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Abstract

Blood flow restriction (BFR) on the upper and lower limbs, in combination with
resistance training, has been found to increase muscle strength and muscle mass.
Previous research has used either arbitrary pressures or a pressure based on systolic
blood pressure (1.3 x SBP) to try and individualize the restriction of blood flow to the
lower limbs. Recent studies suggest that restrictive pressure should be individualized
and based on thigh circumference and limb composition. PURPOSE: The purpose of
this study was to cross-validate the effects of leg size, limb composition, and blood
pressure on arterial occlusion in women aged 20 to 30 years. METHODS: A total of 94
healthy college-aged women visited the laboratory for 2-3 visits. Forty-four participants
visited the lab for 2 visits (1 paperwork/screening and 1 testing visit), and 50 women
were asked to return for a third visit (1 paperwork/screening and 2 testing visits) to
assess reliability and consistency of our measurements. On the first visit, participants
completed paperwork and were screened for blood pressure (BP) and ankle brachial
index (ABI). During the subsequent visit (s), participants subject’s height, body mass,
pregnancy and hydration status were measured. Participants were then tested using Dual
Energy X-Ray Absorptiometry (DXA) for determining total and regional body
composition, followed by Peripheral Quantitative Computed Tomography (pQCT) of
the mid-thigh (50% of thigh length) in both legs to assess muscle and fat cross-sectional
areas (mCSA and fCSA). Next, muscle and fat thickness, measured by ultrasound, and
thigh circumference at 33% and 50% of thigh length were measured on both legs
followed by measurement of ABI and total occlusion pressure. RESULTS: From a total

of 94 participants (age = 24.7 = 2.5, height = 165.6 £ 6.5, weight = 64.7 £ 10.2), 50
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returned for reliability testing. Day 1 and day 2 values for height, weight, SBP and
diastolic blood pressure (DBP), had strong intraclass correlations (ICC’s; 0.73-0.99),
small standard errors of the measurement (SEM; 0.21-3.78) and small to moderate mean
differences (MD; 0.6 -10.5). Muscle and fat thickness measured using ultrasound had
strong ICC’s (0.77-0.98), small SEM (0.06-0.29) and small MD (0.22-0.82). Regional
lean muscle and fat tissue measured using DXA had strong ICC’s (0.95-0.99), moderate
SEM (81.89-155.35), and moderate MD (226.99-430.60). Muscle area and fat area
measured using pQCT had strong ICC’s (0.99), small SEM (1.51-2.51) and small MD
(4.16-6.95). In the regression analysis the variables that remained constant in all three
models to predict arterial occlusion pressure included SBP, DBP, and thigh
circumference at 50% of thigh length, only the technique (Ultrasound, DXA, and
pQCT) used to assess thigh composition (muscle and fat) changed. For ultrasound
measurements, STEPWISE method beta weights and partial correlation coefficients
explained 62% of the variance (R?=0.620) with the following variables for the right leg,
SBP (3=0.510, P=0.000); thigh circumference at 50% of thigh length (3=0.266,
P=0.000); anterior right 50% fat (3=0.328, P=0.000). For the left leg, the following
variables significantly predicted arterial occlusion pressures were: SBP (3=0.482,
P=0.000); thigh circumference at 50% of thigh length (3=0.348, P=0.000); DBP
(R=0.225, P=0.006) and explained 64% of the variance (R?=0.638). For DXA, the
STEPWISE method explained 56% of the variance (R*=0.560) with the following
variables for the right leg, SBP (3=0.479, P=0.000) and thigh circumference at 50% of
thigh length (8=0.484, P=0.000). For the left leg, the following variables significantly

predicted arterial occlusion pressure: SBP (8=0.482, P=0.000); thigh circumference at
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50% of thigh length (8=0.348, P=0.000); DBP (8=0.225, P=0.006) and explained 64%
of the variance (R*=0.638). For pQCT, the STEPWISE method explained 48% of the
variance (R°=0.480) with the following variables significantly predicting arterial
occlusion pressure for the right leg: SBP (13=0.443, P=0.000) and thigh circumference at
50% of thigh length (3=0.467, P=0.000). For the left leg, the following variables
significantly predicted arterial occlusion pressure: SBP (3=0.356, P=0.001); thigh
circumference at 50% of thigh length (3=0.388, P=0.000); DBP (13=0.320, P=0.003) and
explained 55% of the variance (R?=0.551). CONCLUSION: The results indicate that
thigh circumference at 50% of thigh length and SBP are the main determinants of
arterial occlusion pressures in both legs for 20-30 year old women. Despite differences
in field (Ultrasound) and laboratory (DXA and pQCT) models, the prediction equations
explained similar amounts of variance in the dependent variable, occlusion pressure
(about 63% for ultrasound averaged across both legs; 60% for DXA averaged across
both legs; and 52% for pQCT averaged across both legs). Therefore, arterial occlusion
pressure should be based on thigh circumference and systolic and diastolic blood

pressures without the need to assess limb composition.
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Chapter I: Introduction

The American College of Sports Medicine (ACSM) has categorized high load
resistance exercise at loads > 70% 1-RM (repetition maximum) as the recommended
load to elicit increases in skeletal muscle size and strength [1]. However, this high
mechanical load may not be appropriate for elderly populations as well as for
individuals requiring rehabilitation in which the loss of muscle mass and strength are
debilitating. On the other hand, numerous research studies have examined the effects of
blood flow restriction (BFR) with low intensity resistance exercise on skeletal muscle
hypertrophy and strength, in addition to the effects on neural, cardiovascular and
endocrine responses[2]. BFR, as the name denotes, involves decreasing blood flow to a
muscle by the application of a wrapped device, for example, blood pressure cuffs or
specially designed restrictive straps. Evidence suggests that this technique provides a
beneficial mode of training that corresponds to an individual’s daily physical activity
(10-30% of maximal work capacity) [3]. Therefore, research evidence suggests that low
intensity resistance exercise in combination with BFR have a wide range of practical
applications from clinical and rehabilitation aspects, to athletic populations.

The novelty of resistance exercise with BFR is that at relatively low exercise
intensities (i.e. 20% 1RM), skeletal muscle hypertrophy and increase muscular strength
can still be elicited [3]. The practice of restricting blood flow during exercise is done by
placing a restrictive band or pneumatic cuff on the most proximal portion of the
exercising limb, which reduces arterial blood inflow to the working muscle, while
occluding venous return, thus resulting in pooling of venous blood around the exercised

muscle [4]. To date, there is no standard protocol for the application of blood flow



restriction during resistance exercise. This lack of a standard procedure may be due in
part to the differences in restrictive cuff types, with respect to material and size, as well
as the overall technique of applying the restriction. Many studies have used 2cm wide
elastic restrictive KAATSU Master cuffs (Sato Sports Plaza, Tokyo, Japan) for the
upper limbs and 5¢cm Hokanson wide cuffs for the lower limbs [5]. However, research
suggests that utilizing a wider cuff (13.5cm width x 85cm length; Hokanson, Bellevue,
WA, USA) to determine total occlusion pressures may be the best, since occlusion may
be dependent upon limb circumference and body composition [4]. These differences in
technique may explain the discrepancies in the literature regarding the ideal method
with which to restrict blood flow.

There is some variability in devices being used for the purposes of blood flow
restriction. These devices include elastic knee wraps [6-9], nylon pneumatic cuffs [10],
elastic belts containing a pneumatic bag [11, 12], or traditional nylon blood pressure
cuffs [13, 14]. This variability also affects the size of the cuffs applied on the exercising
limbs, which can range from 5cm to 20.5cm [15, 16]. Some of these techniques use a
series of restrictive cuff pressures that range from 1.3 times greater than systolic blood
pressure (SBP;160mm Hg) to over 200mm Hg [17]. However, some studies use
pressures that are not set relative to the individual (1.3 x SBP), but rather use a
generalized pressure for all individuals. A few studies [18] have also utilized two
different elastic cuffs interchangeably, which raises the questions of whether the same
amount of blood flow restriction was achieved with each cuff. Different blood flow
restriction devices and cuff sizes may not produce the same effects on tissues and their

surrounding blood vessels as found in previous research [19]. This variation may be due



to the amount of tissue surrounding the blood vessel which influences the pressure
exerted on the vasculature and therefore the degree of blood flow restriction that is
achieved at a given pressure. Furthermore, such devices may have detrimental effects
on muscles utilized during exercise depending on the amount of occlusion to which the
muscle is exposed [20]. Some evidence suggests that it is important to define the initial
restrictive pressures and target restrictive pressures as a means to obtain the desired
training-related physiological adaptations [21]. However, other research focuses on
individualizing the technique by determining the limb circumference and adjusting the
pressures to obtain similar restriction across subjects. The overall size of the cuff is an
important variable to consider, as wider restrictive cuffs have been shown to be a more
effective means in restricting arterial blood flow at lower inflation pressures in
comparison to narrower restrictive cuffs [19]. Loenneke et al. [17] compared the effect
of cuff width on arterial occlusion utilizing both narrow cuffs (5cm) connected to a
KAATSU Master Cuff inflator (Sato Sports Plaza, Tokyo, Japan), and a wide cuff
(13.5cm) connected to an E 20 Rapid Cuff Inflator (Hokanson, Bellevue, WA), and
reported that the restrictive cuff pressure should largely be based on thigh
circumference rather than pressures previously stated in the literature. Since some
research studies determine the pressures used to restrict blood flow during exercise
based on limb circumference [2], and others still base occlusion pressures based on SBP
[10], further research is required to assess the influence of leg size, limb composition,
and resting blood pressure on arterial occlusion.

A gap between the amount of research conducted on males compared to

females, especially in blood flow restriction studies exists. This is important because if



thigh circumference is an important factor to consider when determining the restriction
pressure of the limb, differences between the sexes’ body composition must be taken
into account. Previous research indicates that there are sex differences for regional and
whole body mass where men tend to have more muscle mass in the lower and upper
body compared to women [22]. Women’s body composition is such that the storage of
adipose tissue is distributed towards the lower limbs. This may warrant modifications to
the technique based not only on the thigh circumference, but also on muscle cross-
sectional area (MCSA) and fat cross-sectional area (fCSA) as more fat would require
greater pressures to occlude the lower limb. Furthermore, leg dominance may cause
various differences between the lower limbs in terms of composition and/or strength, as
previous research has found that the dominant leg is 5.3% stronger than the non-
dominant leg [23]. Thus further research is required to study the effect of BFR on both
limbs.

Despite the efficacy of blood flow restriction, some studies have raised potential
safety concerns [24-26]. However recent research confirms the reports that, when used
in a controlled environment by experienced and trained personnel, blood flow
restriction is a safe and effective training alternative for healthy populations [27] and
not for those with diagnosed or uncontrolled hypertension or peripheral vascular disease
[28]. While the research on blood flow restriction is promising, its limitations require
further research to better define the ideal conditions in which this style of training can

be used.



Purpose
The purpose of this study was to cross-validate the effects of leg size, limb
composition, and resting blood pressure blood pressure on arterial occlusion pressures
in women aged between 20 and 30 years.
Research Question

1. What effects do resting blood pressure, thigh circumference, and thigh
composition (MCSA and fCSA) have on arterial occlusion pressure in both
lower limbs when assessed utilizing a wide cuff (Hokanson)?

Hypotheses

1. Since DBP is clinically linked to peripheral resistance and SBP contributes to
arterial perfusion it was anticipated that DBP and SBP would have significant
effects on arterial occlusion pressure. However, Crenshaw et al. [19] found that
SBP did not affect arterial occlusion pressure and Loenneke et al. [17] suggested
that brachial SBP did not explain additional variance when used in any of the
regression models to predict total arterial occlusion pressure, therefore it is
hypothesized that SBP will only have a minimal impact on arterial occlusion
pressure. There is a tendency for pressure beneath a pneumatic cuff to decrease
soft tissue depth and this tendency becomes more pronounced as the
circumference of the limb increases [29]. Therefore, it was hypothesized that
limb circumference would be a determining factor of arterial occlusion pressure
as there is a consistent decrease in the mean maximal tissue-fluid pressure when
thigh circumference increases. Previous research suggests that limb composition

(muscle and fat cross sectional and thickness) has a greater influence on the



pressure at which arterial blood flow restriction occurs [17, 30] , therefore it was
hypothesized that muscle cross-sectional area (MCSA) and fat cross-sectional
area (FCSA) would have significant effects on arterial occlusion pressure. A
larger fCSA would require higher occlusion pressures and a larger mCSA would
require lower occlusion pressures.
Subquestion
1. Would the same factors (SBP, DBP, mCSA, fCSA and thigh circumference) that
affect arterial occlusion pressure be similar for both right and left legs
independent of limb dominance?
Subhypothesis
1. Previous research suggests that differences exist in muscle mass and strength
between right and left limbs; however it was hypothesized that the factors that
contribute the most to arterial occlusion pressure may differ depending on leg
dominance from the right or left lower limb.
Significance of Study
Past research has prescribed blood flow restriction training using arbitrary
pressures which may not be the most effective pressure for arterial restriction in a
particular person as differences in cuff width would restrict blood flow to differing
amounts at the same pressure [17, 31]. The results from this research provides
information for designing optimal protocols for determining the appropriate restrictive
pressures that should be used for designing BFR resistance training protocols for
women, especially those who do not normally perform high intensity resistance training

due to physical limitations or injury. The effect of different variables on arterial



occlusion pressure can provide more insight into this methodology, which may indicate
that restricting cuff pressures should be based on thigh circumference, or composition,
and not simply on arbitrary or standardized pressures that have been previously
suggested in the literature.
Assumptions
1. Participants answered all questions on questionnaires truthfully.
2. Participants maintained their current level of physical activity and diet.
3. DXA and pQCT provide valid measures of muscle and fat.
Delimitations
1. The findings of this study are only applicable to women between 20-30 years of
age.
2. The participants were willing volunteers and do not represent a true random
sample.
Limitations
1. Physical activity level was not controlled.
2. Participation was limited to individuals within DXA guidelines: weight capacity
(300Ibs) and height (6ft 4in).
3. Hand-held directional Doppler was site-specific per individual and pressure
dependent.
Operational Definitions
1. Blood flow restriction (BFR) - decreasing blood flow to a muscle by the

application of a wrapped device or pneumatic cuff.



Muscle cross-sectional area (MCSA) — the area of a cross-section of the thigh at
50% of thigh length that excludes bone, fat, and skin.

Fat cross-sectional area (fCSA) — the area of a cross-section of the thigh at 50%
of thigh length that excludes bone, muscle, and skin.

Dual Energy X-Ray Absorptiometry (DXA) — assesses bone density by
measuring the attenuation of two x-ray energy beams passing through the body.
This method is used to measure total body bone mineral density, bone mineral
content, fat, and lean soft-tissue mass.

Peripheral Quantitative Computed Tomography (pQCT) — a low-voltage x-ray
procedure that quantifies total, trabecular, and cortical bone mineral density
(mg/cm®) and validated as a measure of muscle and fat cross-sectional area in
the mid-thigh [32].

. Ankle-brachial index (ABI) — the ratio of the blood pressure in the lower legs to
the blood pressure in the arms used to detect peripheral vascular disease.

. Systolic Blood Pressure (SBP) — the brachial systolic blood pressure or the
pressure blood exerts on the brachial arterial walls during systole.

Diastolic Blood Pressure (DBP) — the brachial diastolic pressure or the pressure

blood exerts on the brachial arterial walls during diastole.



Chapter II: Literature Review

History of Blood Flow Restricted Exercise

Blood flow restriction (BFR) was developed in 1966 by Yoshiaki Sato after he
noticed some numbness in his calf while kneeling at a Buddhist ceremony [5]. During
this time, Sato realized that the feeling was comparable to that of heavy calf-raise
resistance exercise and theorized that the muscle swelling and alteration in sensation
was associated with reduced blood flow to the working muscle. Shortly after, he began
developing a prototype of a flexible pressurizing cuff with pressure sensors that could
successfully test his theory. He surmised that the stimulus elicited while using this
technique during exercise, could produce favorable and effective skeletal muscle
adaptations. After a few years of constant modifications to the equipment, he
completed the basic training manual for BFR and began providing bands for use by the
general public and athletic populations in Japan. His research drew acclaims from
across the world. Numerous laboratories are continuing to investigate this training
method, as it has been found to increase skeletal muscle size and strength [5].

Potential Mechanisms Associated with Blood Flow Restriction

Blood flow restricted (BFR) exercise training, coined “KAATSU Training”, has
been the subject of numerous studies on skeletal muscle hypertrophy, strength gains,
and neural, endocrine, and cardiovascular responses. This technique has been used in
combination with resistance exercise at relatively low intensities (i.e. 20% 1-RM), as
well as low-intensity aerobic exercise (i.e. walking, cycling) for eliciting skeletal
muscle hypertrophy and strength respectively [3]. These studies have shown favorable

results in a variety of populations, including the elderly [33-35], trained athletes [36,



37], people recovering from injury (i.e. ACL, osteochondral fracture) [38, 39], people
diagnosed with idiopathic inflammatory myopathy [40] and even astronauts [18]. Thus,
BFR has a wide range of practical applications because all observed changes have
occurred at low intensities/loads, therefore benefiting populations that are
contraindicated to perform high intensity/loads and thus are limited to lower loads.

To restrict blood flow during exercise, a restrictive band or cuff is placed on the
lower and upper proximal portions of the exercising limbs. This reduces the amount of
arterial blood inflow to the muscle, occluding venous return, which in turn results in
venous pooling in the localized muscle. As a result of exercising with BFR, myogenic
and proteolytic markers increase, correlative evidence that cell signaling pathways, rates
of protein synthesis, hormonal responses, and satellite cell activation is taking place.
Previous research suggests that BFR produces a metabolic accumulation that causes
positive physiological adaptations. These include fast twitch fiber recruitment and
subsequent increases in both anabolic growth factors and protein synthesis through the
rapamycin (MTOR) pathway [41]. The novel aspect of BFR is that fast twitch fibers are
recruited even though training intensity is low. Research shows significant increases in
motor unit (MU) firing rate and MU spike amplitude associated with the arterial
occlusion imposed by BFR. This suggests that the recruitment of high threshold MU is
not merely affected by force and speed of contraction, but more so by the availability of
oxygen [42-45]. Loenneke et al. [46] suggested that cell swelling appears to be a likely
mechanism through a combination of blood pooling, accumulation of metabolites, and
reactive hyperemia. Any cell swelling in the muscle induces changes in protein

metabolism, first identified by Haussinger [47] and inhibits catabolic reactions, shifting
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the anabolic protein balance, therefore sparing protein and promoting lipolysis [48].
Furthermore, other research suggests that BFR also increases water content of a muscle
cell, inducing a cascade of cellular signaling pathways including activation of S6K, a
critical regulator of exercise induced muscle protein synthesis [49] and enhances the
mTOR signaling pathway, the master network regulating skeletal muscle growth. When
activated, signals act as downstream targets to increase muscle protein synthesis and
lead to skeletal muscle hypertrophy. Additionally, increases in whole blood lactate,
plasma lactate, and muscle cell lactate accumulation in response to BFR results in
increased growth hormone (GH) secretion, which has been shown to be stimulated by
an acidic intramuscular environment and therefore is stimulated at lower loads [50]
compared to typical high intensity resistance programs. Heat shock proteins (HSP),
nitric oxide synthase -1 (NOS-1) and myostatin levels have also been shown to be
affected by BFR in combination with exercise and consequently increase the muscle
cross-sectional area of the muscle. HSP are induced through stressors such as heat,
hypoxia, and ischemia, and are useful for slowing down muscle atrophy by playing a
protective role by preventing protein degradation during lack of use, and also inhibiting
the key atrophy signaling pathway, known as ubiquitin proteasome signaling pathway.
NOS-1, the enzyme responsible for modulating vascular tone, functions as a retrograde
neurotransmitter, stimulating muscle growth through the increased activation of satellite
cells. Levels of myostatin, a negative regulator of muscle growth, have been shown to
decrease as a result of mechanical overloading, including exercising with BFR.

