

Table 10 - Statistical p values for walking endurance test, and strength exercises (bench
press, lattisimus pull down, shoulder press, and squat) Pre and post-training values were
compared for both SEC and CRT groups as well as combined (no main effect difference).

SEC (Pre — Post) CRT (Pre — Post) COMBINED

(Pre- Post)
BMWT (m) .001 .000 .044
Bench Press (kg) .000 .000 .000
Latissimus Pull-Down (kg) .000 .000 .000
Shoulder Press (kg) .001 .002 .000
Squat (kg) .000 .000 .000
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