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CHAPTERI1
INTRODUCTION
Introduction

Over the last decade there has been an increasing interest in vascular
stiffness, the loss of blood vessel wall elasticity in the major arteries, because it is a
risk factor for cardiovascular events, especially stroke **. Arterial compliance is
defined as the ability of an artery to expand and recoil with cardiac pulsation and
relaxation . The human aorta gradually becomes stiffer with age, with the process
of arteriosclerosis developing even if there are no other concurrent diseases *°. The
cardiovascular structure and function include thickening of the vessel wall, a
decrease in systemic arterial compliance and cross-sectional distensibility of the
large elastic arteries. These changes lead to an increased cardiovascular disease risk
in elderly subjects *.

The increased prevalence of obesity in the United States has reached
epidemic proportions, and is still increasing among all age-groups 2> 82, Obesity
may negatively affect cardiovascular function through associations with
hypertension, dyslipidemia '*, and inflammation 2" 34, Increased stiffness of the
arteries is often seen in patients with autoimmune or inflammatory disorders, in
terms of increased concentrations of various inflammatory markers. The chronic
state of raised inflammatory concentration can have detrimental effect on the
vasculature. Over time, this can lead to decreased nitric oxide bioavailability,
vascular wall damage and ultimately decrease the ability of the arteries to dilate,

thereby increasing the propensity for an adverse cardiovascular event !
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The early detection of atherosclerotic changes in the aorta may have a clinical
significance for prediction of cardiovascular disease °. Arterial stiffness can be
assessed noninvasively with the use of pulse contour analysis (PCA) measurements.
This device can measure the velocity of the pulse wave to travel a given distance
between two sites of the arterial system '°,

Physical exercise has shown to be beneficial for protection against
atherosclerotic vascular damage in elderly male athletes compared to elderly
sedentary males *%, and to attenuate the age-related changes in arterial stiffness in
elderly male athletes # which may reduqe the risk of having a cardiovascular event
69120 Habitual exercise has been associated with a decrease in arterial stiffness in
women and these benefits were associated with lack of increase in systolic and
arterial pulse pressures '*'. Furthermore, Kingwell et al. showed that aerobically
trained middle-aged athletes had lower stiffness than their sedentary counterparts,
and time to exhaustion on treadmill testing in older subjects correlated positively
with arterial compliance *®.

Conflicting findings have been reported for the effects of resistance training
on arterial stiffness. Kingwell et al. demonstrated that a 30-min bout of moderate
intensity cycling using both legs decreased Pulse Wave Velocity (PWYV), which is
an index of arterial stiffness . A low-intensity single-leg exercise intervention also
yielded a significant decrease in PWV in the exercised leg, but not in the control
leg, suggesting the decrease in stiffness was induced by some exercise-related
localized factor ', Both cross-sectional studies * and interventioh resistance

training studies 7> have reported decreases in large artery elasticity in healthy men.
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Although exercise seems to have a beneficial effect on the vasculature, this effect is
not maintained in the absence of exercise ', suggesting the importance of
maintaining a physically active life to sustain a healthy vascular function.
Cardiovascular disease is an exponentially growing problem in our society.
The seriousness of this problem will only continue to grow unless we can propose
appropriate therapies and interventions to counteract this problem. Basedvon
previous literature, it is evident that endurance-type exercise has beneficial effects
on the vasculature, in terms of down-regulating and decreasing various risk factors
associated with endothelial dysfunction, such as hypertension, diabetes, obesity, and
inflammation. Resistance training has a profound effect on the musculoskeletal
system, contributing to maintenance of muscle strength and bone health s,
However, the effect of resistance training on the cardiovascular system is still

unclear, with the majority of examinations completed only in men.

Purpose

The primary purpose of this study was to examine the effect of twelve weeks
of resistance training on large (C1) and small (C2) arterial elasticity in
premenopausal healthy women, and in healthy controls. The secondary purpose
was to examine the relationship between the inflammatory marker C-reactive
protein (CRP), and arterial elasticity in premenopausal healthy women, and in

healthy controls.
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Research Questions
1. Will twelve weeks of lower leg resistance training change arterial
elasticity and levels of CRP in premenopausal women?
2. What is the relationship between CRP and arterial elasticity in

premenopausal women?

Hypotheses

1. Twelve weeks of lower leg resistance training will change arterial
elasticity.
2. Itis expected that there will be a negative relationship between C-

reactive protein concentrations and arterial elasticity measures.

Significance

The significance of this study was to provide greater insight into the effect of
resistance training on various cardiovascular parameters, specifically arterial

elasticity. Aerobic exercise has been shown to increase arterial elasticity >+ 1'%

5 whereas the effects of resistance training still remain controversial "% 7> %% 197,
Information collected in this study will help us gain insight into how the large and
the small arteries are affected by resistance training, and whether it has an effect on
the inflammatory marker C-reactive protein.

Most studies have focused on inflammatory markers and their association

with whole body resistance training, mostly in men, and have not examined the

various cardiovascular parameters in depth. To our knowledge, this is the first
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investigation to examine large and small arterial elasticity in adult women after 12

weeks of lower leg resistance training.

Assumptions

1. All subjects gave maximum effort during 1-RM testing.

2. All subjects completed the recorded sets and repetitions.

3. All subjects answered the questionnaires truthfully.

4. All subjects fasted for at least eight hours prior to blood draws.

5. All subjects were both fasted and rested for at least eight hours prior to
pulse contour analysis measurement.

6. The subjects cooperated with the researcher to maximize the validity of
each measurement.

7. The researchers were experienced testers on the specific instruments that

were used for this investigation.

Delimitations

1. This study included premenopausal women between the ages of eighteen
and fifty years.

2. All subjects were free of any history of cardiovascular disease, coronary
heart disease, peripheral arterial disease.

3. The subjects did not take antihypertensive drugs, hormone replacement
therapy, or hormonal birth control.

4. The subjects participated in the resistance-training program for twelve

weeks.
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5. The HDI/Pulsewave™CR-2000 CardioVascular Profiling System
(Hypertension Diagnostic, Inc., Eagan, Minnesota, USA) was used to
measure arterial elasticity.

6. The subjects were recruited from the University of Oklahoma, Norman

campus and the surrounding areas.

Limitations
1. Daily physical activity outside the training session was not controlled.
However, subjects were asked to continue their normal daily activity that
did not include resistance training.
2. Pulse Contour Analysis (PCA) is a noninvasive measurement that allows
only an estimate of the distance traveled by the pulse. The most accurate
measurement of this distance can be obtained only with invasive

procedures.

Operational Definitions

1. Dual energy x-ray absorptiometry (DXA) — Measures the attenuation of

energy passing through bone, lean tissue, and fat. DXA is used to
measure bone mineral density (BMD), bone mineral content (BMC), and
soft tissue composition *.

2. Arterial Stiffness — The loss of blood vessel wall elasticity >°.
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3. Endothelial Dysfunction — The functional and reversible alteration of

endothelial cells, resulting from impairment of nitric oxide
availability 2,

4. Large Artery (C1) — Proximal vessel such as the aorta °".

5. Small Artery (C2) — Distal vessel such as the small arteries and

arterioles °'.

6. Pulse Contour Analysis (PCA) — Noninvasive method to assess vascular

compliance *®. A modified Windkessel model is used to estimate the
large and the small arterial elasticity, which also includes other
2

cardiovascular parameters .

7. C-Reactive Protein (CRP) - Inflammation blood marker that is

predictive of atherosclerosis *° and future cardiovascular events 7% 1**,

8. One Repetition Maximum (1-RM) — The maximal amount of weight that

can be lifted during one complete repetition ¥

9. Muscular Strength — Maximum force that can be generated by a muscle

or muscle group ¥.

10. Premenopausal — Women that have regular menstrual cycles that have

not changed in length *°.
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CHAPTER II

REVIEW OF THE LITERATURE

Introduction

Cardiovascular disease (CVD) is the leading cause of death and disability in
the developed world, and might soon overtake infectious diseases as the precursor
of death worldwide ’®. Atherosclerosis is an important contributor to this increased
risk of CVD !°, It has been suggested that atherosclerosis is a progressive disease
originating from a combination of endothelial dysfunction and damage, thrombosis
and inflammation !,

Endothelial dysfunction is often seen in patients with inflammatory diseases
in terms of increased concentrations of inflammatory markers, which over years can
lead to vascular deterioration and reduced nitric oxide bioavailability. Such
endothelial and vascular wall cell damage can impair the ability of the arteries to
dilate, promoting increased stress and pressures on the vascular tree, and leading to
potential detrimental cardiovascular events ''. Other risk factors for increased
stiffness of the arteries are adiposity ** 1% !° diabetes '°, hypertension ',
atherosclerosis '°, hypercholesterolemia '*°, and smoking ®'. Inflammation is a
potent vascular risk factor in the general population and is associated with
endothelial dysfunction 2,

Elevated levels of concentration of inflammatory markers has been seen in

autoimmune disease, such as multiple sclerosis 195 and rheumatoid arthritis

(RA) 1. Reduced arterial elasticity has been shown in RA patients with elevated
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levels of inflammatory markers "*°. Given the relationship of inflammation to
atherosclerosis, elevated levels of inflammatory markers might be associated with
decreased arterial elasticity. C-reactive protein (CRP) has been associated with
increased pulse wave velocity (PWV), hence stiffer arteries Bl Increased PWV or
decreased pulse contour analysis (PCA) is associated with increased risk for
cardiovascular disease and mortality rates .

The arteries become stiffer with advancing age ', and these changes are

related to various pathological states common to older individuals, such as

10,92 108

hypertension , chronic heart failure ''°, ischemic stroke ', and future
cardiovascular events, such as death .

Arterial elasticity can be assessed noninvasively using the HDI/Pulsewave™
CR-2000 Research CardioVascular Profiling System (Hypertension Diagnostics,
Inc.). This device consists of an oscillimetric blood pressure module, an Arterial
Pulsewave™ Sensor Analyzer, and a computer system. The CR-2000 reads and
analyses the blood pressure waveforms from the Arterial Pulsewave™ Sensor
Analyzer. A profile report is generated, and includes systolic, diastolic, and mean
arterial blood pressures, pulse pressure, pulse rate, estimated cardiac ejection time,
estimated stroke volume and index, estimated cardiac output and index, large and
small arterial elasticity indices, systemic vascular resistance, and total vascular
impedance °'.

While the subject maintains a supine position on a therapy table, a blood

pressure cuff is placed on the upper left arm, and a plastic rigid wrist stabilizer is

placed on patient’s right wrist to minimize any movement and stabilize the radial
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artery during the 30-sec collection of blood pressure waveform. The Arterial
Pulsewave™ Sensof Analyzer is placed on the surface of the skin right on the radial
artery with just enough pressure without occluding the radial artery. This technique
is reported to be a reliable >’ and a repeatable °' index of aortic stiffness,
independent on arm used for the analysis 2.

This literature review will cover the pathophysiology of endothelial
dysfunction, and explore the relationship of arterial elasticity with age, gender,
hypertension, obesity, and inflammation. We will further examine the effect of
various types of training on the vasculature, such as endurance training, resistance

training, and finally a combination of endurance training and resistance training,.

Pathophysiology of Endothelial Dysfunction
The endothelium is comprised of a thin cellular layer that lines the inner

surface of the blood vessels, separating the circulating blood from the tissues. The
endothelium works as a receptor-effector organ and responds to various stimuli with
the release of appropriate substances which help maintain tissue homeostasis. The
endothelium thus modulates the vascular smooth muscle cells producing relaxation
or contraction, and thereby vasodilation or vasoconstriction. Homeostasis of the
endothelium is generated by controlling the production of various thrombotic
components, such that it intervenes in cell proliferation and migration, regulates
monocyte and leukocyte adhesion and activation, and the inflammatory processes.
Cardiovascular risk factors causes oxidative stress, or reduced nitric oxide
bioavailability, that changes the capacity of endothelial cells to maintain a healthy

vasculature, leading to endothelial dysfunction, and therefore reducing the capacity

10
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of the endothelium to maintain homeostasis. When endothelial cells lose their
ability to maintain homeostasis, the tissue environment is right for the endothelium
to be invaded by lipids and leukocytes. The inflammatory response is stimulated
and fatty streaks appear, which is the first step in formation of atherosclerotic
plaques. If the plaque build up persists and is exposed to rupture, this can set the
stage for thrombogenesis and vascular occlusion *.

The functional impairment associated with a decrease in arterial elasticity is
exacerbated by endothelial dysfunction, which is often associated with aging and
hypertension. Endothelial dysfunction is characterized by impaired endothelium-
dependent vasodilation ** '?| due to a decreased nitric oxide production, which is
due to an increased oxidative stress, which then leads to decreased nitric oxide
synthase activity *& %113,

The vessel wall alters its structure and function in response to direct injury
and/or tensile and shear stress ** "3, The characteristics of arterial remodeling
depend on the magnitude of stress the vessel is exposed to and on the presence of an
intact endothelium ''"*'*°, Blood flow is the primary determinant of arterial wall
stretch and tensile stress. With increased blood pressure or arterial radius, tensile
stress is maintained within physiological range by thickening of the vessel wall with
retention of normal internal diameter. Changes in blood flow result in changes in
shear stress within the blood vessel, which is responsible for the dragging frictional
force. Experimental and clinical studies suggest that acute and chronic
augmentation of arterial blood flow induce proportional increases in the vessel

. v 3. . 4
lumen, whereas decreasing blood flow reduces the arterial inner diameter 433

11
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Age and Arterial Elasticity
Advancing age is associated with changes in the arterial structure and

function, such as thickening of the vessel wall 8 and a reduced arterial compliance
and distensibility of the large arteries 114 A decrease in arterial compliance or an
increase in arterial stiffness commonly occurs with advancing age in both men and
women 72, even in the absence of other concurrent diseases 2.

The decrease in functional capacity of the cardiovascular system with
advancing age is a repercussion of primary and secondary aging. Primary aging is
due to progressive and age-related structural and functional deterioration in the
cardiovascular system over time. Secondary aging, on the other hand, is attributed
to hypertension, coronary artery disease, diabetes mellitus, and physical inactivity
that stimulate the age-related decline in cardiovascular reserve capacity "

The decrease in arterial elasticity with advancing age is characterized by
arterial distension and increased arterial wall thickness *'. These structural changes
are the result of intimal growth and changes in the middle layer of the artery, the
media. There is a higher fibronectin content, increased collagen concentration
stimulated by the release of growth factors, increased collagen cross-linking,
decreased elastin, and smooth muscle cell proliferation, which result in increased
media thickness and stiffness of the arteries ®°'.

The age-related arterial changes that lead to decreased arterial elasticity are

heterogeneous, being more pronounced in the aorta and central large, elastic-type,

capacitative arteries than in the peripheral, muscular-type arteries °.

12
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Gender Differences
There seem to be a gender difference in arterial stiffness, with women

having stiffer arteries than their male counterparts both before puberty ' and after
menopause L121  These results are attributed to hormonal differences, with women
having a greater prevalence of systolic hypertension ®. Distensibility or compliance
of the large arteries is negatively affected by natural menopause in apparently
healthy women 123 and hormone replacement therapy seems to attenuate arterial
stiffness in postmenopausal women "> 7% %2,

The underlying physiological mechanism by which menopause affects
arterial elasticity remains unclear. It has been hypothesized that estrogen might
change the structure of the arterial wall. In vitro examinations and animal studies
have shown that estrogen decreases collagen production and the elastin/collagen
ratio ¥, Regardless of menopausal status, highly physically active women do not
experience the age-related increases in central arterial stiffness as seen in sedentary
women, emphasizing the importance of exercise ''*. This study also showed that
central, but not peripheral, arterial stiffness increases with advancing age in
sedentary healthy females, which is in agreement with other examinations '*°.
Similarly, peripheral arterial elasticity is not different between sedentary and
resistance trained individuals %, It has been suggested that the physiological
mechanism behind the decrease in arterial elasticity with increasing age are more
rapid in the large elastic arteries compared to the small muscular arteries *°. The
large arteries have a cushioning function that damps fluctuations in flow, whereas

the small arteries do not exhibit the same extent of pulsatile changes in diameter,

and may not undergo the adaptations leading to decreased elasticity of the artery '°.

13
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Hypertension and Arterial Elasticity
The arterial remodeling and stiffness of the arterial wall that occur with

advancing age, induce systolic hypertension, pulse pressure, and a reduction in
diastolic blood pressure ®°'. Elevated arterial blood pressure is more prevalent with
an increase in age 102, sedentary lifestyle 25 , and a decrease in arterial elasticity 34,
Several epidemiological studies have reported an inverse relationship between blood
pressure and habitual physical activity either assessed by questionnaire or interview,
or measured objectively 3,

Decreased arterial elasticity is associated with changes in blood pressure
profile, such as isolated systolic hypertension and pulse pressure. Increased pulse
pressure could be a result of increased systolic hypertension and or a decreased
diastolic pressure which is common in advanced arteriosclerosis and is responsible
for the diastolic pressure stabilization or decline that is often seen after the age of 60
years 30 Systolic hypertension among the elderly can be considered an expression
of advanced arterial stiffness, which is a major component of cardiovascular aging °.

Arterial elasticity is “pressure-dependent” *

, and in hypertensive patients,
the decrease in arterial elasticity is partially due to increased distending blood
pressure rather than thickening of the arterial wall and changes in intrinsic
biomaterial stiffness *>. Systolic blood pressure and pulse pressure during maximal
exercise has been shown to be associated with impaired endothelial vasodilator

function in the brachial artery, independent of resting blood pressure and arterial

stiffness '%.

14
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Obesity and Arterial Elasticity
Obese individuals with excess abdominal fat are at a particular risk for

negative health consequences »°. Studies have shown that adipose tissue in general,
and visceral adiposity in particular, are key regulators of inflammation 132 The
inflammatory response to the body’s increased amount of fat may have a negative
effect on endothelial physiology, which may lead to the formation of atherosclerotic
plaque *. Adipose tissue secretes proinflammatory cytokines, such as tumor
necrosis factor-alpha (TNF-o) and interlukin-6 (IL-6), and influences endothelial
function by promoting the expression of adhesive molecules, which are central in
the early stages of the athefosclerotic process ',

Ziccardi et al. examined the effect of weight loss on circulating levels of
proinflammatory cytokines and on endothelial function in healthy obese women '3,
The main finding from this study was that circulating levels of TNF-a, IL-6,
vascular cellular adhesive molecule-1 (VCAM-1), intracellular adhesive molecule-1
(ICAM-1), and P-selectin were elevated in obese women and positively correlated
with central adiposity. Weight loss in these subjects resulted in a significant down
regulation of the inflammatory state and ameliorating endothelial dysfunction.
These results agree with Tchernof et al. who examined the effects of weight loss on
plasma CRP levels in obese postmenopausal women. They found that fat loss was
associated with proportional reductions in CRP levels ''®. Another study found that
body fat measures were among the strongest predictors of large arterial stiffness in
young and older adults '*°. There also existed a strong association between weight
gain and progression of arterial stiffness, as well as between weight loss and

regression of arterial stiffness '**.
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These findings suggest that weight loss could be a safe way to down regulate
the expression of inflammation in an attempt to preserve the integrity of the
vasculature.

Inflammation and Arterial Elasticity

It has been shown that there is a reduced arterial elasticity in patients with
autoimmune and inflammatory diseases, such as rheumatoid arthritis '*°.
Inflammation is a cardiovascular disease risk factor often associated with
endothelial dysfunction %2, and loss of arterial compliance in both the large and the
small arteries *°, Advancing age is associated with increased expression of various
inflammatory markers in the vascular wall interleukin-1 (IL-1), interleukin-6 (IL-6),
and Tumor Necrosis Factor-o (TNF-a), leading to vascular wall changes and
eventually nitric oxide bioavailability '*2. The up regulation of the expression of
adhesion molecules in the vascular wall is the initiating event in this process and
allows leukocytes and monocytes to penetrate into the subendothelium space where
TNF-0, IL-6, and other cytokines are released, resulting in additional circulating
cytokines 2. High sensitive C-reactive protein (hsCRP) is a systemic marker for
inflammation that has been associated with the risk for cardiovascular disease '2,
and is released by the liver in response to IL-6 %', Duprez et al. support the
hypothesis that hsCRP is associated with large arterial, but not with small arterial
elasticity in asymptomatic individuals *'.

Wong et al. examined both large and small arterial elasticity in patients with
rheumatoid arthritis (RA) and in healthy controls '*°. In addition, vascular health

was compared and related to traditional vascular risk factors and measures of RA
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disease activity and inflammation. As expected, hsCRP and VCAM-1 values were
significantly elevated in RA subjects compared to controls. There was an inverse
association with large and small arterial elasticity in both groups, with RA patients
having a lower average large and small arterial elasticity. These values were also
inversely correlated with markers of inflammation. This study found that vascular
function is abnormal in RA, with reduced large and small arterial elasticity, and
inversely associated with measures of inflammation. A study by Grey et al. showed
that a reduction in large arterial elasticity of 2 ml/mmHgX10 was associated with a
33% increase in cardiovascular events .

The early detection of vascular damage and the identification and treatment
of vascular inflammation and inflammatory diseases may reduce the personal and
economic burden of increased disorders secondary to inflammatory diseases. Tools
such as PCA can be used easily to noninvasively examine the integrity of the
vasculature, and hsCRP can be measured with a simple blood test to examine any
potential systemic inflammation.

Aerobic Exercise and Arterial Elasticity

Regular exercise could influence endothelial function and may improve the
cardiovascular risk profile. The cardiovascular benefits of exercise are well
established, including improving endothelial function in patients with,

6

hypercholesterolemia , metabolic syndrome *°, lowering blood levels of low

density lipoprotein cholesterol (LDL-C) %, and decreasing risk for chronic heart

failure >,
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It has been suggested that aerobic exercise improves endothelial function in
different vascular beds. However, the beneficial effects on the vasculature were not
maintained in the absence of exercise, hypothesizing the importance of continuous
exercise >!. Physical conditioning has beneficial effects on the cardiovascular
system and the immune system 103 " Regular exercise diminishes the occurrence of
developing ischemic heart disease, and reduces the chance of coronary mortality or
morbidity after an acute myocardial infarction ’. Several examinations have
provided strong evidence that regular physical exercise attenuates the age-related

4 2 . . .
32,43, 112,115 proposing that physical exercise can counterbalance

vascular changes
the effects of aging on the atherosclerotic vascular process. Jensen-Urstad et al.
examined the elasticity of large arteries in elderly men with and without a life-long
history of regular strenuous endurance exercise **. Arterial elasticity was measured
using ultrasound. They found that subjects with a life-long history of exercise had
more elastic arteries than their control counterparts. However, this study only
investigated very physically fit and sedentary individuals, had a very small sample
size, and limited their analysis to only men. The results from this study cannot be
generalized to other physical activity levels or populations.

The suggested mechanism for the increase in arterial compliance with
aerobic exercise is that the increased pulse pressures and mechanical distension
during the exercise sessions “stretches” collagen fibers and modifies their cross-
linking, thereby increasing arterial compliance. Arterial compliance can also be
altered over a short time period, even acutely, via modulation of the sympathetic-

adrenergic tone of smooth muscle cells in the arterial wall s,
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Regular aerobic exercise training is efficient in delaying and attenuating
arterial stiffness in healthy adults ''"* !>, However, the specific effect of resistance
training on the vasculature still remains controversial.

Resistance Exercise and Arterial Elasticity

In recent years, resistance exercise prescription has become more widely
acceptable in the various therapy settings, including cardiac rehabilitation settings.
This type of exercise prescription is used most often in the prevention and
attenuation of loss of bone mineral density and other related risks, such as
predisposition for falling and functional disability *. Resistance training is strongly
recommended as a preventative intervention in the elderly to enhance quality of life
and activities of daily living 8 It is reasonable to suggest that with increased
muscular strength and greater bone mass, the elderly would be more physically
active and gain some of the same beneficial effects on the vasculature as seen with
endurance exercise.

However, a cross-sectional study by Miyachi et al. demonstrated that
resistance training was associated with lower central arterial compliance, and that
the age-related reductions in arterial compliance were greater in the resistance
trained men than in sedentary men, suggesting that resistance exercise does not have
similar favorable effects as endurance training *. Another study by the same
author 7 examined a resistance training intervention lasting four months. The
subjects participated in three supervised sessions each week for four months and
detraining for a subsequent four months. The control group was instructed not to

alter their normal levels of activity throughout the training period. The study
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showed that arterial elasticity decreased in the resistance-training group, but not in
the control group. The decrease in arterial elasticity returned to baseline levels
during the detraining period, confirming that the change in arterial elasticity was
due to the resistance training. While these past two studies only examined men, it
has been shown that similar vascular responses with resistance training also can be
observed in healthy women '°,

A possible explanation for this reduced central arterial compliance in
resistance trained men may be that the acute intermittent elevations in arterial blood
pressure in the cardiothoracic region during resistance exercise may result in
chronic increases in the smooth muscle content of the arterial wall and the load-
bearing properties of collagen and elastin. During each bout of resistance exercise,
arterial blood pressure is known to increase as high as ~320/250mmHg. Another
potential physiological mechanism is that the higher sympathetic nervous system
activity in resistance-trained men may have acted to reduce arterial compliance by
providing chronic restraint on the arterial wall through greater sympathetic
adrenergic vasoconstrictor tone "

Cortez-Cooper et al. examined the effects of 11 weeks of high intensity
resistance training on arterial stiffness and wave reflection in women '°. They
examined 23 healthy women (29 + 1 years) that were either sedentary or
recreationally active, but that did not participate in resistance training. The subjects
performed a variety of lower and upper body exercises. The first 4 weeks of the
training program, the subjects performed three sets of ten-repetition exercises until

concentric failure. The following 4 weeks, three sets of five-repetition exercises
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were completed. The last 3 weeks of the training intervention consisted of
supersets, upper body exercise paired with lower body exercise, using six sets of
five repetitions in which the weights increased for four sets followed by a decrease
for two sets. Carotid augmentation index and pulse wave velocity as a measure of
large arterial stiffness, increased significantly for the training group compared to
that of the control group. Carotid-femoral PWV increased significantly in both
groups, and was attributed to a possible increased physical activity for the control
subjects due to seasonal variations.