Therefore, BFR exercise elicits a comparable increase in muscle protein synthesis

11



compared to high intensity exercise. However, the underlying mechanisms behind
muscle hypertrophy with BFR may be quite different.
Blood Flow Restriction and Cuff Type

Currently, there is no standardized method for the application of BFR during
resistance exercise due to the differences in cuff design (cuff size and material).
Differences in cuffs also result in alterations in restrictive cuff pressures. Therefore, the
duration of restrictive pressure applied will fluctuate and may affect the degree of BFR
to the working muscles. The careful manipulation of the degree of BFR during exercise
has been shown to affect muscle activation patterns and the degree of muscle fatigue
[4]. The occlusive stimulus is typically produced by a KAATSU Master Apparatus or
modified blood pressure cuffs. This style of training is expensive because it requires a
high level of skill to operate the apparatus and difficulty obtaining the apparatus makes
it available to only a few [41]. Consequently, a need still exists for the development of a
practical application of an occlusive stimulus. Loenneke et al. [9] found that performing
four sets of leg extension exercise (30-15-15-15) with 150-second rest between sets at
30% 1RM with elastic knee wraps did not significantly increase metabolic stress. This
study suggested that elastic knee wraps, although inexpensive, easy to obtain, and
practical, do not elicit similar blood flow restriction adaptations as seen with more
traditional BFR techniques. Teramoto and Golding [14] found that vascular occlusion
with the BFR cuff after a 5-week of 12-inch step exercise program resulted in greater
muscular strength gain of the lower leg that was using a traditional nylon blood pressure
cuff compared to the non-occluded leg. Other methods of BFR include an elastic belt

containing a pneumatic bag [11] and pneumatic cuffs [10] that also change the range of
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restrictive pressures, the duration of restriction pressure, and the overall restriction of
blood flow to the working limb. Thus, it is important to distinguish the type of device
used to induce BFR for future research designs.
Blood Flow Restriction and Cuff Size

Across the literature, a variety of devices and different cuff sizes have been used
for blood flow restriction exercise. However, the latest research has found that the size
of the cuff, especially its width, is an important factor to consider when exercising.
Studies have shown that using a wider restrictive cuff is more effective in restricting
arterial blood flow at lower inflation pressures compared to narrow cuffs used to elicit
the same results [19]. Still, recent literature suggests that the actual restrictive device is
of less importance for muscle adaptation than the actual degree of BFR applied during
exercise. For example, most published studies that demonstrate positive adaptations to
BFR have used narrow elastic cuffs with the internal pneumatic bags (KAATSU Master
Apparatus). With the narrow cuffs, the belts are regulated by pressure sensors
throughout the inflation period to account for changes in muscular pressure while the
muscle contracts. However, it has been hypothesized that the pressures used to restrict
blood flow while exercising should be determined by the width of the cuffs and limb
circumference, rather than using pressures that are estimated as 1.3 times greater than
systolic blood pressure [17]. Furthermore, from a physiological perspective, the
magnitude of reductions in arterial and venous blood flow does appear to be an
important factor; however the devices used to restrict the blood flow is still not

standardized relative to material or size.
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Blood Flow Restriction and Occlusion Pressure

Occlusion pressure is the amount of pressure required to restrict vascular blood
flow in the exercising muscle. The theory of BFR restriction exercises is that the cuff
appears to restrict venous outflow that occurs at low pressures ranging from 7 to 35mm
Hg in elbow flexors [4] during upper body resistance training and is dependent on body
position. The restriction may also depend on the amount of soft tissue that surrounds the
artery [29], therefore it should be noted that initial pressure, meaning how tightly the
elastic cuffs are applied initially, may have an effect on the level of tissue oxygenation
at the given pressure. Furthermore, previous studies have utilized restrictive cuff
pressures of 140-240mm Hg for lower body exercise and between 100-160mm Hg for
upper body exercise in the upright position [4]. It is noted that a reduction in arterial
blood flow to the exercising skeletal muscle increases the chemoreflex thereby
increasing heart rate (HR) and blood pressure (BP) while exercising. Renzi et al. [26]
studied the effects of blood flow restriction during low-intensity aerobic exercise and
found an increase the HR and BP responses compared to traditional exercise. Sakamaki
et al. [51] compared a higher restrictive pressure (200mm Hg) to a lower restrictive
pressure (160mm Hg) during walking at 67m/min (4 km/hr) for 20 minutes suggesting
that higher restrictive pressures elicit greater HR and BP response. A few studies have
used complete arterial occlusion (300mm Hg) thereby eliciting greater HR and BP
responses [52]. However, restrictive pressures above 300mm Hg are not recommended
as a safe practice. Loenneke et al. [30] assessed SBP, DBP, muscle and fat thickness,
and thigh circumference in the upper and lower extremities in men and women between

the ages of 18 to 35 years, to measure their relationship to arterial occlusion. Their
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study assessed a laboratory model consisting of muscle and fat cross section (estimated
by pQCT), SBP, and DBP, and a field method consisting of thigh circumference, SBP,
and DBP. His findings suggest that although SBP and DBP were important variables to
consider, thigh circumference was the greatest predictor of arterial occlusion in the
lower extremities. Therefore, a restrictive cuff pressure based on limb circumference
may be more advisable when combining BFR with exercise. However, limb size can
vary based on sex differences in skeletal muscle mass, muscular strength and fat content
which may have had a significant effect on the prediction equation produced from their
analysis where men and women were combined. Further research is needed to
investigate the importance of limb circumference, limb composition and blood pressure
in women when exercising while using blood flow restriction cuffs.
Comparison of Males and Females

Sex differences based on skeletal muscle mass have indicated that men generally
have larger and stronger muscles compared to women. These differences tend to be
more pronounced in the upper limbs compared to the lower extremities [53, 54].
Janssen et al. [22] studied skeletal muscle mass and distribution in 468 men and women,
finding that, on average, skeletal muscle mass in men is 36% greater than in women.
Muscle distribution measurements showed that women tend to have 40% less muscle
mass than men in the upper body, but only 33% less in the lower body. Together, these
findings suggest that sex differences in lower body strength are smaller than those
observed in upper body strength [55, 56]. Factors that may affect maximal voluntary
strength include mCSA, specific tension (force per unit of CSA), full activation of

motor units, and possible anatomical differences in mechanical advantages [55].

15



Additionally, studies [22, 23] have indicated that sex differences include the fact that
women tend to have a smaller proportion of lean tissue and greater amount of fat in the
body compared to men.

It is a well-known observation that women generally have a greater amount of
body fat compared to men. Studies indicate that women hold a higher proportion of
body fat in the gluteal-femoral region, whereas men have more body fat in the
abdominal (visceral) region [57]. These body fat distributions may be due to differences
in regional fatty acid storage, mobilization and/or oxidation which contribute to
differentiation between the sexes [58]. The mechanisms for the sex differences in body
fat distribution, as well as the interaction between sex and fat distribution are still
largely unknown. However, body fat distribution should be a factor to consider when
accounting for the pressure used for BFR in women. It is expected that women will
have smaller mCSA and larger fCSA than men, in the lower extremities, due to the
increased fat distribution in the thigh. Typically, greater amounts of fat will require a
greater amount of pressure to compress the fat and ultimately the blood vessels during
BFR protocols, whereas, a more muscular leg would require less pressure to affect the
blood vessels in the limb. The area of limb composition relative to BFR protocols needs
further investigation.

Blood Flow Restriction and Leg Dominance

Leg dominance is defined as the preferential use of one leg over the other.
Previous research has demonstrated that the preferential use of one limb over the other
can result in greater differences in muscle thickness between the dominant and non-

dominant legs [59]. Lanshammar and Ribom [23] studied the differences in muscle
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strength in dominant and non-dominant legs in females, demonstrating a significant
asymmetry in leg muscular strength favoring the dominant leg compared to the non-
dominant leg. However, blood flow restriction studies testing both limbs during supine
testing, walking and/or resistance training have found increases in muscle strength and
hypertrophy in both limbs suggesting that leg dominance does not play a significant
role. Therefore, differences in muscle thickness and cross-sectional area may indicate
differences in arterial occlusion pressures for each limb. Therefore, further research is
needed to compare muscle and fat composition of each limb and their effect on arterial
occlusion pressures with BFR.
Blood Flow Restriction and Safety

A comprehensive review of the literature, with respect to safety and blood flow
restriction, suggests that the application of BFR can be performed safely across various
populations when performed correctly [2]. Due to the manipulation of blood flow
dynamics with BFR, safety concerns have arisen with respect to the cardiovascular
system, skeletal muscle damage, oxidative stress, and nerve conduction velocity
responses compared to what is observed during regular exercise. With respect to the
cardiovascular system, the congestion and distention of veins due to blood pooling with
BFR could potentially result in damage to the valves within the veins. However studies
suggest that the peripheral blood flow during BFR responds in a similar fashion as to
traditional resistance exercise because it is partially dependent upon the type of muscle
contraction and exercise intensities [2]. With respect to blood coagulation, coagulation
activity has not been reported, however fibrinolytic potential appears to be enhanced [2]

with BFR exercise compared to traditional resistance exercise. The studies citing these
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findings have investigated coagulation activity with different cuff sizes that range from
50 to 60cm with restrictive pressures of 150 to 200mm Hg with a standardized
resistance protocol [18], however these findings may not be necessarily applicable to
BFR models outside the standardized protocol. The term oxidative stress indicates a
combination of an imbalance between increased free radical production and exhaustion
of antioxidant defense. Under normal conditions, oxidative stress increases in
proportion to exercise intensity [60]. High intensity exercise (= 70% 1RM) elicits a
measureable increase in blood oxidative stress markers [60], however, studies suggest
that 20% 1RM knee extension with BFR does not elicit a similar oxidative stress
response [61]. Muscle damage occurs due to an unaccustomed bout of exercise or
eccentric muscle contractions [62]. Both resistance exercise at 20% 1RM [61] and walk
training at 50m/min [3] have found that BFR induces hypertensive responses in the
aorta [63], however this does not result in changes to either creatine kinase or
myoglobin content following BFR exercise.

Though research is encouraging, it is still limited and more research should be
completed to determine under what conditions BFR training should be used. Blood flow
restriction when used in a controlled environment elicits similar training results as
regular exercise, therefore it is considered a safe training alternative for populations and

individuals with safety concerns.
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Chapter I11: Methodology

Participants
One hundred women aged 20-30 (24.7 * 2.5) years from Norman, Oklahoma
and the surrounding areas were recruited to participate in the study. To establish a
statistical power of 0.80, a sample size of 40 subjects was determined to be necessary,
based on previously published literature utilizing similar sample sizes [17]. However,
since linear regression was being used to predict occlusion pressures from several
different outcome variables, a sample size of 100 was recruited to allow for
approximately 20 subjects per prediction variable with the idea that at most, five
prediction variables would be used in each prediction equation. An article by Peduzzi et
al. [64] reported that as few as 10 subjects per prediction variable was sufficient when
developing prediction equations.
Inclusion Criteria
1. Women between the ages of 20-30 years.
2. Participants were ambulatory and had no disabilities or hemodynamic disorders
preventing them from sustaining short bouts of limb compression.
3. Normotensive.
4. Free of overt clinical disease as determined from a health history questionnaire.

5. Ankle Brachial Index of >0.9.
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Exclusion Criteria

1. Weight over 300lbs.

2. Joint replacement/metal implants.

3. Pregnant.

4. Cardiovascular or metabolic disease.

5. Having more than one risk factor for thromboembolism [65]:

a.

b.

e.

f.

Classified as obese based on a Body Mass Index > 30kg/m?;
Diagnosed Crohn’s or inflammatory bowel disease;

Past fracture of a hip, pelvis, or femur;

Major surgery within the last 6 months;

Varicose veins;

Family history of deep vein thrombosis or pulmonary embolism.

6. Hypertensive (>140/90mm Hg).

7. Ankle Brachial Index of <0.9.

Experimental Design

One-hundred women aged 20 to 30 (24.7 + 2.5) years visited the lab on two

occasions. In addition, to assess reliability and consistency of our measures, a subset of

50 women, systematically selected by asking every second subject recruited if they

would be willing to return for a third visit to establish reliability measures for each

outcome variable (exactly the same as visit two), returned for a third visit. If the subject

did not want to return for a third visit, the next subject that was recruited was asked to

come in for the reliability testing to maintain the alternation of assignment of women to

the reliability testing group. Almost all subjects returned for their second visit within a
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one week time period (39/50 subjects) and most were tested at the same time of day for
both visits (41/50 subjects).

During the initial visit, participants completed paperwork consisting of informed
consent, a Health Insurance Portability and Accountability act (HIPAA) form, physical
activity readiness questionnaire (PAR-Q), health status questionnaire, menstrual history
questionnaire, and inclusion/exclusion criteria. Following this paperwork, participants
had their right arm blood pressure taken and ankle brachial index (ABI) measured on
each of their upper and lower limbs to exclude those participants who may be
hypertensive or those who had indications of peripheral vascular disease. All subjects
were instructed to refrain from caffeine, medication, and exercise on the day of the
testing visit. On the second and third visits, subject’s height and body mass was
measured using a standard stadiometer and an electronic scale, followed by a urine
sample to assess pregnancy and hydration status. Then, participants were tested using
DXA to determine total and regional body composition, followed by pQCT of the mid-
thigh in both legs to assess mMCSA and fCSA. Next, muscle thickness (ultrasound) and
thigh circumference were measured on both the non-dominant leg and dominant leg,
followed by measurement of blood flow occlusion pressures for each leg.

Standing Height and Body Mass

Height was measured to the nearest 0.5cm using a calibrated stadiometer (Stadi-
o-meter, Novel Products, Inc., Rockton, Illinois, USA) while body mass was measured
using a calibrated scale (Tanita, Digital Scale, Model BWB-800A, Japan) to the nearest
0.1 kg with participants wearing minimal clothing such as shorts and a t-shirt and no

shoes.
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Brachial Blood Pressure

Participants rested in a supine position for 10 minutes. Brachial blood pressure
was determined using an automatic blood pressure cuff (Omron Healthcare Inc. Vernon
Hills, IL, Model HEM-773). Blood pressure was taken twice and the values were
averaged. If the measurements were not within 5mm Hg, a third measurement was
taken and the closer of the two values was averaged for use in future analyses.

Ankle Brachial Index

Ankle brachial index is the ratio of the blood pressure in the lower legs to the
blood pressure in the arms and is used to detect peripheral vascular disease. Participants
had an MV10 segmental cuff placed on their left arm and inflated to occlude blood
flow. A hand-held bidirectional Doppler (MD4, Hokanson, Bellevue, WA) was placed
on the brachial artery at an angle of 45-60° and detected blood flow as the arm cuff was
slowly deflated until a pulse (arterial flow) was detected giving the highest pressure at
which blood flow was present; this was defined as brachial blood pressure. This
measurement was repeated on the right and left arm. Next, the blood pressure cuff was
placed on the participant’s left ankle and inflated. The Doppler probe was again used to
measure posterior tibial blood flow pulse as the ankle pressure cuff was slowly released.
This measurement was repeated on the right ankle. The ankle brachial index was
calculated by dividing the highest ankle pressure by the highest brachial pressure for
each side of the body.

Thigh Circumference (33%, 50%0)
Participant’s thigh circumference was measured with a tape measure at the

distance from the inguinal crease to the top of the patella, and marks were made at 33%
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distal to the inguinal crease determined by the tape measure, and at 50% distal from the
greater trochanter and the femoral condyle determined by pQCT scan, to accurately
represent the site at which the cuffs were placed (33%), and the location of the pQCT
scan (50%) respectively.
Ultrasound

Muscle and fat thicknesses were measured using a Fukuda Denshi UF-4500
(Tokyo, Japan) ultrasound unit and a 5 MHz linear probe. The probe was coated with
transmission gel and placed perpendicular to the tissue interface at the marked site
without depressing the skin. Muscle thickness was determined as the distance from the
adipose tissue-muscle interface to the muscle-bone interface and fat thickness was
determined as the distance from the adipose tissue-muscle interface to the top of the
skin. All measurements were taken while standing with feet, hip width apart, with arms
and legs relaxed and fully extended. Three measurements at each individual site and
anterior and lateral (33% determined by a tape measure and 50% of thigh length
determined by pQCT) were recorded and then averaged with the in vivo precision (CV
%) for muscle at 4.28% and 4.10% and fat at 6.81% and 5.60% for right and left leg
respectively.

Pregnancy and Hydration

A urine sample was used to assess pregnancy status and hydration status for
each subject. Each pregnancy test was measured by SAS pregnancy strip (SAS
Scientific, Mega Cor, GmbH Europaplatz 88131 Lindau, Germany) and hydration status
was assessed by a refractometer (Brix 0-32PCT .2 VEE GEE Scientific). Normal

hydration ranged from 1.004-1.029 urine specific gravity [66].
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Dual Energy X-ray Absorptiometry (DXA)

Dual energy X-ray absorptiometry (DXA) (Lunar Prodigy, GE Medical System,
Madison, MI) was used to measure body composition. Each participant completed one
total body scan to assess total body composition and regional composition of the upper
portion of both legs that included: total percent fat mass (FM) and bone free lean body
mass (BFLBM). Scans were analyzed using the encore 2010 software, version
13.31.016 (GE Healthcare, Madison, WI.) Each DXA scan consisted of two different x-
ray beams at 40 and 70kV, which were attenuated based on the differences in densities,
to assess bone mineral density, fat mass, and BFLBM. This study involved radiation
exposure ranging from 0.02 to 1.5mrem. This exposure was similar to that of daily
exposure to environmental radiation and less than the typical radiation exposure found
in X-rays and CT scans (25-270 mrem) [67]. A Quality Assurance (QA) test was used
to calibrate the DXA at the beginning of each day that testing sessions took place. A
standard calibration block was placed on the DXA table for this test.

Participants were required to wear minimal clothing and remove all metal and
attenuating materials along with their shoes. Subjects were asked to lie in a supine
position on the table, with their head approximately 2-3cm below the horizontal line
located at the top of the table. Hips and shoulders were evenly spaced in the middle of
the table, arms were close to the body, and knees and feet were secured with one strap
each to keep the legs straight and in place. In the Bone Density Research laboratory the
in vivo precision (CV%) for DXA assessed fat mass , body fat, fat free mass at 2.33%
and 2.54% for the right and left leg respectively, and bone free lean body mass at 2.26%

and 3.02% for the right and left leg, respectively.
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Peripheral Quantitative Computed Tomography (pQCT)

Peripheral Quantitative Computed Tomography (pQCT) is an effective
supplement to DXA and provides detailed information about the cross-sectional
geometry of skeletal sites and muscle. The mCSA and fCSA of both right and left
thighs of all participants was measured by a pQCT scanner (XCT 3000) using software
version 6.00 (Stratec Medizintechnik GmbH, Pforzheim, Germany). A trained
technician measured all pQCT scans with the coefficient of variation of mCSA of
2.09% and 2.06% for the right and left leg respectively, and fCSA of 1.09% and 3.01%
for the right and left leg respectively. The length of the femur was measured as the
distance between the greater trochanter and the femoral condyle using a tape measure.
With the subject seated, the right and left leg of each participant was positioned in the
center of the scanning area and each leg was secured to minimize any movement. A
scout view was used to find the end of the femur, and the gantry moved proximally
from the femoral condyle area to 50% of the femoral length. Before the start of the scan,
pQCT determined the mark at 50% of thigh length that would be used for the ultrasound
and thigh circumference measurements. All scans were performed using a 0.4 mm voxel
and a scan speed of 20mm/sec. The pQCT software generated image files directly after
the CT was performed. All images were exported and analyzed using ImageJ and the
BoneJ soft tissue distribution analysis. A Batch macro process was use to prepare the
image and run the soft tissue distribution analysis. Preparing the image consisted of
“Rotate 90 Degrees right”, Flip Horizontally, and a 7x7 normalized kernel filter using
the convolve function so that the muscle edge was better defined. The Distribution soft

tissue Analysis was then run using the following default settings: voxel size = 0.4 x 0.4
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X 2.2 mm; air threshold = -40.0000; fat = 40.0000; muscle threshold = 40.0000; marrow
threshold = 80.0000; soft tissue threshold = 200.0000; rotation threshold = 200.0000;
area = 550.0000; BMD = 690.0000; scaling coefficient = 1.4840; scaling constant = -
337.3000; ROI selection = bigger soft tissue; and ROI selection = bigger rotation
selection [68].
Arterial Occlusion Pressure

Participants reclined in a supine position, and the blood flow restriction cuff
(13.5cm x 83cm; Hokanson, SC12, Bellevue, WA) was applied to the most proximal
portion of each leg. The design of the pressure cuff resulted in the inflation bladder to
be located over the femoral artery on the left leg but closer to the outside of the thigh on
the right leg. The pulse at the ankle (arterial blood flow) was detected by using a hand-
held bidirectional Doppler probe that was placed on the posterior tibial artery. This site
was selected because femoral arterial blood flow is challenging to measure while the
cuffs are applied since the size of the cuff covered the ideal testing site of the femoral
artery. Both visual and auditory signals from the Doppler probe indicated when the
pulse was present.

The cuffs were connected to an E 20 Rapid Cuff Inflator (Hokanson, Bellevue,
WA\) where the cuff pressure automatically adjusted and was confirmed on the
machines’ digital window. Based on previous research methods that have found to
progressively restrict arterial flow [30], the cuffs were first inflated to 50mm Hg for 30s
and then deflated for 10s. Next, the cuffs were inflated to the participant’s systolic
blood pressure (SBP) for 30s and then deflated for 10s. The cuff pressure was then

increased incrementally by 40mm Hg (30s inflation followed by a 10s deflation) until
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arterial flow was no longer present. When arterial flow was no longer detected, cuff
pressure was decreased in 10mm Hg increments until arterial flow was regained.
Avrterial occlusion pressure was recorded to the nearest 10mm Hg as the lowest cuff
pressure at which pulse was not present. This process was used on both the right and
left legs and cuff pressure was increased up to but not over 300mmHg.
Statistical Analyses

To establish a statistical power of 0.80, a sample size of 40 subjects was
determined to be necessary based on previous literature [17]. However, since linear
regression was being used to predict occlusion pressures from several different outcome
variables, a sample size of 100 was recruited to allow for approximately 20 subjects per
prediction variable with the idea that five prediction variables would be used to generate
the regression equation. All recorded data were analyzed using PAWS Statistics 20.
Data are reported as means (X) and standard deviations (SD). Normality of the data was
checked by skewness and kurtosis values (normal ranges for both skewness and kurtosis
are between + 4), as well as the Kolmogorov-Smirnov test. The skewness and kurtosis
analysis provides information regarding the shape of the distribution curve for each
variable compared to the normal curve distribution. Skewness values outside the + 4
range would indicate either a positive skewed distribution (to the right) or a negative
skewed distribution (to the left). Kurtosis values outside that of + 4 range would indicate
either a leptokurtic distribution (more peaked in the middle) or a platykurtic distribution
(more flat across the entire distribution curve). The Kolmogorov-Smirnov test actually
tests whether or not the curve distribution is statistically the same or different from a

normal distribution but tells nothing of the shape of the curve. Reliability of each
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objective measure was determined by Intraclass Correlation Coefficient (ICC), Standard
Error of the Measurement (SEM), Minimal Difference (MD), Pearson r, and paired t-
tests. If the two separate days of testing were considered reliable based on ICC, SEM,
MD, Pearson r, and paired t-test, the data were averaged and used in further analyses.
Two different linear regression techniques (STEPWISE and ENTER methods) were
used with three different model of predictor variables (i.e. three different models: field —
ultrasound; laboratory — DXA and pQCT), with each model representing an increase in
detail and complexity, for obtaining measures of body composition to predict arterial
occlusion pressure for each leg. Each model consisted of individual blocks based on
changes in the Pearson correlation coefficient, adjusted R? standard error of the estimate
(SEE), and also on changes in the F value when all variables were included. Prediction
equations were then generated using unstandardized beta weights and the constant for
each separate analysis (12 separate equations, two regression techniques (STEPWISE
and ENTER), three different sets of predictor variables, and two separate legs).
Simplified regression equations were also developed by using either SBP or thigh
circumference at 50% of thigh length independently to predict occlusion pressure for
each model (US, DXA, and pQCT) and both legs (right and left) and the R?values
(amount of variance explained in the dependent variable) were reported. To compare
the appropriateness of each regression equation, the Akaike Information Criterion (AIC)
Scores were computed for each model and the equation with the lowest scores were
considered more accurate. Finally, to compare the actual mean occlusion pressures to the
occlusion pressures obtained from each model (US, DXA, pQCT) both legs (right and

left) and the two regression techniques (ENTER and STEPWISE) mean values for each
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parameter were calculated and Pearson Correlation coefficients (r) and Paired t-tests

were used for each comparison. A statistical significance level of p < 0.05 was used.
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CHAPTER 1V: Results and Discussion

Results
Participant Characteristics

One hundred women aged 20-30 (24.6 * 2.46) years from Norman, OK and the
surrounding areas were recruited to participate in this study. Out of the initial 100, only
94 completed all the testing sessions. Six subjects were excluded based on the following
reasons: 1) having a metal implant after completion of the screening; 2) no further
contact after the first screening visit; 3) having an Ankle Brachial Index < 0.9; 4) under
the age requirement of 20 years old; 5) the size of the limb was too large for the pQCT
gantry to scan and therefore none of the measurements from this subject were used; and
6) the Hokanson cuffs being too small for the subject’s thigh circumference. Thus the
sample size of 94 subjects was used for this research study. Out of 94 subjects, 50
participants were used to assess reliability and consistency of each outcome
measurement. Every second subject recruited was asked if they would be willing to
return for a third visit, if they declined then the next subject recruited was asked to come
in for the reliability measures, and every second subject after them would be asked to

return. Participant characteristics are presented in Table 1.
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Ultrasound Results

Table 1. Reliability of Height, Weight, Blood Pressures, Thigh Circumferences and
Total Occlusion Pressures for Ultrasound Subjects for Day 1 and Day 2
(N=50)

Variable X, +SD X ,+SD [Pooled SD| ICC | SEM | MD |Pearson r| tvalue |P value

Height (cm) 165.2+6.8 | 165.2+6.8 6.80 [0.99**| 0.21 | 0.60 | 0.99** -.38 71

Weight (kg) 6332106 | 63.1+104 | 1052 |0.99%*| 0.47 | 1.30 | 0.99** | 2.16 | .04*

SBP(mmHg) 109.5+7.7 | 110.1+6.8 725 |0.73**| 3.78 | 105 | 0.73** -.69 49

DBP(mmHQ) 66.6 £6.9 66.6 £5.9 641 [0.82**| 269 | 75 | 0.83** =21 .84

TC 50 R (cm) 514438 51.3+4.7 476 |0.98**| 0.60 | 1.67 | 0.98** 1.02 .32

TC 50 L (cm) 50.8 +4.7 509 +4.7 477 10.98**| 0.69 | 1.92 | 0.98** | -.249 .81

OCC R(mmHg) | 146.8 +21.1 | 1435+189 | 20.04 |0.86**| 7.63 |21.15| 0.86** 2.16 | .035*

OCC L(mmHg) | 136.2 +16.9 | 1342+ 143 | 1570 |0.88**| 544 |15.07| 0.89** 1.86 0.69

Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Thigh circumference at
50% of thigh length (TC 50); Occlusion Pressure (OCC); Right (R); Left (L); Mean (X);
Standard Deviation (SD); Intraclass Correlation Coefficient (ICC); Standard Error of
Measurement (SEM); Minimal Difference (MD);**(p=0.01); *(p=0.05)

Table 1 presents the anthropometric measures of height, weight, systolic and
diastolic blood pressures for day 1 and day 2, as well as the thigh circumference and
total occlusion pressures for both legs for the 50 subjects who were tested to establish
the reliability for each of the outcome variables. Results are expressed as means (X) £
standard deviations (SD) for all variables. Reliability between days was established by
calculating intraclass correlation coefficients (ICC), Standard Error of Measurement
(SEM), minimal difference (MD), Pearson correlation coefficients (r), and paired t-test
(t values). All variables had a highly significant (p<0.01) ICC’s ranging from 0.73 for
SBP to 0.99 for height and weight. The SEM were quite small, ranging from 0.21 for
height (cm) to 7.63 (mm Hg) for OCC Pressure, as were the minimal differences

(ranging from 0.6cm for height to 21.15mm Hg for occlusion pressure for the right leg).
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The Pearson r’s (indicating ranking order) were all significant (p<0.01) and strong, and
ranged from r = 0.99 (height and weight) to r = 0.73 (SBP). Paired sample t-tests found
no significant mean differences between day 1 and day 2 for height, SBP, and DBP.
However there was a significant mean difference between day 1 and day 2 for weight (t
value = 2.16, p < 0.04) and occlusion pressure for the right leg (t value = 2.16, p < 0.04)
despite the mean and standard deviations for day 1 (63.3 = 10.6kg) and day 2 (63.0 £
10.4kg) for weight, and day 1(146.8 £ 21.1mm Hg) and day 2 (143.5 £+ 18.9mm Hg) for
occlusion pressure for the right leg being close. Measurements shown in Table 1 were
averaged and then added to the data for subjects with only one visit for subsequent

analyses.
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Table 2. Reliability of Ultrasound Measurements for Day 1 and Day 2 at 33% and
50% Sites (N=50)

Variable _ Pooled

(cm) X12SD | X,+SD SD ICC | SEM | MD |Pearsonr| tvalue | P value
AntR 33 M 4906 | 4906 0.62 0.77** | 0.29 0.82 0.77** -.58 57
AntR 33 F 15+05 | 1.5£06 0.54 0.96** | 0.11 0.29 0.96** .16 .87
AntL 33 M 51+£06 | 5.0+0.6 0.59 0.90** | 0.18 0.51 0.90** 3.2 .002**
AntL 33 F 15+05 | 1.5£05 0.51 0.97** | 0.09 0.25 0.97** .93 .36
AntR50 M 44+06 | 4406 0.63 0.91** | 0.19 0.53 0.91** -.58 .57
AntR 50 F 12+04 | 1204 0.41 0.96** | 0.08 0.22 0.96** .04 97
AntL50 M 4407 | 4407 0.69 0.93** | 0.19 0.52 0.93** .16 .87
Ant L 50 F 12+04 | 1204 0.41 0.98** | 0.06 0.17 0.98** .32 75
LatR33 M 32+05 | 32104 0.47 0.82** | 0.20 0.55 0.83** 31 .76
LatR 33 F 20+08 | 2.0+0.8 0.80 0.97** | 0.14 0.39 0.97** 1.15 .26
LatL 33 M 31+04 | 3.1£04 0.39 0.86** | 0.15 0.41 0.86** .07 .95
LatL 33 F 20+£08 | 2.0+0.7 0.74 0.97** | 0.13 0.37 0.97** 2.3 .30
LatR50 M 35+04 | 35£04 0.44 0.93** | 0.12 0.33 0.93** -.42 .68
LatR50 F 12+05 | 1.1£05 0.51 0.97** | 0.09 0.24 0.97** .69 49
LatL50 M 34+04 | 3404 0.36 0.90** | 0.12 0.32 0.90** 34 73
LatL50 F 10+£05 | 1.0£05 0.47 0.94** | 0.11 0.32 0.94** .09 .93

Anterior (Ant); Lateral (Lat); Muscle (M); Fat (F); Mean (X); Standard Deviation (SD);
Intraclass Correlation Coefficient (ICC); Standard Error of Measurement (SEM);
Minimal Difference (MD); 33% of thigh length (33); 50% of thigh length (50);**
(p=0.01)

Table 2 presents day 1 and day 2 data for each measurement site (33% and 50%)
for both muscle and fat thickness at the anterior and lateral sites for each thigh. Femur
length was taken from the top of the inguinal crease to the top of the patella and
measurements sites were chosen at 33% and 50% of femur length to closely represent
the location where the Hokanson cuffs would be placed (33%), and to match the scan

locations for pQCT (50%). ICC ranged from 0.77-0.98, SEM ranged from 0.06 -0.29,
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and MD ranged from 0.17-0.82. Paired sample t-tests and Pearson correlation
coefficients (r) were used to compare mean differences and rank order for each variable
between day 1 and day 2. Pearson r values were statistically significant (0.77-0.98) and
considered strong for all variables and both anterior and lateral sites between day 1 and
day 2. There was one significant t-test (p < 0.01) for the Anterior Left 33% Muscle
(p=0.002) indicating mean difference between visits, however the means for day 1 (5.1
+ 0.6cm) and day 2 (5.0 £ 0.6cm) were also nearly identical. Measurements shown in
Table 1 and Table 2 for both day 1 and day 2 were averaged and added to the data of

those subjects with only one visit and used for subsequent analyses.
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Table 3. Summary of Ultrasound Data from the 94 Participants

Variable X £SD Skewness | Kurtosis | K-S test

Age (yrs) 24.6 £2.46 1.37 1.52

Height (cm) 165.6 £ 6.5 .025 -.001

Weight (kg) 64.7 £ 10.2 571 .096

SBP (mmHg) 110.7£7.5 .364 -.236

DBP (mmHg) 66.7 +5.8 .981 1.83

AntR 33 M (cm) 5.1+.63 -.088 -.002

AntR 33 F (cm) 1.5+ .52 1.14 1.46 w*
Ant L 33 M (cm) 5.2+ .57 -.071 -.32

Ant L 33 F (cm) 1.5+ .52 1.09 1.14 w*
AntR 50 M (cm) 4.6 + .66 -.001 -.022

Ant R 50 F (cm) 1.2+ .42 1.19 1.90 ok
Ant L 50 M (cm) 4.6 + .67 .089 -.291

Ant L50 F (cm) 1.3+ .56 3.11 15.11%* ok
Lat R 33 M (cm) 3.3+ .45 -212 1.29

Lat R 33 F (cm) 2.1+.75 743 .54 ok
Lat L 33 M (cm) 3.2+ .42 131 .63

Lat L 33 F (cm) 2.1+.73 847 1.16 *k
Lat R 50 M (cm) 3.6+.48 -.332 1.22

Lat R 50 F (cm) 1.2 + .46 1.36 4.05** *k
Lat L 50 M (cm) 35+ .42 .08 .39

Lat L 50 F (cm) 1.1+ .44 1.95 8.23** *k
TCR 33 (cm) 58.6 + 5.8 194 -.317

TCL 33 (cm) 58.3+5.8 .280 -.329

TC R 50 (cm) 525+47 .166 -.082

TC L 50 (cm) 51.8+4.7 317 -.162

OCCR (mmHg) | 149.1+19.2 .925 1.03

OCCL (mmHg) | 137.9+15.3 .887 1.11 *

Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Anterior (Ant); Lateral
(Lat); Muscle (M); Fat (F); Thigh Circumference (TC); Occlusion Pressure (OCC);
Right (R); Left (L); Mean (X); Standard Deviation (SD); ** (p<0.01) from normal
distribution; * (p<0.05) from normal distribution; 33% of thigh length (33); 50% of
thigh length (50); Kolmogorov-Smirnov test (K-S test)

Table 3 summarizes the ultrasound data from 94 subjects (50 from the reliability
analyses and 44 with only one visit) who were included in the ultrasound analyses.
Results are expressed as means ( X ) £ standard deviations (SD) for all variables.

Skewness and kurtosis values demonstrate normal distributions for each variable with
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the exception of Lateral Right 50 Fat (kurtosis = 4.05), and Lateral Left 50 Fat (kurtosis
= 8.23). Kurtosis values for these three variables demonstrate a leptokurtic distribution.
The Kolmogorov-Smirnov test confirmed a normal distribution for all variables except
fat thickness at the anterior and lateral 33% sites of thigh length for both legs and
anterior and lateral 50% sites of thigh length for both legs. However, since only the data
from the anterior 50% of thigh length mark for both legs were used for the regression
analysis, and since they were normally distributed based on skewness and kurtosis

measurements, the data was not transformed.