One recent study showed that twelve weeks of resistance training performed
five times per week did not alter central arterial compliance, suggesting a dose
response relationship with resistance training *°. There still exist gaps involving the
physiological mechanism(s) responsible for the changes in the vasculature with
resistance training. Other studies have examined the acute effects of resistance
training on arterial compliance. During exercise, plasma norepinephrine levels are
elevated after an acute bout of resistance exercise, which may suggest the possibility
that sympathetic vasoconstrictor tone may also be elevated after exercise 80 With
this as background information, DeVan et al. examined the acute effects of one bout
of resistance exercise on central arterial compliance 2. Sixteen healthy sedentary or
recreationally active adults were studied under parallel experimental conditions on 2
separate days. The order of experiments was randomized between resistance
exercise (9 exercises at 75% of 1RM) and sham control (seated rest in the exercise
room). Arterial compliance was determined noninvasively with a combination of

ultrasound imaging at the common carotid artery with simultaneous applanation of
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tonometrically obtained arterial pressures from the contralateral carotid artery.
Central arterial compliance was decreased immediately and 30 minutes after
resistance exercise. These measurements returned to baseline levels within 60
minutes after resistance exercise. So, the acute effects of resistance exercise on
arterial stiffness are transient in nature, and the reduced elastic properties of the
large arteries could be a result of the chronic effects of resistance exercise
training.

Examining additional regional arterial stiffness effects after exercise,
Kingwell et al. showed that a 30-minute bout of moderate cycling using both legs,
increased arterial elasticity 30 minutes after the exercise **. They hypothesized the
possible influence of systemic (e.g. sympathetic nervous activity, circulating
hormones) and regional (e.g. endothelial-derived vasoactive substances) factors in
changing the vascular tone. So, Sugawara et al. hypothesized that the exercise-
induced decrease in arterial stiffness would mainly be caused by regional factors 107,
The effects of low-intensity single-leg exercise on regional stiffness were examined
in young men. Their findings suggest that the acute decrease in stiffness in the
midsized conduit artery with a low-intensity, short-duration exercise may be
mediated by regional factors rather than by systemic factors.

Bertovic et al. suggested that resistance training was associated with
increased arterial stiffness and high blood pressure ? They also suggested the
possibility that the higher blood pressure among the resistance trained individuals

promoted increases in arterial stiffness. Other studies have reported that the blood
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pressure response during eccentric contractions is smaller than that during
concentric contractions > 7.

With the previously information at hand, Okamoto et al. examined the
effects of eccentric resistance training and concentric resistance training on arterial
stiffness in 29 healthy female adults **. This study also examined the change in
arterial stiffness after detraining to understand the effect of resistance training better.
The subjects were randomized into an eccentric training group, concentric training
group, or a sedentary group. The training groups performed resistance training three
times per week for eight weeks. The nondominant arm was selected for training to
minimize the effects of daily activities. The training consisted of 5 sets of 10
repetitions of an arm curl. Prior to the training, I1RM in arm curling was
determined. The load was set to 100% of 1RM for eccentric training and 80% of
1RM for concentric training. Brachial blood pressure, brachial-ankle pulse wave
velocity (baPWYV), carotid artery intima-medial thickness (IMT) and carotid arterial
lumen diameter was determined before and after training and after detraining. The
baPWYV before training did not differ between the groups. After eight weeks of
resistance training, the arterial stiffness in the concentric group increased compared
with the eccentric group and the sedentary group. However, baPWV, IMT and
carotid lumen diameter in the eccentric and concentric groups were unchanged by
eight weeks of resistance training. This suggests that eccentric resistance training
may be effective as an exercise prescription for this population. More studies are

needed in the future to examine the effect of whole body eccentric resistance

training in an older population.
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Maeda et al. examined the effect of leg resistance training on arterial
stiffness in older men . The subjects completed three sets of knee extension and
flexion (10 repetitions at 60% 1 RM) twice per week for 12 weeks. Resistance
training had no effect on arterial stiffness as assessed by aortic pulse wave
velocity.

Aerobic Exercise and Resistance Exercise Combined

Regular aerobic exercise and resistance training are often recommended for
the prevention and treatment of cardiovascular disease and frailty associated with
aging. Regular endurance-type exercises seem to have beneficial effects for
preventing or attenuating arterial stiffness in middle-aged and older adults 7615 In
contrast to the beneficial effects seen with endurance exercise, resistance training is
associated with an increase, rather than a decrease in arterial stiffness ™ So, regular
aerobic exercise and resistance training seem to exert opposite effects on the elastic
properties of the arterial wall. The following studies will examine the effects of
performing a combination of endurance and strength training on arterial elasticity.

Cook et al. examined central and peripheral arterial compliance in middle-
aged and older rowers and in age-matched sedentary controls 18 They used a cross-
sectional design to determine arterial compliance of 15 healthy, habitual rowers and
15 healthy sedentary controls. The mean age for the two groups was 50 years and
52 years, respectively. The rowers had been training for approximately five years,
once per week. The two groups were matched for age, body composition, blood
pressure, and metabolic risk factors. Central arterial compliance was determined

with simultaneous ultrasound and applanation tonometry on the common carotid
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artery. Central arterial compliance and carotid B-stiffness index was lower in
rowers than in sedentary controls. There were no group differences in peripheral
arterial compliance. These results suggest that regular rowing exercise in middle-
aged and older adults is associated with a favorable effect on central arterial
compliance, and that simultaneous performed endurance training may negate the
stiffening effect often seen with resistance training.

The combined effect of endurance and resistance training has also produced
favorable effects in other cardiovascular aspects. Four months of combined
endurance and resistance training has shown to have an anti-inflammatory effect in
patients with moderate to severe heart failure due to coronary artery disease !’.

After eight weeks of training involving a combination of cycle ergometry, treadmill
walking and resistance training, there was an improvement in resistance vessel
endothelial vasodilator function in patients with type 2 diabetes *’. Another
examination by the same author, concluded that a combination of aerobic and
resistance training improves endothelium-dependent and —independent vascular
function in patients with chronic heart failure ®. Kawano et al. examined the effects
of moderate resistance training as well as a combination of resistance and endurance
training on arterial compliance **. Thirty-nine healthy young men were assigned
either to moderate intensity training, combination resistance training and endurance
training or a sedentary control group. Carotid arterial compliance (assessed by
simultaneous carotid ultrasound and applanation tonometry) decreased
approximately 20% after the moderate resistance training, with no changes observed

in the combination or control group. This suggests a combination of resistance and
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endurance training should be performed in order to negate the stiffening of the

arteries.

Summary

A growing body of evidence suggests that obese individuals with excess
abdominal fat are at higher risk for cardiovascular disease 5 Furthermore, visceral
adiposity in particular has been identified as a key regulator of inflammation, as is
secreting proinflammatory cytokines, such as TNF-a, IL-6, and CRP.‘ These
markers further induce endothelial expression of adhesion molecules, which are
central in the beginning stages of atherosclerotic plaque build up 134 Studies have
reported higher circulating levels of proinflammatory cytokines in obese men %’ and
women **. Obesity is associated with hypertension and increased concentration of

27,134

circulating inflammatory markers , which further is associated with

atherosclerosis and hardening of the arteries, i.e. arterial stiffness '

Weight loss has been shown to down regulate the inflammatory state and
ameliorate endothelial function in women '**, and in hypertensive and normotensive
men 2/, Endurance training has been shown to decrease blood pressure 2 and

increase arterial elasticity in young healthy men in both cross-sectional, ¥ and

16, 50, 81

intervention studies . The effect of resistance training on arterial elasticity is

65,95

still unclear, with reports of no effect , as well as an observed increase in arterial

74, 84
1

stiffness in both cross-sectiona and intervention "> studies. The newest

approach introduced in the literature is to perform a combination of both endurance

and strength training, as this has showed favorable outcomes thus far '®*,
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CHAPTER III
METHODOLOGY

The primary purpose of this study was to examine the effect of twelve weeks
of resistance training on large (C1) and small (C2) arterial elasticity in
premenopausal women, and a group of healthy controls. The secondary purpose
was to examine the relationship between C-reactive protein and arterial elasticity in
these women. Subjects were healthy women between the ages of 19 and 48 years,
and who were not taking hormone replacement therapy, antihypertensive drugs, or
hormonal birth control. Measurement variables included large and small arterial
elasticity, the inflammatory marker, CRP, and muscular strength (1-RM) for seven
resistance exercises.
Subjects

The subjects for this study were healthy, premenopausal women between the
ages of 19 and 48 years of age (n = 32). The subjects were recruited from the
University of Oklahoma, Norman campus and the surrounding areas via recruitment
flyers posted in public areas and flyers mailed to prospective subjects at the
University of Oklahoma, Norman campus (Appendix A). Subjects read and signed
a written informed consent as approved by the University of Oklahoma Institutional
Review Board (Appendix B). All methods and procedures were approved by the
University of Oklahoma Institutional Review Board (IRB No. 11551) (Appendix C).
Approximately half of the subjects enrolled in the study in the fall, whereas the
other half enrolled after Christmas break and trained through the spring. Most of

the control subjects were recruited after Christmas.
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Inclusion Factors
1. The subjects were healthy premenopausal women between the ages of 18

and 50 years.

2. Subjects were free of cardiovascular disease, peripheral arterial disease,
coronary heart disease, non-smokers, not pregnant, not on hormone
replacement therapy, not taking antihypertensive drugs or any hormonal
birth control.

3. Subjects had the cognitive ability to give written consent and to follow
the given guidelines.

Exclusion Factors

1. Subjects with a history of cardiovascular disease, coronary heart disease,
and peripheral arterial disease were not allowed to participate.

2. Women with diabetes mellitus were not allowed to participate.

3. Those who were currently taking hormone replacement therapy or taking
antihypertensive drugs, hormonal birth control, or were pregnant, were
not allowed to participate.

Research Design

This study employed a mixed factorial repeated measures design as a control
group and a training group was assessed before and after the 12 week training
period. The subjects were screened during a telephone interview, where the
procedures were reiterated again. Once cleared, the subjects were assigned either to
a resistance-training group (T, n =21) or a control group (C, n = 11). The training
subjects were assigned either to a morning session (6:30am; 7:15am) or an

afternoon session (4:30pm; 5:15pm) based on the subject’s availability. The
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training sessions were held on Monday, Wednesday, and Friday in the
Neuromuscular Laboratory, located in the Department of Health and Exercise
Science on the University of Oklahoma-Norman campus.

The first visit to the Bone Density Laboratory, also located at the
Department of Health and Exercise Science on the University of Oklahoma-Norman
campus, consisted of completing the informed consent and questionnaires about
calcium intake, menstrual history, health status questionnaire (Appendix D), a
baseline total body DXA scan, and baseline measures of large and small arterial
elasticity. Following the first visit, an appointment was made to visit Goddard
Health Center at the University of Oklahoma-Norman campus for a baseline blood
draw. The subjects began a twelve week supervised resistance-training program at
the Neuromuscular Laboratory at the Department of Health and Exercise Science.
Strength was assessed by 1-RM at baseline, after six weeks of training to apply
progressive overload, and then at twelve weeks. Blood draws, DXA scans, and
measures of arterial elasticity were assessed at baseline and at the end of twelve
weeks of training.

Resistance Training

The resistance training exercises primarily targeted sites at the hip and leg,
and lower leg muscle groups. The following exercises were selected:

* Hip flexion (standing position on a multi-hip machine)

* Hip extension (standing position on a multi-hip machine)

* Hip abduction (standing position on a multi-hip machine)

* Hip adduction (standing position on a multi-hip machine)
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* Supine leg press

* Biceps curl (using dumbbells)

* Triceps extension (using dumbbells)

* Calf (using a plate-loaded weight machine)

* Shin (using a plate-loaded weight machine)

The resistance exercises were performed using isotonic weight training
equipment (Cybex Inc., Medway, MA) with a concentration on the hips, tibialis
anterior and soleus muscles. The first week was familiarization of the equipment
and exercises to prevent potential injuries. Trained personnel demonstrated proper
use of equipment, and on week two, a 1-RM was determined. The biceps curl and
the triceps extension exercises were not tested for 1-RM, and the weight selected for
the exercises was chosen at the subject’s own discretion. A proper warm-up was
encouraged before the each exercise session, either walking or riding the stationary
bicycle. The 1-RM was obtained by finding the maximum load that the subject
could move with good form through the entire range of motion. Two warm-up sets
with 8-10 repetitions and 3-5 repetitions with progressing load were completed
before the first 1-RM attempt. The 1-RM was found within 5 attempts, with 1-
minute rest between each attempt. The 1-RM testing was supervised and recorded
by trained personnel (Appendix E).

The subjects performed two sets of eight repetitions at 80% of their 1-RM
for all hip exercises. The remaining exercises consisted of three sets of eight
repetitions at 80% of their 1-RM. Each exercise session was completed in about 30

minutes. During each training session, the subject personally recorded the number
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of repetitions, amount of weight lifted and the number of sets for each of the
exercises on a computer-generated work out log that specified the correct amount of
weight to be used (Appendix E). Trained personnel supervised all exercise sessions,
encouraged participants, and helped to change the weights whenever necessary.

The first week of training consisted of familiarization with light weights for the
subjects. During the second week, a 1-RM was obtained over two training sessions.
The subjects performed 1-RM for half the exercises during session one and lifted
weights for the resistance exercises not tested that day. The reminder of the 1-RMs
were performed during session two with subjects lifting weights for the exercises
tested during session one. The third session of the second week was the subjects
first day of training at 80% of their 1-RM. The same protocol was followed for the
mid-and post testing.

The week by week training schedule is depicted below.

Wk.1 Wk.6 Wk.12

N I N O N
T

Fam. 1-RM Load 1ILoad Load Load I1-RM Load Load Load Load 1-RM

Body Composition Measurements
Dual energy x-ray absorptiometry (DXA) (GE Medical Systems, Lunar

Prodigy) was used to determine body composition before and after the training
period. DXA is a noninvasive measuring tool, which requires little participation
from the subjects. The subjects were asked to remove any metal or clothing

containing metal, before laying down in a supine position on the DXA platform.
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The subject must lie still as the scanner arm moves across the body in a posterior to
anterior direction.

The DXA scan is based on high and low energy levels of X-ray passing
through tissue, and the exposure to radiation is minimal. The low energy beam can
only pass through the soft tissue, whereas the high-energy beam can pass through
bone. Standard protocol was followed to ensure high accuracy. The analyses of the
scans were analyzed using the encore software (GE Medical Systems, version
8.50.093) (Appendix F). Quality Assurance procedures were performed every day
to ensure proper calibration prior to scanning.

The DXA scan provided information on the subject’s BMD (g/cmz), bone
mineral content (g), and percent body fat. Qualified technicians performed all scans
and analyses. The coefficient of variation for total body BMD using DXA in the
Bone Density Research Laboratory is 1%.

Pulse Contour Analysis (PCA)

Arterial stiffness was measured using the HDI/Pulsewave ™CR-2000 and the
CVProfilor™ DO-2020 CardioVascular Profiling System (Hypertension
Diagnostic, Inc., Eagan, Minnesota, USA). The device consisted of an oscillometric
blood pressure module, a noninvasive Arterial PulseWave™ Sensor and a 486-75
MHz computer and medical electronics, which included a touch screen and
software. The blood pressure cuff that was placed around the patient’s left upper
arm was connected to the rear panel of the unit with a hose.

The height and weight was measured and entered into the 486-75 MHz

computer. The subject rested in a supine position for approximately five minutes.
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An appropriate-sized cuff was wrapped around the subject’s upper left arm. A rigid
plastic wrist stabilizer was placed on the subject’s right wrist to minimize any
movement and stabilize the radial artery during the three 30-sec collection of blood
pressure waveform data (Appendix G). A non-invasive Arterial PulseWave™
Sensor was positioned on the surface of the skin overlying the right radial artery at
the point of the strongest pulsation to capture an analog blood pressure waveform.
The sensor was adjusted to the highest relative signal strength, without occluding
the artery. Three consecutive trials were performed, since one-way analysis of
variance showed no significant differences between the trials, the trials were
averaged for the subsequent analyses.

This noninvasive instrument has proven to be a reliable > 52!
measurement of large and small arterial elasticity, and useful in its method for
assessing atherosclerosis >, The investigator’s precision of the PCA measurements
was determined by measuring 9 healthy men and women two different times, 2-3
days apart. To avoid potential diurnal variations, the subjects were tested in a fasted
and rested state at the same time of day for both visits. The coefficient of variation
for C1 and C2 measurements obtained by the same operator, were 12% and 12%,
respectively. The intraclass correlation coefficients for C1 and C2 were 0.797 and
0.984, respectively.

Blood Sampling

Venipuncture blood collection from the antecubital vein occurred in the

morning after at least eight hours of fasting, and with the subjects in a resting

condition. A certified phlebotomist or a registered nurse at Goddard Health Center
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performed the blood draws. A sample of 6 ml of blood was collected. The samples
were centrifuged and serum samples were aliquoted into 0.5 ml vials and frozen at
-70°C until the time of the C-reactive protein (CRP) assays. To reduce protein
degradation, the serum was only thawed once prior to the assays.
Biochemical Assays

CRP was measured in duplicate by enzyme-linked immunosorbent assay
(ELISA) kits (Alpco Diagnostics, Salem, NH). The enzyme absorbance was
determined using a spectrophotometer (Packard, Downers Grove, IL) and the CRP
concentration was calculated using a standard calibration curve. CRP units are
reported in mg/l. The normal range for healthy adults is 0.068 — 8.2 mg/l. The
intra-assay coefficient of variation was 6.7% and 8% and the inter-assay coefficient
of \}ariation was 16%.

The CRP assay protocol was completed according to the following
guidelines (Appendix H):

1. Allow serum and kit to come to room temperature.

2. Wash Buffer: (1:10) 450 ml dH20 + 50 ml wash buffer.

3. Antibody Solution: (1:100) 100 pl antibody + 10 ml wash buffer.

4. Sample Dilution (1:100) 10 pl sample + 990 pl dilution buffer.

5. Pipette 10 ul of the Standards (A-F), Controls (high and low), and

Unknowns followed by 100 pl of the antibody solution.
6. Cover microwell samples with sealing tape, place and attach with foam

and tape onto Innova 2000 platform shaker (New Brunswick Scientific,
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Edison, NJ), and incubate at room temperature for 60 minutes at 300
rpm.
7. The microwells are washed 5 times with 250 pl of wash solution using
the MultiWash Microplate Washer (Tri Continent, Grass Valley, CA).
After the wash the microwells are blotted dry.
8. Add 100 pl of the diluted antibody to each well and incubate for 60
minutes on the Innova 2000 platform shaker as previously described.
9. The microwells are washed 5 times with 250 pul of wash solution as
previously described.
10. Add 100 pl of Substrate Solution to each well and incubate at room
temperature for 10 minutes in the dark.
11. Add 50 pl of Stop Solution to each well.
12. Read absorbance at 450 nm in the Spectracount Plate Reader (Packard,
Downers Grove, IL).
Data Analyses
All descriptive analyses were reported in mean + standard error (SE) for the
dependent variables. The effects of the training on large and small arterial elasticity
and CRP were analyzed by two-way (group X time) repeated measures analysis of
variance (ANOVA). Pearson Product Moment Correlation Coefficients were
computed to determine the relationships among the arterial elasticity variables and
CRP. Percent changes from baseline in arterial elasticity, CRP and strength were
calculated (%A = (post-pre/pre)*100) and a one-way ANOV A was used to examine

any significant group differences. Analysis of Covariance (ANCOVA) was used to
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examine large arterial elasticity responses after adjusting for body weight, BMI, and
% body fat. The level of significance was set at p < 0.05. All statistical procedures

were performed by SPSS 11.5 software (Chicago, IL).
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CHAPTER 1V
RESULTS AND DISCUSSION

The purpose of this study was to examine the effects of a 12-week resistance
training program on large (C1) and small (C2) arterial elasticity and the
inflammatory marker C-reactive protein (CRP). Subjects were healthy
premenopausal women, between the ages of 19 and 48 years, who were not taking
any hormonal contraceptives. Primary outcome measures included large and small
arterial elasticity and the biochemical marker of inflammation, CRP.
Subject Characteristics

A total of 43 subjects were recruited, however 7 subjects did not start the
program for a variety of reasons. The reasons were time commitment, a primary
focus on lower body exercises in the training program, and not being able to contact
subjects after the first visit. Two training subjects had to withdraw after eight weeks
due to family illness and one control could not participate in post testing due to
family illness. Thirty-four subjects completed the 12 weeks; however, two control
subjects could not participate in the 1-RM post testing due to physical injuries
outside the study, and were excluded from the statistical analyses. Thirty-two
subjects completed the 12 weeks of the study and were used in the analyses. The
subjects in the intervention group completed ~ 85 % of the scheduled training
sessions.

Subjects were assigned to experimental groups based on their availability to

train in the morning or in the afternoon. Table 1 displays the baseline physical
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characteristics. There were no significant differences (p > 0.05) between groups for

these variables at baseline.

Table 1. Physical Characteristics at Baseline for each Group.

Group
Variable Training (n = 21) Control (n = 11)
Age (yrs) 332+21 36.8+3.2
Body Weight (kg) 742+45 67.0+3.3
Height (cm) 166.1 + 1.1 165.6 £ 2.1
BMI (kg/m?) 266*14 244 £ 1.1
Body Fat (%) 36.5+18 357+ 3.1
BSA (m?) 1.8+.05 1.7+ .04
FFM (g) 42684 + 1735.3 : 39103 + 1254.3
Values are means + SE. BMI; Body Mass Index, BSA; Body Surface Area, FFM; Fat Free

Mass.

There were no significant (p > 0.05) changes from baseline in BMI, weight, %body
fat, or fat free mass for any of the groups.
Cardiovascular Responses to Training

Table 2 shows the mean baseline and post-test cardiovascular measures for
the training and the control groups. Repeated measures ANOVA (time x group)
revealed that diastolic blood pressure had no significant group (p = 0.828), or
group*time interaction effects (p = 0.947), but did show a significant time effect (p
=(.049). Diastolic blood pressure decreased over time for both groups. Systolic
blood pressure showed no group (p = 0.641) or group*time interaction effects (p =
0.665), but did show a trend for time effect (p = 0.073). Heart rate, pulse pressure,
systemic vascular resistance, and total vascular impedance did not significantly (p >
0.05) change from baseline to the end of the training period. The percent changes of

these variables are shown in Table 3.
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Table 2. Cardiovascular Variables.

Group

Training (n = 21) Control (n = 11)
Variable Pre Post Pre Post
RHR (beats/min) 66.3+1.9 652124 617129 58.9 £ 3.1
SBP (mmHg) 118.9+2.4 116.2+ 3.0 117.9+ 3.0 1136 +2.1
DBP (mmHg) 69.0+20 66.6 £ 2.1* 69.6+27 67.4+2.1*
Hypertension (%) 19 9.5 18 9
PP (mmHg) 49.8+1.2 495+13 482+ .9 46.1+ .8
C1 (mi/mmHg x 10) 159+ 6 17.2+£1.1* 16.0+£.9 18.1+£1.3*
C2 (ml/mmHg x 100) 765 78+ .6 82+.9 86+.9
CRP (mg/L.) 227 253+ .6 1.3+ .6 1.6+ .8
SVR dyne-sec.cm™ 1263.9+63.2 11674476 133401572 128461449
TVI dyne-sec-cm™ 126.516.4 1202+ 5.4 128.4 £ 5.3 1205+ 3.9

*p < 0.05, Values are mean + SE. RHR; Resting Heart Rate, SBP; Systolic Blood Pressure,
DBP; Diastolic Blood Pressure, Hypertension defined as SBP/DBP > 130/85 mmHg,

PP; Pulse Pressure,C1; Large Arterial Elasticity, C2; Small Arterial Elasticity,

CRP; C-Reactive Protein, SVR; Systemic Vascular Resistance, TVI; Total Vascular
Impedance.

Table 3. Mean + SE Percent Change in Cardiovascular Variables After Training.

Group
Variable Training (n = 21) Control (n = 11)
RHR (beats/min) -1.03 £ 3.51 -4.52 +1.85
SBP (mmHg) -2.04 +2.01 -3.38+1.38
DBP (mmHg) 316 £1.77 2.61+£229
PP(mmHg) 0.18 £2.92 -4.21 +£1.03
SVR dyne-sec-cm™ -5.38 + 3.67 -3.15 +2.47
TVI dyne-sec:cm™ 2.34 + 4.84 -5.16 + 3.44

RHR; Resting Heart Rate, SBP; Systolic Blood Pressure, DBP; Diastolic Blood Pressure,
PP; Pulse Pressure, SVR; Systemic Vascular Resistance, TVI; Total Vascular Impedance.

Large and Small Arterial Elasticity

Based on the two-way (time x group) repeated measures ANOVA, there was
no significant group effect for C1 (p = 0 .723), but a significant time effect with an

increase in C1 (p = 0 .023) from pre to post test, and no significant interaction
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between time*group (p = 0.634). The same analyses for C2 revealed no significant
group (p = 0.497), time (p = 0.537), or significant time*group interaction effects
(p = 0.764). C1 showed an increase of 9% for the training group and 13% for the
control group, whereas C2 revealed a non-significant (p > 0.05) increase of 5.8%
and 11.5% for the training group and the control group, respectively. The relative
changes in C1 for both groups exceeded the CV for C1 (6.7%) determined in the
precision analysis.

After using Analysis of Covariance (ANCOVA) to adjust for body weight,
BMLI, and percent body fat in separate analyses, there was no longer a significant
time effect for C1 (p > 0.05). After adjusting for age, there still was a significant
time effect for C1 (p = 0.043), but no significant group (p = 0.377) or group*time
interaction effects (p = 0.468). The unadjusted C1 and C2 responses to 12 weeks of

training are presented in Figure 1 and Figure 2.

Figure 1. Large Arterial Elasticity (C1) Responses to 12 Weeks of Training,.
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* Significant time effect, p <0.05, Values reported as Mean + SE.
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Figure 2. Small Arterial Elasticity (C2) Responses to 12 Weeks of Training.
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No significant differences, p > 0.05. Values reported as Mean + SE.

Age and Arterial Elasticity
Since there was a large age range the study, the relationships between age

and arterial elasticity variables were examined using Pearson Product Moment
Correlation Coefficients. There was a significant negative correlation between C1
and age (r = -0.381, p = 0.032), indicating as age increased the elasticity of the large
arteries decreased. There was no significant relationship between age and small
arterial elasticity (r =-0.101, p = 0.581). After grouping the subjects into two age-
groups; (1): 19-33 years (n = 16) and (2): 34-48 years (n = 15), a one-way ANOVA
revealed that the older group had significantly stiffer large arteries (p = 0.002), but
not small arteries (p = 0.119) compared to the younger group. Figure 3 shows the

age group differences for large and small arterial elasticity.
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Figure 3. Baseline Age Group Differences for Large and Small Arterial Elasticity.
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CRP Responses to Training
Two-way Analysis of Variance with repeated measures (time x group) was

completed to examine CRP responses to training. There were no significant group
(p = 0.346), time (p = 0.641), or time*group interaction effects (p = 0.899). The
non- significant percent change in CRP was 83.9% and 9.1% for the training group
and the control group, respectively. After excluding three outliers, the percent
change in CRP was 46.8% for the training group. Figure 4 displays the CRP

responses to training.
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Figure 4. CRP Responses to 12 Weeks of Training.
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Values reported as Mean + SE.

Pearson Product Moment Correlation Coefficients were computed to
examine the relationships between CRP and cardiovascular and body composition
variables. As shown in Table 4, body weight, BMI, and percent body fat were

positively related (p < 0.05) with CRP.
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Table 4. Baseline CRP Correlations for All Subjects.

C-Reactive Protein (mg/L)

Variable r p-value
Age (yrs) 0.116 0.528
SBP (mmHg) 0.313 0.081
DBP (mmHg) 0.197 0.279
Pulse Pressure (mmHg) 0.306 0.089
SVR dyne'sec-cm™ -0.089 0.628
TVI dyne-sec-cm™ 0.035 0.848
Body Weight (kg) 0.44 0.012*
BMI (kg/m?) 0.474 0.006**
Body Fat (%) 0.507 0.003*
C1 (ml/mmHg x 10) -0.163 0.373
C2 (mi/mmHg x 100) -0.183 0.317

*p<0.01, *p<0.05. SBP; Systolic Blood Pressure, DBP; Diastolic Blood Pressure, SVR;
Systemic Vascular Resistance, TVI; Total Vascular Impedance, BMi; Body Mass Index,
C1; Large Arterial Elasticity, C2; Small Arterial Elasticity.

Muscular Strength Responses to Training,
The mean muscular strength values (kg) for the seven exercises (hip flexion,

hip extension, hip abduction, hip adduction, leg press, calf raises, and shin exercise)
are shown in Table 5. There were no significant differences (p > 0.05) between
groups at baseline for any of the strength variables, and the relative changes in
strength are presented in Figure 5 and 6.

Table 5. Muscular Strength at Baseline and After 12 Weeks of Training.

Group
Training (n = 21) Control (n = 11)

Variable Pre Post Pre Post

Hip Flexion 48.8+1.9 854 3.7ttt 51620 57.0+£3.8
Hip Extension 65.31+2.9 952 + 3.2t 72.3+4.0 754148
Hip Abduction 396112 59.2 +25**ftf 402120 439+ 24
Hip Adduction 492+ 1.8 69.0 + 3.3**t 52420 532127
Leg Press 107.3+4.4 1445+ 8.0t 101.2+61 111147
Calf Raises 516+27 885+45"ttt 462+34 58.4+57
Shin Exercise 17911 25.8 £ .8**¢ 19.6 £1.3 20.3+1.0

1p<0.05, 11p<0.01 Group effect; **p<0.01Time effect, $p<0.01 Group*Time interaction.
Values reported as Mean £ SE. Values are expressed in kilograms.

44

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Two-way (time x group) repeated measures ANOVA was carried out to
examine the muscular strength changes. There were significant group (p = 0.004),
time (p = 0.000), and group*time interaction effects (p = 0.000) for hip flexion
strength, with the training group becoming significantly stronger compared to the
control group during the course of the training period. The training group increased
in hip flexion strength 76.9% from baseline whereas the control group only
increased 10.5%. There was no group effect (p = 0.130), but a significant time
effect (p < 0.01), and a significant group*time interaction (p < 0.01) were found for
hip extension strength. The training group improved their strength by 44.1% from
baseline whereas the control group only increased 6.0%. The hip abduction exercise
showed significant group (p = 0.011), time (p = 0.000), and group*time interaction
effects (p = 0.000), with a 51.5% increase in strength observed for the training
group and a 9.4% increase for the control group. Hip adduction strength showed no
significant group effect (p = 0.087), however it did show a significant time effect (p
= 0.000) and group*time interaction (p = 0.000). The training group increased their

strength 41.6% from baseline and the control group increased 1.7%.
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Figure 5. Percent Changes for Hip Exercises from Baseline for Both Groups.
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**p < 0.01, Values reported as Means + SE.

The same analyses were carried out to examine leg press, calf raise and shin
exercise strengths. Leg press showed significant group (p = 0.034), time
(p = 0.000), and group*time interaction effects (p = 0.003), with a 34.6% increase
from baseline for the training group versus 12% for the control group. When
examining calf raises, the analyses showed éigniﬁcant group (p = 0.004), time
(p = 0.000) and group*time interaction effects (p = 0.000). There was a 74.3%
increase in calf strength from baseline for the training group and a 25% increase for
the control group. After examining shin strength, no significant group effect was
detected (p = 0.174), however there was a significant time effect (p = 0.000), and
group*time interaction (p = 0.001). The training group had a 55.2% increase in shin

strength from baseline, whereas the control group increased 6.2%.
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Figure 6. Percent Changes from Baseline for Leg Press, Calf Raises and Shin
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The relationship between total workload and C1, C2, and CRP for the
training group was examined using Pearson Product Moment Correlation

Coefficients. The analyses revealed no relationship between total workload and C1

(r=-0.10, p = 0.965), C2 (r = -0.159, p = 0.492), and CRP (r = 0.083, p = 0.721).

Discussion
The current study examined the effects of resistance training on large and
small arterial elasticity and the inflammatory marker, CRP, in healthy
premenopausal women. The uniqueness of this study is the examination of arterial
elasticity following lower leg resistance training in women. It has been well
documented in previous research that endurance training increases arterial elasticity
31,32,43, 112, 115

, Whereas the effect of resistance training on arterial elasticity is still

unclear, with contradictory results documented 9.19.20.74,75,83,85,94.95 " Most of the
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studies have shown a decrease in arterial elasticity following resistance training'® 7*

7, whereas others have shown no changes *°, or an increase in arterial elasticity »
The wide range of results leads us to speculate there may be a dose response impact
that needs further attention.

This study provides some interesting results in regards to the effect of
resistance training on arterial elasticity in women. To our knowledge, this is the
first study that examined arterial elasticity after 12 weeks of lower leg resistance
training in women. The current study did not find the negative effect on the arteries
that has been previously reported with resistance training. There are studies that
have reported an increase in arterial stiffness after 4 months of resistance training ”°,
whereas other have found arterial elasticity unchanged after 12 weeks of training *°.
The exact mechanism in which arterial elasticity is modified during resistance
training is not well understood. It has been suggested that the frequent increase in
arterial blood pressure * and shear stress °* in the arterial wall during resistance
training are contributing factors to the often observed decrease in arterial elasticity.
Other suggestions are greater sympathetic nerve activity, decreased nitric oxide

bioavailability, and increased levels of vasoconstrictor hormones *°.

Arterial Elasticity

The subjects for this study were healthy, premenopausal women, who did
not take any hormonal contraceptives. This study showed a significant increase
over the 12 weeks in large arterial elasticity (p < 0.05) for both groups. Since there
was an increase in arterial elasticity in both the training and control groups, the

changes cannot be attributed to the resistance training. A similar study which also

48

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



examined the effects of 12 weeks of leg resistance training on arterial function,
found no change in arterial elasticity with training 85 This study only examined
men, had a relatively small sample size (n = 11), and did not have a control group
for comparison. Since the subjects only exercised twice per week at 60% of 1-RM,
the resistance training program may not have been strenuous enough to elicit a
modification in the vasculature. Cortez-Cooper et al. examined arterial stiffness
after 11 weeks of high-intensity resistance training in young women '°. The first 4
weeks the subjects performed three sets of ten repetitions until failure, followed by
another 4 weeks of three sets of five repetitions. In the last three weeks of the
intervention, upper and lower body exercises were paired and incorporated using six
sets of five repetitions in which the weights were increased for four sets then
decreased for two sets. They found an increase in large arterial stiffness in the
training group compared to that of the control group. This study did not agree with
our findings, which could possibly be due to a more strenuous training program and
the inclusion of upper body resistance exercises. Recreational resistance training
program or a therapy program is usually not as strenuous, which might explain some
of the variation seen in arterial elasticity with resistance training. This suggests that
there may be a dose response issue that needs to be further examined, and that
moderate intensity resistance training may not produce the negative effects on the
arteries, which is often observed with high intensity resistance training.

Kawano et al. examined the effects of moderate resistance training as well as
the combined resistance and endurance training on large arterial elasticity *.

Thirty-nine healthy men were assigned to either the moderate-intensity training
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(MODE) group, the combined resistance and endurance training (COMBO) group
or the sedentary control (CONTROL) group. The subjects trained 3 times per week
for 4 months followed by another 4 months of detraining. The COMBO group
completed three sets of 8-12 repetitions at 80% of 1-RM and the MODE group
completed three sets of 14-16 repetitions at 50% of 1-RM. The COMBO group
performed a cycle exercise at 60% of the maximal heart rate for a duration of 30
minutes, immediately after completing the resistance training protocol. This study
found a significant decrease in arterial compliance of approximately 20% after
MODE training, contrary to our results, and no significant changes were observed in
the COMBO or CONTROL groups. The study further showed that large arterial
compliance returned to baseline following the detraining period. Small arterial
elasticity did not change in any of the groups, which is in agreement with our study.
This study concluded that simultaneously performed endurance exercise and
resistance exercise could prevent the stiffening effect of the arteries that is often
seen with resistance training alone.

Our results are not in agreement with Miyachi et al. who showed that arterial
elasticity decreased after 2 months of resistance training . The subjects were non-
obese men aged 20-38 years old and trained 3 days per week, who completed 3 sets
of 8-12 reps at 80% of 1-RM, which is very similar to our study. However, this
study resistance trained both lower and upper body, compared to our focus on lower
body exercises.

For our study, the relative changes in C1 were 9% and 13% for the training

group and the control group, respectively. The changes observed in C1 are not
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believed to be due to measurement error as the coefficients of variation were small.
The increase in large arterial elasticity observed in the current study from pre to post
in both groups, could possible be due to increased physical activity with spring
approaching. Perhaps the subjects became more active outside the training study,
although they were instructed to continue their normal daily activity. Physical
activity outside the study was not controlled, which is a limitation, and it is possible
that if both the training group and the control group engaged in more endurance type
of activities, this could have had a positive effect on the elasticity of the arteries.
Recreational physical activity has been associated with increased arterial elasticity
38, 102, however, it is important to note that other studies have not found this
relationship 1o,

Our study found no significant changes in small arterial elasticity (p > 0.05),
which is in agreement with two other studies that found no differences in small
arterial elasticity between sedentary and resistance trained men '* and women '°. It
has been suggested that the decrease in arterial elasticity is more rapid in the large
arteries compared to the small *°, and that may explain why we did not observe any
changes in small arterial elasticity in just 12 weeks of training. Perhaps a training
program of longer duration is necessary to detect any changes in the peripheral
arteries.

Estrogen Status and Arterial Elasticity

Although the current study only examined premenopausal women, natural

menopause in healthy women has been shown to decrease arterial elasticity ',

whereas hormone replacement therapy seems to attenuate this process in
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postmenopausal women "> "® %, Previous studies have documented that healthy
premenopausal women have greater arterial elasticity compared to their
postmenopausal peers '>. The exact mechanism in which menopause exerts its
effect on the cardiovascular system remains unclear. In animal studies, it has been
hypothesized that estrogen has a vasodilatory effect on the vasculature, resulting in
greater elasticity of the arteries '°%. Further, studies have shown that
postmenopausal women who take hormone replacement therapy have more elastic
arteries compared to postmenopausal women who do not take any hormone
replacement therapy, further suggesting the beneficial effect of estrogen
supplementation. Another limitation of this study is that hormone supplementation,
menopausal status and physical activity was based on self-report, which often are
subject to recall bias and misclassification. Studies have reported that different
phases of the menstrual cycle can have an impact on arterial elasticity *°, whereas
others have not found this relationship '*’. My study did not examine baseline and
post-test arterial elasticity in the same phase of the subject’s menstrual cycle, which
could pose as a limitation of this study.

The current study only examined premenopausal women who were not
taking any hormonal contraceptives, so the slight increase in large arterial elasticity
in both the training group (9%) and the control group (13%), could not be attributed
to the intervention or hormone supplementation. It is possible that natural estrogen
levels in the subjects had a protective effect that resulted in a greater increase in

large arterial elasticity, contrary to similar studies completed in men > 7°.
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C-Reactive Protein
The current study examined the inflammatory marker C-reactive protein

(CRP), which is a marker of inflammation and is considered a risk factor for
cardiovascular disease ‘2. At baseline, there were no differences in CRP levels
between the training group and the control group (p > 0.05), and there were no
significant (p > 0.05) differences after the training period for any of the groups.

This study revealed a weak and non-significant (p > 0.05) relationship between CRP
levels and large and small arterial elasticity both at baseline and after the training
period. This is not in agreement with other studies, which found that raised

concentrations of CRP are associated with a decreased arterial elasticity or increased

21,70, 131 47,66

stiffness of the arteries in healthy individuals and in hypertensives
Why our data do not support the studies mentioned above is unclear. It could
possibly be due to technical error during the arterial elasticity measurement, the
subjects not complying with the proposed fasting and resting assumptions or too
small of a sample size to detect a significant relationship.

Further analyses showed that after twelve weeks of resistance training there
were no significant changes in CRP concentrations in any of the groups (p > 0.05).
However, CRP levels had a non-significant increase of 83.9% for the training group
and 9% for the control group. This large percent change was in part due to one
subjects’ increase in CRP levels from pre to post, but it is important to note that this
subject was still within the normal ranges for an adult. Just one other study was
found that examined CRP before and after resistance training in premenopausal

women. Cortez-Cooper at al. found no changes in CRP after 11 weeks of resistance

training, which is in agreement with our study 1 This study used a high-intensity
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strength training program, which was designed for the subjects to perform each set
of ten repetitions until failure. Most of the other studies are cross-sectional,
examined men and focused on different inflammatory markers.

Rall et al. also examined the effects of 12 weeks of resistance training on
various cytokines, including inflammatory markers such as TNF-a, IL-1, IL-2, and
IL-6 °. The resistance trained male subjects performed 8 repetitions (80% 1-RM),
3 sets, twice per week for 12 weeks. They reported that high-intensity resistance
training did not affect the concentrations of inflammatory markers, which is in
accordance with our study, although we measured a different marker.

Petridou et al. had their subjects perform 3 sets of 10 resistance exercises
with 10-12 repetitions at 70-75% of 1-RM in a circuit training fashion ¥’. This study
examined serum concentrations of vascular cell adhesion molecule-1 (VCAM-1),
intercellular cell adhesion molecule-1 (ICAM-1), E-selectin, P-selectin and L-
selectin. No changes were observed in the concentrations of these cell adhesive
molecules, suggesting no negative effect on immune function. This study examined
a small sample of young men, and did not investigate CRP.

For this study there was concern regarding the lapse in time between the last
1-RM and the blood draw, and whether or not this was a biological error in regards
to the results of the CRP concentrations Several cross-sectional studies have
examined various inflammatory markers that have shown minor changes in plasma
cytokine concentrations *', whereas others have shown that post-exercise changes in
cytokines do occur 72-144 hours after high-intensity resistance exercise, but when

compared to strenuous endurance exercise, they are generally of smaller magnitude
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and occur at a later time after the termination of exercise '*. With these conflicting
results, it is difficult to predict if it would have made a difference if the subjects had

their last blood draw a few days after completing their last 1-RM.

Muscular Strength
Muscular strength was assessed by 1-RM (kg) for seven exercises targeting

the lower body. The seven exercises tested were hip flexion, hip extension, hip
adduction, hip abduction, leg press, calf raises, and shin strength. There were no
significant (p > 0.05) differences in strength between the groups at baseline. From
baseline, the training group significantly (p < 0.05) increased 1-RM strength for hip
flexion, hip abduction, leg press, and calf raises at week 12 compared to the control
group. There were significant (p > 0.05) increases in strength from baseline for hip
extension, hip adduction, and shin exercise in both the training group and the
control group.

The training group had a significantly (p < 0.01) greater percent change for
the seven exercises compared to the control group. The greater percent increase in
hip flexion, hip extension, hip adduction and hip abduction compared to the control
group were 66%, 38%, 40%, and 42%, respectively. For the remaining exercises
(leg press, calf raises, and shin exercise), the training group had the following
greater increases in strength: 22%, 49%, and 49%, respectively, compared to the
control group.

Prabhakaran et al. had premenopausal women participate in resistance
training sessions (80% 1-RM), three days a week for 14 weeks *°. The control

group did not take part in any structured exercise during the training period. The
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training comprised of loading the major muscle groups (legs, arms, trunk, and lower
back). Subjects performed two sets of eight repetitions and went to exhaustion on
the third set. Fourteen weeks of resistance training resulted in a total increase in
strength for the eight exercises by 27%, whereas the control group either remained
unchanged or significantly decreased. This study has similarities to the current
study, however, the subjects in our study were on average a little older, and did not
exercise to exhaustion in the third set.

Another study by Cortez-Cooper et al. examined high-intensity and power
resistance training in healthy young women (mean age 29 years) ' The training
study lasted 11 weeks using a light-day/heavy-day periodized approach. The
specific exercises included bench, press, overhead press, weight-assisted paralle] bar
dip, dumbbell crossover pull, dumbbell rowing motion, deadlift, medicine ball drills
latissimus dorsi pulldown, dumbbell curls, and abdominal exercises. The first 4
weeks the subjects performed three sets of ten repetitions to failure. The subsequent
4 weeks, three sets of five repetitions were performed, and the last three weeks of
the intervention consisted of paired upper and lower body exercises using six sets of
5 repetitions which the weights increased for four sets then decreased for two sets.
The training group increased their maximal muscle strength by 20% for bench press
and 13% in squat. However, contrary to our study, this study did not have their

control group perform 1-RM exercises for comparison.
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CHAPTER V
CONCLUSIONS

The purpose of this study was to examine the effects of twelve weeks of
resistance training on large (C1) and small (C2) arterial elasticity in premenopausal
healthy women, and in a group of healthy controls. The secondary purpose was to
examine the relationship between the inflammatory marker C-Reactive Protein
(CRP), and arterial elasticity in premenopausal healthy women, and in a group of
healthy controls.

The following research questions were examined: 1) Will twelve weeks of
lower leg resistance training change arterial elasticity and levels of CRP in
premenopausal women? 2) What is the relationship between CRP and arterial
elasticity in premenopausal women?

Research Hypothesis 1. Twelve weeks of lower leg resistance training will
change arterial elasticity.

No, the results of this study did not support this hypothesis. Large arterial
elasticity significantly increased (p < 0.05) from pre to post for both groups, thus the
change cannot be attributed to the treatment. The training group had a 9% increase,
and the control group had a 13% increase (p > 0.05). There were no significant
changes in small arterial elasticity for any of the groups (p > 0.05). Non-significant
increases (p > 0.05) were 5.8% for the training group and 11.5% in the control
group. Furthermore, there were no significant changes in CRP levels after the

twelve week training protocol (p > 0.05).
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Research Hypothesis 2. It is expected that there will be a negative relationship

between C-Reactive Protein concentrations and arterial elasticity measures.
Yes, this study does support this hypothesis; however the relationships were

weak and non-significant (p > 0.05). There was a weak correlation between CRP

and C1 (r=-0.163, p=0.373), and C2 (r =-0.183, p=0.317).

Clinical Significance
The current study explored arterial elasticity after 12 weeks of lower body

exercises, and found an increase in large arterial elasticity for both the training
group and the control group, but these results can not be attributed to the resistance
training alone. This might suggest that resistance training alone may not have the
same effect on arterial elasticity in women as often observed in men. Further, if this
is correct, this could be a good approach for postmenopausal women who want to
preserve bone mass and muscle mass and at the same time keep their cardiovascular
system healthy. More research is needed examining whole body resistance training

and arterial elasticity in postmenopausal women.

Future Research Directions
Most of the arterial compliance research until now has primarily focused on

men, with women receiving very little attention. In the future it is important to
examine arterial elasticity in women and the various effects of training. With
advancing age and natural menopause, there seem to be a decrease in arterial
elasticity with the loss of estrogen. Future research should focus on: 1) exercise

interventions that will explore arterial elasticity in both premenopausal and
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postmenopausal women, and 2) the effect of a combination of endurance and
resistance training on arterial elasticity over time in both men and women. More
specifically; future studies should monitor physical activity outside the study,
measure estrogen levels and their association with arterial elasticity, incorporate
whole body resistance training, and explore a potential dose-response relationship in
terms of intensity and duration of the intervention. Examinations like this may play
an important role in determining what strategies to explore to achieve the most
beneficial effects on all aspects of health. With the limited data available on the
combination approach, we may speculate that the vasculature will improve with
endurance training and possibly prevent future cardiovascular events. Concurrently,
the resistance training aspect will enhance bone mass and muscular strength,

combined giving these subjects more independence and a greater quality of life.

59

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



REFERENCES

1. Ahimastos, A. A., M. Formosa, A. M. Dart, and B. A. Kingwell. Gender
differences in large artery stiffness pre- and post puberty. The Journal of
Clinical Endocrinology & Metabolism. 88:5375-5380, 2003.

2. Alavi, H., L. M. Prisant, D. Jupin, and A. Oracion, Comparison of arterial
elasticity measured in left and right arms using the HDI/PulseWave CR-
2000 Research System. Blood Pressure Monitoring. 7:277-280, 2002.

3. Arnett, D. K., G. W. Evans, and W. A. Riley. Arterial stiffness: a new
cardiovascular risk factor? American Journal of Epidemiology. 140:669-682,
1994,

4. Avogaro, A. and S. V. De Kreutzenberg. Mechanisms of endothelial
dysfunction in obesity. Clinica Chimica ACTA. 360:9-26, 2005.

5. Avolio, A. O., S. G. Chen, R. P. Wang, C. L. Zhang, M. F. Li, and M. F.
O'Rourke. Effects of aging on changing arterial compliance and left

ventricular load in a northern Chinese urban community. Circulation. 68:50-
58, 1983.

6. Avolio, A. P., F. Q. Deng, W. Q. Li, Y. F. Luo, Z. D. Huang, L. F. Xing, and
M. F. O'Rourke. Effects of aging on arterial distensibility in populations with
high and low prevalence of hypertension: comparison between urban and
rural communities in China. Circulation. 71:202-210, 1985.

7. Berlin, J. A. and G. A. Colditz. A meta-analysis of physical activity in the
prevention of coronary heart disease. American Journal of Epidemiology.
132:612-628, 1990.

8. Berry, K. L., J. D. Cameron, A. M. Dart, E. M. Dewar, C. D. Gatzka, G. L.
Jennings, Y. Liang, C. M. Reid, and B. A. Kingwell. Large-artery stiffness
contributes to the greater prevalence of systolic hypertension in elderly
women. Journal of the American Geriatrics Society. 52:368-373, 2004,

9. Bertovic, D. A., T. K. Waddell, C. D. Gatzka, J. D. Cameron, A. M. Dart,
and B. A. Kingwell. Muscular strength training is associated with low

arterial compliance and high pulse pressure. Hypertension. 33:1385-1391,
1999.

60

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Blacher, J., R. Asmar, S. Djane, G. M. London, and M. E. Safar. Aortic
pulse wave velocity as a marker of cardiovascular risk in hypertensive
patients. Hypertension. 33:1111-1117, 1999.

Blann, A. D. Endothelial cell activation, injury, damage and dysfunction:
separate entities or mutual terms? Blood Coagulation and Fibrinolysis.
11:623-630, 2000.

Boos, G.J. and G. Y. H. Lip. Elevated high-sensitive C-reactive protein,
large arterial stiffness and atherosclerosis: a relationship between
inflammation and hypertension? Journal of Human Hypertension. 19:511-
513, 2005.

Boutouyrie, P., S. Laurent, A. Benetos, X. J. Girerd, A. P. G. Hoeks, and M.
E. Safar. Opposing effects of ageing on distal and proximal large arteries in
hypertensives. Journal of Hypertension. 10:S87-S91, 1992.

Buskirk, E. R. and J. L. Hodgson. Age and aerobic power: the rate of change
in men and women. Federation Proceeding. 46:1824-1829, 1987.

Calver, A., J. Collier, and P. Vallance. Inhibition and stimulation of nitric
oxide synthesis in the human forearm arterial bed of patients with insulin-
dependent diabetes. Journal of Clinical Investigation. 90:2548-2554, 1992.

Clarkson, P., H. E. Montgomery, M. J. Mullen, A. E. Donald, A. J. Powe, T.
Bull, M. Jubb, M. World, and J. E. Deanfield. Exercise training enhances

endothelial function in young men. Journal of the American College of
Cardiology. 33:1379-1385, 1999.

Conraads, V. M., P. Beckers, J. Bosmans, L. S. De Clerck, W. J. Stevens, C.
J. Vrints, and D. L. Brutsaert. Combined endurance/resistance training
reduces plasma TNF-alpha receptor levels in patients with chronic heart

failure and coronary artery disease. European Heart Journal. 23:1854-1860,
2002.

Cook, J. N., A. E. DeVan, J. L. Schleifer, M. M. Anton, M. Y. Cortez-
Cooper, and H. Tanaka. Arterial compliance of rowers: implications for
combined aerobic and strength training on arterial elasticity. American
Journal of Physiology - Heart and Circulatory Physiology. 290:H1596-
H1600, 2006.

Cortez-Cooper, M. Y., A. E. DeVan, M. M. Anton, R. P. Farrar, K. A.
Beckwith, J. S. Todd, and H. Tanaka. Effects of high intensity resistance

training on arterial stiffness and wave reflection in women. American
Journal of Hypertension. 18:930-934, 2005.

61

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

DeVan, A. E., M. M. Anton, J. N. Cook, D. B. Neidre, M. Y. Cortez-Cooper,
and H. Tanaka. Acute effects of resistance exercise on arterial compliance.
Journal of Applied Physiology. 98:2287-2291, 2005.

Duprez, D. A., P. E. Somasundaram, G. Sigurdsson, L. Hoke, N. Florea, and
J. N. Cohn. Relationship between C-reactive protein and arterial stiffness in
an asymptomatic population. Journal of Human Hypertension. 19:515-519,
2005.

Dupuis, J., J. C. Tardif, P. Cernacek, and P. Theroux. Cholesterol reduction
rapidly improves endothelial function after acute coronary syndromes. The
RECIFE trial. Circulation. 99:3227-3233, 1999.

Ellis, K. J. Human Body Composition: In Vivo Methods. Physiological
Reviews. 80:649-680, 2000.