Table 4. Correlation Matrix (Pearson r) for Ultrasound Measurements 33% and
50% Sites for Right Leg (N=94)

Variable AntR50M AntRS50F LatR50M LatR50F
AntR 33 M 914**

AntR33F 914**

Lat R33 M .864**

Lat R33 F 925%*

Anterior (Ant); Lateral (Lat); Muscle (M); Fat (F); Right (R); 33% of thigh length (33);
50% of thigh length (50); ** (p=0.01)

Table 4 presents the correlation matrix for the anterior and lateral thigh sites at
33% and 50% of the thigh length of the right leg. This analysis was done to check for
multicollinearity among outcome variables that might be used in the regression analysis.
Pearson r values were statistically significant and strong (0.86-0.93) between variables
when comparing anterior 33% to 50% sites, and lateral 33% and 50% sites for both
muscle and fat. Both muscle and fat exhibited strong correlations between 33% and
50% sites with significance values of p = 0.00. Based on these correlations, the 50%
sites were chosen for the remainder of the analyses since these sites corresponded to the
measurement site for the pQCT measures.
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Table 5. Correlation Matrix (Pearson r) for Ultrasound Measurements for 33%
and 50% Sites for Left Leg (N=94)

Variable AntL50M AntL50F LatL50M LatL50F
AntL 33 M .914**

AntL33F .915**

Lat L33 M .868**

Lat L33 F .909**

Anterior (Ant); Lateral (Lat); Muscle(M); Fat (F); Left(L); 33% of thigh length (33);
50% of thigh length (50); ** (p=0.01)

Table 5 presents the correlation matrix for the anterior and lateral thigh sites at
33% and 50% of the thigh length of the left leg. This analysis was done to check for
multicollinearity among outcome variables that might be used in the regression analysis.
Pearson r values were statistically significant and strong (0.86-0.91) between variables
when comparing anterior 33% to 50% sites, and lateral 33% and 50% sites for both
muscle and fat. Both muscle and fat were strongly correlated between 33% and 50%
sites with significance values of p = 0.00. Based on these correlations, the 50% sites
were chosen for the remainder of the analyses since they corresponded to the
measurement site for the pQCT measures.

Table 6. Correlation Matrix (Pearson r) for Ultrasound Measurements from
Anterior and Lateral Sites for Right Leg (N=94)

Variable LatR33M LatR33F LatR50M LatR50F
AntR 33 M .556** 611**

AntR 33 F .848** .839**
AntR 50 M .506** .618**

AntR50 F .816** .861**

Anterior (Ant); Lateral (Lat); Muscle (M); Fat(F); Right (R); 33% of thigh length (33);
50% of thigh length (50);** (p = 0.01)

Table 6 presents the correlation matrix between the anterior and lateral thigh
sites at 33% and 50% of the thigh length of the right leg. This analysis was done to

check for multicollinearity among outcome variables that might be used in the
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regression analysis. Pearson r values were statistically significant and strong (0.51-0.86)
between variables when comparing anterior 33% to lateral 33% sites, and anterior 50%
to lateral 50% sites for both muscle and fat. Both muscle and fat demonstrated strong
correlation between 33% and 50% sites with significance values of p = 0.00. Based on
these correlations, the 50% sites were chosen for the remainder of the analyses since
they corresponded to the measurement site for the pQCT measures.

Table 7. Correlation Matrix (Pearson r) for Ultrasound Measurements from
Anterior and Lateral Sites for Left Leg (N=94)

Variable LatL33M LatL33F LatL50M LatL50F
AntL33 M .339** 377**

AntL33F .905** J97**
AntL50 M 322 ** 407**

AntL50F J97** .883**

Anterior (Ant); Lateral (Lat); Muscle (M); Fat (F); Left (L); 33% of thigh length (33);
50% of thigh length (50); ** (p = 0.01)

Table 7 presents the correlation matrix for the anterior and lateral thigh sites at
33% and 50% of the thigh length of the left leg. This analysis was done to check for
multicollinearity among outcome variables that might be used in the regression analysis.
Pearson r values were statistically significant (0.32-0.90) between variables when
comparing anterior 33% to lateral 33% sites, and anterior 50% to lateral 50% sites for
both muscle and fat. Both muscle and fat demonstrated strong correlations between
33% and 50% sites with a significance values of p<0.05. Based on these correlations,
the 50% sites were chosen for the remainder of the analyses since they corresponded to

the measurement sites for the pQCT measures.
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Table 8. Correlation Matrix for Ultrasound Measurements for Limb
Composition and Thigh Circumference for Right and Left Leg (N=94)

Right Leg Left Leg
Variable Fat Thigh Circumference Fat Thigh Circumference
Muscle  0.07 0.62** 0.06 0.60**
Fat 0.64** 0.46**

Thigh Circumference at 50% of thigh length (Thigh Circumference); ** (p = 0.01)

Table 8 presents the correlation matrix between limb composition (muscle and
fat thickness) and thigh circumference at 50% of thigh length of the right and left leg
from Ultrasound. This analysis was done to check for multicollinearity among the
outcome variables that were used for the regression analysis. Pearson r values ranged
from 0.07-0.64 when comparing muscle, fat and thigh circumference at 50% of thigh
length for the right leg and 0.06-0.60 when comparing muscle, fat and thigh
circumference at 50% of thigh length for the left leg. Both muscle and thigh
circumference at 50% of thigh length for both right and left legs, and fat and thigh
circumference at 50% of thigh length for both right and left legs demonstrated low to
moderate correlations. Based on these correlations, all three variables were chosen as
independent prediction variables for the remainder of the regression analyses.

Based on previous research and the current analysis regarding multicollinearity,
five prediction variables were selected to predict arterial occlusion pressures for each
leg. As mentioned in the Methods section, two linear regression techniques (ENTER
method and STEPWISE method) were used. The variables used in the first model
(based on ultrasound measures of thigh composition) were SBP, DBP, thigh
circumference at 50% of thigh length, anterior muscle thickness at 50% of thigh length,

and anterior fat thickness at 50% of the thigh length.
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In later analyses, two linear regression techniques were used (ENTER and
STEPWISE method) for both right and left legs and three of the five prediction
variables were used in both regressions (SBP, DBP, thigh circumference at 50% of
thigh length). Only the technique used to assess thigh composition (fat and muscle)
differed between the regressions. In the second set of regression equations, thigh fat and
thigh muscle were obtained from DXA, and in the third set of regression equations,
thigh fat and muscle were obtained from pQCT. With the ENTER technique, all five
variables were input into the regression analysis at the same time and produced a
prediction equation with all five variables even though not all variables were significant
or contributed significantly to changes in R%. With the STEPWISE technique, all five
variables were available for the regression analysis, however, only the variables that
significantly added to the explained variance in arterial occlusion pressure (R* changes)

were used.
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Table 9. Regression Analysis for Ultrasound Model for Right Leg- ENTER

Method
Variable Standardized B P value Partial correlation
Systolic blood pressure 486 .000 .366
Diastolic blood pressure .045 .603 034
Anterior Right 50 Muscle .046 .641 031
Anterior Right 50 Fat .336 .001 223
Thigh Circumference 50 231 077 117
R R? SEE Sig. F change
.788 621 12.12 <0.000

Measurement at 50% of thigh length (50)

Arterial Occlusion (mm Hg) = 1.239 (SBP) +.146 (DBP) + 1.338 (Ant R 50 M) +
15.221 (Ant R 50 F) +.942 (TC 50) - 71.934

Table 9 presents the linear regression model for ultrasound measurements when
using the ENTER method (N=94) on the right leg. None of the variables met the criteria
for multi-collinearity. Standardized beta weights and partial correlation coefficients
indicated that when adding all five variables into the equation, SBP (3=0.486)
(p=0.000), Anterior Right 50% Fat (3=0.336) (p=0.001) and thigh circumference 50%
(8=0.231) (p=0.077) explain the most variance in the dependent variable, occlusion
pressure. R? changes explain 62% (0.621) of the variance of the outcome variable
(arterial occlusion pressure) by the prediction equation with a Standard Error of
Estimate (SEE) of 12.12mm Hg. This means that even though five prediction variables
were analyzed at the same time, only three prediction variables significantly impacted
arterial occlusion pressure and two variables did not add any additional changes in the

to the explained variance of R. The formula for the ultrasound regression model of the
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right leg was developed from the unstandardized beta weights and the constant of -
71.934 from the ENTER regression analysis.

To demonstrate the effectiveness of the prediction equation based on the
ENTER method, subject number 03 was randomly chosen to compare predicted
occlusion pressures to actual occlusion pressures for the right leg. The raw data for the
five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) anterior
right 50% muscle = 4.4cm; 4) anterior right 50% fat = 0.8cm; 5) thigh circumference =
49.5cm; and occlusion value = 142mm Hg. When all variables were entered into the

prediction equation, the predicted occlusion pressure was 141.2mm Hg.

42



Table 10. Regression Analysis for Ultrasound Model for Right Leg —
STEPWISE Method

Variables Standardized B  p value Partial Correlation
block 1
Thigh Circumference 50 .581 .000 581
R R? SEE Sig. F change
581 338 15.68 < 0.000
block 2
Standardized 3 p value Partial Correlation
Thigh Circumference 50 .484 .000 AT4
Systolic Blood Pressure  .479 .000 469
R R? SEE Sig. F change
747 558 12.88 < 0.000
block 3
Standardized B p value Partial Correlation
Thigh Circumference 50 .226 .000 198
Systolic Blood Pressure  .510 .000 495
Anterior Right 50 Fat .328 .000 249
R R? SEE Sig. F change
187 .620 12.01 <0.000

Systolic blood pressure (SBP); Anterior(Ant); Fat(F); Right (R); Thigh circumference at
50% of thigh length (TC 50)

Arterial Occlusion (mm Hg): 1.085 (TC 50) + 1.299 (SBP) + 14.847 (Ant R50 F) —
69.639
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Table 10 presents the linear regression model for ultrasound measurements
when using the STEPWISE method (N=94) on the right leg. None of the variables met
the criteria for multi-collinearity. Standardized beta weights and partial correlation
coefficients indicated that when adding all five variables into the equation, block 1
demonstrates a single variable that significantly predicted arterial occlusion pressures
seen in the explained variance of R% Block 2 demonstrates a second variable that
significantly predicted arterial occlusion pressure and increased the variance explained
as seen in R?. Finally, block 3 demonstrates the most significant variables; thigh
circumference at 50% of thigh length (3=0.266) (p=0.000), SBP (3=0.510) (p=0.000),
and Anterior Right 50% Fat (3=0.328) (p=0.000) explaining the most variance. R
changes explain 62% (0.620) of the variance of the outcome variable (arterial occlusion
pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 12.01
mm Hg. The formula for the ultrasound regression model of the right leg was developed
from the unstandardized beta weight and the constant of -69.639 from the STEPWISE
regression analysis.

To compare predicted occlusion pressure to actual occlusion pressure for the
right leg for randomly chosen subject 03, the raw data for the five variables were as
follows: 1) SBP = 112mm Hg; 2) anterior right 50% fat = 0.8cm; 3) thigh circumference
= 49.5cm; and occlusion value = 142mm Hg. When all variables were entered into this

prediction equation, the predicted occlusion pressure was 141.4mm Hg.
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Table 11. Regression Analysis for Ultrasound Model for Left Leg-
ENTER Method

Variable Standardized B P value Partial correlation
Systolic blood pressure 485 .000 373
Diastolic blood pressure 223 .008 174
Anterior Right 50 Muscle .019 .818 015
Anterior Right 50 Fat 021 792 017
Thigh Circumference 50 327 .001 215

R R? SEE Sig. F change

0.799 639 9.48 <0.000

Measurement at 50% of thigh length (50)

Arterial Occlusion (mm Hg) = .989 (SBP) + .582 (DBP) + .443 (Ant L 50 M) + .564
(Ant L 50 F) + 1.055 (TC 50) — 67.797

Table 11 presents the linear regression model for ultrasound measurements
when using the ENTER method (N=94) on the left leg. None of the variables met the
criteria for multi-collinearity. Standardized beta weights and partial correlation
coefficients indicated that when adding all five variables into the equation, SBP
(8=0.485) (p=0.000), Anterior left 50% Fat (3=0.021) (p=0.792) and thigh
circumference 50% (3=0.327) (p=0.001) explain the most variance. R* changes explain
64% (0.639) of the variance of the outcome variable (arterial occlusion pressure) by the
prediction equation with a Standard Error of Estimate (SEE) of 9.48mm Hg. This means
that even though five prediction variables were analyzed at the same time, only three
prediction variables significantly predicted arterial occlusion pressure and two variables

did not add any additional changes in the to the explained variance of R®.
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The formula for this ultrasound regression model of the left leg was developed
from the unstandardized beta weight and the constant of -67.797 from the ENTER
regression analysis.

To compare predicted occlusion pressure to actual occlusion pressure for the left
leg for a randomly chosen subject 03, the raw data for the five variables were as
follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) anterior left 50% muscle =
4.4cm; 4) anterior left 50% fat = 1.0cm; 5) thigh circumference = 49cm; and occlusion
value = 135mm Hg. When all variables were entered into the prediction equation, the

predicted occlusion pressure was 135.6mm Hg.
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Table 12. Regression Analysis for Ultrasound Model for Left Leg —
STEPWISE Method

Variables Standardized 3 p value Partial correlation
block 1
Systolic Blood Pressure 701 .000 701
R R? SEE Sig. F change
.701 491 11.00 < 0.000
block 2
Standardized 3 p value Partial correlation
Systolic Blood Pressure .619 .000 .602
Thigh Circumference 50 .349 .000 .340
R R* SEE Sig. F change
179 .606 9.73 < 0.000
block 3
Standardized 3 p value Partial correlation
Systolic Blood Pressure 482 .000 376
Thigh Circumference 50 .348 .000 .338
Diastolic Blood Pressure 225 .006 179
R R? SEE Sig. F change
799 638 9.38 < 0.006

Thigh circumference at 50% of thigh length (TC 50)

Arterial Occlusion (mm Hg) = .984 (SBP) + 1.125 (TC 50) + .587 (DBP) — 68.442

Table 12 presents the linear regression model for ultrasound measurements
when using the STEPWISE method (N=94) on the left leg. Measurements considered in
this method were SBP, DBP, Anterior left 50% Muscle from ultrasound, Anterior left

50% Fat from ultrasound, and Thigh Circumference 50% of thigh length. None of the
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variables met the criteria for multi-collinearity. Standardized beta weights and partial
correlation coefficients indicated that when adding all five variables into the equation,
block 1 demonstrates a single variable that significantly predicted arterial occlusion
pressures seen in the explained variance of R% Block 2 demonstrates a second variable
that significantly predicted arterial occlusion pressure and increased the variance
explained as seen in R?. Finally, block 3 demonstrates the most significant variables;
SBP (3=0.482) (p=0.000), thigh circumference at 50% of thigh length (3=0.348)
(p=0.000), and DBP (?=0.225) (p=0.006) explaining the most variance. R? changes
explain 64% (.638) of the variance of the outcome variable (arterial occlusion pressure)
by the prediction equation with a Standard Error of Estimate (SEE) of 9.38mm Hg. The
formula for the ultrasound regression model of the left leg was developed from the
unstandardized beta weights and the constant of -68.442 from the STEPWISE
regression analysis.

To compare predicted occlusion pressure based on the STEPWISE method, to
actual occlusion pressure for the right leg for randomly chosen subject 03, the raw data
for the five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3)
thigh circumference = 49.5cm; and occlusion value = 135mm Hg. When all variables
were entered into this prediction equation, the predicted occlusion pressure was

136.2mm Hg.
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DXA Results

Table 13. Reliability of DXA Measurements from Day 1 and Day 2 Testing for
Thigh Lean Muscle and Fat Tissue (N=50

_ Pooled Pearson| t P
Variable X1£SD X ,+SD SD ICC | SEM | MD r value | value

R Fat (g) 3465.6 + 1050.8 |3487.0 + 1063.5| 1057.18 | 0.99** | 81.89 |226.99 | 0.99** | -1.26 | .213
L Fat (9) 3377.3 +1014.2 |3385.1 +1020.3| 1017.27 | 0.99** | 96.51 | 267.50 | 0.99** | -.399 | .692
R Lean (g) | 4311.8+696.5 |4337.2+7.24.8| 710.79 |0.98**|103.00 | 285.51 | 0.98** | -1.23 | .225
L Lean (g) | 4291.3+719.5 | 4283.6+713.6 | 716.56 | 0.95* |155.35|430.60| 0.95** | 0.25 | .805

Right(R); Left (L); Mean ( X); Standard Deviation (SD); Intraclass Correlation Coefficient (ICC);
Standard Error of Measurement (SEM); Minimal Difference (MD); ** (p=0.01);* (p=0.05)

Table 13 presents data from day 1 and day 2 for each measurement site for both
lean muscle and fat each thigh from DXA. The custom analysis femur length was
measured using a region of interest (ROI) starting at the femoral neck to the top of the
patella on both legs. ICC ranged from 0.95-0.98, SEM ranged from 81.9-155.3, and MD
ranged from 226.9-430.6g. Paired sample t-tests and Pearson correlation coefficients (r)
were used to compare mean differences and rank order for each variable between day 1
and day 2. Pearson r values were statistically significant (0.95-0.99) and considered
strong for all variables comparing day 1 and day 2. There were no significant
differences between the means for day 1 and day 2 (all p>0.21). All measurements
shown in Table 13 for both day 1 and day 2 were averaged and these subjects’ data

were added to the data from subjects with only one visit and used in further analyses.