Esper, R. J., R. A. Nordaby, J. O. Vilvarino, A. Paragano, J. L. Cacharron,
and R. A. Machado. Endothelial dysfunction: a comprehensive appraisal.
Cardiovascular Diabetology. 5:1-18, 2006.

Fagard, R. H. and V. A. Cornelissen. Effect of exercise on blood pressure
control in hypertensive patients. European Journal of Cardiovascular
Prevention and Rehabilitation. 14:12-17, 2007.

Feigenbaum, M. S. and M. L. Pollock. Prescription of resistance training for
health and disease. Medicine and Science in Sports and Exercise. 31:38-45,
1999.

Ferri, C., G. Desideri, M. Valenti, C. Bellini, M. Pasin, A. Santucci, and G.
De Mattia. Early upregulation of endothelial adhesion molecules in obese
hypertensive men. Hypertension. 34:568-573, 1999.

Ferroni, P., S. Basili, V. Paoletti, and G. Davi. Endothelial dysfunction and
oxidative stress in arterial hypertension. Nutrition, Metabolism &
Cardiovascular Diseases. 16:222-233, 2006.

Flegal, K. M., M. D. Carroll, C. L. Ogden, and C. L. Johnson. Prevalence
and trends in obesity among US adults, 1999-2000. Journal of the American
Medical Association. 288:1723-1727, 2002.

Franklin, S. S., S. A. Khan, N. D. Wong, M. G. Larson, and D. Levy. Is
pulse pressure useful in predicting risk of coronary heart disease?
Circulation. 1000:354-360, 1999.

Fuchsjiger-Mayrl, G., J. Pleiner, G. F. Wiesinger, A. E. Sieder, M. Quittan,
M. J. Nuhr, C. Francesconi, H. P. Seit, M. Francesconi, L. Schmetterer, and

62

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32.

33.

34.

35.

36.

37.

38.

39.

40.

M. Wolzt. Exercise training improves vascular endothelial function in
patients with type 1 diabetes. Diabetes Care. 25:1795-1801, 2002.

Galetta, F., M. Rossi, F. Franzoni, and L. Credidio, Vagheggini, G.
Atherosclerosis vascular damage in elderly athletes and sedentary people.
Angiology. 48:623-628, 1997.

Gerhard, M., M. A. Roddy, S. J. Creager, and M. A. Creager. Aging
progressively impairs endothelium-dependent vasodilation in forearm
resistance vessels of humans. Hypertension. 27:849-853, 1996.

Gibbons, G. H. and V. J. Dzau. The emerging concept of vascular
remodeling. New England Journal of Medicine. 330:1431-1438, 1994.

Gracia, C. R., M. D. Sammel, E. W. Freeman, H. Lin, E. Langan, S. Kapoor,
and D. B. Nelson. Defining menopause status: creation of a new definition
to identify the early changes of the menopausal transition. Menopause: The
Journal of The North American Menopausal Society. 12:128-135, 2004.

Grey, E., C. Bratteli, S. P. Glasser, C. Alinder, S. M. Finkelstein, and B.
Lindgren. Small but not large artery compliance predicts cardiovascular
events [abstract]. American Journal of Hypertension. 13:5208-209, 2000.

Hambrecht, R., E. Fiehn, C. Weigl, S. Gielen, C. Hamann, R. Kaiser, J. Yu,
V. Adams, J. Niebauer, and G. Schuler. Regular physical exercise corrects
endothelial dysfunction and improves exercise capacity in patients with
chronic heart failure. Circulation. 98:2709-2715, 1998.

Havlik, R. J., E. M. Simmonsick, K. Sutton-Tyrrell, A. Newman, M. E.
Danielson, D. B. Brock, M. Pahor, E. Lakatta, H. Spurgeon, and P.
Vaitkevicius. Association of physical activity and vascular stiffness in 70- to
79-year-olds. The health ABC study. Journal of Aging and Physical
Activity. 11:156-166, 2003.

Hayashi, K., M. Miyachi, N. Seno, K. Takahashi, K. Yamazaki, J. Sugawara,
T. Yokoi, S. Onodera, and N. Mesaki. Variations in carotid arterial

compliance during the menstrual cycle in young women. Experimental
Physiology. 91:465-472, 2006.

Hayashi, K., J. Sugawara, H. Komine, S. Maeda, and T. Yoko. Effects of
aerobic exercise training on the stiffness of central and peripheral arteries in
middle-aged sedentary men. The Japanese Journal of Physiology. 55:235-
239, 2005.

63

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Hirose, L., K. Nosaka, M. Newton, A. Laveder, M. Kano, J. Peake, and K.
Suzuki. Changes in inflammatory mediators following eccentric exercise of
the elbow flexors. Exercise Immunology Review. 10:75-90, 2004.

Howard, G., A. R. Sharret, and G. Heiss. Carotid artery intimal-medial
thickness distribution in general populations as evaluated by B-mode
ultrasound. Stroke. 24:1297-1304, 1993.

Jensen-Urstad, K., F. Bouvier, and M. Jensen-Urstad. Preserved vascular
reactivity in elderly male athletes. Scandinavian Journal of Medicine &
Science in Sports. 9:88-91, 1999.

Kamiya, A. and T. Togawa. Adaptive regulation of wall shear stress to flow
change in the canine carotid artery. American Journal of Physiology.
239:H14-21, 1980.

Kawano, H., H. Tanaka, and M. Miyachi. Resistance training and arterial
compliance: keeping the benefits while minimizing the stiffening. Journal of
Hypertension. 24:1753-1759, 2006.

Keaney, J. F. and J. A. Vita. Atherosclerosis, oxidative stress, and
antioxidant protection in endothelium-derived relaxing factor action.
Progress in Cardiovascular Diseases. 38:129-154, 1995,

Kim, J. S., T. S. Kang, J. B. Kim, H. S. Seo, S. Park, Y. Kim, Y. G. Ko, D.
Choi, Y. Jang, and N. Chung. Significant association of C-reactive protein
with arterial stiffness in treated non-diabetic hypertensive patients.
Atherosclerosis. 192:401-406, 2007.

Kingwell, B. A. Large artery stiffness: implications for exercise capacity and
cardiovascular risk. Clinical and Experimental Pharmacology and
Physiology. 29:214-217, 2002.

Kingwell, B. A, K. L. Berry, J. D. Cameron, G. L. Jennings, and A. M.
Dart. Arterial compliance increases after moderate-intensity cycling.
American Journal of Physiology - Heart and Circulatory Physiology.
273:H2186-H2191, 1997.

Kingwell, B. A., B. Sherrard, G. L. Jennings, and A. M. Dart. Four weeks of
cycle training increases basal production of nitric oxide from the forearm.
American Journal of Physiology - Heart and Circulatory Physiology.
272:H1070-H1077, 1997.

Lakatta, E. G. Cardiovascular aging research: the next horizons. Journal of
the American Geriatrics Society. 47:613-625, 1999.

64

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



52.

53.

54.

55.

56.

37.

58.

59.

60.

61.

62.

63.

Lane, K. V., M. E. Prisant, and L. M. Prisant. Noninvasive vascular
compliance: short-term assessment of test repeatability. American Journal
of Hypertension. 13:191-192, 2000.

Langille, B. L. and F. O'Donnell. Reductions in arterial diameters produced
by chronic decrease in blood flow are endothelium-dependent. Science. 231,
1986.

Laurent, S., P. Boutouyrie, and A. Benetos. Pathophysiology of hypertension
in the elderly. American Journal of Geriatric Cardiology. 11:34-39, 2002.

Laurent, S., X. Girerd, J. J. Mourad, P. Lacolley, L. Beck, and P.
Boutouyrie. Elastic modulus of the radial artery wall material is not
increased in patients with essential hypertension. Arteriosclerosis and
Thrombosis. 14:1223-1231, 1994.

Lavrencic, A., B. G. Salobir, and I. Keber. Physical training improves flow-
mediated dilation in patients with the polymetabolic syndrome.
Arteriosclerosis, Thrombosis, and Vascular Biology. 20:51-55, 2000.

Lehman, E. D. Pulsewave velocity as a marker of cardiovascular disease.
Lancet. 348:744, 1996.

Lehman, E. D., W. A, Riley, P. Clarkson, and R. G. Gosling. Non-invasive
assessment of cardiovascular disease in diabetes mellitus. Lancet. 350:14-19,
1997.

Lemarche, B. Abdominal obesity and its metabolic complications:
implication for the risk of ischaemic hear disease. Coronary Artery Diseases.
9:473-481, 1998.

Lewis, T. V., A. M. Dart, J. P. Chin-Dusting, and B. A. Kingwell. Exercise
training increases basal nitric oxide production from the forearm in
hypercholesterolemic patients. Arteriosclerosis, Thrombosis, and Vascular
Biology. 19:2782-2787, 1999.

Liang, Y., L. M. Shiel, H. Teede, D. Kotsopoulos, J. McNeil, J. Cameron,
and B. P. McGrath. Effects of blood pressure, smoking, and their interaction
on carotid artery structure and function. Hypertension. 37:6-11, 2001.

Libby, P., P. M. Ridker, and A. Maseri. Inflammation and atherosclerosis.
Circulation. 105:1135-1143, 2002.

London, G. M., S. J. Marchais, A. P. Guerin, and B. Pannier. Arterial

stiffness: Pathophysiology and clinical impact. Clinical and Experimental
Hypertension. 26:689-699, 2004.

65

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Lyon, C. J., R. E. Law, and W. A. Hsueh. Minireview: Adiposity,
Inflammation, and Atherogenesis. Endocrinology. 144:2195-2200, 2003.

Maeda, S., T. Otsuki, M. Lemitsu, M. Kamioka, J. Sugawara, S. Kuno, R.
Ajisaka, and H. Tanaka. Effects of leg resistance on arterial function in older
men. British Journal of Sports Medicine. 40:867-869, 2006.

Mahmud, A. and J. Feely. Arterial stiffness is related to systemic
inflammation in essential hypertension. Hypertension. 46:1118-1122, 2005.

Maiorana, A., G. O'Driscoll, C. Cheetham, L. Dembo, K. Stanton, C.
Goodman, R. Taylor, and D. Green. The effect of combined aerobic and
resistance exercise training on vascular function in type 2 diabetes. Journal
of the American College of Cardiology. 38:860-866, 2001.

Maiorana, A., G. O'Driscoll, L. Dembo, C. Cheetham, C. Goodman, R.
Taylor, and D. Green. Effect of aerobic and resistance exercise training on
vascular function in heart failure. American Journal of Physiology - Heart
and Circulatory Physiology. 279:H1999-H2005, 2000. ‘

Manzi, S. and M. C. Wasko. Inflammation-mediated rheumatic disease and
atherosclerosis. Annals of the Rheumatic Diseases. 59:321-325, 2000.

McEniery, C. M. and 1. B. Wilkinson. Large artery stiffness and
inflammation. Journal of Human Hypertension. 19:507-509, 2005.

Meaume, S., A. Benetos, O. F. Henry, A. Rudnichi, and M. E. Safar. Aortic
Pulse Wave Velocity predicts cardiovascular mortality in subjects > 70 years
of age. Arteriosclerosis, Thrombosis, and Vascular Biology. 21:2046-2050,
2001.

Mitchell, G. F., H. Parise, E. J. Benjamin, M. G. Larson, M. J. Keyes, J. A.
Vita, R. S. Vasan, and D. Levy. Changes in arterial stiffness and wave
reflection with advancing age in healthy men and women. Hypertension.
43:1239-1245, 2004,

Miura, S., E. Tanaka, A. Mori, M. Toya, K. Takahashi, K. Nakahara, M.
Ohmichi, and H. Kurachi. Hormone replacement therapy improves arterial
stiffness in normotensive postmenopausal women. Maturitas. 45:293-298,
2003.

Miyachi, M., A. Donato, K. Yamamoto, K. Takahashi, P. E. Gates, K. L.

Moreau, and H. Tanaka. Greater age-related reductions in central arterial
compliance in resistance-trained men. Hypertension. 41:130-135, 2003.

66

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Miyachi, M., H. Kawano, J. Sugawara, K. Takahashi, K. Hayashi, K.
Yamazaki, I. Tabata, and H. Tanaka. Unfavorable effects of resistance

training on central arterial compliance. A randomized intervention study.
Circulation. 110:2858-2863, 2004.

Moreau, K. L., A. J. Donato, D. R. Seals, C. A. DeSouza, and H. Tanaka.
Regular exercise, hormone replacement therapy and the age-related decline
in carotid arterial compliance in healthy women. Cardiovascular Research.
57:861-868, 2003.

Mulvany, M. J. The structure of the resistance vasculature in essential
hypertension. Journal of Hypertension. 5:129-136, 1987.

Murray, C. J. and A. D. Lopez. Global mortality, disability, and the
contribution of risk factors: Global Burden of Disease Study. Lancet.
349:1436-1442, 1997.

Nakanishi, N., K. Suzuki, and K. Tatara. Clustered features of the metabolic
syndrome and the risk for increased aortic pulse wave velocity in middle-
aged Japanese men. Angiology. 54:551-559, 2003.

Nieman, D. C., D. A. Henson, C. S. Sampson, J. L. Herring, J. Suttles, M.
Conley, M. H. Stone, D. E. Butterworth, and J. M. Davis. The acute immune
response to exhaustive resistance exercise. International Journal of Sports
Medicine. 16:322-328, 1995.

O'Sullivan, S. E. The effects of exercise training on markers of endothelial
function in young healthy men. International Journal of Sports Medicine.
24:404-409, 2003.

Ogden, C. L., K. M. Flegal, M. D. Carroll, and C. L. Johnson. Prevalence
and trends in overweight among US children and adolescents, 1999-2000.
Journal of the American Medical Association. 288:1728-1732, 2002.

Okamoto, T., M. Masuhara, and K. Ikuta. Effects of eccentric and concentric
resistance training on arterial stiffness. Journal of Human Hypertension.
20:348-354, 2006.

Otsuki, T., S. Maeda, M. Iemitsu, Y. Saito, Y. Tanimura, R. Ajisaka, and T.
Miyauchi. Vascular endothelium-derived factors and arterial stiffness in
strength- and endurance-trained men. American Journal of the Physiology -
Heart and Circulatory Physiology. 292:H786-H791, 2007.

67

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



83.

36.

87.

88.

89.

90.

91.

92.

93.

Overend, T. J., T. H. Versteegh, E. Thompson, T. B. Birmingham, and A. A.
Vandervoort. Cardiovascular stress associated with concentric and eccentric
isokinetic exercise in young and older adults. The Journals of Gerontology.
Series A, Biological Sciences and medical sciences. 55:B177-B182, 2000.

Person, J., J. Formgren, B. Israelson, and G. Berglund. Ultrasound-
determined intima-media thickness and atherosclerosis. Arteriosclerosis,
Thrombosis, and Vascular Biology. 14:261-265, 1994.

Petridou, A., A. Chatzinikolaou, 1. Fatouros, G. Mastrorakos, A. Mitrakou,
H. Chandrinou, 1. Papassotiriou, and V. Mougios. Resistance exercise does
not affect the serum concentrations of cell adhesion molecules. British
Journal of Sports Medicine. 41:76-79, 2007.

Pollock, M. L., B. A. Franklin, G. J. Balady, B. L. Chaitman, J. L. Fleg, B.
Fletcher, M. Limacher, I. L. Pina, R. A. Stein, M. Williams, and T. Bazzarre.
Resistance exercise in individuals with and without cardiovascular disease:
benefits, rationale, safety, and prescription: an advisory from the Committee
on Exercise, Rehabilitation, and Prevention, Council on Clinical Cardiology,
American Heart Association; Position paper endorsed by the American
College of Sports Medicine. Circulation. 101:828-833, 2000.

Powers, S. K. and E. T. Howley. Evaluation of Muscular Strength. Exercise
Physiology, Theory and Application to Fitness and Performance: 383-385,
1997.

Prabhakaran, B., E. A. Dowling, J. D. Branch, D. P. Swain, and B. C.
Leutholtz. Effect of 14 weeks of resistance training on lipid profile and body

fat percentage in premenopausal women. British Journal of Sports Medicine.
33:190-195, 1999.

Prisant, L. M., M. Pasi, D. Jupin, and M. E. Prisant. Assessment of
repeatability and correlates of arterial compliance. Blood Pressure
Monitoring. 7:231-235, 2002.

Prisant, L. M., L. M. Resnick, and S. M. Hollen berg. Arterial elasticity
among normotensive subjects and treated and untreated hypertensive
subjects. Blood Pressure Monitoring. 6:233-237, 2001,

Rajkumar, C., B. A. Kingwell, J. D. Cameron, T. Waddell, R. Mchra, N.
Christophidis, P. A. Komesaroff, B. McGrath, G. L. Jennings, K. Sudhir, and
A. M. Dart. Hormonal therapy increases arterial compliance in
postmenopausal women. Journal of American College of Cardiology.
30:350-356, 1997.

68

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Rakobowchuck, M., C. L. McGowan, P. C. de Groot, J. W. Hartman, and M.
J. MacDonald. Endothelial function of young healthy males following whole
body resistance training. Journal of Applied Physiology. 98:2185-2190,
2005.

Rakobowchuk, M., C. L. McGowan, P. C. de Groot, D. Bruinsma, J. W.
Hartman, S. M. Phillips, and M. J. MacDonald. Effect of whole body
resistance training on arterial compliance in young men. Experimental
Physiology. 90:645-651, 2005.

Rall, L. C., R. Roubenoff, J. G. Cannon, L. W. Abad, C. A. Dinarello, and S.
N. Meydani. Effects of progressive resistance training on immune response
in aging and chronic inflammation. Medicine and Science in Sports and
Exercise. 28:1356-1365, 1996.

Reidel, M., W. Rafflenbeul, and P. Lichtlen. Ovarian sex steroids and
atherosclerosis. Clinical Investigations. 71:406-412, 1993.

Romney, J. S. and R. Z. Lewanczuk. Vascular compliance is reduced in the
early stages of type 1 diabetes. Diabetes Care. 24:2102-2106, 2001.

Ross, R. Atherosclerosis - an inflammatory disease. New England Journal of
Medicine. 340:115-126, 1999.

Schmitz, K. H., D. K. Arnett, A. Bank, D. Liao, G. W. Evans, K. R.
Evenson, J. Stevens, P. Sorlie, and A. R. Folsom. Arterial distensibility and
physical activity in the ARIC study. Medicine & Science in Sports &
Exercise. 33:2065-2071, 2001.

Seals, D., E. Stevenson, P. Jones, C. DeSouza, and H. Tanaka. Lack of age-
associated elevations in 24-h systolic and pulse pressures in women who
exercise regularly. American Journal of Physiology - Heart and Circulatory
Physiology. 277:H947-H955, 1999.

Seals, D. R. Habitual exercise and the age-associated decline in large artery
compliance. Medicine and Science in Sports and Exercise. 31:68-72, 2003.

Sheperd, R. J. and P. N. Shek. Exercise, aging and immune function.
International Journal of Sports Medicine. 16:1-6, 1995.

Smith, L. L., A. Anwar, M. Fragen, C. Rananto, R. Johnson, and D. Holbert.

Cytokines and cell adhesion molecules associated with high-intensity
eccentric exercise. Furopean Journal of Applied Physiology. 82:61-67, 2000.

69

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Soilu-Hanninen, M., J. O. Koskinen, M. Laaksonen, A. Hanninen, E. M.
Lilius, and M. Waris. High sensitivity measurement of CRP and disease
progression in multiple sclerosis. Neurology. 65:153-155, 2005.

Stewart, K. J., J. Sung, H. A. Silber, J. L. Fleg, M. D. Kelemen, K. L.
Turner, A. C. Bacher, D. A. Dobrosielski, J. R. DeRegis, E. P. Shapiro, and
P. Ouyang. Exaggerated exercise blood pressure is related to impaired
endothelial vasodilatory function. American Journal of Hypertension.

17:314-320, 2004.

Sugawara, J., T. Otsuki, T. Tanabe, S. Maeda, S. Kuno, R. Ajisaka, and M.
Matsuda. The effects of low-intensity single-leg exercise on regional arterial
stiffness. The Japanese Journal of Physiology. 53:239-241, 2003.

Sugioka, K., T. Hozumi, R. R. Sciacca, Y. Miyake, 1. Titova, G. Gaspard, R.
L. Sacco, S. Homma, and M. R. Di Tullio. Impact of aortic stiffness on
ischemic stroke in elderly patients. Stroke. 33:2077-2081, 2002.

Sutton-Tyrrell, K., A. Newman, E. M. Simmonsick, R. Havlik, M. Pahor, E.
Lakatta, H. Spurgeon, and P. Vaitkevicius. Aortic stiffness is associated with
viceral adiposity in older adults enrolled in the study of health, aging, and
body composition. Hypertension. 38:429-433, 2001.

Suwaidi, J., S. Hamasaki, S. Higano, R. Nishimura, D. J. Holmes, and A.
Lerman. Long-term follow-up of patients with mild coronary artery disease
and endothelial dysfunction. Circulation. 101:948-954, 2000.

Szmitko, P. E., C. H. Wang, R. D. Weisel, J. R. deAmeida, T. J. Anderson,
and S. Verma. New markers of inflammation and endothelial cell activation;
Part 1. Circulation. 108:1917-1923, 2003.

Taddei, S., F. Galetta, A. Virdis, L. Ghiadoni, G. Salvetti, F. Franzoni, C.
Giusti, and A. Salvetti. Physical activity prevents age-related impairment in
nitric oxide availability in elderly athletes. Circulation. 25:2896-2901, 2000.

Taddei, S., A. Virdis, P. Mattei, L. Ghiadoni, A. Gennari, C. B. Fasolo, I.
Sudano, and A. Salvetti. Aging and endothelial function in normotensive
subjects and patients with essential hypertension. Circulation. 91:1981-1987,
1995.

Tanaka, H., C. A. DeSouza, and D. R. Seals. Absence of age-related

increases in central arterial stiffness in physically active women.
Arteriosclerosis, Thrombosis, and Vascular Biology. 18:127-132, 1998.

70

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Tanaka, H., F. A. Dinenno, K. D. Monahan, C. M. Clevenger, C. A.
DeSouza, and D. R. Seals. Aging, habitual exercise, and dynamic arterial
compliance. Circulation. 102:1270-1275, 2000.

Tchernof, A., A. Nolan, C. K. Sites, P. A. Ades, and E. T. Poehlman. Weight
loss reduces c-reactive protein levels in obese postmenopausal women.
Circulation. 105:564-569, 2002.

Thompson, E., T. H. Versteegh, T. J. Overend, T. B. Birmingham, and A. A.
Vandervoort. Cardiovascular responses to submaximal concentric and
eccentric isokinetic exercise in older adults. Journal of Aging and Physical
Activity. 7:20-31, 1999.

Tozzi, C. A., G. J. Poiani, A. M. HarangoZo, C. D. Boyd, and D. J. Riley.
Pressure-induced connective tissue synthesis in pulmonary artery segments

is dependent on intact endothelium. Journal of Clinical Investigation.
84:1005-1012, 1989.

Tronc, F., M. Wassef, B. Esposito, D. Henrion, S. Glagov, and A. Tedgui.
Role of NO in flow-induced remodeling of the rabbit common carotid artery.
Arteriosclerosis, Thrombosis and Vascular Biology. 16:1256-1262, 1996.

Van Doornum, S., G. McColl, and I. P. Wicks. Accelerated atherosclerosis:
an extraarticular feature of rheumatoid arthritis? 4rthritis and Rheumatism.
46:862-873, 2002. '

Waddell, T. K., A. M. Dart, C. D. Gatzka, J. D. Cameron, and B. A.
Kingwell. Women exhibit a greater age-related increase in proximal aortic
stiffness than men. Journal of Hypertension. 19:2205-2212, 2001.

Walther, C., S. Gielen, and R. Hambrecht. The effect of exercise training on
endothelial function in cardiovascular disease in humans. Exercise and Sport
Sciences Reviews. 32:129-134, 2004.

Westendorp, 1. C. D., M. L. Bots, D. E. Grobbee, R. S. Reneman, A. P. G.
Hoeks, N. M. Van Popele, A. Hofman, and J. C. M. Wittemen. Menopausal
status and distensibility of the common carotid artery. Arteriosclerosis,
Thrombosis, and Vascular Biology. 19:713-717, 1999.

Wildman, R. P., G. N. Farhat, A. S. Patel, R. H. Mackey, S. Brockwell, T.
Thompson, and K. Sutton-Tyrrell. Weight change is associated with change
in arterial stiffness among healthy young adults. Hypertension. 45:187-192,
2005.

71

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Wildman, R. P., R. H. Mackey, A. Bostom, T. Thompson, and K. Sutton-
Tyrrell. Measures of obesity are associated with vascular stiffness in young
and older adults. Hypertension. 42:468-473, 2003.

Wilkinson, I. B., K. Prasad, I. R. Hall, A. Thomas, H. MacCallum, D. J.
Webb, and M. P. Frenneaux. Increased central pulse pressure and

augmentation index in subjects with hypercholestrolemia. Journal of the
American College of Cardiology. 39:1005-1011, 2002.

Willekes, C., H. J. Hoogland, H. A. Keizer, A. P. Hoeks, and R. S.
Reneman. Female sex hormones do not influence arterial wall properties
during the normal menstrual cycle. Clinical Science. 92:487-491, 1997.

Williams, J. K., M. R. Adams, and H. S. Klopfenstein. Estrogen modulates
responses of atherosclerotic coronary arteries. Circulation. 81:1680-1687,
1990.

Wilson, P. W., R. B. D'Agostino, L. Sullivan, H. Parise, and W. B. Kannel.
Over-weight and obesity as determinants of cardiovascular risk: the
Framingham experience. Archives of Internal Medicine. 162:1867-1872,
2002.

Wong, M., L. Toh, A. Wilson, K. Rowley, C. Karschimkus, D. Prior, E.
Romas, L. Clemens, G. Dragicevic, H. Harianto, 1. Wicks, G. McColl, J.
Best, and A. Jenkins. Reduced arterial elasticity in rheumatoid arthritis and
the relationship to vascular disease risk factors and inflammation. Arthritis
and Rheumatism. 48:81-89, 2003.

Yasmin, M. C. M., C. M. McEniery, S. Wallace, I. S. Mackenzie, J. R.
Cockcroft, and I. B. Wilkinson. C-reactive protein is associated with arterial

stiffness in apparently healthy individuals. Arteriosclerosis, thrombosis, and
Vascular Biology. 24:969-974, 2004,

Yudkin, J. S. Abnormalities of coagulation and fibrinolysis in insulin
resistance: evidence for a common antecedent? Diabetes Care. 22:C25-C30,
1999.

Zarins, C. K., M. A. Zatine, D. P. Giddens, D. N. Ku, and S. Glagov. Shear
stress regulation of artery lumen diameter in experimental atherogenesis.
Journal of Vascular Surgery. 5:413-420, 1987.

Ziccardi, P., F. Nappo, G. Giugliano, K. Esposito, R. Marfella, M. Cioffi, F.
D'Andrea, A. M. Molinari, and D. Giugliano. Reduction of inflammatory
cytokine concentrations and improvement of endothelial functions in obese
women after weight loss over one year. Circulation. 105:804-809, 2002.

72

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDICES

Appendix A. Recruitment Flyer

Appendix B. Informed Consent, Authorization to Use or Disclose Protected Health
Information For Research, Bone Density Laboratory Informed Consent

Appendix C. Institutional Review Board Approval Letter

Appendix D. Menstrual History, Calcium Intake, Health Status Questionnaire
Appendix E. Weekly Training Log, 1-RM Training Log

Appendix F. DXA Scan Sample Report

Appendix G. Pulse Contour Analysis Sample Profile Report

Appendix H. CRP Elisa Instructions

Appendix I. Data

73

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Appendix A.

Recruitment Flyer

74

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Weight Training Study

The Department of Health and Exercise
Science at the University of Oklahoma,
Norman is performing a study to examine
the effects of 16 weeks of resistance
training on blood vessel function in adult
women.

Pre-menopausal women between the ages
of 18 years and 40 years, non-pregnant
and free of cardiovascular disease are
needed as volunteers to complete this
study. You will receive information
regarding your cardiovascular function,
bone density, body composition, and
muscle strength.

Please contact Anette S. Fjeldstad
408-6642 (cell), or
e-mail: Anette.S.Fjeldstad-1@ou.edu

for more information.
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INFORMED CONSENT
TO PARTICIPATE IN A RESEARCH STUDY

pPrROJECT HTLE:  EFFECTS OF RESISTANCE TRAINING ON ARTERIAL
ELASTICITY AND C-REACTIVE PROTEIN IN
. PREMENOPAUSAL WOMEN
PRINCIPAL INVESTIGATOR:  Dr. Debra Bemben

CONTACT INFORMATION: Debra Bemben, PhD

Departmient of Health and Exercise Science

1401 Asp Avenue, Room 119, Norman, OK 73019
Telephone (405) 325-2709

Email: dbemben@ou.edy

Anette S. Fjeldstad, PhD Candidate

Department of Health and Exercise Science
1401 Asp Avenue, Room 112, Norman, OK 73019
Telephone (405) 408-6642

Email: AnelteS.Fjeldstad-1@ou.edy

Dr. Michoel Bemben

Departrment of Health and Exercise Science
1401 Asp Avenue, Room 120, Norman, OK 73019
Telephone (405) 325-2717

Email: mgbemben@ou.eduy

CO-Frinciple Investigator:
Contact information:

Co-Investigator:
Contact Information:

You-are being asked to volunteer for aresecich study. This study is being conducted at the
University of Oklahoma, Norman Campus. You were selected as a possibte poarticipant
because you fit the inclusion criteria. Please read this form and ask any questions.that you

miay have before agreeing to take part in fhis study.

Purpése of the Research Study

The purpose of this study-is to examine the effects of twelve weeks of resistance training.on
arterial elasticity, whichis an indicator of blogd vessel function, in premenopausal women.
The secondary purpose s fo examine the relationship between medsures of arlerial elasticity

and an indicator of inflommation (Creactive protein} found in the bicod. Resistance

fraining hias shown 1o have cardiovascular benefifs, but the specific effects of this type of
exercise on blood vessel furiction are not clear. B is important to examing the effects of
exercise on blood vessel function because the loss of arterial elasticity with age is asseciated
with cardiovascular diseases. Parficiponts must be between the ages 18 and 50 years, be
premenopausal, not pregnant, and not taking hormonal birth contro! or blood pressure

medicine.
APPROVED ) i
OUNCIRBACF S N Ay
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Exclusion Crileria

1} Women who are pregnant, 2} women not in the age group 18-50 years of age, 3} moles,
4} those with o history of cardiovascular disease, coronary heart disease, or peripheral
arterial disease, 5) current smokers, §) women who are postmenopausal, and 7} those who
take hormonal birfh controf or blood pressure medicine.

Procedures

If you agree to be in this study, you. will be asked 1o-do the following things:

a. You will be réquired to read and sign an informed consent form before the festing takes
place.

b, You wilfill out @ menstrudl history questionnalre providing information about current
menstrual status, dnd past menstruat history.

¢. You will fill out g hedith status questionnaire providing information dbout your medicat
history. and heciih-related behaviors.

d. Blood vessel! funciion measurements (Pulse Contour Analysis} will be obfainedin the
moming following an overnight fast of atleast eight hours, and before participating in
any strenuvous physical activity.  After resting for 10 minutes on o therapy table, blood
vessel funclion will be oblained using fhe HDI/Pulsewave ™CR-2000 CardioVascular
Profifing System (Hypertension Diagnostic, Inc., Eagan, Minnesota, USA). An automatic
blood pressure cutt willkbe wrapped around my upper left arm, and a rgid plastic wrist
stabilizer to minimize movernent of the right wrist will be used during the blood veassel
measurement. While lying on the therapy tdble. o steel analyzer will be placed on the
pulse of the right wiist, Measurement will be obtained and averaged over three
consecutive 30=second frials. In addition to the blood vessel measurements, height and
weight will be measured and recorded. This is a nonifivasive measure of blood vessel
function, and requires that you lie still during the measurements,

e. A bone scan will be performed by Dual Energy X-Ray Absorptiometry (DXA} at the Bone
Density Laboratory in the Depariment of Health and Exercise Science. This fest will
include two scans performed af baseline (the initialsession), and at 12 weeks {ihe end of
the fraining program). This test is noninvasive and only requires that you lie still for the test
1o be complated. Your fotal body will be measured for bone mineral content, and
percent body fat will be detenmined. This research study invalves exposure to radiation
from two DXA scans, which is-a type of x-ray procedure. More detait about this risk is
described below in-the risks and benefits section.

f.  Aresting blood sample of about émit {about 1.5 teaspoens) will be taken from the inside
of your elbow {venipuncture} by quadlified personnel at The University of Oklahomé af
baseline finifial session] andaf 12 weeks {the end of the fraining program). These
samples will beused fo measure aiinflammation sulistance called Careactive protein.
The safety of the subjectis of cutmost importdnce duting the blood draws, thetefore
standard precautions will be usedincluding clegning of the venipuncture sitewith
alcohol, the use of new stetile disposuble needigs/syringes and changing of disposable
gloves in between subjects by the registered nurse/phleboiomist. The subjects do:NOT
have topay for this procedure. The blood sample will be collected twice and used fo
measure C-reactive protein.

g. Maximum sirength testing {1RM} will be conducted by trained personnet at the
Neuromuscular Laboratory in the Department of Health and Exercise Science. This test
will be performed at monthly intervals and requires that you give maximum effort for
each: exercise.

h. f you are assigned to the control group, you will maintain your normat daily aclivities that
do not involve resistance hraining. ’

i. i you are assigned to the resistance fraining group. you wilf report to the Neuromuscuiar
Laboratory in the Department of Heatth a _%ﬁmtem resistance hrdining

got;g%g?:c; _APPROVED i RS AT = Page 2 of 4
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sessions for about 30 minutes a day, 3 days a week, for a total of 12 weeks. The hip
exercises will consist of 2 sets of 8 repetitions at a high intensity (80% 1-RM} performed on
1 resistance exercise machine targeting the major muscle groups of the lower body. The
rest-of the exercises will corisist of 3 sets of 8 repetitions. The leg press exercise will be
performed at 80% 1-RM, whereas the two arm exercises and the calf and shin exercise
will be perdformed at o fight intensity.

Risks and Benefifs of Being in the Study

The study hos the following risks.

You understand that when performing any of the recuirements for this project, there will be
quatified personnel present at all times, but you should be aware of the following:

a. There is a possibility of brusing from blood draws. it should be noted that all blood
coliection procedures will be done in a clean environment by qudlified personnel {i.e. nurse
ar phigbotomist). The safety of the subject is- of utmost imperance during the blood draws,
therefore standard precautions wilt be vsed including the cleaning of the venipuncture site
with-glcohol, the use of new sterile disposable needles/syringes and changing of disposable
gloves in between subjects by the phlebotomist.

b. This research study involves-exposure to radiation fromtwo DXA scons, which is a type of
X[Qly procedure. This radidtion procedure is not necessary for medical care, and:is for
research purposes only. You-will receive radiation exposure from eoch DXA scan that is
equivalent fo the radiation exposure Americans recelve in several days from natural
‘background radiation {~300mrem/year} from sources such asrtadioactivity in the soil. Any
risk from- this amount of radiation.is too small to be measured:direcily. Altough the amount of
radiation exposure received in.the study is minimal; it is importantfor you to be aware thai
fhetisk from radiation exposure is cumulative over alifetime. ifyou padicipate in the
research you will teceive 2 DXA scans fhat you would not receive it you chiose not fo
paricipate,

€. You may experience-minor discomfort during the measurement of arm blood-pressure due
to.the inflation of the blood pressure cuff. However, the trained personnel will make sure that
the Bltood pressure cuff is complefely deflated between each trial.

Pregiiant women shovld not be exposed to radiation. Therefore, | verify that | am not
pregriant{if paricipant is uncertaln abouf prégndncy, then she should nol perform ihis test).
Radiation safety levels for fetuses have not been established and therefore no additional
exposure whdlsoever can be considered safe.

t verify that | have read and understood the above radiation waimning.

Initials:

The benefifs fo participation dre that yow will receive informalion about your blcod vessel
function, bone density, percent body fat, and'muscle sirength. No therapeutic value should
be expected from porticipating in the research.

Compensafion
You-will notbe reimbursed for your time and participation in his study. In case ofinjury or
iress resulting from this study, emergency medical freatment is available. However, you or
yourinsurance company may be expected to pay the usual charge for this freafment, The
University of Okdahomd Norrian Campushas setno funds aside, o compensate you in the

everit of injury. APRGERGRT
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Confidentialily

The records of this study will be kept private. in published reports, there will be no information
included that will make it possible o identify the research parficipant. Research records will
be stored securely. Confidentiaiity wift be mainfained by coding alt information with
individual identification numbers. The mdster fist- wilk be kept in alocked file cabinel in the
Pi's {Br. Debra Bemben and Co-Pi, Anelte $: Feldstad):office. Dr. Debra Bemben and
Anetie §. Heldstad wilhave access to:the medical screening questionnaite. In-addifion, the
fwerinvestigators will shiore data collected during the DXA scan (o form of k-ray}; bldod
samples, and dll other quéstionnaires: Only qudlified research personnet-and University of
Oklghom Institutional Review Board {IRB} will have access to database containing study
information. Al study data are enteredinto stafistical analyses and publication reports will
refer to group mean data. No individuat or group other than the research team will be given
information, untess specifically requested by you. All subject-related materials and data will
be held confidential and will be stored in the PI's records for g period not tess than 5 years.
After this fime. ol subjectrelated materiols and data will be destroyed.

Voluntary Nature of the Study

Parficipation inthis study is voluntary. Yourdecision whether or not o participdfe wit not
result in-pendity or loss of benefits 16 which you are otherwise enfifled. I you decide to
participate, you are free 1o not answer any question or withdraw at any time without
affecting those relationships.

Contacts and Queshions:

The researchers} conducting this study can be contacted at Dr. Debra Bemben and Anette
S. Fleldstad, University of Oklahoma, Department of Health and Exercise Science, 1401 Asp
Avenue; Raom 109, Norman, OK 73019, Telephone {cell) (405) 408-6642, E-mail:
Anetfe s Fisldstod-T@ou edu. You are encouraged to contactthe researcheris} if you bave
any questiorts.

i you have dany questions about yournightsasa resedrch parficipant, you may contact the

University. of Oklahoma — Normian Campus instifutionat Review Board {OU-NCIRB} at {405}
325-8110 or irb@ou.edu.

You will be-given a copy of this information to keep for your records. If you are riot given a
copy of this consentform, please request one.
STATEMENT OF CONSENT

| have recd the cbove information. | have asked questions ond have received salisfactory
answers. | consent to participate in the sfudy.

Signature of subject Date

~ ABEROVED APPRC ',ﬁ.é,}
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UNIVERSTTY OF OKLAHOMA — NORMAN CAMPUS

INSTITUTIONAL REVIEW BOARD

AUTHORIZATION TO USE or DISCLOSE
PROTECTED HEALTH INFORMATION FOR RESEARCH

An additional Informed. Corisent Document
for Research Parficipation may also be reguired.

EFFECTS OF RESISTANCE TRAINING ON ARTERIAL
Tifle of Research Project:  EEASTICITY AND C-REACTIVE PROTEIN IN

PREMENOPAUSAL WOMEN
Principdl Investigator. Dr. Debra Bemben
IRB Number:
Aeldiress: 1401 Asp Ave. Huston-Huffiman Cenler, Norman,

OK73019
Phone Number: (405} 325-2709

If you decide to join this research project, University of Oklahoma {OU) researchers
may use or share [disclose) information about you that is considered o be
protected hedith information for their research. Protected health information will
be called private information in this Autherization.

Private Informalion To Be Used or Shared. Federal law requires that researchers
get your permission {authorization} 1o Use or share your private information. If you
give permission, the researchers may use or share with the people identified in this
Authorizafion any prvaite information related to this research from your medical
records and from any test results, information, used or shared, may include all
inforrmation relating to any fests, procedures, surveys, orinterviews as oullined in
the consentfom, medical records-and charls, name, address. telephone
number, date of birth; race, and govermnmentissued identification number.

Burposes for Using or Sharing Private information. if you give penmiission, the
fesearchers may use your private information fo help us gaininsight into how
resistance raining affects varous cardiovascular parameters inpremenopausat
women. This canlead fo inferventional strategies to improve cardiovascular
function in premenopausal women,

Other Use and Sharng of Pivate Information. If you give permission, the

researchers may also use your private information to develop new procedures or
commercidl products. They may share your private information with the research
sponsor, the OU institutional Review Board, auditors and inspectors who check the
research, and governiment agencies such as the Food and Drug Administration

—APPRCVED |
N
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{FDA) and the Department of Health and Human Services {HHS). The researchers
may aiso share your private information with the other Principal Investigator.

Confidentiality. Although the researchers may report their findings in scientific journals
or meetings, they will not identify you in their reporls. The researchers will try to keep
your information confidential, but confidentiality is not gudranteed. Any person or
organization receiving the information based on this authorizotion could resreledse
the information to others and federal law would no longer protect it

YOU MUST UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY tNCLUDE
INFORMATION REGARDING ANY CONDITIONS CONSIDERED AS A COMMUNICABLE OR
VENEREAL DISEASE WHICH MAY INCLUDE, BUT ARE NOT LIMITED TO, DISEASES SUCH AS
HEPATITIS, SYPHILIS, GONORRHEA, AND HUMAN IMMUNODEFCIENCY VIRUS ALSO
KNOWHN AS ACQUIRED IMMUNE DEFICIENCY SYNDROME (AIDS).

Voluntary Choice. The choice 1o give OUresearchers permission 1o use of share your
private information for.their researchis veluntary. Itis completely up 1o you. Noone
canforce you 1o give permission. However, you must give permission for OY
researchers to use or share your private hedlth information if you want fo-patficipate
in the research and if you revoke your authorization, you can no longer parlficipate in
this study.

Refusing o give permission will not affect your abllity to get routine treatment or
hedlth.care from OU,

Revoking Permission. if you give the OU researchers permission to use or share
your ptivate information, you have-atight to revoke your permission whenayer you
want. However, revoking your permission will fiot apply to information that the
researchers have diready used, relied on, or shared.

End of Permission. Unless you revoke it, permission for OU researchers to use or
share your private information for their research will continue. You may revoke
your permission at any time by writing to:

Privacy Official

University of Oklahoma

1000 Stanton L. Young Bivd:, STE 221, Oklahoma City, OK 73117
If you have questions call: {405} 271-2511

[ APPRGVED
Hmzc . ‘1 .
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Giving Permission. By signing this form, you give OU and OU's researchers led by
Dr.Debra Bemben and Anette S. Fjeldstad, permiission 1o share your private
information for the research project called "EFFECTS OF RESISTANCE TRAINING ON
ARTERIAL ELASTICITY- AND C-REACTIVE PROTEIN IN PREMENOPAUSAL WOMEN".

Subject Name:

Signature of Sub}ed Date
orParent if Subject isa child

Or

Signature of Legal Representalive™* Date

*f signed by a Legal Represeniative of the Subject, provide a descripfion.of the
relationship o the Subject and the Authority to Act as Legal Representative:

QU may ask you to produce evidence of your relationship.

A signied-copy of this form-must be given fo the Subject orfhe Legal
Représentative afthe time this signed form is. provided to the resedarcher or his
represenfalive.

AFPROVED
DEC 43 M}
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Bone Density Research Laboratory
Department of Health and Exercise Science
University of Oklahoma, Norman, OK 73019-0615
Individual’s Consent Form—Dual Energy X-Ray Absorptiometry (Lunar Prodigy)

Introduction
This is to certify that I, agree to voluntecr as a participant for bone scans to be

performed by Dual Energy X-Ray Absorptiomietry (DX A) (Lunar Prodigy) at the Bone Density Research Laboratory
on the Norman Campus under the supervision of Dr. Debra A. Bemben, Certified Clinical Densitometcist.

Description

A bone scan will be performed by DX A at the Bone Density Research Laboratory by qualified and trained persorinel.
‘This test involves exposure fo radiation from the DXA scan which is a type of x-ray procedure. The bone scans will
notbe used for diagnostic putposes: This tést'is non-irvasive and requires only that you lie still for the test to be
completed. Your {otal body will be measured for bone mineral density and body compesition. You will fay on the
DXA table for approximately 15 minufes for-the sgan. . '

Risks

You will be exposed to minimal radiation-during the total body DXA scan, which is a type of x-ray procedure. This
radiation exposure is not necessary for medical care, and is for rescarch purposes only. You will reéceive radiation
exposure from each DXA scan thatis equivalent to the radidtion exposure Americans receive in several days from
natural hackground radiation (about 300 mrem/year) from sources such as radivactivity in the soil. This radiation
provedure is not necessary for medical care, and-is for research purposes only. Any risk from this amount of radiation
is too small to be measured direstly. Altough the amount of radiation exposure received in the study is minimal, it is
important for you to be aware that the risk from radiation exposure is cumulative over a lifetime.

Pregnant womern should-not be exposcd to radiation. Therefore, I verify that I am not pregnant (if'participant is
uncertaiit about pregnancy, then she shouldnot perform this test). Radiation safety levels for fetuses have not been
established and therefore no additional exposure whatsoever can be considered safe. [ verify that T have read and
understood the above radiation warning. Initials

Cotnpensation for Injury

There will be no compensation will be available to you from the University of Oklahoma unless you othérwise qualify
for the University’s Health Insurance or other emplayee beunefits. This University will provide emergency medical
treatment in the form of first aid; CPR, and contacting medical personnel. No other financial aid will be provided for
any long-term medical problems that may vecur from the bone scan.

Subject Assurances
You are-free to reflse to-participate in-dny procedure of refuse to answer any questions at any tinte without prejudice.
Further more, by agresing to have the bone scan andsigning this form, you.do not waive any of your legal rights.

I understand that Dr. Debra Bemben will answer gny of my questions about the scanning procedures, my rights as:a
participanit, and procedure-related injurics at any time.

Date Signature of Participant
Date - Debra A. Bemben, Ph.D., Laboratory Supervisor
Date o Witness
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Appendix C.

Institutional Review Board Approval Letter
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The Univemzyqf Oklahoma

OFFICE FOR HUMAN RESEARCH PARTICIPANT PROTECTION

IRB-Numbeér: 11551
Meeting Date: -December 07, 2006
Approval Date: December 13, 2006

December 14,2006

Debra Bemben, Ph.D.
Health-& Exercise Science
1401 Asp Avénue, HHC 104
Nearman, QK 73019

RE: Effects of Resistance Training on Arterial Elasticity and C-Reactive Protein in Premenopausal Women

Dear.Dr. Bemben:;

The University of Oklahoma: Norman Campus Institutional Review Board (IRB) reviewed the above-referericed research
protocol-at its reguiatly scheduled meeting on December 07, 2006, It is the IRB's judgement that the rights.and welfare of
the individuals who may be asked to participate in this study will be respected; that the proposed research, including the
process of abtaining informed consent, will be conducted in a manner consistent with the requirements: of 45 CFR 48, as
amended; and thatthe potential benefits to participants and to others warrant the risks participants may ¢hoose to-incur.

On behalf of the IRB, | have verified that the specific changes requested by the convened IRB have been made. Therefore,
on behalf of the Board, ' have granted final approval for this study.

This fetter documents approval to conduct the research as described:

Priv - Research Auth 1. Dated: November 29, 2006

Survey instrument . Dated:-November 29, 2006 Health Status: questionnaire

Survey Instrument.  Dated: November 29, 2008 Medical History/Telephong questionnaire

Survey Instrument Dated. November 29, 2006 Menstrual History: questionnaire

Survey Instramerit Dated! November 29, 2006 One Repetition Max Sheet

Survey Instrument - Dated: November 29, 2006 Resistance Training Sheet

IRB Application” 'Daled; December 12, 2006 Revised

Consent forfiv+ Subject * "Dated: December12,:2006 Revised

Conisent form - Other: Dated: December 12, 2006 DXA procediire

Advertisemient Dated: December 12,2006 Revised

Protocol . -Dated: December 12, 2006 Reévised - Summary of study activities

Ay principal-investigator-of this protocol, it:is.your teSponsibility 16 make sure-that this: study is conducted as approved by
the IRB, Any.modifications o the protocol or consent form, initiated by you or by the-spensor, will-require prior approval,
which youthay request by completing a protocol modification form.

The approval granted expires.on Decentbier 08, 2007 Should you wish fo:maintain this: protocol in-an active status beyond
that date, you will need to:provide the IRB with-an iRB Application for Continuing Review (Progress Report) summarizing
study results to date. The IRB will request a progress reporl from you approximately two months before the anniversary date
of your current approval.

it you have questions about these progedures, or need any additional assistance from the IRB, please call the IRB office at
(405) 325:8110 or send an email to itb@ou.edu,

Cczdiélly, s,

B s g

. B 2/(1 ﬁ 0 )Ly\(,\\

LynpDévenport, Ph,ﬁj
Vick Chair, Institutional Review Board

L Prot Fappe 8

860:Parmington Oval, Suite 316, Norman, Okdalioma 730193088 PHONE{405) 325:8110 FAX: {405) 4252373
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Appendix D.

Menstrual History, Calcium Intake, Health Status Questionnaire

87

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Bone Brensity Reserach Laboratory
Departirent of Health and Exercise Science
University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE

Name: Date:

v

We are asking you to give us as complete a menstrual hustory as-possible. All information you
provide will be strictly confidential.

SECTION Ay CURRENT MENSTRUAL STATUS

1. Approximately how ruany menstrual periods have you had diring the past 12 months?
2. Cirele the months in which your period vecurred. This means from this time last year

unttl the presestoonth.

JAN FEB MAR APR MAY NINE-JULY AUG SEPT OCT NOV DEC

3. What is:the usnal length of vour menstrual eycle (first day menses to first day next
Enses)
days. Todayisday ° ofyow presest menstal cycle.
4. What was the date of your last period?
5 When deyou expect youwr next mienstrual period?
6. Whatis the: length (number of days) of your menstrual flow on the average?

How many of these days would you term "heavy”

7. Do you experivace cramps during imenstruation (dysmenorthea)? If yos, how many days

does this Jast?
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8 Tyo you-expenence symptoms of premenstival syndrome (e weght gain, mereased

iy

st the svmptoms.

ealing, depresaion, headaches, aronety, breasttendermess)
9. Do you take oral contraceptives or any other medication that includes estrogen and/or
progesterone? If no, skip to question 10.

If yes, how long have you been taKing the birth control pili?

What s the brand same and dosage of the oral contraceptive you are taking?

Has the pibaffected your menstrual ¢yele (repudarity, length and amoeunt of tlow, length
ofeyotey? Hyes! mdicate changes.

1 Flave you taken oral contraceptives wthe past? oo, shap to SECTION 1
[Eyes, what wasthe brand name and dosage?

When did you start taking the pill; for how long; and when did you stop taking it?

il Wyowanswered yeslo % or 10, did you experience o oweight gain and/or a change in
appetite as a result of vral contraceptiveuse? If so, pleage indicate amount of weight

gt

If youware perimienopausal, are you-experiencing menopausal sympioms? Please hist your
symproms (i.¢., hot flushes, mood swings, headaches elc.}
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NAME:

BONE DENSITY LABORATORY

CALCIUM INTAKE ESTIMATION A

TODAY'S DATE:

Complete this form (where indicated) 10 represent your dictary intake in the past year.

DEPT. OF HEALTH AND SPORT SCIENCES UNIVERSITY OF OKLAHOMA

- 1TEATTHIS FOOR:
EVERY WEER __EVERY DAY
Tally  Senre Food Type ’ servingsize | weitein® | weitein®
foffice wie {efficeuse > sorvingsfweck | sorvingaiduy
onli) oy .
o - sl 394, skim i cup
1 Cheese food or spread F
5o Cheese smuce v Vacup
150 | Amtetican cheese $stice -
150 § Donage cheese feup
i Ricntts chesse: ter
150 Bl cheese % cop
200 Hatwal cheese fexosp avam cheesey fnctides | ¥ oz
cheddar, Swiss, miorzarella, snd so forth ]
25 Bonémnidk b cup
30 Yesgun, Dyvored or plain §oup
450 Fast Food Milkshake Hor
116 Crooos fom aix ¥ packet
130 | Egguoy - Loup
' 280 Chaeolete milk f pup
" Macaront and chivtst, cheesd souffle, Jaxepns, § seoving
wuiche, canneliond, pira
1w Creawn soupor chavwder with mill 1 cup
K3 Almomsls i3 cup
o Beoeopil § vup
85 Beet greens, spinsch Yivup
10 Baked brans ' ¥ cup
100 Figs 5 deied
150 Seatioped potatocs I oop
150 Saybicans §eup
150 Tolu ¥ cop .
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| B ol b B e
oniv onlys
3 Beead. whise oewhile grain § shice
i Wallie s pantidic 1 W
30 mm bisenis. combread 1 erndiure
A Rolly, buns %
w Egg McMoflin L
0 Fast food choescbingarof hasmburger 1
e Eoahileds o ko burit 1
s ¥ Cotamart fish and meats 3 Towp
138 Shaltfish, cooked ‘ : &or
o Carened sl with boses Wewp
bl Busdises, smtits, herving ey ;
¥ol ) Fudgesicke ¥
135 Custaad pic . ¥ stice
75 lex mremn o Soe itk (v Vosp
190 Padiing veith milk Youp
00 Frozen yopus : ooy

Please list any dietary supplements (single and multi-witamios, calcium, herbal ot} you take below, including the
brand name and amwud (mg).
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Bone Density Laboratory
OU Depariment of Health and Sport Sciences
Health Status Questionnaire

Ynstructions Complete each question accurately. All information provided is confidential,
{NOTE: The following codes are Tor office use only: RF; MC; SLA; SEP)

Part 1. Information about the individoal

1.