49



Table 14. DXA Participant Characteristics (N=94)

Variable X+ SD Skewness Kurtosis K-S test
Age (yrs) 24.6 + 2.46 1.37 1.52
Height (cm) 165.6 £ 6.5 .025 -.001
Weight (kg) 64.7 £ 10.2 571 .096
SBP (mmHg) 110.7£7.5 .364 -.236
DBP (mmHg) 66.7 £ 5.8 .981 1.83
R Fat (g) 3638.2 +1131.8 .738 .362 **
L Fat (g) 3541 + 1089.6 .702 312 *k
R Lean (g) 4466.5 £ 676.9 .349 -.086
L Lean (9) 4418.7 £ 675.1 452 281
TC R 50 (cm) 525+4.7 .166 -.082
TC L 50 (cm) 51.8+4.7 317 -.162
OCC R (mmHg) 149.1£19.2 925 1.03 **
OCC L (mmHg) 137.9+15.3 .887 1.11 *

Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Right (R); Left (L);
Thigh Circumference at 50% of thigh length (TC); Occlusion Pressure (OCC);
Kolmogorov-Smirnov test (K-S test); Mean ( X); Standard Deviation (SD)

Table 14 presents data from the 94 subjects (50 from the reliability analyses and
44 with only one visit) who were included in the DXA analysis. Results are expressed
as means (X)* standard deviation (SD) for all variables. Both right and left legs
demonstrated larger muscle mass (4466.5 + 676.9g and 4418.7+ 675.1g) when
compared to fat mass (3638.2+ 1131.8g and 3541+ 1089.69) respectively, however
when comparing fat mass between the right and left legs, the right leg contained greater
muscle and fat mass though not statistically significant. Skewness and kurtosis values
demonstrate normal distributions. The Kolmogorov-Smirnov test confirmed a normal
distribution for all variables except DBP, fat for both right and left legs, and occlusion

pressures in both right and left legs.
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Table 15. Correlation Matrix for DXA Measurements for Limb Composition and
Thigh Circumference for Right and Left Leg (N=94)

Right Leg Left Leg
Variable Fat  Thigh Circumference Fat Thigh Circumference
Muscle  0.31**  0.28** 0.34** 0.20
Fat 0.19 0.17

Bone Free Lean Body Mass (BFLBM); Thigh Circumference at 50% of thigh length
(Thigh Circumference); ** (p = 0.01); * (p = 0.05)

Table 15 presents the correlation matrix between limb composition (bone free
limb body mass and fat) and thigh circumference at 50% of thigh length of the right and
left leg from DXA. This analysis was done to check for multicollinearity among the
outcome variables that were used for the regression analysis. Pearson r values ranged
from 0.19 -0.31 when comparing muscle, fat and thigh circumference at 50% of thigh
length for the right leg and 0.17 - 0.34 when comparing muscle, fat and thigh
circumference at 50% of thigh length for the left leg. Bone free lean body mass, fat
mass and thigh circumference at 50% of thigh length demonstrated low correlations for
both the right and left legs. Based on these correlations, all three variables were chosen

as independent prediction variables for the remainder of the regression analyses.
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Table 16. Regression Analysis for DXA Model for Right Leg - ENTER

Method

Variables Standardized R p value Partial coefficient
Systolic blood pressure 401 .000 311
Diastolic blood pressure 128 157 100
R — Fat 012 874 011
R - Lean -.043 572 -.040
Thigh Circumference 50 494 .000 466

R R? SEE Sig. F change

754 568 12.94 < 0.000

Right (R); Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg): 1.022 (SBP) + .418 (DBP) + .000 (R-FAT) -.001 (R-
Lean) +2.014 (TC-R) - 92.932

Table 16 presents the DXA linear regression model when using the ENTER
method (N=94) on the right leg. None of the variables met the criteria for multi-
collinearity. Standardized beta weights and partial correlation coefficients indicated that
when adding all five variables into the equation, SBP (8=0.401) (p=0.000) and thigh
circumference 50% (3=0.494) (p=0.000) explain the most variance. R? changes explain
57% (0.568) of the variance of the outcome variable (arterial occlusion pressure) by the
prediction equation with a Standard Error of Estimate (SEE) of 12.94mm Hg. This
means that even though five prediction variables were analyzed at the same time, only
three prediction variables significantly predicted arterial occlusion pressure and two
variables did not add any additional changes in the to the explained variance of R%The

formula for the DXA regression model of the right leg was developed from the
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unstandardized beta weights and the constant of -92.932 from the ENTER regression
analysis.

To demonstrate the effectiveness of the prediction equation based on the
ENTER method, subject number 03 was randomly chosen to compare predicted
occlusion pressures to actual occlusion pressures for the right leg. The raw data for the
five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) right lean
muscle area = 4315g; 4) right fat area = 2319.5g; 5) thigh circumference = 49.5cm; and
occlusion value = 142mm Hg. When all variables were entered into the prediction
equation, the predicted occlusion pressure was 144.5mm Hg.

Table 17. Regression Analysis for DXA Model for Right Leg-STEPWISE

Method
Variables Standardized 3 p value Partial correlation
block 1
TC 50 581 .000 581
R R? SEE Sig. F change
581 .338 15.68 < 0.000
block 2
Standardized 3 p value Partial correlation
TC 50 484 .000 474
SBP 479 .000 469
R R? SEE Sig. F change
47 .558 12.88 <0.000

Systolic blood pressure (SBP); Thigh circumference at 50% of thigh length (TC 50);

Arterial Occlusion (mm Hg) =1.972 (TC 50) + 1.221 (SBP) — 89.634
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Table 17 represents the linear regression model for DXA measurements when
using the STEPWISE method (N=94) on the right leg. None of the variables met the
criteria for multi-collinearity. Standardized beta weights and partial correlation
coefficients indicated that when adding all five variables into the equation, block 1
demonstrates a single variable that significantly impacted arterial occlusion pressures
seen in the explained variance of R?, and block 2 contained a second variable that
significantly impacted arterial occlusion pressure and increased the variance explained
as seen in R?. Block 2 demonstrates the most significance variables; thigh
circumference at 50% of thigh length (3=0.484) (p=0.000) and SBP (3=0.479)
(p=0.000), explaining the most variance. R? changes explain 56% (0.558) of the
variance of the outcome variable (arterial occlusion pressure) by the prediction equation
with a Standard Error of Estimate (SEE) of 12.88mm Hg. The formula for the DXA
regression model of the right leg was developed from the unstandardized beta weights
and the constant of -89.634 from the STEPWISE regression analysis.

To compare predicted occlusion pressure to actual occlusion pressure for the
right leg for randomly chosen subject 03, the raw data for the five variables were as
follows: 1) SBP = 112mm Hg; 2) thigh circumference = 49.5cm; and occlusion value =
142mm Hg. When all variables were entered into this prediction equation, the predicted

occlusion pressure was 144.7mm Hg.
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Table 18. Regression Analysis for DXA Model for Left Leg - ENTER

Method

Variables Standardized 3 p value Partial correlation
Systolic blood pressure A74 .000 .366
Diastolic blood pressure .238 .005 .185
Left — Fat -.009 .895 -.008
Left - Lean -.047 501 -.043
Thigh Circumference 50 359 .000 .340

R R? SEE Sig. F change

.800 641 9.45 .000

Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg): .967 (SBP) + .620 (DBP) + .000 (L-Fat) - .001 (L-
Lean) + 1.161 (TC-50) — 65.407

Table 18 presents the DXA linear regression model when using the ENTER
method (N=94) on the right leg. None of the variables met the criteria for multi-
collinearity. Standardized beta weights and partial correlation coefficients indicated that
when adding all five variables into the equation, SBP (8=0.474) (p=0.000), thigh
circumference 50% (3=0.395) (p=0.000) and DBP (13=0.238) (p=0.005) explain the
most variance. R? changes explain 64% (0.641) of the variance of the outcome variable
(arterial occlusion pressure) by the prediction equation with a Standard Error of
Estimate (SEE) of 9.45mm Hg. This means that even though five prediction variables
were analyzed at the same time, only three prediction variables significantly impacted
arterial occlusion pressure and two variables did not add any additional changes in the

to the explained variance of R?. The formula for the DXA regression model of the left
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leg was developed from the unstandardized beta weights and the constant of -65.407
from the ENTER regression analysis.

To compare predicted occlusion pressure to actual occlusion pressure for the left
leg for randomly chosen subject 03, the raw data for the five variables were as follows:
1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) left lean muscle area = 4175g; 4) left fat
area = 2257¢; 5) thigh circumference = 49cm; and occlusion value = 135mm Hg. When
all variables were entered into the prediction equation, the predicted occlusion pressure

was 136.5mm Hg.
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Table 19. Regression Analysis for DXA Model for Left Leg - STEPWISE

Method
Variables Standardized 3 p value Partial correlation
block 1
Systolic blood pressure 701 .000 701
R R? SEE Sig. F change
.701 491 11.00 < 0.000
block 2
Standardized 3 p value Partial correlation
Systolic blood pressure .619 .000 .602
Thigh Circumference 50 .349 .000 .340
R R* SEE Sig. F change
779 .606 9.73 < 0.000
block 3
Standardized 3 p value Partial correlation
Systolic blood pressure 482 .000 376
Thigh Circumference 50 .348 .000 .338
Diastolic blood pressure 225 .006 179
R R? SEE Sig. F change
799 638 9.38 < 0.006

Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg): .984 (SBP) + .587 (DBP) + 1.125 (TC 50) — 68.442

Table 19 presents the linear regression model for DXA when using the
STEPWISE method (N=94) on the left leg. None of the variables met the criteria for
multi-collinearity. Standardized beta weights and partial correlation coefficients

indicated that when adding all five variables into the equation, block 1 demonstrates a
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single variable that significantly impacted arterial occlusion pressures seen in the
explained variance of R% Block 2 demonstrates a second variable that significantly
impacted arterial occlusion pressure and increased the variance explained as seen in R.
Finally, block 3 demonstrates the most significant variables; thigh circumference at
50% of thigh length (3=0.348) (p=0.000), SBP (3=0.482) (p=0.000) and DBP
(R=0.225) (p=0.006) explaining the most variance. R changes explain 64% (0.638) of
the variance of the outcome variable (arterial occlusion pressure) by the prediction
equation with a Standard Error of Estimate (SEE) of 9.38mm Hg. The formula for the
DXA regression model of the left leg was developed from the unstandardized beta
weights and the constant of -68.442 from the STEPWISE regression analysis.

To compare predicted occlusion pressure to actual occlusion pressure for the left
leg for randomly chosen subject 03, the raw data for the five variables were as follows:
1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) thigh circumference = 49cm; and
occlusion value = 135mm Hg. When all variables were entered into the prediction

equation, the predicted occlusion pressure was 135.6mm Hg.
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pQCT Results

Table 20. Reliability of Height, Weight, Blood Pressure Thigh Circumferences and
Total Occlusion Pressure for pQCT Subjects for Day 1 and Day 2 on
Left Leg (N=38)

Variable X1%SD X ,+SD | pooledSD | ICC SEM MD | Pearsonr | tvalue | P value
Height (cm) 165.8 + 6.7 165.8 £ 6.7 6.73 0.99** 0.21 0.59 0.99** -.132 .89
Weight (kg) 60.8 + 8.6 60.5+8.4 8.51 0.99** 0.47 1.29 0.99** 1.866 .07
SBP (mmHg) 108.5+6.8 | 1089+56 6.22 0.60** 3.94 10.92 0.61** -.524 .60
DBP (mmHg) 65.5+£6.5 65.9+5.6 6.04 0.81** 2.65 7.36 0.82** -.518 .60

Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Thigh circumference at
50% of thigh length (TC 50); Occlusion (OCC); Left (L);Mean (X); Standard Deviation
(SD); Intraclass Correlation Coefficient (ICC); Standard Error of Measurement (SEM);
Minimal Difference (MD); ** (p=0.01)

Table 20 presents day 1 and day 2 data for the anthropometric measures of
height and weight, as well as the systolic and diastolic blood pressure for 38 subjects
who were tested to establish the reliability for each of the outcome variables. Out of 50
subjects, 12 subject’s measurements were excluded from the analysis due to
inconsistent limb positioning or involuntary muscle activity affecting scan quality.
Therefore a total of 38 subject measurements were used for reliability. Results are
expressed as means (X) * standard deviations (SD) for all variables. Reliability between
days was established by calculating intraclass correlation coefficients (ICC), Standard
Error of Measurement (SEM), minimal difference (MD), Pearson correlation
coefficients (r), and paired t-test (t values). All variables had a highly significant (p <
0.01) ICC’s ranging from 0.60 for SBP to 0.99 for height and weight. The SEM were
quite small, ranging from 0.21 for height (cm) to 5.54 (mm Hg) for occlusion pressure
for the left leg as were the minimal differences (ranging from 0.6 cm for height to 15.35
mm Hg for occlusion pressure for the left leg). The Pearson r‘s (indicating rank order)
were all highly significant (p<0.01) and strong, and ranged from r = 0.99 (height and

weight) to r = 0.61 (SBP). Paired sample t-test found no significant mean differences
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between day 1 and day 2. Measurements shown in Table 20 were averaged and the data

added to that for subjects with only one visit for subsequent analyses.

Table 21. Reliability of Height, Weight, Blood Pressure, Thigh Circumferences and
Total Occlusion Pressures for pQCT Subjects for Day 1 and Day 2 on
Right Leg (N=10)

Variable X1£sD X ,+SD | pooledSD | ICC | SEM MD | Pearsonr | t-value | P-value
Height (cm) 166.1+4.8 1659 +4.6 4.70 0.99** | 0.26 0.71 0.99** 1.406 19
Weight (kg) 61.4+£10.5 61.1+£9.9 10.23 0.99** | 0.79 2.20 0.99** 728 .49
SBP (mmHg) 1076 £6.5 106.3+6.5 6.5 0.70** | 3.57 9.89 0.70** 783 .45
DBP (mmHg) 64451 64.3+3.7 4.47 0.82** | 1.89 5.24 0.87** 118 91

Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Thigh circumference at
50% of thigh length (TC 50); Occlusion (OCC); Right (R); Mean (X); Standard
Deviation (SD); Intraclass Correlation Coefficient (ICC); Standard Error of
Measurement (SEM); Minimal Difference (MD); ** (p=0.01)

Table 21 represents day 1 and day 2 data for the anthropometric measures of
height and weight, as well as the systolic and diastolic blood pressure for the 10 subjects
who were tested to establish the reliability for each of our outcome variables for the
right leg. Out of 50 subjects, 40 subject’s measurements were excluded from the
analysis due to inconsistent limb positioning or involuntary muscle activity, so a total of
10 subjects’ measurements were used for reliability. Results are expressed as means (X)
+ standard deviations (SD). Reliability between days was established by calculating
intraclass correlation coefficients (ICC), Standard Error of Measure (SEM), minimal
difference (MD), Pearson correlation coefficients (r), and paired t test (t values). All
variables had a highly significant (p<0.01) ICC’s ranging from 0.60 for occlusion
pressure for the right leg to 0.99 for height and weight. The SEMs were quite small,
ranging from 0.26 for height (cm) to 6.02 (mm Hg) for occlusion pressure for the right
leg as were the minimal differences (ranging from 0.7cm for height to 16.69mm Hg for

occlusion pressure for the right leg). The Pearson r’s (indicating rank order) were all
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highly significant (p<0.01) and strong, and ranged from r=0.99 (height and weight) to

r=0.61 (OCC R). Paired sample t-test found no significant mean differences between

day 1 and day 2. Measurements summarized in Table 21 were averaged and then added

to those of subjects with only one visit for subsequent analyses.

Table 22. Reliability Measurements from pQCT for Day 1 and Day 2 Testing for

Muscle and Fat Area

Variable N X 13D X ,£SD pog)lljed ICC SEM | MD | Pearsonr | T-value |P-value
MuA L (sz) 38 |112.21+1855 |[112.74+18.32 18.44 0.99** 2.10 5.83 0.99** -1.108 275
MuAR (sz) 10 [ 114.16 £27.74 | 114.24 £25.07 26.44 0.99** 251 6.95 0.99** -.068 .948
FatA L (sz) 38 | 75.98 +19.46 76.01 +19.03 19.25 0.99** 2.19 6.08 0.99** -.061 .952
FatA R (sz) 10 [ 75.6 £17.16 75.13 +16.58 16.87 0.99** 151 4.16 0.99** 730 484

Muscle Area (MuA); Fat Area (FatA); Right (R); Left (L); Mean (X); Standard
Deviation (SD); Intraclass Correlation Coefficient (ICC); Standard Error of
Measurement (SEM); Minimal Difference (MD); ** (p=0.01)

Table 22 presents day 1 and day 2 data for each measurement site for both
muscle area and fat area of each thigh from pQCT. Femur length was measured from
the greater trochanter to the distal tip of the femur on both legs distal from the most
distal portion of the femur. A mark at 50% of thigh length was made where the pQCT
gantry was positioned during the testing scan. Muscle and fat cross sectional area had
high ICC was 0.99, SEM ranged from 1.5-2.5, and MD ranged from 4.1 — 6.9. Paired
sample t-tests and Pearson correlation coefficients (r) were used to compare mean
differences and rank order for each variable between day 1 and day 2. Pearson r values
were statistically significant (r=0.99) and considered strong for all variables and for
both legs within both day 1 and day 2. There were no significant differences between
the means for day 1 and day 2 (p>0.05). Measurements shown in Table 22 for both day
1 and day 2 were averaged and added to those subjects with only one visit and used for

subsequent analyses.

61



Table 23. Subject 03 Raw Data for Muscle and Fat from pQCT Right and Left Leg
Variable Day1(cm?) Day?2(cm’) Mean (cm?)

MuA L 128.6 126.76 127.65
Fat AL 59.19 57.92 58.55
MuA R 120.24 104.52 120.24
Fat AR 117.67 75.21 96.44

Muscle Area (MuA); Fat area (FatA); Left (L); Right (R)

To explain the method used to exclude subjects from the reliability analysis,
Table 23 represents the raw data for subject 03 for both left and right leg for muscle and
fat area using pQCT. The values for the left leg were as follows: 1) day 1 muscle area
left leg = 128.55cm?, day 2 muscle area left leg = 126.76cm? and average = 127.65¢cm?;
2) day 1 fat area left leg = 59.19cm?, day 2 fat area left leg = 57.92cm? and average =
58.55 cm?. Therefore, analysis for the left leg was kept for further analyses. However,
in regards to the right leg, the values were as follows: 1) day 1 muscle area right leg =
120.24cm?, day 2 muscle area right leg = 104.52cm?, since on the right leg on day 1
(120.24cm?) the values were close to the values for the left leg (127.65cm?), the day 1
value was used to represent the muscle area for the right leg because the day 2 value
apparently was in error; 3) day 1 fat area right leg = 117.67cm?, day 2 fat area right leg
= 75.21cm?, and mean = 96.44cm? of fat area for the right leg. After careful visual
judgement of the image and apparent errors within the analysis (incorrect placement of
the limb on holder and movement), subject 03 data was removed from the analysis for
the right leg only. This explains the sample size differences between the right and left

leg pQCT regression analyses in Tables 20-22.
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Table 24. Participant Characteristics and Right Leg Measurements from

pQCT (N=59)
Variable X+ SD Skewness |Kurtosis | K-S test
Height (cm) 165.1+5.9 -.418 -527
Weight (kg) 63.7 £ 9.3 717 .610
Systolic blood pressure (mmHg) | 109.6 +7.1 250 -.200
Diastolic blood pressure (mmHg)| 66.3 +5.3 .380 -.675
Muscle Area R (cm?) 117.9#19.2 354 359
Fat Area R (cm? 89 + 26.6 1.152 1.659
TC R 50 (cm?) 52.4 +4.4 444 287
OCC R (mmHg) 1479+ 195 1.001 1.473

Thigh circumference at 50% of thigh length (TC 50); Occlusion pressure (OCC); Right

(R); Mean (X); Standard Deviation (SD)

Table 24 represents the 59 subjects (10 subjects with 2 days of testing from the
reliability analysis , 19 subjects that came in twice but only 1 day of data was ultimately

used and 20 subjects that only came for 1 visit) that were included in the pQCT analysis

for the right leg. Many of the right leg scans were not used due to inconsistent limb

positioning or involuntary muscle activity. Results are expressed as means (X) =

standard deviations (SD) for all variables. Skewness and kurtosis values demonstrated

normal distributions. The Kolmogorov-Smirnov test confirmed a normal distribution for

all variables (p >

0.05).
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Table 25. Participant Characteristics and Left Leg Measurements from pQCT

(N=73)
Variable X+ SD Skewness | Kurtosis K-S test
Height (cm) 165.9+6.1 .109 126
Weight (kg) 63.1+9.34 .685 570
Systolic blood pressure (mmHg) 109.4+73 577 .260
Diastolic blood pressure (mmHg) 66.1+5.6 1.365 4.058 **
Muscle area L (cm?) 1172+ 17.4 211 -.043
Fat area L (cm?) 84.4+25.9 1.109 2.233 fala
TC L 50 (cm?) 51.1+45 371 175
OCC L (mmHg) 135+13.8 1.334 3.519