Syciat Seasicy . D
2.

Lagal witne i
k%

Wiiaoss phoos
4, Gender {circke on):  Fomale Male (kF)
5. Date of bink: Age
Moath Day W
6. Number of hours worked per week:  Lass than 20 20-40 41-60 Over 60
Sty More than 23% of time spent on job {circle 53 that apply)
giting uf desk  Lifingof carying loads  Standing Walking Driving

Part 2. Medical history

7. (R Circle any who died of hoart attack befors age 50:

Faher Wiothes Broter Sistey Granwlparent
B. Date of: Last svedical physical exam: _ Last physical fitness fest:
Yo Wew
9. Circle operations you have had.
Back (SLAY Heart (MC) Kidney (14 Byes(SLA) Joiat{5L.A) Heck (SLAY
Bars (5L4) Hemia{SLa)  Lung{SLa) Other \
10, Please circle auy of the followiag for which you bave been dingnosed or treated by 4 physician o heaith
professional: '
Alcoholism (SEP) Diahetes (SE0) Kidocy problem 8¢y
Anemia, sickle osll {(SEP) Emphysema (SEY Meaeal iltness (SER
- haemia, Sther (SEP) . Epilepsy (SEF) Meck stradn (SLA)
Asthuna (SEP) Eye problems (SLA) Ohesity (1)
Back strefn (SLAY Gout (SLA) Osicoporosis
- Biseding walt{SEF) Hoaring loss (SLA} Fhichilis (MC)
Bronchits, chronic (SEP) Heart problems (SLAY Rheomatoid arthritis (S1.A)
Cancer (SEP} High blood pressure {RF} Stroke (40}
Cirrhiosis, ver {MC) Hypoplyeamia (SEB) Tayroid problam (SEF)
Conzussion (MO} . Hypedipidemis $F) Ellcer {SEPY
Congenilal defoct (SEF) nfectivns mwnonvcieosis (MC) (nber
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Blovd thinser (14cs

Epilepsy medication {SEP)
Disbetic pillisem

Heaiteshythm medication (MC)

Mitroglyerin {MC)
Bstrogen

Conticosteroids

Dighalis gacy High-Wood-pressure medication 040)  Thyroid
Drivretic () Insvlin g0y
Agthma Oty

12 Any of these health symptoms that scours frequently is the basls for medical attention.  Circle the namber

indicating how often you have cach of the following:

¥ = Pravtically never

a  Cough up besd 40) d. Leg painvo
123 4 % 12345

b, Abdominat pein (40 . Anmoov shoulder pale (MC)
12343 123 4 0%

e Low back pain {SLA) £ Chest pain (REHMO)
1 2 3 4 3 12345

Part 3. Health-related behavior
13. kE) Do you now smoke? Yes Mo
14. I you are a smoker, indicate number smoked per day:

Cigaretics: 40 or mors 20.3% 1019

Cigass or pipssonty: 5o more or any intiled

15, Weight now: th. One year age: b,

Age2h

2= {afrequently  3=Somatimes  4~Felilyoflen  §=Veryolien

£ Swolles joints B0
P23 4 5
b Feel fuint (MC)
123 43
1. Dirginess (4C)
1 2 345
§.  Breathlees with slight exeriion (MC)
12 3 4 5

9

Lesy than 5, none iedusded

2

16. Thinking about the things youdo at work, how would you rate yourself us to the amount of physical activity you .

get compared with ofhers of your age and sex?

Much more active
Soimewhat miore active
About the same
Bomewhast sy active
Mauch luss active

Hot applicable

H

A B e e

o

17, Now, thinking about the things you do outside of wodk; how wonld you mate yousself 35 to the smpunt of

physical activity you get comparcd with others of your age and sex?

Much more active
Somewhat more sctive
About the same
Somewbat foss active
Much Jess agtive

Nod applicable

e A

" 18. Do you regularly engage in rentous exersise of hard physical labor?

1. Yes (answer question # 19) 2. No {stop)

19, Do you exercise of labor af feast three tinies 2 week?

f. Yes 2. He
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Appendix E.

Weekly Training Log, 1-RM Training Log
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Resistance Training Sheet

Name: Waek: 1,
Monday Wednesday ] Friday
Record-Actual Reps.Completed Record Actual Reps Canipleted Record Actual Reps
Set2 Set 1
Hip Flexion .
Hip Extension
Hip Abdiction
Hip:Adduction
Reps: 8 -
{oad: 56t Set 1 Set2 Set3
Leg Press
Goal
Reps: &
Load: Sat1 Set2 Sat3 Set 1 Bet2 Sat3 Set 1 Set2 Set3
Bitep Curt Self Sefect.
Goal
-Reps. 8
Load: Set1 Set2 Set3 Sett Set2 Set3 Set 1 Set2 Set3
Tricep Set Befoci
Extension Goal
Reps: 8
Load: Set 4 Set 2 Set3 Set1 Set 2 et 3 Set 1 Set2 Set3
Shin
Gosl
Reps: 8
Load: Set 1 Set 2 Set3 Set1 Set? et 3 Set 1 Set2 Set 3
Caif
Goal
Reps: 8
Comments:
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One Repetition Max Sheet

Name: Week: 1,
Warm up Max Load X % Max = New Work Load
0.8 0
Hip Flexion
(right)
0.8 0
Hip Extension
(right)
A 0.8 Q
Hip Abduction
right)
,LQ 0.8 0
Hip Adduction
(right)
0.8 [}
Leg Press
0.8 4
Shin
' 0.8 0
Calf
Comments:
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Appendix F.

DXA Scan Report
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Bone Density Laboratory
Drept. of Health-%& Sport Beiences
University of Olabions, Normany, DK 73031%

Patisnt:
Shth Date:
kgt [ Walghte

PSR BLayens
Walem - MRy
Fanale Wl

Pakiont 10: Ve

Pliyxicin:
SRS SUIO0AM (380
; SHLIANE  WATISAE B

i TR BRYE DO SO

bl B e

Sey { Ethnic:

Tos Tl Totwd
YaTmese 9N e VA &

2

Bl R S
PHOA AR R B REAT . B

Hgpe fpwas) By el

% 2 3
B Fumgp-Mabuly Ags-Vaches
?@m by} oy Tl [ o
Bts EE 2
ags BT
ok LS B B . .
P ety . . . .
Pt B . . « "
Spine 1454 . . E .
s L
A —
pavd Tgm .
Maasures ‘}& D Pravieus Prosiies
bt 3 gt} LHien 955
) 1R 16 131 ik P
Rabiaiils sisazs P L . .
TR S— 1 Bty Sttt ot S5 Toll v 15T G W AT g 1P s Tyled Tantp e}

Pekvbodlz B1o00 10 S0 B B B 1RO PR LI S 4NN L
AW 1140 1139 e« W e

80 00 B 000

hsanee b3 Qv

TR RN B T LR G 2D ) ety Bastmsee Sapuiation LU
3ok hRel e g, WS {loteeabay 1 1O g EROR

e

98

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Appendix G.

PCA Profile Report
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HDV/PulseWave™ CR-2000
Research CardioVascular Profile Report

Research Subject ID: ’
Protocol 1743 Average Blood Pressure Waveform
Research Subject Name: 150
DOE, JORN M 5 N\ A\
Date: 23 SEPT 1999 E |/ \ [\
Time:  14:35 =100 ht b
Age: 34 years g J \\“J \-
Gender: Male g
Height: 71in
Weight: 189 Ibs. a 50 0 ' ' s
BSArea: 2.08 sq. meters Time (secs.) .
Body Mass Index: - 264
PARAMETER RESEARCH SUBJECT VALUE

SYSTOLIC BLOOD PRESSURE (mmHg) 136

DIASTOLIC BLOCOD PRESSURE (mmHg) 79

MEAN ARTERIAL BLOOD PRESSURE (mmHg) 102

PULSE PRESSURE {mmHg) 57 .

PULSE RATE (beats/min) 72

ESTIMATED CARDIAC EJECT!CN TIME (msec) 293

ESTIMATED STROKE VOLUME (mi/beat) 87

ESTIMATED STROKE VOLUME INDEX (mibeatim?) 42

ESTIMATED CARDIAC OUTPUT (L/min) 6.3

ESTIMATED CARDIAC INDEX (L/min/m?) 3.1

LARGE ARTERY ELASTICITY INDEX {ml/mmHg x 10) 14.9

{Capacitive Arterial Compliance)

SMALL ARTERY ELASTICITY INDEX (mifmmHg % 100) 11.1

{Oscillatory or Reflective Arterial Compliance)

SYSTEMIC VASCULAR RESISTANCE (dynessecscm™®) 1226

TOTAL VASCULAR IMPEDANCE (dynessececm’®) 111

©Copyright 1999, HYPERTENSION DIAGNOSTICS inc. ™ - All:Rights Reserved.
Eagan, MN 55121 +1-651-687-8998  Toll-Free: 1-888-PulssYave (785-7392)

Form: 00017-001 (Rev, A/0B.0ct.99) “For Research Purposes Only”
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Appendix H.

CRP Elisa Instructions
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CRP ELISA

This kit is designed for the determination of C-Reactive Protein in serum,
plasma, stool and urine.

For Research Use Only. Not For Use In Diagnostic Procedures.

Catalog Number: 30-9710s
Size: 96 Wells
Version: 27.09.2005 - ALPCO 12/19/05

SLPED Blagnesiiog

26 Keewaydin Drive Unit G « Salem, NH 03079
Phone: (800) 592-5726 « Fax: (603) 898-8854
www.alpco.com « Email: web@alpco.com *
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1. INTENDED USE

This assay is a sandwich Enzyme Immuno Assay intended for the
quantitative determination of G-reactive Protein in plasma, serum, stool
and urine. For research use only. Not for use in diagnostic procedures.

2. CLINICAL RELEVANCE

C-reactive Protein (CRP) is mainly formed in hepatocytes. The synthesis
rate is determined by the influence of cytokines involved in inflammatory
processes. The biological half-life is estimated to be 13-16 hours,

A connection between inflammatory reactions and cardiovascular diseases
such as arteriosclerosis and latent or chronically persisting infections has
been described in recent studies. The CRP concentrations of healthy
persons are under 5 ug/mi. CRP belongs to the acute phase proteins and
will be released within 24 hours after inflammatory process started (fever,
pneumonia, myocardial infarction, etc.). CRP proved itself as a marker for
inflammation.

indications
* Risk factor for myocardial infarction or stroke
¢ Prognosis factor for infarct patients
s Inflammatory reactions

3. PRINCIPLE OF THE TEST

This Enzyme Immunoassay is a sandwich assay for the determination of
CRP in serum, plasma, urine and stool samples. The wells of the
microtiter plate are coated with polyclonal antibodies directed against C-
reactive Protein. In a first incubation step, the CRP in the samples is
bound to the coated polyclonal rabbit antibodies (in excess). To remove
all unbound substances, a washing step is carried out.

in a second incubation step, a Peroxidase-labeled CRP (PO-Antibody,
polyclonal, rabbit-anti-CRP) antibody is added. After another washing
step, to remove all unbound substances, the solid phase is incubated with
the substrate, Tetramethylbenzidine (TMB). An acidic stopping solution is
then added. The color converts to yellow. The intensity of the yeliow color
is directly proportional to the concentration of CRP in the sample. A dose

2
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response curve of the absorbance (at 450 nm) unit vs. concentration is
generated. CRP, present in the patient samples, is determined directly
from this calibration curve,

The combination of two specific antibodies in the CRP ELISA drastically
reduces the possibility of false-negatives results and offers a secure
diagnostic system to the user.

4. MATERIAL SUPPLIED

The reagents of one kit are sufficient for 96 determinations.
Each test kit contains:

Quantity

Catalog No. Kit Components

K 9710sMTP one holder with precoated strips 96

K 9710sWpP ELISA wash buffer concentrate 10x @ 1x 100 mi

K 9710sK POD antibody, (rabbit-anti-CRP, 1 x 150 pi
Peroxidase-labeled), prediluted §

K 9710sST Calibrators, ready to use oextml |
: (0, 1.9; 5.6, 16.7; 50; 150 ng/m I}

K 8710sKO Control, ready-to-use 1x1ml

K 8710sVP Dilution buffer, ready to use 2x100mi

K9710sTMB | TMB substrate (Tetramethylbenzidine), C1x15ml
ready to use

K 9710sAC ELISA stop solution, ready o use 1x7ml
The CRP calibrators were standardized against WHO standard 470,

104

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5. MATERIAL REQUIRED BUT NOT SUPPLIED

» Distilled or deionized water

s Laboratory Balance

« Sealing film to cover microtiter plate

« Horizontal microtiter plate shaker

» Precision pipettes calibrated to deliver 10-1000 pi and disposable tips
¢ A multi-channel dispenser or repeating dispenser

s Centrifuge capable of 3000 x g

e Absorbent paper

s Vortex-Mixer

¢ Microplate reader 450 nm

6.PREPARATION AND STORAGE OF REAGENTS

« To run the assay more than one time, make sure that the reagents
are carefully stored at 2-8°C. Prepare just the appropriate amount
necessary for the assay.

+ Reagents with a volume of less than 100ul shold be centrifuged
before use to avoid loss of volume.

s_fhe ELISA wash buffer concentrate should be diluted with distilled
water 1:10 before use (add 450 m! distilied water to 50 mi ELISA wash
buffer concentrate). Crystals may be formed due to high salt
concentration. The crystals have to be dissolved before dilution of the
buffer concentrate using a water bath (37°C). The buffer concentrates
are stable at 2-8°C up to the expiry date stated on the label. Diluted
solutlons could be stored at 2-8°C for 1 month.

. The POD labeled antibody has to be diluted 1:100 in ELISA wash

vt buffer (100 pul POD antibody and 10 mi ELISA wash buffer). The
antibody is stable at 2 -4 °C up to the expiry date stated the label.
Diluted antibody solution is not stable and can not be stored.
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7. PRECAUTIONS

« For research use only. Not for use in diagnostic procedures.

e The calibrators and controls contain human source material which
was tested and found fo be non-reactive to HBsAg, anti-HIV-1/2,
Since no method can offer complete assurance that hepatitis B virus,
HiV-1/2, HCV or other infectious agents are absent, these reagents
should be handled as if potentially infectious.

e The stop solution consists of diluted sulfuric acid, a strong acid.
Although diluted, it still must be handled with care. It can cause burns
and should be handled with gloves, eye protection, and appropriate
protective clothing. Any spill should be wiped up immediately with
copious quantities of water. Do not breathe vapor and avoid
inhalation.

o Reagents should not be used beyond the expiration date stated on
kit label.

8. SPECIM EN COLLECTI ON AND PREPARATION

Serum, plasma

Collection and storage of serum: Collect sufficient blood (at least 1 mi) by
venipuncture into a tube or a plastic syringe, avoid hemolysis, centrifuge
for 15 minutes at 1,000 x g and 4°C and collect the serum.

Collection and storage of plasma: Collect sufficient blood (at least 1 ml) by
venipuncture into an EDTA venipuncture tube or a piastic syringe,
centrifuge for 15 minutes at 1,000 x g and 4°C within 10 minutes after
blood collection and separate the plasma from the cells.

Serum and plasma samples have to be dituted 1:100 or 1:500 before
performing the assay.

Add 10 pl serum /plasma to 980 i dilution buffer, mix well. (1:100)
Use the dilution factor (100 or 500) to calculate the CRP concentration read
off the calibration curve.

Patient's samples with elevated CRP concentrations must be diluted
1:4000 - 1:8000. Samples of other patient collectives must be diluted
according to the expected CRP concentration. The corresponding dilution
factor must be used for calculation of the CRP concentration.

5
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Feces

The test can be performed on either fresh or frozen stool samples. The
samples should be refrigerated and can be stored at 2-8°C for 2 days. If
the test cannot be performed within this period the specimen should be
stored at -20°C or colder.

Add a stool sample of about 100 mg (size of a pea, please note the exact
weight for the calculation) to 5 mi of the ELISA wash buffer and
homogenize very thoroughly for 15 seconds on a Vortex-mixer. Centrifuge
the suspension for 10 min at 3000 rpm. 1 ml of the supernatant is put into
an Eppendorf tube and centrifuged ance more at 13,000 rpm for 2 min.
This supernatant can be stored at -20°C for about 1 month. 100 i of

this supernatant is used in the assay.

ALPCO recommends the use of Roche Diagnostics / Mannheim
sample preparation tubes, article No. 745804, for sample preparation.

Urine
Urine samples have to be diluted 1.5 with dilution buffer.

9. ASSAY PROCEDURE

Procedural notes

e Do not mix different lot numbers of any kit component within the same
assay.

» The quality control guidelines should be observed.

« Incubation time, incubation temperature and pipetting volumes of the
different components are defined by the producer. Any variations of

the test procedure, that are not coordinated with the producer, may
influence the test results.

» Carry out the assay with the actual manual delivered with the kit.
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Test procedure

The precoated microtiter strips have to be washed 5 x with 250 pl ELISA
wash buffer before use. Bring all reagents to room temperature. Mix
reagents well before use. Avoid direct sun light during all incubation steps.
Covering the microtitre plate during the different incubation steps is
recommended. Carrying out the tests in duplicate is also recommended.

1. Add 100 pt of calibrator, controls or samples (in duplicate) into
their respective wells. eg: 0 calibrator into A1 and A2, 1.9
calibrator B1 and B2 and so on for each calibrator, then control
into G1 and G2 and samples into the remain wells starting with
H1 and H2, then A3 and A4, B3 and B4, and so on.

2. Incubate for 1 hiour, shaking on a horizontal mixer, at room
temperature,

3. Aspirate and wash the wells 5 x with 250 pl ELISA wash buffer.
4. Add 100 pi pre-diluted Peroxidase-labeled CRP antibody.

5. Incubate for 1 hour, shaking on a horizontal mixer, at room
temperature.

6. Decant the content of the plate and wash the wells 5 x with 250pl
ELISA wash buffer.

7. Add 100 pl TMB substrate solution into each well,

8. Incubate for 5 - 10 minutes at room temperature in the dark.
9. Add 50 ul stop solution into each well and mix shortly.

10.Measure the extinction of the samples at 450 nm directly after
adding the stop solution.
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10. RESULTS

A calibration curve is constructed from the standards. Commercially
available software can be used as well as graph paper. Results of the
samples are read from this calibration curve.

THE CALIBRATION CURVE IS NOT LINEAR, therefore a spline- or 4PL
algorhythm is recommended.

Typlcal calibration curve

CEAPLE Windows ;‘mp sty ANDARD C

L]
{ng/mi}
dParmmetas y - i i) by v d
anf.048358 kel 231 oed] 22 d-2203
Fi=.99%8 R=00998 ans0.003098

i

B

, !
Concentratmn [nglml] 0 50 16.7 ; 56 j 1.9 0
|

’OD mean value 11 901]1.81311.258 0622£0 2561 0.045

These data are for demonstratlon on!y and cannot be used mstead of data
obtained from the actual assay.
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Fecal
To calculate the CRP concentration of fecal specimen see the

following exampie:

weight: 80 mg (1ml stool = 1g) = 0.08 mi
dilution step 1: 5mi/0.08mi=8625

dilution factor: 62.5

Multiply the resuits with the calculated dilution factor (in this case 62.5) to get
the CRP concentration of the stool samples. Please note: the dilution factor
depends on the weight of the used fecal specimen.

Serum, plasma

The value read of the calibration curve has to be multiplied by 100 or 500
repectively to get the CRP concentration in serum/plasma samples.

If samples were diluted 1:4000 or 1:8000, the estimated values must be
multiplied by 4000 or 8000 respectively.

Urine
The measured CRP concentration has to be multiplied by a factor of 5 o get
the actual concentration of the samples.

11. LIMITATIONS

Samples with CRP levels greater than the highest calibrator, should be
diluted and re-assayed.
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12. QUALITY CONTROL

ALPCO recommends commercial control samples for internal quality
control.

Control samples or serum pools should be analyzed with each run of
calibrators and patient samples. Results, generated from the analysis of
control samples, should be evaluated for acceptability using appropriate
statistical methods. The results for the patient samples may not be valid, if

within the same assay one or more values of the quality control sample are
outside the acceptable limits.

Expected values

Preliminary normal ranges:

Stool specimen <1.12ng/ml
Urine samples <6 ngfmi
Serum/plasma:

Adults/children <0068 ~ 8.2 mgf|

New bornsfumbilical cord <0.6 mg#t
Infants 4™ day up to 1 month <1.6 mg/l
Pregnant women, at date of delivery <47 myll
(According to L. Thomas; Labor und Diagnose)

These normal ranges should be used as a guideline only. It is

recommended that each laboratory establishes an own expected range for
its patient population.

13. PERFORMANCE CHARACTERISTICS

Precision and reproducibility

The precision (intra-assay variation) of the CRP ELISA test was calculated
from 20 replicate determinations on each one of the samples.

Infra-Assay CV n= 20
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Sample CRP Intra-Assay CV
P Mean value [%]
[ng/mi]
1 233 6
2 99.4 55

The fotal precision (inter-assay variation) of the CRP

ELISA test was calculated from data on 2 samples obtained in 15 different
assays by three technicians on two different lots of reagents over a period of

three months.

Inter-Assay CV n= 15

CRP Intra-Assay
Sample
amp Mean value CV [%]
[ng/mi}

1 221 11.6
2 904 13.8

11
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Sensitivity

n=20
CRPMean  gtandarq | Detection
Sample value | variaion | fimit
.......... oDl . SO S /5.
1 0.053 0.007 0.124

Cross reactivity

Alpha-1-Antitrypsin 0%
Lysozym 0%
Albumin 0%

Other acute phase proteins 0 %

14. REFERENCES

1. Koenig W et al. (2004) Circulation 109: 1349-1353
2. Pearson TA et al. (2003) Circudation 107: 645-651
3. Ridker P et al. (2000) N Eng J Med 342: 836-843
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15. GENERAL NOTES ON THE TEST AND TEST PROCEDURE

» This assay was produced and put on the market according to the
VD guidelines of 98/79/EC.

€

The test components which are made of human serum are tested
for HVB and HIV and found to be negative. However, since no test
method can offer complete assurance that infectious agents are
absent, these reagents should be handled as recommended for
any potentially infectious human serum or blood specimen. The
normal precautions for laboratory working should be observed.

+ Reagents of the test package contain sodium azide as a
bactericide. Contact with skin or mucous membranes has to be
avoided.

« All reagents in the test package are to be used for research use
only. Not for use in diagnostic procedures.

+ The reagents should not be used after the date of expiry (see
label on the test package).

» Single components with different lot numbers should not be mixed
or exchanged.

¢ The guidelines for medical laboratories should be observed.
« Incubation time, incubation temperature and pipetting volumes of
the different components have been defined by the producer. Any

alterations of the test procedure, that are not coordinated with the
producer, may influence the results of the test.
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immiunoassay Kits
Beyond The Ordinary

K 9710s QUALITY CONTROL PROTOCOL

C-REACTIVE PROTEIN {(CRP)
Lot K9710s-070329

Kontrolle Ch. - B/ Control lot: 0611-019 178 ng/mb { 145-27.8 ng/ml)

CRPELISA

(=1

f Paaetsn y « feditoieied bl + d
S04 bad 170 0e26.25 o1 631
Re(8395 FF=03598 orl. 007652

Standard-Ch, - B./ calibrator lot: 0611 - 018
STD oD1 QD2 mean 0D CV {%) Conc, ing/ml]
1 1.488 1.501 1494 0.6 150
2 1.149 1.176 1,162 16 50
3 0.629 0615 0.622 1.6 16.7
4 0.249 .. 0.267 0.258 48 5.6
5 0.086 0.086 0.086 0.6 . 1.9
3 0.010 0.009 -~ 0.009 6.7 4

For Production: S A ()e %_@_//

Far quality assurance: Z/%f 7/"“29/03/2007
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Irmmunoassay Kits
Beyord The Ordirnary

DIAGNOSTICS

W ALEELSHRS § SOTIILFTAS § WobRRIICRLOR

PRODUKT SPEZIFIKATION
CRP Kontrolle / CRP control

Artikelnr. / Catalog no: K 9710sKO

Matrix Phosphatpuffer / Phosphatebuffer
Sicherheitshinwels /
Safety advice: Enthalt < 0,1% Thimerosal / contains < 0,1% Thimerosal
Inhalt / Content : 1 mi
Bereich / range: 14.5 ~ 27.8 ng/mi
Der s Kontotfbersich ist mit den & ien des Testkit CRP ELISA

Artikelny, K9710s ermittelt worden.

Der Einsatz anderer Messysteme oger Heagenzien kann 2u abweichenden Ergebnissen
filheen.

The given range was measured with reagents of the CRP ELISA kit catalogno. K97105.

The use of ather reagents or systems of measurements could give deviate resuits.

Lagerung / Store at: 2-8°C.
Ch-8./Lot; 0611 - 019

Verwendbar bis /
Expity date: 24.11.08
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Appendix 1.