Thigh circumference at 50% of thigh length (TC 50); Occlusion (OCC); Left (L); Mean
(X); Standard Deviation (SD); Kolmogorov-Smirnov Test (KS-Test); ** (p = 0.01)

Table 25 represents the 73 subjects (38 subjects with 2 days from the reliability
analyses and 35 from only one day of testing) that were included of the pQCT analysis
on left leg. Some of the scans for the left leg were not used due to inconsistent limb
positioning or involuntary muscle activity. Results are expressed as means (X) +
standard deviations (SD) for all variables. The skewness and kurtosis values
demonstrated normal distributions. The Kolmogorov-Smirnov test confirmed a normal

distribution for all variables expect for DBP and fat cross sectional area.
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Table 26. Correlation Matrix for pQCT Measurements for Limb
Composition and Thigh Circumference for Right (N=59) and Left

(N=73) Leg
Right Leg Left Leg
Variable Fat Thigh Circumference Fat Thigh Circumference
Muscle  0.33* 0.68** 0.31** 0.74**
Fat 0.74** 0.84**

Thigh Circumference at 50% of thigh length (Thigh Circumference);** (p = 0.01)

Table 26 presents the correlation matrix between limb composition (NnCSA and
fCSA) and thigh circumference at 50% of thigh length of the right and left leg when
using pQCT. This analysis was done to check for multicollinearity among the outcome
variables that were used for the regression analysis. Pearson r values ranged from 0.33 —
0.74 when comparing mCSA, fCSA and thigh circumference at 50% of thigh length for
the right leg and 0.31-0.84 when comparing mCSA, fCSA and thigh circumference at
50% of thigh length for the left leg. Both muscle and thigh circumference at 50% of
thigh length for both right and left legs, and fat and thigh circumference at 50% of thigh
length for both right and left legs demonstrated a low to high correlations. Based on
these correlations, all three variables were chosen as independent prediction variables

for the remainder of the regression analyses.
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Table 27. Regression Analysis for pQCT Model on the Right Leg —
ENTER Method

Variables Standardized 8 p value Partial correlation
Systolic blood pressure 391 .002 324
Diastolic blood pressure 138 235 117
Muscle Area Right -.104 479 -.069
Fat Area Right -.010 .950 -.006
Thigh Circumference 50 524 011 .255
R R? SEE Sig. F change
706 499 14.45 < 0.000

Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg): 1.076 (SBP) + .508 (DBP) - .106 (MuA R) - .007 (FatA
R) +2.339 (TC 50 R) — 113.046

Table 27 presents the linear regression model for pQCT measurements when
using the ENTER method (N=59) on the right leg. None of the variables met the criteria
for multi-collinearity. Standardized beta weights and partial correlation coefficients
indicated that when adding all five variables into the equation, SBP (3=0.391)
(p=0.002) and thigh circumference 50% (3=0.524) (p=0.011) explain the most variance.
R? changes explain 50% (0.499) of the variance of the outcome variable (arterial
occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE)
of 14.45mm Hg. This means that even though five prediction variables were analyzed at
the same time, only three prediction variables significantly predicted arterial occlusion
pressure and two variables did not add any additional changes in the to the explained

variance of R The formula for the pQCT regression model of the right leg was
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developed from the unstandardized beta weights and the constant of -113.046 from the
ENTER regression analysis.

To demonstrate the effectiveness of the prediction equation based on the
ENTER method, subject 01 was randomly chosen to compare predicted occlusion
pressures to actual occlusion pressures for the right leg because subject 03 was excluded
from the right leg analysis due to inconsistencies in her measurements. The raw data for
the five variables were as follows: 1) SBP = 118mm Hg; 2) DBP = 66mm Hg; 3) right
lean muscle area = 124.09cm?; 4) right fat area = 89.89cm?; 5) thigh circumference =
53cm; and occlusion value = 158mm Hg. When all variables were entered into the

prediction equation, the predicted occlusion pressure was 157.6mm Hg.
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Table 28. Regression Model for pQCT Model of Right Leg - STEPWISE

Method

Variables Standardized 3 p value Partial correlation
block 1
Thigh Circumference 50 538 .000 538

R R? SEE Sig. F change

538 289 16.60 < 0.000
block 2

Standardized 3 p value Partial correlation

Thigh Circumference 50 467 .000 461
Systolic blood pressure 443 .000 437

R R* SEE Sig. F change

.693 480 14.32 < 0.000

Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg) = 2.083 (TC 50 R) + 1.218 (SBP) — 94.599

Table 28 presents the pQCT linear regression model when using the STEPWISE
method (N=59) on the right leg. None of the variables met the criteria for multi-
collinearity. Standardized beta weights and partial correlation coefficients indicated that
when adding all five variables into the equation, block 1 demonstrates a single variable
that significantly predicted arterial occlusion pressures seen in the explained variance of
R?, and block 2 determined a second variable that significantly predicted arterial
occlusion pressure and increased the variance explained as seen in R%. Block 2
demonstrates the most significance variables: SBP (3=0.443) (p=0.000) and thigh

circumference 50% (3=0.467) (p=0.000) explain the most variance. R? changes explain
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48% (0.480) of the variance of the outcome variable (arterial occlusion pressure) by the
prediction equation with a Standard Error of Estimate (SEE) of 14.32mm Hg. The
formula for the pQCT regression model of the right leg was developed from the
unstandardized beta weights and the constant of -94.599 from the STEPWISE
regression analysis.

To demonstrate the effectiveness of the prediction equation, subject 01 raw data
for the five variables were as follows: 1) SBP = 118mm Hg; 2) thigh circumference =
53cm; and occlusion value = 158mm Hg. When all variables were entered into the
prediction equation, the predicted occlusion pressure was 159.5mm Hg.

Table 29. Regression Analysis for pQCT Model for the Left Leg — ENTER

Method

Variables Standardized 3 p value Partial correlation
Systolic blood pressure .350 .001 261
Diastolic blood pressure .356 .001 270
Muscle Area Left 517 .014 .196
Fat Area Left .646 .013 198
Thigh Circumference 50 -.534 139 -117

R R? SEE Sig. F change

770 593 9.11 < 0.000

Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg): .665 (SBP) + .871 (DBP) + .410 (MuA L) + .344 (FatA
L)-1.639(TC50L)+11.332

Table 29 presents the linear regression model for pQCT measurements when
using the ENTER method (N=73) on the left leg. None of the variables met the criteria

for multi-collinearity. Standardized beta weights and partial correlation coefficients
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indicated that when adding all five variables into the equation, SBP (3=0.350)
(p=0.001), DBP (3=0.524) (p=0.011), muscle area (3=0.517) (p=0.014), and fat area
(R=0.646) (p=0.013) explain the most variance. R? changes explain 59% (0.593) of the
variance of the outcome variable (arterial occlusion pressure) by the prediction equation
with a Standard Error of Estimate (SEE) of 9.11mm Hg. This means that even though
five prediction variables were analyzed at the same time, only three prediction variables
significantly predicted arterial occlusion pressure and two variables did not add any
additional changes in the to the explained variance of R. The formula for the pQCT
regression model of the left leg was developed from the unstandardized beta weights
and the constant of +11.332 from the ENTER regression analysis.

To compare predicted occlusion pressure to actual occlusion pressure for the left
leg for subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm
Hg; 2) DBP = 66mm Hg; 3) left lean muscle area = 127.66cm?; 4) left fat area =
58.56cm?; 5) thigh circumference = 49cm; and occlusion value = 135mm Hg. When all
variables were entered into the prediction equation, the predicted occlusion pressure

was 135.5mm Hg.
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Table 30. Regression Analysis for pQCT Model for the Left Leg —
STEPWISE Method

Variables Standardized 3 p value Partial correlation
block 1
Systolic blood pressure .596 .000 .596
R R? SEE Sig. F change
596 355 11.15 < 0.000
block 2
Standardized 3 p value Partial correlation
Systolic blood pressure 561 .000 .559
Thigh Circumference 50 .369 .000 .367
R R* SEE Sig. F change
.700 490 9.98 < 0.000
block 3
Standardized 3 p value Partial correlation
Systolic blood pressure .356 .001 272
Thigh Circumference 50 .388 .000 .385
Diastolic blood pressure .320 .003 246
R R? SEE Sig. F change
142 551 9.44 <0.003

Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg): .676 (SBP) + .783 (DBP) + 1.190 (TC 50 L) —51.459

Table 30 presents the pQCT linear regression model when using the STEPWISE
method (N=59) on the left leg. None of the variables met the criteria for multi-

collinearity. Standardized beta weights and partial correlation coefficients indicated that
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when adding all five variables into the equation, block 1 demonstrates a single variable
that significantly predicted arterial occlusion pressures seen in the explained variance of
R Block 2 demonstrates a second variable that significantly predicted arterial
occlusion pressure and increased the variance explained as seen in R%. Finally, block 3
demonstrates the most significant variables: SBP (8=0.356) (p=0.001), thigh
circumference 50% (13=0.388) (p=0.000) and DBP (3=0.320) (p=0.003) explain the
most variance. R? changes explain 55% (0.551) of the variance of the outcome variable
(arterial occlusion pressure) by the prediction equation with a Standard Error of
Estimate (SEE) of 9.44mm Hg. The formula for the pQCT regression model of the left
leg was developed from the unstandardized beta weights and the constant of -51.459
from the STEPWISE regression analysis.

To compare predicted occlusion pressure to actual occlusion pressure for the left
leg for subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm
Hg; 2) DBP = 66mm Hg; 3) thigh circumference = 49cm; and occlusion value = 135mm
Hg. When all variables were entered into the prediction equation, the predicted

occlusion pressure was 134.2mm Hg.
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Table 31. Summary of Variables Included in STEPWISE Prediction Equations
across Methods

Ultrasound DXA PQCT
Right Left Right Left Right Left
TC 50 SBP TC 50 SBP TC 50 SBP
SBP TC 50 SBP TC 50 SBP TC 50
AntR50F - - - - -
- DBP - DBP - DBP

Thigh circumference at 50% of thigh length (TC 50); Systolic Blood Pressure(SBP);
Diastolic Blood Pressure(DBP); Anterior(Ant); Fat(F)

Table 31 summarizes the STEPWISE results for each method of testing and the
variables that explained the most variance in occlusion pressure for each leg. The right
leg results consistently included thigh circumference and systolic blood pressure with
only the ultrasound method including the anterior fat thickness measurement in the
prediction equation. The left leg results included systolic blood pressure, thigh
circumference and diastolic blood pressure in the prediction equations across all

methods of testing.

In an effort to present an even simpler regression equation for each model (US,
DXA, pQCT) an equation was developed using only SBP or Thigh Circumference for
each model and both techniques (ENTER and STEPWISE) based on the finding for

previous studies. These new equations and the R? are presented in the Table 32.
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Table 32. Simplified Regression Equation using only SBP and Thigh
Circumference to Predict Occlusion Pressure

Prediction Variable Model Equation R

Systolic Blood Pressure

USIDXA-Right Leg  1.337 (SBP) + 1.282  0.31

US/DXA- Left Leg 1.319 (SBP) — 7.790 0.47
pQCT — Right Leg 1.423 (SBP) — 7.989 0.27
pQCT — Left Leg 1.283 (SBP) —5.471 0.39

Thigh Circumference

US/DXA- Right Leg  2.369 (TC) + 24.674  0.34
US/DXA- Left Leg  1.597 (TC) +55.180  0.24
pQCT — Right Leg 2.399 (TC) +22.228  0.29
pQCT — Left Leg 1.294 (TC) + 68.944  0.18

Thigh Circumference at 50% of thigh length (Thigh Circumference); Ultrasound (US);
Dual energy X-ray absorptiometry (DXA); Peripheral Quantitative Computed
Tomography (pQCT); Systolic Blood Pressure (SBP); Thigh Circumference at 50% of
thigh length (TC)

Table 32 presents the simplified regression equations when only using SBP and
Thigh Circumference to predict arterial occlusion pressures. The R? values ranged from
0.18 - 0.49 which are considerably lower than the R? from the previous regression

tables; indicating less of the variance accounted for by the equation of the dependent

variable, occlusion pressure.

Then, in an attempt to compare regression equations, the Akaike Information
Criterion (AIC) scores for each model were computed and the models with the lowest
scores were considered more accurate. The AIC score is calculated as follows: AICc =
N X In (RSS/N) + 2 K + [(2K (K+1))/(N-K-1)] where N is the number of subjects used
in the analysis, RSS is the residual sum of squares from the regression analysis and K is
the number of prediction variables used in the regression analysis. The criterion scores
are described in Table 33 and are arranged in ascending order for each leg (right and

left), model (US, DXA, pQCT) and regression technique (ENTER and STEPWISE).
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Table 33. Comparing Regression Equations based on the Akaike Information
Criterion Scores [69-71]

Model Technique  RightLeg Model Technique Left Leg
pQCT ENTER 319.63 pQCT ENTER 324.80
pQCT STEPWISE 322.06 pQCT STEPWISE 329.74
pQCT TC only 331.53 pQCT SBP only 348.59
pQCT SBP only 333.25 pQCT TC only 369.80
us STEPWISE  469.69 DXA STEPWISE 423.63
US ENTER 471.10 us STEPWISE 427.10
DXA STEPWISE  483.79 us ENTER 427.10
DXA ENTER 485.38 DXA ENTER 427.10
US/DXA TC only 517.43 US/DXA TC only 454.34
US/DXA SBP only 521.11 US/DXA SBP only 454.34

Ultrasound (US); Dual energy X-ray absorptiometry (DXA); Peripheral Quantitative
Computed Tomography (pQCT); Systolic Blood Pressure (SBP); Thigh Circumference
at 50% of thigh length (TC)

Based on the lowest AIC scores it appears that the ENTER technique for the
pQCT model provided the lowest scores in both the right and left legs compared to all
other regression equations however many of the differences between models or

techniques were quite small indicating that several regression equations could be used

as effectively as others.

Finally, to compare the mean occlusion pressures from each model (US, DXA,
pQCT) and both legs (right and left) using the two regression techniques (ENTER and
STEPWISE) the mean values for each parameter were calculated (Table 34) and
Pearson Correlation (r) and paired t-test were used to compare regression to the actual

occlusion pressures for all subjects (Table 34-37).
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Table 34. Mean and Standard Deviations for Actual and Predicted Occlusion
Pressures (mm Hg) from All Methods in the Right and Left Leg

Technique Leg Actual Occ Predicted Predicted
Pressure ENTER STEPWISE
X £ SD X £ SD X £ SD
us
R 150.00 + 19.98 149.04 £ 15.13 149.17 £ 15.12
L 137.96 + 15.34 137.88 £12.26 137.95+12.25
DXA
R 149.12 + 19.16 149.39 + 14.44 149.09 + 14.31
L 137.96 + 15.34 138.75+£12.30 137.95+12.25
pQCT
R 147.88 + 19.51 147.81 £ 13.71 147.81 £ 13.55
L 135.01 + 13.78 135.21 + 9.99 135.17 + 9.56

Ultrasound (US); Dual energy X-ray absorptiometry (DXA); Peripheral Quantitative
Computed Tomography (pQCT); Right (R); Left (L); Occlusion (Occ); Mean (X);
Standard Deviation (SD)

Table 34 presents mean ( X) and standard deviations (SD) for each model (US,
DXA, and pQCT) for the actual occlusion pressures, and the predicted ENTER and
STEPWISE occlusion pressures for both the right and left legs. When comparing the
actual occlusion pressures to both ENTER and STEPWISE predicted occlusion

pressures within all three models, the means and standard deviations were very close to

the actual occlusion pressure.
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Table 35. Correlation Matrix (Pearson r) and t values for Ultrasound from Actual
and Predicted Arterial Occlusion Pressures for the Right and Left

Leg (N=94)
Right Leg
ENTER STEPWISE tvalue p value
Actual Occlusion Pressure .790 .755 452
.790 .659 512
ENTER .998 -1.357 178
Left Leg
ENTER STEPWISE tvalue p value
Actual Occlusion Pressure .800 .069 .945
799 .018 .986
ENTER 1.000 -2.127 .036*

** (p<0.01); *(p < 0.05)
Table 35 presents that correlation matrix between the ultrasound predicted

equations to the actual occlusion pressures for the 94 subjects in both the right and left
leg. The results indicate high correlations ranging from 0.79 - 0.99 and 0.79 — 1.00
when comparing the actual occlusion pressure to both ENTER and STEPWISE
techniques, as well as comparing ENTER and STEPWISE for both the right and left leg
respectively. Paired sample t-tests found no significant mean differences between
actual occlusion pressures and predicted occlusion pressures for the right and left leg
except when comparing ENTER and STEPWISE prediction equations for the left leg

(p<0.05).
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Table 36. Correlation Matrix (Pearson r) and t values for DXA Measurements
for Actual and Predicted Arterial Occlusion Pressures for the Right
and Left Leg (N=94)

Right Leg
ENTER STEPWISE tvalue p value
Actual Occlusion Pressure 754 -.208 .835
147 .023 .982
ENTER 991 1.500 137
Left Leg
ENTER STEPWISE tvalue p value
Actual Occlusion Pressure .800 -.828 410
799 .018 .986
ENTER .999 11.971 .000**

*(p<0.01); *(p < 0.05)

Table 36 presents that correlation matrix between the DXA predicted equations
to the actual occlusion pressures for the 94 subjects in both the right and left leg. The
results indicate high correlations ranging from 0.75 - 0.99 and 0.79 — 0.99 when
comparing the actual occlusion pressure to both ENTER and STEPWISE techniques, as
well as comparing ENTER and STEPWISE for both the right and left leg respectively.
Paired sample t-tests found no significant mean differences between actual occlusion
pressures and predicted occlusion pressures for the right and left leg except when

comparing ENTER and STEPWISE prediction equations for the left leg (p<0.01).
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Table 37. Correlation Matrix (Pearson r) and t values for pQCT Measurements
from Actual and Predicted Arterial Occlusion Pressures for the Right
(N=59) and Left (N=73) Leg

Right Leg
ENTER STEPWISE tvalue p value
Actual Occlusion Pressure 717 .038 .969
.702 .039 .969
ENTER .981 .005 .996
Left Leg
ENTER STEPWISE tvalue p value
Actual Occlusion Pressure 782 -.197 .844
.758 -.152 .880
ENTER .958 114 909

*(p<0.01); *(p < 0.05)

Table 37 presents that correlation matrix between the pQCT predicted equations
to the actual occlusion pressures for the 59 subjects in right leg and 73 subjects in left
leg. The results indicate high correlations ranging from 0.71 - 0.98 and 0.78 — 0.95
when comparing the actual occlusion pressure to both ENTER and STEPWISE
techniques, as well as comparing ENTER and STEPWISE for both the right and left leg
respectively. Paired sample t-tests found no significant mean differences between
actual occlusion pressures and predicted occlusion pressures for the right and left leg
except when comparing ENTER and STEPWISE prediction equations for the left leg

with a significant value set at p<0.05.

Discussion
This study demonstrated that independent of the model chosen (ultrasound,
DXA, pQCT) the variables that best accounted for the variance in occlusion pressure

included measurements of SBP, DBP, and thigh circumference and these variable were
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fairly consistent between right and left legs. Also, by comparing the R? from the
ENTER and STEPWISE regression methods, it was determined that the STEPWISE
equation for predicting arterial occlusion was the most practical since it explained more
of the variance in the dependent variable and included only the variables that were
significant predictors of occlusion pressures. However, when using the Akaiki scores,
the ENTER method generally had a slightly lower scores from the STEPWISE equation
but were so close that either equations could be used. These variables for the right leg
were: 1) SBP (all three models); 2) thigh circumference at 50% of thigh length (all three
models); and 3) fat thickness (ultrasound model only). However, the variables that
explained the most variance for the left leg were: 1) SBP; 2) thigh circumference at

50% of thigh length; and 3) DBP in all three regression models.

Main Findings

1. All subjects occluded at pressures under 300 mmHg unlike studies that utilized
men and women.

2. Anterior and lateral measures of muscle and fat thickness at 33% and 50%
marks were significantly correlated in both right and left legs.

3. Thigh circumference at 50% of thigh length and SBP were the significant
variables for predicting arterial occlusion for the right leg using DXA and
pQCT.

4. SBP, thigh circumference at 50% of thigh length, and anterior fat thickness at
50% of thigh length were the significant variables for predicting arterial

occlusion for the right leg using ultrasound.
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5. SBP, thigh circumference at 50% of thigh length, and DBP were the significant
variables for predicting arterial occlusion for the left leg for all three regression
models (ultrasound, DXA, and pQCT).

6. The STEPWISE regression model seemed the most practical and just as
predictive as the ENTER model when assessing five variables (SBP, DBP, thigh
circumference at50% of thigh length, and muscle and fat tissue) for all three

methods (ultrasound, DXA, pQCT).

Arterial Occlusion
The pressures for lower body resistance training exercise in combination with
BFR are commonly set to arbitrary or standardized pressures for individuals without
any attempt to individualize the pressure relative to SBP, DBP, thigh circumference, or
thigh composition (MCSA and fCSA). A few previous studies have suggested that thigh
circumference [27, 72] and limb composition [21] are the overall determinants of
arterial occlusion. The results from this study confirm that thigh circumference and not

limb composition should be taken into consideration when this type of training is used.

Findings from this study indicate that women between the ages of 20 and 30
years with an average thigh circumference of 53cm (21 inches) on the right leg and
52cm (20 inches) on the left leg occlude at less than 300mm Hg. These findings are
consistent with Loenneke et al. [30] who suggested that when estimating arterial
occlusion pressure, thigh circumference is the main determinant for both men and
women between the ages of 18 to 35 years, although they reported that several subjects
did not occlude unless the restrictive pressure was above 300mm Hg. Loenneke et al.

[17] suggested that a bigger thigh would require greater pressure, and a smaller thigh
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would require less pressure; however that study had a few limitations. For the
regression analysis in that study, both men and women were included in the same
testing pool which might have resulted in two very different groups of mean values
(men having larger legs compared to women) that might have affected the regression
results. The study also used two different sets of analyses; one with a group that
occluded < 300mm Hg and one with a group that occluded > 300mm Hg. The findings
established a method of estimating occlusion pressures for each group. However, there
was no mention of the number of subjects that were women and who occluded >
300mm Hg or < 300mm Hg within each group analysis. Therefore the goal of this study
was to not only replicate his methodologies, but also to try and standardize a method of
individualizing BFR restriction pressures for college-aged women. The fact that all
subjects in the current study occluded at < 300mm Hg indicates that women do require
as high an occlusion pressure to occlude thigh arterial flow as do men. Men generally
have larger legs, and therefore would require greater restrictive forces to elicit complete
arterial occlusion. As mentioned earlier, a few previous studies suggested that when
trying to predict arterial occlusion pressures, thigh circumference was the main
determining factor for both legs [30]. However, the findings from this study suggest that
these variables are somewhat dependent on the leg dominance in women, as three
variables (SBP, DBP, and TC 50) predicted arterial occlusion pressures for the left leg
and only two variables (SBP and TC 50) predicted arterial occlusion pressures for the
right leg. An interesting finding from the current study was that although there were no
significant differences in mean occlusion pressures between right (149mm Hg) and left

(138mm Hg) legs, the dominant leg (90/94 women were right leg dominant) would
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occlude at slightly higher pressures compared to the non-dominant leg. Although not
statistically significant, some women did have a larger muscle mass on the dominant leg
(Ultrasound = 0.8%, DXA = 1.13% and pQCT = 0.47%) compared to the non-dominant
leg but this was not a consistent finding. Another reason for the slight right to left leg
differences in occlusion pressures may be due to the cuff design and the location of the
inner bladder exerting pressure more directly on the femoral artery of the left leg versus

the bladder being located on the outside of the thigh for the right leg.

In the STEPWISE analysis for the right leg in the ultrasound model, thigh
circumference at 50% of thigh length was the most important variable, followed by
SBP, and then anterior fat thickness at 50% of the right leg. This model explained 62%
of the variance in occlusion pressure, the highest for all three models for the right leg.
However, when looking at the standardized beta weights, SBP (R = 0.510), anterior fat
thickness at 50% (13 = 0.328), and thigh circumference (3 = 0.266) had the greatest
impact on arterial occlusion pressures. This is especially interesting since both SBP and
thigh circumferences at 50% of thigh length have been reported in previous literature.
However, inclusion of fat thickness has not been previously addressed. Therefore,
further research is needed to assess the importance of limb composition on arterial
occlusion pressures and the possibility that differences may exist between the right and

left leg arterial occlusion pressures.

Anterior and Lateral Ultrasound Measures
The location of the cuffs when training with BFR is 33% distal from the inguinal
crease to the top of the patella. This location is strategically placed to ensure that

applied pressures result in restricted blood flow to the exercising limbs. The importance
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of reporting cuff size and type is critical because the arterial occlusion pressures can be
influenced by the material of the cuff, the width of the cuff, and the amount of tissue
surrounding the blood vessels which thereby influences the pressures exerted on the
vasculature and consequently, the degree of blood flow restriction [17, 21, 73].
Although it seems logical to measure the factors that are affecting the different levels of
occlusion pressures on the limbs at the site of the cuff placement (33% of femur length),
some limitations interfere with this practice. Cuff placement precludes measurements of
limb composition (MCSA and fCSA) directly under the cuffs, therefore distal sites need
to be measured to determine whether leg size or leg composition independently affect

arterial blood flow restriction pressures.

Previous research compared the anterior and lateral 33% sites (where the BFR
cuffs would be located to occlude the right and left leg) to the 50% site where a pQCT
scan would occur, and found that thigh circumference at 33% of thigh length is highly
correlated with thigh composition at 50% (mCSA and fCSA) of thigh length [17]. Other
research used the anterior and posterior sites midway between the lateral condyle of the
femur and greater trochanter to assess limb composition (muscle and fat thickness) [74].
However, excess amounts of adipose tissue in the posterior region of the thigh affected
the ability to obtain an accurate measurement. Therefore, in this study, anterior and
lateral sites were chosen at both 33% and 50% of thigh length to represent limb
composition for the right and left legs. The research findings from this current study
indicate that there is a high correlation between 33% and 50% (r = .86 to .92) sites at the

anterior and lateral sites for both muscle and fat thickness (p=0.00).
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Differences in Methods

Previous studies indicate a strong relationship between field methods (thigh
circumference and ultrasound) and more sophisticated (pQCT and DXA) methods [75-
77] and that limb circumference predicts cuff pressures needed to restrict arterial blood
flow equally well if not better than limb composition. When comparing limb
circumference to limb composition, circumference has been shown to be a better
predictor of arterial occlusion pressure than muscle and fat thickness [30]. The findings
from this study suggests that when comparing all three methods of testing (ultrasound,
DXA, pQCT) the ultrasound model predicted arterial occlusion pressures in both right
and left legs, and explained a greater proportion of the variance (62% and 64%,
respectively) compared to DXA (right leg = 56%; left leg = 64%) and pQCT (right leg
= 48%; left leg = 55%). However, only the right leg in the ultrasound model included
fat thickness as an important factor for predicting occlusion pressures. These results
suggest that absolute limb size may be more important than limb composition; however
composition of the leg is something that still might be taken into consideration. The
results from this study indicate that the variables that predicted occlusion pressures for
the field model (ultrasound) and laboratory models (DXA and pQCT) for both right and
left legs are similar; thus there may be no need to use the more sophisticated and

expensive techniques of DXA and pQCT.

It should be mentioned that these findings are only applicable to the lower limbs
and may not translate to the upper extremities. To date, this is the first study to focus on
college-aged (20-30 years) women since most previous research studies tested women

and men together or only men. This population was chosen because healthy college
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aged women would have a smaller range of thigh circumference and limb composition
among the right and left legs as compared to a testing pool that included both women

and men combined.

Practicality of Equations

When comparing two different linear regression techniques (ENTER vs
STEPWISE), five variables were included in each analysis (SBP, DBP, thigh
circumference at 50% of thigh length, and muscle and fat tissue). The composition of
each limb was determined by three different methods (ultrasound, DXA, and pQCT)
and the equations included the variables that explained the most variance to predict
arterial occlusion pressures for each leg. When using the ENTER method for the
Ultrasound data for the right and left legs, the equation utilized all five variables (SBP,
DBP, thigh circumference at 50% of thigh length, and muscle and fat thickness at 50 %
of thigh length), even if some variables did not add any additional precision to the
prediction equation (DBP (p=0.603) and muscle thickness at 50% of thigh length
(p=0.641) for the right leg, and (muscle (p=0.818) and fat thickness at 50% of thigh
length (p=0.792) for the left leg). This analysis explained 62% and 64% of the variance
in the dependent variable (occlusion pressure) for the right and left leg respectively. The
STEPWISE equation included the three variables (SBP, thigh circumference at 50% of
thigh length, and fat thickness at 50% of thigh length) for the right leg and three
variables (SBP, thigh circumference at 50% of thigh length, and DBP) for the left leg
that had the greatest impact on arterial occlusion pressures. Each STEPWISE equation
explained 62% and 64% of the variance in the dependent variable on the right and left

legs respectively, but the explained variances were very close. When comparing the two
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methods (ENTER and STEPWISE) for the right and left legs when using ultrasound,
the equation with the fewest variables (STEPWISE) seemed to be the most practical and
just as good as when five variables were used in the ENTER method. Previous research
has suggested that muscle and fat thicknesses are important variables for the upper
limbs [17], however they had no or very minimal influence for the lower extremities in
the current study. These results are consistent with previous research that reported that
thigh circumference at 50% of thigh length, SBP and DBP were the most important
variables for arterial occlusion pressures and explained 49% of the variance [30].
Loenneke et al. [30] suggested that when assessing the aforementioned variables in the
lower limbs in a group that contained both men and women, thigh circumference at
50% of thigh length was the best determinant of occlusion pressure, followed by DBP,
and SBP. However, the current study’s findings suggest that occlusion pressure is best
predicted by SBP, followed by thigh circumference at 50% of thigh length, and DBP,
and explained 64% of the variance in occlusion pressure for the left leg. Differences in
the explained variances between studies may be attributed to the sex of the participants
selected. The inclusion of men in a sample can influence the relationship between limb
composition (muscle and fat tissue) and arterial occlusion as men have more muscle and

less fat tissue in the lower extremities when compared to women.

When using the ENTER method for the DXA data on the right leg and left
legs, the equation included five variables (SBP, DBP, thigh circumference at 50% of
thigh length, and regional muscle and fat tissue), even if some variables did not add any
precision to the prediction equation (DBP (p=0.157), regional muscle tissue (p=0.572),

and regional fat tissue (p=0.874) for the right leg, and (regional muscle (p=0.501) and
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fat tissue (p=0.895) for the left leg). This analysis explained 57% and 64% of the
variance in the dependent variable (occlusion pressure) for the right and left leg
respectively. The STEPWISE method included two variables (SBP and thigh
circumference at 50% of thigh length) for the right leg and three variables (SBP, thigh
circumference at 50% of thigh length, and DBP) for the left leg. Each STEPWISE
equation explained 56% and 64% of the variance in occlusion pressure for the right and
left leg respectively. When comparing the two methods (ENTER and STEPWISE) on
the right and left legs when using DXA data, the equation with the fewest variables
(STEPWISE) seemed to be the most practical and just as good as when five variables

were used in the ENTER method.

When using the ENTER method for the pQCT data for the right leg and left
legs, the equation included five variables (SBP, DBP, thigh circumference at 50% of
thigh length, mCSA, and fCSA), even if some variables did not add any precision to the
prediction equation (DBP (p=0.235), mCSA (p=0.479), and fCSA (p=0.950) for the
right leg and (thigh circumference at 50% of thigh length (p=0.139) for the left leg).
This analysis explained 50% and 59% of the variance in occlusion pressure for the right
and left leg respectively. The STEPWISE method included two variables (SBP and
thigh circumference at 50% of thigh length) for the right leg and three variables (SBP,
thigh circumference at 50% of thigh length, and DBP) for the left leg that had the
greatest effect on arterial occlusion pressures. Each STEPWISE equation explained
48% and 55% of the variance in occlusion pressure in the right and left leg respectively.
When comparing the two methods (ENTER and STEPWISE) on the right and left legs

when using pQCT data, the equation with the fewest variables (STEPWISE) seemed to
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be the most practical and just as good as when five variables were used in the ENTER
method. These findings are consistent with the literature as SBP, DBP and thigh
circumference at 50% of thigh length are critical determinants of arterial occlusion
pressures for both the right and left legs [30], however in this equation, DBP is not
significant variable for the right leg. Since this is the first study to find differences in
both right and left leg significant variables on arterial occlusion pressures, further
research is needed to understand the role DBP has on the right and left legs. The results
are inconsistent with Loenneke et al. [17] who found that limb composition (mCSA and
fCSA) were important variables to explain arterial occlusion for the right and left leg.
However, the findings from the current study suggest that pQCT measurements of
mMCSA and fCSA are not needed to determine right and left arterial occlusion pressures.
These differences may be due to differences in pQCT analyses software and filtering
systems. Loenneke et al. [17] utilized the Stratec threshold driven software and
smoothing filter FOLFO6UO1 separating fat and marrow from muscle and bone within a
total cross-sectional slice and thus providing mCSA and fCSA. Due to problems with
movement and placement of the legs, a stronger filtering system was needed for the
current study, thus the reduction in subject numbers for the pQCT analysis. All images
were analyzed using ImageJ and BoneJ soft tissue distribution analysis. Therefore,
differences between these findings and the previous study may be due to analytical
techniques. It is important to note, that this is the first research study that has utilized
ImageJ and BonelJ analysis for pQCT measurements of the thigh, and therefore is an

improvement in analytical software compared to the threshold driven software.
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Chapter V: Conclusions

The purpose of this study was to cross-validate the effects of leg size, limb
composition and blood pressure on arterial occlusion in women aged between 20 to 30
years. The main research question was to assess the effect of blood pressure, body
composition, thigh circumference, and limb composition (MCSA and fCSA) on arterial
occlusion in both lower limbs when utilizing a wide cuff (Hokanson).

Research Question

1. What effects do resting blood pressure, thigh circumference, and thigh
composition (MCSA and fCSA) have on arterial occlusion pressure in both
lower limbs when assessed utilizing a wide cuff (Hokanson)?

Hypotheses

1. It was hypothesized that DBP would have a significant effect on arterial
occlusion pressures and that SBP would only have a minimal impact on arterial
occlusion pressures.

This hypothesis was partially supported since DBP was an important

determinant for predicting arterial occlusion pressures for the left leg in each

model whereas SBP was a significant predictor of arterial occlusion pressures
for both legs in each model.

2. It was also hypothesized that limb circumference is a determining factor of
arterial occlusion pressure as there is a consistent decrease in the mean maximal
tissue-fluid pressure when thigh circumference increases.

This hypothesis was accepted, as each model used thigh circumference as a

determinant for arterial occlusion pressures in both right and left legs. However
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the hypothesis that mCSA and fCSA would have a significant effect on arterial
occlusion pressures was not supported.
Subquestion
Would the factors (SBP, DBP, mCSA, fCSA and thigh circumference) that affect
arterial occlusion pressure be similar for both the right and left legs independent of limb
dominance?
Subhypotheses

Previous research suggests that differences exists in muscle mass and strength
between right and left limbs; however it was hypothesized that the factors that
contribute the most to arterial occlusion pressure may differ depending on leg
dominance from the right and left lower limbs.

This hypothesis was partially supported as both the right and left leg’s prediction
variables included SBP and TC and for each method. However, the ultrasound method
also included fat thickness as a determining variable for predicting occlusion pressure
for the right leg only. Additionally, DBP was only an important variable for the left leg
across all models.

Limitations

The results from this present study are limited to women between the ages of 20
to 30 years; therefore the prediction formulas may only be applicable to this population.
Also, measurements were taken in a supine position and may not translate directly to
seated/standing postural changes in blood flow. In a supine position, blood is able to
flow more easily to the upper and lower extremities due to the even distribution of

gravity throughout the body. However in a seated or standing position, the blood pools
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in the lower extremities due to momentary drop of blood pressure, causing blood
vessels to contract and increase pressure to pump the blood upwards [78] . Therefore,
these physiological changes may have an effect on arterial occlusion pressures. It is
important to note that if postural changes in blood flow are assessed, it is hypothesized
that greater pressures would be needed to completely occlude the lower extremities well
above 300mm Hg. However, the Hokanson device will only reach pressures up to
300mm Hg and therefore may not be a feasible tool for assessment. Another limitation
was the pQCT gantry size, since some subjects were involuntarily excluded due the size
of their limb which decreased statistical power. Also, regarding pQCT, there was an
increased measurement error of muscle and fat area due to movement of the participant
while testing, or the uncentered placement of the leg on the holder. Lastly, another
limitation is the size of the Hokanson cuffs, as the larger the thigh circumference, the
less secure the cuff would be on the thigh.
Significance of Study

Previous research has prescribed BFR training using arbitrary pressures or
uniform standardized pressures that may not be the optimal pressure for arterial
occlusion in a particular individual. The results from this proposed research provides an
easily obtainable arterial occlusion formula specific for a 20 to 30 year old female
population and therefore provides an opportunity to individualize the restrictive
pressures and possibly maximize the potential for adaptation from BFR training
especially in college aged women. The effect of the different variables on arterial
occlusion pressure indicates that thigh circumference should not be the sole determining

factor to predict occlusion pressures since SBP and DBP are still key variables for the
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left leg. This study may help future investigations reach their goal of developing a
prediction model producing similar levels of BFR across all participants.
Future Research

All subjects who participated in this study were 20 to 30 years old; therefore
future research should investigate different age groups to determine if the prediction
variables would remain the same regardless of age. Additionally, future research should
investigate the effect of seated and standing body positioning on occlusion pressures
and the ability to predict these values. Finally, due to the inconsistency of the reliability
measurements for pQCT, future studies should focus on a more precise method of
centering the thigh placement on the holder, other than simply a subjective visual

judgement from in front of the gantry.
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Consent Version, Date:06/15/2015 IRB No: 5482

Consent Form
University of Oklahoma Health Sciences Center (OUHSC)
University of Oklahoma — Norman Campus

A Cross Validation of the Effects of Leg Size, Limb Composition, And Blood
Pressure on Arterial Occlusion in Women Aged 20 to 30 Years

Sponsor: Department of Health & Exercise Science
University of Oklahoma

Norman, OK 73019
Principal Investigator: Michael Bemhen, PhD
Phone Number: 405-325-2717

This 1s a research study. Research studies involve only individuals who choose to
participate. Please take your time to make your decision. Discuss this with your family
and friends.