Data
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Data Appendices

subject group agepre htpre hiprem wipre wipost
1 151C 34,20 168.00 1.68 97.00 97.10
2 19{C 24.00 162 0G 1.62 86.50 85.70
3 331C 48,30 169.00 1.69 56.40 55.20
4 34/C 47.90 174.00 1.74 71.20 69.60
5 35|C 35,70 168.00 1.68 58.20 58.80
[} 371C 2150 185,00 1.86 60.40 58.80
7 3ag|C 45.90 156.00 1.56 62,20 63.30
8 401C 2210 182.50 1.63 67.80 69.80
E) 411C 45,20 160.00 1.60 58,70 60.30
10 42|C 47.70 170.50 1.71 71.40 70.70
11 43{C 32.80 177.00 1.70 87.50 67.00
12 Hr 33.00 166.00 1.66 66.30 62.40
13 21T 24.00 167.00 1.67 53.10 53.00
14 3T 19.00 160.00 1.60 66.20 87.40
15 4|1 23.00 170.00 1.70 64.50 64.80
16 61T 25.00 164.00 164 67.10 67,40
17 10{7 33.00 166.50 1.67 106,00 107.60
18 11T 33.00 162.50 1.63 56,50 57.80
19 131T 26.00 187.30 1.67 70.30 73.00
20 1417 23.00 164.00 1.64 57.20 57.50
21 16T 22.00 177.00 177 112.70 110.60
22 17T 39.00 170.00 1.70 103.10 105.10
23 21T 27.00 164.50 1.65 69.60 67.40
24 227 47.10 169.50 1.70 98.60 97.50
25 23T 47.30 170.50 1.71 86.90 68.80
26 241T 46.50 166.00 1.68 57.10 57,20
27 2717 45.20 159.50 1.60 51.10 51.10
28 29T 46.10 165.40 1.65 84.40 80.30
29 30i{T 21.00 168.00 1.68 59.70 58.60
30 3T 39.40 167.50 1.58 $4.30 5§3.20
31 32T 44.40 176.50 177 77.90 77.00
32 61T 33.30 167.50 1.68 117.40 117.90
6/22/2007 2:19:12 PM 1720
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Data Appendices

bmipre bmipost bsapre bsapost hrpre hrpost pppre
1 34.30 34.60 2.06 2.06 73.60 62.30 53.00
2 25.30 2530 1.71 1.69 61,60 59.60 47.30
3 19.70 19.80 1.64 1.61 49.60 48.30 48.30
4 23.50 23.70 1.86 1.82 70.30 72.00 48,30
g 20.80 20.80 186 167 74.30 76.00 50.60
6 25.10 23.60 1.59 1.55 49.00 47.60 50.60
7 2560 26.00 1.62 1.63 64,90 62.30 42.00
8 25.70 25.80 1.73 1.76 49.30 47.00 47.30
9 22.90 23.60 1.61 1.63 71.30 70.30 48,00
10 24.60 24,50 1.83 1.82 §5.30 53.30 51.60
11 21.50 21.40 1.78 1.78 60.00 50.00 43.60
12 24.06 22,90 1.74 1.69 67.60 39.00 60.60
13 21.50 21.50 1.52 1.52 52,60 44,60 48.30
14 25.80 26.30 1.69 1,70 68.30 65.00 54.60
15 22.30 22.20 175 1.76 7360 87.00 43.60
16 24.90 2510 173 1.74 61.00 62.00 51.30
17 38.20 38.60 213 234 63.00 62,30 43.00
18 21.30 2190 1,60 1.61 54,30 61.60 46.60
19 25.10 26.10 1.79 1.82 55.60 56.00 57.00
20 21.30 21.40 1.62 1.62 69.30 74.00 46.60
21 35,90 35.30 2.28 228 56.60 68.30 50.00
22 3560 36.40 2.13 215 82.60 81.00 53.00
23 25.70 24.80 1.76 1.75 84.00 82.00 50.60
24 34.30 33,50 2.09 2.09 68,00 64.30 49.00
25 23.00 22.70 178 1.79 68.60 74.30 58.60
26 20.70 21.30 1.63 1.62 77.30 72,30 46 30
27 20.10 2010 1.51 1.61 71.60 58.00 43.00
28 30.90 29.90 1.92 1.87 59.60 58.30 53.30
29 21.20 20.80 1.68 1.86 62.30 58.30 44.60
30 21.90 22.30 1.54 1.82 75.80 83.30 39.60
31 25.00 24.70 1.95 1.94 84.00 84.60 48.30
32 41.80 41.80 2,23 2.24 60.30 82.60 59.00
6/22/2007 2:19:12 PM 2/20
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Data Appendices

pppost sbppre dbppre sbppost dbppost hyptpre hyptpost
1 51.00 130.60 77.60 123.00 72,00 1.00 00
2 47.00 124.60 77.30 112.00 65.00 00 .00
3 46.00 108.00 60.60 111.60 65.60 .00 .00
4 47.00 123.30 75.00 116.60 89.60 .00 .00
5 47.30 119.30 68.80 111.00 63.60 .00 .00
6 46.60 113.30 62.60 110.30 63.60 .00 00
7 43.30 103.30 61,30 107.60 84.30 00 00
8 43.00 114.00 66.60 108,30 63.30 .00 00
] 45,60 137.00 89.00 130.60 85.00 1.00 1.00
10 50.00 113.30 61.60 108.60 58.60 .00 .00
11 41,00 109.30 65.60 112.30 71.30 .00 .00
12 42.60 111.00 50.30 93.00 50.30 .00 .00
13 42.00 117.00 68.60 99.30 57.30 .00 .00
14 53.00 123.30 68.60 118.30 65.30 .00 .00
15 48.00] © 106.00 62.30 107.30 §9.30 .00 .00
16 52.50 108.00 56.60 110.00 57.50 .00 .00
17 43.30 116.30 73.30 147.00 73.60 .00 .00
18 44,60 106.30 59.60 100.60 66.00 .00 .00
19 58.60 113.60 56.60 113.00 54.30 .00 .00
20 49.00 115.30 68,60 116.60 67.60 .00 .00
21 52.60 117.30 67.30 118.30 65.60 .00 .00
22 65,00 131.60 78.60 156.60 91.60 1.00 1.00
23 43.60 132,30 81.60 115,60 72.00 1.00 .00
24 54,60 117.60 68.60 132.60 78.00 .00 1.00
25 51.60 144.60 86.00 128.30 76.60 1.00 00
26 43.30 118.30 72.00 111.00 67.60 .00 .00
27 46.00 103.60 60.60 106.00 $0.00 00 .00
28 57.00 128.30 75.00 127.00 70.00 .00 .00
29 41.60 108.60 84.00 104.00 62.30 .00 00
30 52.00 117.60 78.00 129.60 7780 .00 .00
31 49.00 119.30 71.00 119.60 70.60 .00 .00
32 50.60 141.00 82.00 117.60 67.00 1.00 .00
022/2007 221912 PM 320
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Data Appendices

bmdpre | bmdpost | tissgpre | tissgpos fatgpre fatgpost | leangpre
1 1.20 1.21] 92044.00] 93131.00] 47313.00] 47344.00{ 45632.00
2 1.15 1.17] 63072.00] 62112.00] 27611.00] 27400.00] 35481.00
3 1.22 1.19] 54137.00] 52396.00] 11741.00} 11032.00| 42396.00
4 142 1.12] 67489.00] £6039.00{ 30463.00| 29682.00| 37027.00
5 1.29 1.28 54329.00; 55684.00{ 15710.00| 17322.00] 38618.00
6 1.14 1.14| 57437.00| 54228.00{ 18330.00{ 15420.00] 39107.00
7 1.08 1.00] 58617.00] 60295.00{ 26271.00{ 26813.00] 32346.00
8 1147 1.15] 64976.00] 66160.00] 27090.00] 28298.00] 37886.00
9 1.20 1.20} 55489.00] 57082.00] 20064.00| 20539.00{ 35424.00
10 1.21 1.20| 67929.00] 66835.00] 26918.00{ 27065.00| 41011.00
11 1.16 1.15] 64888.00] 64712.00] 19663.00{ 18970.00| 45225.00
12 1.23 1.22] 62584.00] 58755.00] 27479.00] 24734.00] 3510500
13 1.16 1.18] 50454.00] 50248.00] 15039.00] 14773.00] 35415.00
14 1.24 1.21] 63118.00] 63300.00| 21974.00] 24154.00] 41144.00
15 1.24 1.23| 6090100 61303.00| 20497.00] 19982.00{ 40404.00
16 1.25 1.241 64031.00] 64080.00] 22560.00] 23696.00] 41471.00
17 1.31 1.317 101814.0{ 103748.0{ 52655.00| 53617.00] 49258.00
18 1.12 1.13] 53682.00] 54684.00| 17460.00] 18025.00] 36222.00
18 1.18 1.16]| 66920.00] 69448.00] 29452001 31912.00| 37468.00
20 1.19 1.17] 54286001 54443.00{ 18019.00| 18430.00] 36267.00
21 1.38 1.36] 108551.0] 106342.0| 44632.00] 46487.00] 63919.00
22 1,26 1.33| 99358.00| 101029.0] 47453.00{ 46200,00] 51905.00
23 117 1.17] 65804.00] 64269.00] 26174.00; 21318.00f 39630.00
24 1.33 1.34] 95573.00] 93715.00] 47283.00] 45475.00f 48310.00
25 1.27 1.27] 63544.00] B63430.00| 16388.00] 15422.00] 47156.00
26 1.15 1.16] 53700.00{ 54053.00] 18573.00] 18939.00f{ 35127.00
27 1.14 1.14] 48283.00] 48555.00| 12226.00{ 13308.00{ 36057.00
28 1.30 1.30] 80007.00{ 76089.00] 37996.00] 34408.00; 42011.00
29 1.10 1.08| 56988.00] 56049.00] 16055.00] 14678.00] 40914.00
30 1.20 1.211 51122.00] 50911.00{ 17704.00] 17378.00 33418.00
31 1.18 1,201 74413.00] 7383500} 23938.00| 20808.00| 50475.00
32 1.25 1.28] 113249.0{ 114145.0] 58561.00| 57080.00] 54688.00
6/22/2007 2:20:00 PM 4120
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Data Appendices

leangpos | bmcpre bmepost igfatpre lgfatpos Igtispre Igtispos

1] 45787.00| 2889.00] 2905.00 52.60 51.30] 36695.00{ 33513.00
2] 34713.00) 2520.00f 2608.00 46,50 45.60] 23392,00f 22914.00
3| 41363.00f 2568.00] 2514.00 23.30 21,401 19213.00] 17852.00
4} 36357.00f 2571.00] 2574.00 50.60 50.20| 26580.00] 25786.00
5| 38361.00] 2781.00f 2854.00 35.10 36.00| 19521,00{ 20193.00
6] 38808.00| 2160.00| 2225.00 34.00 30.80] 19662.00] 18212.00
7{ 33482.00; 2297.00] 2201.00 51.10 52.50; 23238,00f 23785.00
8] 37862.00f 2790.00] 2814.00 40.70 42.10] 22093.00] 21726.00
9| 36543.00f 2583.00] 2557.00 35.80 35.50| 18896.00] 18501.00
10| 39770.00] 2750.00] 2756.00 40.70 40.20] 22147.00] 21259.00
11| 45743.00] 2788.00| 2758.00 20.00 28.40) 21777.00| 21969.00
12] 34021.00] 2725.00] 2754.00 44,30 42.00{ 23238,00] 21300.00

13] 35475.00] 2287.00| 2284.00 32.70 32.50] 18821.00] 18677.00
14| 3974500 2596.10f 2720.60 38.10 40.80] 23830.00] 24008.00
15] 41321.00| 2798.00{ 2767.00 36.50 35.10f 21597.00{ 22030.00
16| 40384.00] 2680.00| 272500 41.20 43.60] 23370.00] 23852.00
17{ 50130.00; 2%67.00] 2652.00 49.20 50.10] 37913.00] 38206.00
18| 36658.00f 2250.00] 2282.00 36.70 38.80] 19616.00] 20043.00
19] 37536.00f 2570.00] 2782.00 48.70 45.10| 23444.00] 25127.00
20| 36013.00] 2418.00] 2482.00 36.70 37,90} 19761.00f 197756.00
21| 59855.00f 31256.00f 3335.00 33.70 33.90| 32189.00| 29228.00
22| 55429.00; 2834.00{ 2658.00 48.00 43.50] 32293.00] 35343.00
23] 42951.00{ 2803.00] 2694.00 40.90 36.10| 22520.00] 23245.00
24| 48240.00] 3184.001 3037.00 48.20 48.101 34012.00| 30427.00
25{ 48009.00f 3123.00] 3089.00 31.50 29.20| 22610.00] 22400.00
261 35114,00f 2498.00] 2440.00 42.00 43.30{ 19158.00] 19954.00
27] 35247.00f 2122001 2171.00 27.10 28.80] 15326.00| 15266.00
28] 41681.00{ 3179.00] 3104.00 43.00 43.101 27122.00] 24880.00
29| 41371.00] 2256.00] 2304.00 33.90 32.40] 23255.00{ 23046.00
30 33533.00] 2385.00f 2317.00 35,90 35.70; 17054.00| 17438.00
31} 53027.00f 2861.00] 2826.00 36.90 33.60; 28694.00| 28273.00
32| 57064.00{ 2882.00| 2565.00 49.60 48.40{ 41385.00] 42020.00

6/2212007 2:20:00 PM 5120
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Data Appendices

Igfatgpr Igfatgpo | Iglengpr | Iglengpo | igbmepre | igbmepos bfpre
1] 19903.00] 17753.00] 16792.00] 15760.00; 1177.00] 1103.00 49.40
2] 11317.00] 10894.00{ 12074.00; 12020.00 957.00 977.00 42.10
3 4698.00 4020.00{ 14515.00] 13832.00 9865.00 918.00 20.70
4] 13950.00] 13434.00| 12609.00] 12352.00{ 1008.00 996.00 43.50
51 7223.00] 7652.00] 12208.00] 12541.00f 1085.00f 1081.00 27.50
6] 6978.00] 5875.00| 12684.00] 12338.00 858.00 863.00 30.80
7] 12274.00{ 12910.00] 10964.00{ 10875.00 803.00 814.00 43.10
8] 9367.00] 9544.00f 12726.00; 12183.00 933.00 926.00 40.00
o] 7098.00f 7251.00{ 11799.00] 12249.00 940,00 '939.00 34.60
10]  9416.00] 893500} 12731.00] 12324.00 981.00 979.00 38.10
11} 6617.00] 6546.00] 15160.00] 15423.00] 1034.00] 1043.00 29.10
2] 10750.00] 9366.00] 12488.00] 11934.00f 1025.00{ 1003.00 42.10
13] 6421.00] ©655.00) 12400.00] 13022.00 800.00 811.00 28.50
14]  9665.00] 10101.00] 14165.00] 13905.00 892.60 891.70 33.40
18| 8253.00] 8098.00] 13344.00; 13932.00{ 1022.00] 1015.00 32.20
16] 10025.00] 10815.00] 13345.00] 13037.00 946.00 964.00 33.80
17] 19234.00] 19758.00] 18679.00| 18538.00] 1188.00] 1135.00 50.40
18] 7495.00; 7681.00] 12122.00] 12363.00 832.00 837.00 31.20
18] 11399.00] 11777.00 12045.00| 13350.00 952.00 987.00 42.40
207 7566.00] 7838.00] 12194.00} 11937.00 872.00 888.00 31.80
21 11312.00] 10386.00] 20876.00] 18843.00] 1394.00] 1388.00 40.00
27| 15398.00] 15858.00f 16895.00{ 19484.00; 1146.00] 1140.00 46.40
23] '9585.00f B8721.00] 12944.00f 14524.00 917.00 901.00 38.10
24] 17001.00] 15228.00] 17011.00{ 15199.00] 1242.00f 1214.00 47.90
251 7452.00] 6824.00] 15159.00f 15576.00{ 1030.00 999.00 24.60
26] 8432.00] 9047.00] 10726.00] 10907.00 926.00 925.00 33.00
27| 4384.001 4818.00] 10962.00f 10848.00 758.00 767.00 24.30
28] 12100.00] 11189.00] 15013.00f 13690.00{ 1084.00{ 1059.00 4570
29]  8177.00f 7747.00] 15078.00{ 15299.00 893.00 899.00 27.10
30f 6411.00] 6512.00] 10844.00] 10827.00 807.00 795.00 33.10
31 10953.00] 9845.00] 17741.00{ 18424.00] 1016.00] 1038.00 31.00
32 21135.00] 20909.00{ 20261.00] 21111.06] 1203.00} 1184.00 50.40
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hipost clpret cipre2 cipre3 | cipreavg | cilpostl cipost2
1 49.30 13.40 14.00 13.60 13.67 16.50 15.00
2 42.30 17.50 13.80 16.40 15.83 18.50 18.90
3 20.10 15.60 13.80 18.30 15.90 17.40 15.60
4 43.30 16.90 12.20 14.40 14.50 9.80 13.90
5 29,60 14.10 12.70 12.90 13.23 12.70 14.80
8 27.30 17.30 15.10 17.10 16.50 23.00 2410
7 42.90 20.20 17.40 17.20 18.27 15.40 18.30
8 41.00 20.20 26.40 23.90 23.50 26.50 28.00
2 34.40 14,50 12.00 12.00 12.83 17.40 14.50
10 38.90 14,80 12.60 13.30 13.57 20.10 13.30
11 28.10 17.60 18.30 20.00 18.63 22.40 28.50
12 40.20 22.00 10.80 14.60 15.80 25.40 25.20
13 28.10 20.40 20.30 11.90 17.53 26.60 23.20
14 36.30 13.40 13.70 14.00 13.70 14.20 18.40
15 31.20 15.00 18.40 19.90 17.77 16.20 15.10
16 35.50 15.20 12.50 18.10 15.27 13.60 11.90
17 50.40 23.00 17.50 20.60 20.37 27.20 14.00
18 31.60 25.20 22.60 25.30 2437 24.10 26.60
19 44.20 14.90 13.70 14.60 14.40 19.40 18.60
20 32.40 17.20 15.50 16.60 16.43 13.20 19.80
21 42 40 20.50 18.20 20.60 20.10 25.10 21,50
22 44,30 12.20 13.80 13.90 13.30 8.90 11.60
23 31.80 14.50 12.10 10.30 12.30 23.10 21.30
24 47.00 16.60 14,20 14.90 15.23 15.10 14.10
25 23.20 10.40 12.40 13.10 11.97 20.40 17.40
26 33,50 13.50 10.80 14.50 12.97 12.70 12.30
27 26.20 14.50 12.60 12.60 13.23 13.60 18.00
28 43.40 16.70 11.70 15.90 14.77 13.40 14.50
29 25.20 19.00 18.10 18.70 18.60 16.80 16.60
30 32.60 13,20 16.00 12.90 14.03 9.60 8.60
31 2710 16.00 19.20 18.10 17.77 18.40 17.30
32 48,90 14.40 16.10 11,70 14.07 11.20 16,10
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cipost3 | cipostav | c2pret c2pre2 c2pred | c2preavy | c2postt
1 16.60 16.03 6.00 4.40 7.10 5.83 13.80
2 15.30 17.57 7.90 5.80 830 7.33 6.90
3 17,90 16.97 10.30 11.70 10.80 10.97 9.90
4 13.30 12.33 4.50 5.70 4.80 5.00 6.90
5 14.90 1413 5,80 5.30 6.00 5.70 540
8 2510 24.07 8.10 9.80 11.10 9.67 9.60
7 16.10 16.93 7.80 6.90 8.10 7.50 5.50
8 21.10 25.20 7.50 7.50 8.20 7.73 9.30
9 14.80 15.67 3.70 3.80 3.60 3.70 5,10
10 16.70 16.70 12.50 12.90 13.60 13.00 13.60
11 23.00 24,63 15,00 15.30 11.30 13.87 9.20
12 34.80 28.47 10.00 9.10 12,10 10.40 11.20
13 19.40 23.07 8.50 6.10 5.40 6.67 720
14 15.20 15.93 11.50 7.70 12.40 10.53 9.60
15 15.80 15.70 7.50 6.90 8.70 7.70 780
16 . 12.76 10.70 7.60 12.10 10.13 8.20
17 28.10 23.10 14.30 9.50 10.10 11.30 10.70
18 23.00 24,57 7.10 8.20 5.50 6.93 10.30
19 19.00 19.00 12.10 7.40 7.40 8.97 7.00
20 15.10 16.03 6.80 5.20 5.40 5.80 4.90
21 21.60 22.73 9.60 10.60 14.70 11.83 10.10
22 10.60 10.37 4.00 4.10 6.50 4.87 3.80
23 18.10 21.17 5.60 420 3.80 4.63 10.30
24 12.00 13.73 9.80 9.60 10.60 10.00 10.50
25 13.80 17.20 4.50 §.10 7.20 5.60 6.80
26 15.00 13.33 4.50 4.10 3.70 4.10 5.50
27 12.60 14.73 13.00 13.80 10.70 12.53 12.00
28 9.90 12.60 7.70 5.60 4.90 6.07 5.10
29 20.10 17.83 5.30 570 5.40 5.47 6.10
30 7.70 8.63 320 5.60 3.30 4.03 2.10
31 18,70 18.47 10.00 4.60 8.80 7.7 12,10
32 13.00 13.43 7.70 5.80 6.60 6.70 5.10
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c2post2 c2post3 | cZpostav svipre svrpost tvipre tvipost
1 12.30 12.80 12.97] 1193.60] 1152.30 126.00 118.00
2 8.60 8.30 727] 140030] 128060 127.60 117.60
3 11.80 9.90 10.53} 1415607 1503.30 149.00 145.60
4 4.30 4.80 533 1404600 126130 121.00 136.60
5 5.40 6.30 570] 1244.00; 113530 126.00 117.50
6 9.40 8.90 9.30] 1333.30f 131860 151.00 114.00
7 8.10 8,10 7.23]  1213.30] 1246.00 108.60 121.00
8 9.10 9.20 9.20]  1304.60] 1240.00 110.00 110.00
9 4.40 3.70 440 1820.00f 1609.30 139.00 116.00
10 14.40 15,10 14.37] 1253.00{ 1131.30 153.30 131.60
11 8.50 8.10 8.60] 1092.60] 1253.60 103.30 98.30
12 11.70 12.00 11.63 897.00 884,60 229.00 129.00
13 8.80 8.00 7.93] 1383.30} 1307.30 145.30 125.30
14 9.20 9.50 9.43]  111180{ 1156.30 133.00 127.30
16 7.40 8.30 7.77) 1031.60] 1038.30 92.30 118.00
16 6.70 . 745] 227360 977.50 136.00 143.50
17 7.10 10.80 9.53] 1099.00; 1100.80 94.00 91.60
18 8,40 11.50 10.07] 1179.30 991.60 95,30 85.00
19 7.60 5.50 6.70] 1089.30] 1005.00 141.30 104.30
20 5.60 4.80 510 1171.00] 1174.30 108.00 107.00
21 11.90 9.90 10.63 975.30 839.60 107.00 80.00
22 4.40 4.70 4.30] 123960] 142160 116.60 149.30
23 12,30 10.00 10.87] 1367.00{ 114060 124.00 93.60
24 8.00 6.70 8.40] 1054.30] 1343.30 111.60 123,30
25 6.30 9.40 7.50 152060 128230 156.60 101.30
26 4.20 5.20 497 1460.60] 1312.00 127.00 129.60
27 11.20 16.30 1317  1229.00] 1277.30 127.30 132.30
28 4.80 4.40 477 1336.00] 1202.30 143.00 168.00
29 5.60 6.70 6.13] 118530 1148.30 104.60 121.00
30 2.90 2.70 257 1668.30| 182960 121.00 176.60
31 9.80 8.60 10.17) 1190301 1171.00 112.00 104.30
32 6.00 4.20 5.10] 1180.60 934.00 131.60 115.60
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cprpre crppost hfpre hepre abdpre addpre Ippre
1 7.70 9.89 59.66 90.91 51.14 59.66 136.36
2 27 .06 51.14 51.14 28.41 38.77 7273
3 A2 15 56.82 73.86 45,45 56.82 104.55
4 1.02 1.10 39.77 59.66 38,77 45,45 104.55
5 112 1.04 48.30 62.50 36.93 48.30 81.82
6 .07 22 56.82 90.91 45.45 62.50 121.27
7 1.30 .88 48.30 79.55 39.77 51.14 108,09
8 75 A5 62,50 8523 48.30 59.66 113.64
9 .98 1.67 45.45 73.86 39.77 51.14 81.82
10 B85 .37 48.30 65.34 34.09 51.14 81.82
11 52 A0 51.14 62.50 34.09 51.14 100,00
12 1.02 4.70 39.77 56.82 45.45 45,45 81.82
13 45 .56 39.77 56.82 28.41 34,09 81.82
14 52 1.29 39.77 42.61 31.28 36.93 127.27
15 4.80 8.40 39.77 71.02 36.93 58.82 109.09
16 1.40 1.59 56.82 €8.18 42.61 53.98 100.00
17 2.70 6.20 51.14 62.50 45.45 56.82 100.00
18 .18 1.42 51.14 65.34 39.77 42 .61 100.00
19 478 3.14 48.30 73.86 39.77 51.14 100.00
20 20 .80 59.66 65,34 39.77 51.14 104.55
21 82 1.56 59.66 85.23 48,30 62.50 136.36
22 3.48 348 4545 107.95 39.77 66,82 100.00
23 1.18 56 62.50 62.50 36.93 51.14 109.09
24 71 1.49 45.45 65.34 36.93 48.30 90.91
25 Kk 07 53.98 65.34 38.77 51.14 118.18
26 .93 1.09 38.93 65.34 36,93 39.77 100.00
27 37 .38 31.25 56.82 34.09 39.77 90.91
28 15.40 4.78 4545 79.55 51.14 53.98 131.82
28 56 45 56.82 $2.50 39.77 56.82 100.00
30 .68 40 48.30 48.30 39.77 36.93 90.91
31 .98 25 51.14 76.70 31.28 4545 113.64
32 6.60 10.60 62.50 78.70 48.30 62,50 168.18
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shinpre calfpre hfmid hemid abdmid addmid ipmid

1 18.18 70.45

2 21.82 40.91

3 20.45 50.00

4 20.48 45.45

5 19.32 34.09

8 25.00 54.55

7 18.18 34.09

8 20.45 50,00

(] 11.36 31.82
10 13.64 43.18
11 27.27 54.55 . . . . .
12 12.50 40.91 48.30 62.50 36.93 45.30 100.00
13 9.09 45.45 65.34 £8.18 £48.30 48.30 118.18
14 18.18 36.36 68.18 48,30 4545 62.50 154.55
15 11.36 47.73 65.34 88.07 45.45 59.66 122.73
16 13.84 40,81 62.50 68.18 45.45 56.82 136.36
17 1891 54.55 62.50 73.86 51.14 68.18 118.18
18 17.05 50.00 62.50 79.55 45.45 56.82 118.18
19 11.36 38.64 59.66 82.39 48.30 56.82 109.09
20 17.05 56.82 79.55 79.65 51.14 53.98 172.73
21 2127 7273 79.55 125.00 68.18 $0.91 183.64
22 18.18 59.09 62.50 102.27 39.77 68.18 109.09
23 18.18 59.09 93.75 79.55 51.14 71.02 131.82
24 15.91 50.00 56.82 68.18 39.77 51.14 131.82
25 27.27 59.08 80.91 96.58 53.98 85.34 145 45
26 18.18 59.09 48.30 76.70 45.45 51.14 104.55
27 14.77 31.82 §6.82 65.34 45.45 51.14 90.91
28 20.45 58.82 71.02 79.55 56.82 62.50 127.27
28 1581 4545 76.70 88.07 51.14 68.18 131.82
30 22.73 38.64 85.34 48.30 42.61 53.98 113.64
31 21.27 54.55 68.18 9943 48.30 59.66 131.82
32 25.00 86.36 71.02 96.59 53.98 62.50 186.36
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shinmid calfmid hipost hepost abdpost | addpost ippost
1 85.23 116.48 62.50 73.86 136.36
2 73.86 88.18 36.93 42.61 109.09
3 53.98 73.86 45.45 45.45 118.18
4 48.30 73.86 39.77 53.98 113.64
5 48.30 73.86 34.09 45.45 108.09
(] 51.14 68.18 45.45 56,82 104.55
7 56.82 65.34 42.81 48.30 109.08
8 . . 65.34 90.91 53.98 62.50 136.36
9 . . 45.45 56.82 42 81 53.98 81.82
10 . . 5114 73.86 42.61 56.82 95,45
1" . . 48.30 68.18 36.93 45.45 109.08
12 2273 45.45 65.34 79.55 48.30 62.50 113.64
13 20.45 63.64 88.07 85.23 68.18 68.18 118.18
14 20.45 43.18 65.34 82,38 4281 56.82 204.55
15 20.45 61.36 102.27 107.95 2.0 71.02 122,73
16 20.45 54,55 82.39 85.23 59.66 71.02 186.36
17 20.45 86.36 79.58 110.80 59,66 82.39 131.82
18 22.73 58.09 79.55 8238 53.98 £56.82 131.82
19 20.45 68.18 82.39 88.07 59.66 65.34 109.09
20 22.73 68.18 107.95 107.85 79,55 79.55 163.64
21 23.86 122.73 117.70 119.40 90.81 118.00 21364
22 22.73 68.18 102.27 120.00 68.18 85.23 131.82
23 20.45 84.08 117.20 107.95 59.68 73.88 145,45
24 22.73 81.82 76.70 90.91 48.30 56.82 113.64
25 22.73 88.64 99.43 99.43 62.50 65.34 140.91
26 20.45 66.82 51.14 71.02 42.61 51.14 118.18
27 19.32 54 .55 85.34 76.70 4545 48.30 9545
28 23.86 81.82 85.23 90.91 56.82 59.66 131.82
29 27.27 71.27 79.55 85.23 51.14 62.50 163.64
30 23.86 52.27 85,23 85.23 53.98 62.50 127.27
31 23.86 81.82 79.55 116.48 62.50 85.23 140.91
32 27.27 100.00 82.39 107.95 68.18 68.18 231.82
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shinpost | calfpost | sessions load1hf loadthe | loadthab | loadihad

1 22.73 104.55

2 22.73 56.82

3 23.64 68.18

4 21.59 69,09

5 22,73 38.64

6 18.18 £9.09

7 18.18 40.91

8 22.73 68,18

8 11.36 45,45
10 19.32 38.684
11 2045 83.64 . . . . .
12 28.41 65.91 34.00] 5500.00] 7999.90, 5999.80{ 5999.90
13 22.73 72,73 26.00 4000.00f 5818.10] 2909.00] 3272.70
14 27.27 61.36 30.00] 3500.00f 3818.10] 254540 3181.80
15 29.86 100.00 28.00] 4500.00f 8181.80| 4090.90{ 6545.40
16 22.73 72,73 26.00f 5818.10f 6909.00| 4363.60{ 545450
17 29.55 104.55 30.00] 6999.90{ 8500.00] 5999.90; 7999.90
18 26.14 72.73 30.00] 6999.90| 8999.90] 5500.00{ 5999.90
19 20.45 95.45 29.00f ©6500.00f 9999.90{ 5500.00] 699980
20 25.00 80.91 32.00f 7272.70] 8181.80| 5000.00] 6363.60
21 36.36 145.45 31.00] 654540{ 9818.10{ 5318.10] 6854.50
22 27.27 90.91 30.00f 3818.10] 954540] 3500.00] 5090.90
23 22.73 104.55 32.00] 6954.50| 6954.50] 4254.50] 5727.20
24 25.00 95.45 34.00{ 7090.90{ 10636.30| 5909.00f 7681.80
25 25.00 100.00 35.00f 8181.80 981810 6000.00] 7636.30
26 21.58 85.91 33.00f 454540| 8181.80] 4545.40| 5000.00
27 20.45 65.91 30.00] 2909.00] 5818.10] 3272.70{ 4000.00
28 2273 86.36 32.00] 4363.60| 8000.00f 5090.90] 5454.50
29 32.85 86.36 33.00) 727270| 772720 &8000.00| 727270
30 22.73 7273 31.00f 5318.10] 5318.10] 4500.00f 4080.90
31 26.14 86.36 34.00| 7636.00] 11454.40f 438360| 654520
32 27.27 122.73 28.00] 6181.80] 763630] 4727.20f 6181.80
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load1lp load1sh joadtcal loadZhf load2he | load2hab | load2had

0O~ D ] N~

12] 16800.00f 2640.00| 8639.90| 827270 10818.10 6363.60] 8272.70
13] 12218.10] 1396.30| 6981.80| 7363.60| 777270 5318.10] 5318.10
14! 16800.00f 244380 4887.20f 9500.00] 6500.00f 5999.90] 8500.00
15| 18249.50] 1936.60| 8247.20] 9818.10{ 13090.90| 654540 8727.20
16| 14836.30] 2094.50| 628360 5409.00] 604540] 3818.10| 509090
17} 20399.80] 3359.007 11780.00f 7727.20] 9090.90| 636380, 8863630
18] 20399.80] 3599.90{ 10560.00! 6545.40{ 8000.00| 4727.20] 6818.10
19] 20399.90] 2389.90) 8160.00] 7272.70] 10454.50; 5909.00] 7272.70
201 19636.30 3272.70{ 10909.00] 12000.00{ 12000.00] 7636.30| 8181.80
21} 23563.60] 4712.70| 12567.20] 12000.00{ 19090.90 10363.60] 13636.30
22| 12981.80] 244360] 7941.80] 9272.70] 15272.70] 6000.00 10363.60
23| 18654.50| 3141.80] 10210.90{ 10800.00f 9000.00; 5727.20] 8181.80
241 22690.90{ 3970.90| 12480.00] 7999.90! 9500007 5500.00{ 6999.90
25/ 26181.80( 6283.60] 136814.50{ 14772.70{ 15954.50{ 8863.80| 10636.30
26| 1636360| 3490.90| 4809.00f 5909.00] 954540| 5454.50! 6363.60
27| 13963.80| 2269.00] 4887.20| 727270\ 81B1.80| 5454.50} 6363.60
28 20072.70{ 3141.80; 8727.20! 10909.00] 12000.00{ 8727.20] 927270
29| 18545.40f 3054.50| 8727.20| 9545.40] 10908.00] 6363.60] 863830
30! 15709.00f 3927.20{ 5890.90{ 9818101 8727.20f 654540{ 8181.80
31; 2618160 5236.00] 12567.201 9499.60; 13099.90| 6499.90] 7999.90
32} 25309.00] 3840.00| 13265.40] 5454.50] 7363.20f 4090.80] 4636.30
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load2ip loadZsh load2cal tvolpre tvolpost totaivol | percchan

1

2

3

4

5

6

7

8

9
10
11 . . . . . . .
12| 25963.60] 6109.00| 12218.10] 53579.60{ 78017.80] 1315974 45,61
13] 19636.30] 3534.50] 9818.10| 36596.00] 58761.40] 95357.40 60.57
14] 32400.00f 4320.00]  ¢119.90] 37176.10] 76339.80] 1135159 105.35
15| 2748020 4581.80] 14138.10{ 51751.40] 84391.70] 136143.1 63.07
16] 18327.20| 2748.00{ 7330.90| 45759.60] 48770.50{ 94530.10 6.58
17] 21818.10] 39237.20( 16581.80] 65019.50] 74145.10] 139164.8 14.04
18] 18327.20] 3490.90| 9076.30] 62059.50] 55985.10| 118044.6 -9.79
18] 20727201 3927.20] 13080.90] 59959.60| €8654.20| 128613.8 14.50
20| 39272.70] 5236.30] 15709.00{ 60836.10| 100036.1] 1606722 64.98
211 36654,50| 5498.10| 28276.30] 69479.60] 125519.7| 194899.3 80.68
22| 24872,70f 5236.30| 15709.00| 45321.60| 86727.00{ 132048.6 91,36
23] 22581.807 3534.50] 14530.90] 55897.90| 74356.20] 18458.30 33.02
241 27600.00] 4798.90] 17279.90] 70459.80; 79679.60] 1501394 13.09
25{ 354564.50] 5672.70| 22123.60{ 77716.10[ 113477.9| 191194.0 46.02
26{ 19636.30| 3927.20] 10909.00| 47036.10| 61745.00] 108781.1 31.27
27{ 17454.50| 3708.00 10472.70] 37119.60] 58908.80] 96028.40 5870
281 28800007 5498.10] 18850.80| 54850.70| 94057907 1489086 7148
29| 22581.80] 4712.701 13352.70] 57599.70| 76101.50] 1337012 3212
30; 26181.80] 5498.10] 1204360 44754.20| 76996.00| 1217502 72.04
31} 27599.80) 5039.90] 17279.90] 73984.00| 87919.00{ 161903.0 18.84
32] 2094540| 3141.80] 11520.00] 67141.50| 57152.00] 124293.5 -14.88
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agerank | hrabscha | hrpercch | ppabscha | pppercha | sbpabsch | sbpperch
1 1.00 -11.30 -15.35 -2.00 -3.77 -7.60 -5.82
2 .00 -2.00 -3.25 -.30 -3 -12.60 -10.11
3 1.00 -1.30 -2.62 -2.30 -4.78 2.60 2,39
4 1.00 1.70 2.42 -1.30 -2.69 -8.70 -5.43
5 1.00 1.70 2.29 -3.30 -6.52 -8.30 -5.96
8 .00 -1.40 -2.86 -4.00 -7.91 ~3.00 -2.65
7 1.00 -2.60 -4,01 1.30 310 4.30 4.16
8 00 -2.30 -4.67 -4.30 -9.09 -71.70 -8.75
9 1.00 -1.00 -1.40 -2.40 -5.00 -6.40 -4.67
10 1.00 -2.00 -3.62 -1.60 -3.10 -4.70 4,15
11 .00 -10.00 -16.67 -2.80 -5.96 3.00 2.74
12 .00 ~28.60 ~42.31 -18.00 -29.70 -18.00 -16.22
13 .00 -8.00 -15.21 -6.30 -13.04 -17.70 -15,13
14 .00 -1.30 -1.96 -1.60 -2.93 -5.00 -4.08
15 .00 -6.60 -8.97 4.40 10.09 1.30 1.23
16 .00 1.00 1.84 1.20 2.34 2.00 1.85
17 .00 -70 ERE 30 .70 .70 .60
18 .00 7.30 13.44 -2.00 -4,29 -5.70 -5.36
19 .00 40 72 1.60 2.81 -80 -53
20 .00 4.70 8.78 2.40 5.15 1.30 1.13
21 .00 12.70 2244 2.60 520 1.00 85
22 1.00 -1.60 -1.94 12.00 22.64 25.00 18.00
23 33.02 -22.00 2619 ~7.00 -13.83 ~16.70 -12.62
24 1.00 -3.70 -5.44 5.60 11.43 15.00 12.76
25 1.00 570 8.3 ~7.00 -11.95 -16.30 «11.27
26 1.00 -5.00 -5.47 -3.00 -8.48 -7.30 -6.17
27 1.00 -3.80 -5.03 3.00 6.98 2.40 2.32
28 1.00 -1.30 -2.18 3.70 6.94 -1.30 -1.01
29 .00 -4.00 6.42 -3.00 -6.73 -4.60 -4.24
30 1.00 7.70 10.19 12.40 31.31 12.00 10.20
31 1.00 .60 94 70 1.45 .30 25
32 .00 22,30 36.98 -8.40 -14.24 -23.40 -16.60
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Data Appendices

dpbabsch | dopperch | clabsoch | cipercha | ¢2absoch | c2percha | svrabsoc
1 -5.60 -7.22 2.37 17.32 7.13 122.28 -41.30
2 -12.30 -15.91 1.73 10.95 -07 -.91 -119.70
3 5.00 8.25 1.07 6.71 -43 -3.95 B7.70
4 -5.40 -7.20 -2.17 -14.94 33 6.67 -143.30
5 -5.20 -7.56 .90 8.80 .00 .00 -108.70
6 1.00 1.60 7.57 45.86 - 37 -3.79 -14.70
7 3.00 4.89 -2.33 -12.77 ~27 -3.56 32.70
8 -3.30 -4,95 1.70 7.23 1.47 18.97 -64.80
9 -4.00 -4.49 273 21.30 .70 18.92 -210.70
10 -3.00 -4,87 3.13 23.10 1.37 10.51 -121.70
11 570 8.69 6.00 32.20 5,27 -37.98 161.00
12 .00 .00 12.67 80.17 1.23 11.86 -12.40
13 -11.30 -16.47 553 31.66 1.27 19.00 ~76.00
14 -3.30 -4.81 2.23 16.30 -1.10 -10.44 44.70
15 -3.00 -4.82 -2.07 -11.83 .07 .87 6.70
16 .80 1.59 -2.52 -16.48 -2.68 -26.481 -1206.10
17 .30 41 273 13.42 -1.77 -15.63 1.60
18 -3.60 -8.04 .20 .82 313 45,19 ~187.70
19 -2.30 4,08 4.80 31.94 -2.27 -25.28 -84.30
20 -1.00 -1.46 - 40 -2.43 -70 -12.07 3.30
21 -1.70 -2.53 2.63 13.10 -1.00 -8.60 -135.70
22 13.00 16.54 -2.93 -22.06 -57 -11.64 182.00
23 -8,60 -11.76 8.87 72.09 6.33 138.71 -226.40
24 940 13.70 -1.50 -9.85 -1.60 -16.00 289.00
25 -9.40 -10.93 523 43.73 1.90 33.83 -258.30
26 -4.40 -6.11 .37 2.83 .B7 21.14 -148.60
27 -.60 -89 1.50 11.34 83 5.05 48.30
28 -5.00 -B6.67 -2.17 -14.87 -1.30 -21.43 -133.70
28 -1.70 -2.66 ~77 -4.12 67 12.20 ~37.00
30 -.40 -.51 -5.40 -38.48 -1.47 -36.36 261.30
31 -.40 ~.56 .70 3.94 3.00 41.86 -19.30
32 +15.00 -18.29 - 63 -4,50 -1.60 -23.88 -246.60
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Data Appendices

svrperch | tviabsch | tviperch | crpabsoc | crpperch | hfabscha | hfpercch
1 -3.46 -8.00 -6.35 219 28.44 25.57 42.86
2 -8.55 -10.00 -7.84 -21 -78.89 22.73 44 .44
3 6.20 -3.40 -2.28 .33 78.57 -2.84 -5.00
4 -10.20 15.60 12.89 08 7.84 8.52 21.43
5 -8.74 -8.50 -8.75 -08 -7.14 .00 .00
6 -1.10 ~37.00 -24.50 15 197.30 -5.68 -10.00
7 2.70 14.40 13.51 -42 -32.31 8.52 17.65
8 -4.95 .00 .00 -.30 -40.00 2.84 4.58
] -11.68 -23.00 -16.55 69 70.41 .00 .00
10 -9.71 -21.70 -14.16 -28 -43.08 2.84 5.88
11 14,74 -5.00 -4.84 -42 -80.77 -2.84 5.56
12 -1.38 -100.00 -43.67 3.68 360.78 25.57 64.29
13 -5.49 -20.00 -13.76 41 24.44 48.30 121.43
14 4.02 -5.70 -4.28 77 148.08 25.57 64.29
16 .65 25.70 27.84 3.80 82.61 62.50 157.14
16 -57.01 7.50 5.51 19 13.57 25.57 45,00
17 15 -2.40 -2.55 3.50 129.63 28.41 55.56
18 -15,92 ~-10.30 -10.81 1.24 688.89 28.41 55.56
19 774 -37.00 -26.19 -1.64 -34.31 34.09 70.69
20 .28 -1.00 -93 60 300.00 48.30 80.95
21 1391 -27.00 -25.23 .94 151.61 58.04 97.29
22 14.68 32,70 28.04 .01 .29 56.82 125.00
23 -16.56 -30.40 ~24.52 -82 52.54 54,70 87.52
24 27.41 11.70 10.48 78 109.86 31.25 68.75
25 -16.99 -55.30 -35.31 -04 +36.36 45.45 84.21
26 -10.17 2.60 2.05 18 17.20 14.20 38.46
27 3.93 5.00 3.93 .01 2.70 34.09 108.09
28 -10.01 25.00 17.48 -10.62 -58.96 3877 87.50
29 -3.12 16.40 15.68 - 11 -19.64 22.73 40.00
30 16.66 55.60 4595 -28 -41.18 36.93 76.47
31 -1.62 -7.70 -6.88 -73 ~74.49 28.41 55.56
32 -20.89 -16.00 ~12.16 4.00 60.61 19.89 31.82
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Data Appendices

heabsch | hepercch | abdabsch | abdperce | addabsch | addperch | [pabscha
1 25.57 28.13 11.36 22.22 14.20 23.81 .00
2 17.05 33,33 852 30.00 2.84 744 38.36
3 .00 .00 .00 .00 -11.36 -20.00 13.64
4 14.20 23.81 .00 00 8,52 18.75 9.08
5 11.36 18.18 -2.84 -769 -2.84 -5.88 27.27
[ -22.73 -25.00 .00 .00 -5.68 -9.09 -32.73
7 -14.20 -17.86 284 714 -2.84 -5.56 .00
8 5.68 6.67 5.68 11.76 284 476 2273
9 -17.05 -23.08 2.84 7.14 2.84 5.56 06
10 8.52 13.04 8.52 25,00 5.68 11.11 13.64
11 5.68 9.09 284 8.33 -5.68 -11.11 9.09
12 2273 40.00 2.84 6.25 17.08 37.50 31.82
13 28.41 50.00 39.77 140.00 34,09 100.00 36.36
14 39.77 93.33 11.36 36.36 19.89 53.85 77.27
15 36.83 52.00 25.57 69.23 14.20 25.00 13.84
16 17.05 25.00 17.05 40.00 17.05 31.58 86.36
17 48.30 77.27 14.20 31.25 25.57 45.00 31.82
18 17.05 26.09 14.20 35.71 14.20 33.33 31.82
19 14.20 19.23 19.89 50.00 14.20 27.78 9.08
20 42.61 85.22 3877 100.00 28.41 55.56 59,09
21 3447 40.10 4261 88.24 55,50 88.80 77.27
22 12.05 11,16 28.41 71.43 28.41 50.00 31.82
23 4545 72.73 22.73 61.54 2273 44.44 36.36
24 2557 39.13 11.36 30,77 8.52 17.65 2273
25 34.08 52.17 2273 57.14 14.20 27.78 22.73
26 5.68 8.70 5.68 15.38 11.36 28.57 18.18
27 19.88 35.00 11.36 33.33 8.52 21.43 4.55
28 11.36 14.29 5.68 1111 5.68 10.53 .00
29 22.73 36,36 11.36 28.57 5.68 10.00 63.64
30 36.93 76.47 14.20 35.71 25.57 69.23 36.36
31 39.77 51.85 31.28 100.00 39.77 87.50 27.27
32 31.28 40,74 19.89 41.18 5.68 9.09 63.64
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Data Appendices

igpercch | shinabsc | shinperc | calfabsc | calfperc
1 .00 455 25.00 34.09 48.39
2 50.00 91 417 15.91 38.89
3 13.04 3.18 15.56 18.18 36.36
4 8.70 1.14 5.56 13.64 30.00
5 33.33 3.41 17.65 4.55 13.33
6 -17.86 -6.82 «21.27 4.55 8.33
7 .00 .00 .00 6.82 20.00
8 20.00 2.27 1111 18.18 36.36
9 .00 .00 .00 13.64 42.86
10 16.67 568 41,67 -4.55 -10.63
11 9.09 -6.82 -25.00 9.08 16.67
12 38.89 15.91 127.27 25.00 61.11
13 44 .44 13.64 150.00 27.27 60.00
14 60.71 9.09 50.00 26.00 68,75
15 12.50 18.50 162.80 52.27 109.52
16 86.36 9.08 66.67 31.82 77.78
17 31.82 13.64 85,71 50.00 91.67
18 31.82 9.09 53.33 22.73 45.45
19 9.09 9.09 80.00 56.82 147.06
20 56,52 7.95 46.67 34,09 60.00
21 56.67 9.09 33.33 72,73 100.00
22 31.82 9.09 50.00 31.82 53.85
23 33,33 4.55 25.00 45.45 76.92
24 25.00 9.09 5714 45.45 90.91
25 19.23 -2.27 -8.33 40.91 69.23
26 18.18 3.41 18.75 6.82 11.54
27 5.00 5.68 3848 34.08 107.14
28 .00 2.27 1111 29.55 52,00
29 63.64 17.05 107.14 4091 90.00
30 40.00 .00 .00 34.09 88,24
31 24.00 -1.14 417 31.82 58.33
32 37.84 2.27 9.09 36.36 4211
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General Linear Model

Within-Subjects Factors
Measure: MEASURE _1

Dependent
TRIALS Variable
1 CAPREAVG
2 C1POSTAV
Between-Subjects Factors
N
[ GROUP  C 71
T 21
Descriptive Statistics
GROUP Mean Std, Deviation N
CIPREAVG 16.0394 3.16055 11
T 15.9032 3.11021 21
Total 15.9500 3.07683 32
C1POSTAV C 18.1030 4.43392 11
T 17.2788 5.07643 21
Total 17.5620 4.80895 32
Tests of Within-Subjects Effects
Measure: MEASURE_1
Type H Sum
Source of Squares df Mean Square F Sig.
TRIALS Sphencity Assumed 42688 1 42688 5.761 023
Greenhouse-Geisser 42,688 1.000 42688 5761 023
Huynh-Feldt 42.688 1.000 42.688 5,761 023
Lower-bound 42.688 1.000 42.688 5761 023
TRIALS * GROUP  Sphericity Assumed 1.710 1 1.710 231 634
' Greenhouse-Geisser 1.710 1.000 1.710 231 634
Huynh-Feldl 1.710 1.000 1.710 231 634
Lower-bound 1.710 1.000 1.710 231 634
Error(TRIALS} Sphericity Assumed 222.277 30 7.409
Greenhouse-Geisser 222277 30.000 7.409
Huynh-Feldt 222277 30.000 7.408
Lower-bound 222.277 30.000 7.409

Tests of Between-Subjects Effects

Measure: MEASURE _1
Transformed Variable: Average

Type Il Sum
Source of Squares df Mean Square F Sig,
intercept 16369.651 1 16359.651 626.741 .000
GRQUP 3.331 1 3.331 128 723
Error 783.082 30 26.103
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General Linear Model

Within-Subjects Factors
Measure: MEASURE_1
Dependent
TRIALS Variable
1 C2PREAVG
2 C2POSTAV
Between-Subjects Factors
fromessvenssse N
GROUP C 1
T 21
Descriptive Statistics
GROUP. Mean Std. Deviation N
C2PREAVG € 8.2091 3.20781 1
T 7.6730 2.67382 21
Total 7.8573 2.86140 32
C2POSTAY G 8.6273 3.11879 11
T 7.8183 2.76809 21
Total 8.0984 2.87004 32
Tests of Within-Subjects Effects
Measure: MEASURE_1
Type il Sum
Source of Squares of Mean Sguare Sig.
TRIALS Sphericity Assumed 1.148 1 1.146 .381 837
Greenhouse-Geisser 1.146 1.000 1.146 .391 537
Huynh-Feldt 1.148 1.000 1.148 391 537
Lower-hound 1.148 1.000 1.146 391 537
TRIALS * GROUP  Sphericity Assumed .269 1 269 082 784
Greenhouse-Geisser .269 1.000 .269 .082 764
Huynh-Feldt 269 1.000 269 092 764
Lower-bound 269 1.000 269 092 764
Eror{TRIALS) Sphericity Assumed 87.990 30 2.933
Greenhouse-Gelsser 87.990 30.000 2.933
Huynh-Feldt 87.990 30.000 2.933
Lower-bound 87.990 30.000 2.933
Tests of Between-Subjects Effects
Measure: MEASURE 1
Transformed Variable: Average
Type I} Sum .
Source of Squares df Mean Square F Sig.
intercept 3772.071 1 3772.07% 273.089 .000
GROUP 6.530 1 §.530 473 497
Error 414.378 30 13.813
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General Linear Model
Within-Subjects Factors
Measure: MEASURE_1
Dependent
TRIALS Variable
1 CPRPRE
2 CRPPOST
Between-Subjects Factors
m N
GROUP  C 11
T 21
Descriptive Statistics
GROUP Mean Std. Deviation N
CPRPRE 9] 1.3458 2.14060 11
T 2.2605 3.50288 21
Total 1.9461 3.09663 32
CRPPOST C 1.5025 2.82488 41
T 2.5343 288271 21
Total 21796 2.86717 32
Tests of Within-Subjects Effects
Measure: MEASURE_1
Type {ll Sum
Source of Squares of Mean Square Sig.
TRIALS Sphericity Assumed 669 1 669 222 841
Greenhouse-Geisser 669 1.000 669 222 541
Huynh-Feldt 568 1.000 669 222 841
Lowar-bound 669 1.000 669 222 841
TRIALS * GROUP  Sphericity Assumed 050 1 050 016 .899
Greenhouse-Geisser 050 1.000 050 016 899
Huynh-Feldt 080 1.000 060 016 899
Lower-bound .050 1.000 050 .018 .899
Ervor(TRIALS) Sphericity Assumed 90.455 30 3.015
Greenhouse-Geisser 90.455 30.000 3.015
Huynh-Feldt 90.455 30.000 3.018
Lower-bound 90.455 30.000 3.015
Tests of Between-Subjects Effects
Measure: MEASURE _1
Transformed Variable: Average
Type lil Sum
Source of Squares df Mean Square F Sig.
Intercept 210.845 1 210.845 14.122 00
GROUP 13.675 1 13.675 818 .346
Error 447.923 30 14.931
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