Why Have I Been Asked To Participate In This Study?
You are being asked to take part in this study because you are a female between the ages
of 20 and 30 years.

Why Is This Study Being Done?
The purpose of this study 1s to evaluate the effects of leg size, limb composition and
blood pressure on external arterial blockage (occlusion) m women aged 20 to 30 years.

How Many People Will Take Part In The Study?
About 100 young women will take part in this, all at this location.

What Is Involved In The Study?

If you take part n this study, you will have the following tests and procedures:

Subjects will meet for a total of two visits (one screening visit and one testing visit). In
order to assess reliability for each of our predictor variables, a subsample of 50
participants (approximately every second person) will return for a third testing visit.

Visit 1: Screening and informed consent: (approximately 43 minutes) 1) Arm Blood
Pressure Measurement

2) Ankle Brachial Index (ABI) Blood pressure, using a blood pressure cuff, will be taken
from the arms and legs. (approximately 10 nun).

Visit 2 (and possibly 3): Testing visit(s) (Approximately 1 hour and 35 minutes (each
day))

All subjects will be instructed to reframn from caffeine, medication, and exercise on the
day of the testing visit.

IRE NUMBER: 5482
Pagelof 5 @J | IRE APPROVAL DATE: 07/2412015

IRE EXPIRATION DATE: DB/30/2046

100



Consent Version, Date:06/15/2015 IRB No: 5482

Consent Version, Date:06/15/2015 IRB No: 5482

Whom Do I Call If I have Questions or Problems?

If yvou have questions, concerns, or complaints about the study or have a research-related
injury, contact Michael Bemben, PhD at 405-325-2717 or Chanty Cavazos at 956-345-
5661.

If you cannot reach the Investigator or wish to speak to someone other than the
investigator, contact the OUHSC Director, Office of Human Research Participant
Protection at 405-271-2045.

For questions about your nights as a research participant, contact the OUHSC Director,
Office of Human Research Participant Protection at 405-271-2045.

Signature:

By signing this form, you are agreeing to participate mn this research study under the
conditions described. You have not given up any of your legal nights or released any
individual or entity from liability for negligence. You have been given an opportunity to
ask questions. You will be given a copy of this consent document.

I agree to participate in this study:

PARTICIPANT SIGNATURE (age =18) Prninted Name Date
SIGNATURE OF PERSON Printed Name Date
OBTAINING CONSENT
Page5of 5 @ { [y —

IRE EXPIRATION DATE: 063072016
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University of Oklahoma Health Sciences Center Research Privacy Form 1
PHI Research Authorization

IRB Nao.: 5482

AUTHORIZATION TO USE or DISCLOSE
PROTECTED HEALTH INFORMATION FOR RESEARCH
An Informed Consent Document for Research Participation may also be required.
Form 2 must be used for research invelving psychotherapy notes.

Title of Research Project: A Cross Validation of the Effects of Leg Size, Limb Composition, and
Blood Pressure on Arterial Occlusion in Women Aged 20 to 30 Years

Leader of Research Team: Michael Bemben Ph.D.
Address: 1401 Asp Avenue, Norman, OK, 73019

Phone Number: 405-325-2717

If you decide to join this research project. University of Oklahoma Health Sciences Center (OUHSC)
researchers may use or share (disclose) information about you that is considered to be protected
health information for their research. Protected health information is information about past, present.
and future medical treatment or condition that 1s identifiable to you. It will be called PHI m this
Authonization.

PHI To Be Used or Shared. Federal law requires that researchers get your permission
(authorization) to use or share your PHI. If you give pernussion, the researchers may use or share
with the people identified mn this Authorization any PHI related to this research from your medical
records and from any test results. Information used or shared may include all information relating to
any tests, procedures, surveys, or interviews as outlined in the consent form; medical records and
charts; name, address. telephone number, date of birth, race, and government-issued identification
numbers.

Purpases for Using or Sharing PHI. If you give permission. the researchers may use your PHI to
to cross-validate the effects of leg size limb composition and blood pressure on arterial occlusion in
women aged 20 to 30 vears.

Other Use and Sharing of PHI. If you give permussion, the researchers may also use your PHI to
develop new procedures or commercial products. They may share your PHI with other researchers,
the research sponsor, and 1ts agents, the OUHSC Institutional Review Board, auditors and inspectors
who check the research, and government agencies such as the Food and Drug Admimstration (FDA)
and the Department of Health and Human Services (HHS). The researchers may also share your
PHI with all researchers working on this project or listed as a co-mvestigator.

Confidentiality. Although the researchers may report their findings in scientific journals or meetings.
they will not identify you in their reports. The researchers will try to keep your information
confidential, but confidentiality is not gnaranteed. The law does not require everyone receiving the
information based on this authorization to keep it confidential, so they could release it to others. and
federal law may no longer protect it.

IRB Office Use Only
Version 01/04/12 IRE: NUMBER: 5432

Pagel of 3 " IRE: AFPROVAL DATE: 07/24/2015
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University of Oklahoma Health Sciences Center Research Privacy Form 1
PHI Research Authorization

YOU UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY
INCLUDE INFORMATION REGARDING A COMMUNICABLE OR NONCOMMUNICABLE
DISEASE.

Voluntary Choice. The choice to give OUHSC researchers permussion to use or share your PHI for
their research 1s voluntary. It 1s completely up to you. No one can force you to give permission.
However. you must give permission for OUHSC researchers to use or share your PHI 1f you want to
participate in the research and. 1f you cancel your authonization, you can no longer participate in this
study.

Refusing to give pernussion will not affect your ability to get routine treatment or health care from
QUHSC.

Cancelling Permission. If you give the OUHSC researchers permission to use or share your PHIL
you have a nght to cancel your permission whenever you want. However, cancelling your
permission will not apply to information that the researchers have already used, relied on, or shared.

End of Permission. Unless you cancel 1t, permmssion for OUHSC researchers to use or share your
PHI for their research will never end. You may cancel your permission at any time by writing to:

Prvacy Official or Privacy Board

University of Oklahoma Health Sciences Center  Umiversity of Oklahoma Health Sciences Center
PO Box 26901 PO Box 26901

Oklahoma City, OK 73190 Oklahoma City, OK 73190

If you have questions, call: (405) 271-2511 or (405)271-2045.

Access to Information. You have the night to access the medical information that has been collected
about you as a part of this research study. However, you may not have access to this medical
information until the entire research study 1s completely finished. You consent to this temporary
restriction.

Giving Permission. By signing this form. you give OUHSC and OUHSC s researchers led by
Michael Bemben, permission to share your PHI for the research project called A Cross Validation of
the Effects of Leg Size, Limb Composition, and Blood Pressure on Artenial Occlusion in Women

Aged 20 to 30 Years

Patient/Participant Name:

Signature of Patient-Participant Date
or Parent if Participant 1s a minor

Or

IRB Office Use Only

Version 01/04/12 @J IRE NUMEER: 5482

Page 2 of 3 IRE APPROVAL DATE: 07/24/2015

103



University of Oklahoma Health Sciences Center Research Privacy Form 1
PHI Research Authorization

Signature of Legal Representative®* Date

**f signed by a Legal Representative of the Patient-Participant, provide a description of the
relationship to the Patient-Participant and the Authonty to Act as Legal Representative:

OUHSC may ask you to produce evidence of your relationship.

A signed copy of this form must be given to the Patient-Participant or the Legal Representative at
the time this signed form is provided to the researcher or his representative.

IRB No.: 5482
IRB Gffice Use Only
Wersion 01/04/12 IRE NUMBER: 5482
Page3of 3 Q IRE APPROVAL DATE: 07/24/2015
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Physical Activity Readinass
Questionnzire - FAR-Q ]
{renised 2002)

(A Questionnaire for People Aged 15 to 69)

Regular physical actiity is fun and healthy, and increasingly more people are starting to become more active every day. Being more active is very safe for most
people. However, some people should check with their doctor before they start becoming much more physically active.,

If you are planning to become much more physically active than you are now, start by answering the seven questions in the box below. If you are between the
ages of 15 and 63, the PAR-Q) will tell you if you should check with your doctor before you start. |f you are over 69 years of age, and you are not used to being

very active, check with your doctor.

Common sense is your best quide when you answer these questions. Please read the questions carefully and answer each one honestly: check YES or NO.

recommended by a doctor?

change in your physical activity?

dition?

O 0O OoooQgd Og
O 0O ODOoOO0 Os
[ T ]

1. Has your doctor ever said that you have a heart condition and that you should only do physical activity

Do you feel pain in your chest when you de physical activity?
In the past month, have you had chest pain when you were not doing physical activity?
Do you lose your balance because of dizziness or do you ever lose consciousness?

De you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a
6. s your tloktor currently prescribing drugs (for example, water pills) for your blood pressure or heart con-

7. Do you know of any other reasen why you should not de physical activity?

If YES to one or more questions

Talk wath your doctor by phane or in person BEFORE you start becoming much more physically active or BEFORE you have a fitness appraisal. Tel
}(ou your doctor about the PAR-Q and which questions you answered YES.

* ‘You may be able to do any activity you want — as long as you start slowly and build up gradually. Or, you may need to resirict your activities to
answered those which are safe for you. Talk with your doctor about the kinds of activities youwish to participats in and follow hisfher advice.

* Find out which community programs are safe and helpful for you.

.
NO to all questions
If you answered NO honestly to all PAR-Q) questions, you can be reasonably sure that you can:

+ start becoming much more physically active — begin slowly and build up gradually This is the
safest and easiest way to go.

.

take part in a fitness appraisal — this is an excellent way to determine your basic finess so
that you can jplan the best way for you to live adively. It is also highly recommended that you
have your blood pressure evaluated. If your reading & over 144/94, talk with your doctor
before you start becoming much more physically acive.

DELAY BECOMING MUCH MORE ACTIVE:

= if you are not feefing well because of atemporary illness such as
a cold or a fever — wait until you fesl better; or

= if you are or may be pregnant — talk to your doctor before you
start becoming more active.

PLEASE NOTE: If your health changes so that you then answer YES to
any of the above questions, tel your fimess or health professional.
Ask whether you should change your physical activity plan.

Infarmed Use of ths PAR-Q: The Canadian Sodsty for Exerciss Physialogy, Health Canada, and their agents assume na liability for parsons wha undartalie physical activity, and if in doubt after completing

this questionnaire, consult your dacior prior to physical actiity

No changes permitted. You are encouraged te photocopy the PAR-Q but only if you uze the entire form.

NOTE: If tha PAR-Q i being given to a person before he or she participates in @ physicel actiity program or & filness appraisal, this section may be wsad for legal or administrative purposes.

"I have read, understood and completed this questionnaire. Any questions | had were answered to my full satisfaction.”

DWTE.

PARENT

'WITHESS

or GUARDIAN [for partidpants under the age of majority)

Mote: This physical activity clearance iz valid for 2 maximum of 12 months frem the date it iz completed and
becomes invalid if your condition changes so that you weuld answer YES to any of the seven nuestimm c

R: 5482
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Bone Density Research Laboratory
OU Department of Health and Exercise Science

Health Status Questionnaire

Instructions Complete each question accurately. All information provided is confidential.
(NOTE: The following codes are for office use only: RF: MC; SLA; SEP)

Part 1. Information about the individual

Date

2.
Lagal name Hickname
3.
Mailng address
Home phone Businéss phone
4.Gender (circle one): Female Male (RF)
5. Year of birth: Age
6. MNumber of hours worked per week: Less than 20 20-40 41-60 Cwver 60

[ sLA) More than 25% of time spent on job (circle all that apply)

Sitting at desk Lifting or carrying loads Standing Walking Driving

Part 2. Medical history
7. (RF) Circle any who died of heart attack before age 50:

Father Mother Brother Slster Grandparent

8.Date of: Last medical physical exam: Last physical fitness test:

¥ear Fear

—

IRE NUMBER: 5482
@J '| IRE APPROVAL DATE: 072472045
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9. Circle operations you have had:

Back (sLa)
Ears (SLA}

Heart (MC)
Hernia {SLA)

Kidney {5LA)
Lung (SLA}

Eyes (SLA)
Cther

Joint (SLA) Meck (5LA)

10. Please circle any of the following for which you have been diagnosed or treated by a physician ar health

professional:

Alcoholism (SEF)
Anemia, sickle cell (SER)
Anamia, other (SEP)
Asthma (SEP)

Back strain  (SLA)
Bleeding trait {SEP)
Bronchitis, chronic (SEF)
Cancer (SEF)

Cirrhasis, liver (MC)
Concussion (MC)

Congenital defect (SEP}

Diabetes (SEP)
Emphysema (5EP)
Epilepsy (SEP]

Eye problems {(SLA)
Gout (SLA)

Hearing loss (SLA)

Heart problams (SLA)
High bload pressure (RF)
Hypoglycemia (SEP)
Hyperlipidemia (RF)

Infectious mononucleosis (MC)

1. Circle all medicine taken in last & maonths:

Blood thinner (MC)
Diabetic pill (SER)

Epilepsy medication (SEP)
Hean-rhythm medication (MC})

Kidney problem (MC)

Wental iliness (SER)

Neck sirain (SLA)

Obesity [RF)
Osleoporosis

Phiebitis (mC)
Rheumatoid anthritis (SLA)
Stroke (MC)

Thyroid problem (SEF)
Ulcer (SEF)

Other _____

Nitraglycerin (MC)
Estrogen

2. Any of these health symptoms that occurs frequently is the basis for medical attention.

Digitalis (MC) High-blood-pressure medication (MC)Thyroid
Diuretic (MC) Insulin (MC) Corticostaraids
Asthma Other

Circle the number
indicating how often you have each of the fallowing:

1 = Practically never & = Infrequently 3 = Sometimes 4 = Fairly often 5 = Very often

a.  Cough up blood (MC} d. Leg pain (MC) g. Swollen joints (MC)

1 2 3 4 5 1 2 3 4 5 T2 3 4 5
b, Abdominal pain (MC) e. Arm or shoulder pain (MC) h.  Feel faint (M)

1 2 3 4 5 T2 3 4 5 T 2 3 4 5
. Low back pain (SLA) f. Chest pain {RF) (MC) I, Dizziness {MC])

1 2 3 4 5 ! 2 3 4 5 1 2 31 4 5

j.  Breathless with slight exertion (MC)
1 2 3 4 5

IRE NUMBER: 5482
@l IRE APPROVAL DATE: 07/24/2015
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Part 3. Health-related behavior

13. (rF) Do you now smoke? Yes No

14. If you are a smoker, indicale number smoked per day:

Cigareties: 40 or more 20-39 10-19 1-9
Cigars or pipas only: 5 or more or any inhaled Less than 5, none inhaled
15. Weight now: Ib. One year ago: Ib.. Age 21: Ib.

16. Thinking about the things you do at work, how would you rate yourself as to the amount of physical

activity you get compared with others of your age and sex?

Much more active
Somewhat more active
About the same
Somewhat less active

Much less active

[ RY T S PR

Mot applicable

17. Now, thinking about the things you do outside of work, how would you rate yourself as to the amount of

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

1. Much more active
Somewhat more active
About the same
Somewhat less active

Much less active

oo e W

Not applicable
18. Do you regularly engage in strenuous exercise or hard physical labor?

1. Yes (answer question # 19) 2. Mo (stop)

19. Do you exercise or labor at least three times a week?

1. Yes 2. Mo

IRE NUMBER: 5482
@J IRE APPROVAL DATE: 07/24/2015
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, Bone Density Research Laboratory
Department of Health and Exercise Science

University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE

Subject ID: Date:

We are asking you to give us as complete a menstrual history as possible. All information you provide

will be strictly confidential.

Are you pregnant? (circle your response below)
YES — Do not complete the rest of this form.

NO - Complete the rest of this form.

1 Approximately how many menstrual periods have you had during the past 12 months?

IRE NUMBER: 5482
QJ '| IRE APPROVAL DATE: 077242045
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Circle the months in which your period occurred. This means from this time last year until the
present month.

JAM FEB MAR APR MAY JUNE JULY AUG SEPT .UCT NOV DEC

Is this your follicular .phasc? {Hp;ﬁlies onl\'.'r to Hormonal Cm-ltraceptive non-users)

What is the usual length of your menstrual cycle (first day menses to first day next menses)

- days. Todayis day of your présent menstrual cycle.

What was the date of your last peried?

When do you expect your next menstrual period?

What is the length {number of days) of yoaur menstrual flow on the average?

How many of these days would you term "heawy"”

IRE NUMBER: 5482
QJ 1| IRB APPROVAL DATE: 07/24/2015
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]
9. Do you experience cramps during menstruation (dysmenorrhea)? If yes, how many days does
this last?

10. Do you experience symptoms of premenstrual syndrome {i.e., weight gain, increased eating,
depression, headaches, anxiety, breast tenderness)? If yes, fist the symptoms.

1L Do you take hormonal contraceptives or any other medication thal includes estrogen and/or
progesterone? ) '

I yes, how long have you been taking the hormonal contraceptives?

What is the brand name and dosage of the hormonal contraceptive you are taking?

Has the hormonal contraceptive affected your menstrual cycle (regularity, length and amount of
flow, length of cycle)? If yes, indicate changes. ’

IRE NUMBER: 5482
QJ '| IRE APPROVAL DATE: 0772472015
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12,

13.

14,

Have you taken hormonal contraceptives in the past?

If yes, what was the brand name and dosage?

When did you start taking the hormonal contraceptive; for how long; and when did you stop

taking it?

rffau answered yés to9or 10, did \,'rau experience a weight gai.n and}'ﬁr a change in appel
aresult of oral contraceptive use? If so, please indicate amount of weight gain.

If you are premenopausal, are you experiencing menopausal symptoms? Please list your

symptoms (i.e., hot flushes, mood swings, headaches etc.)

113
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Screening Checklist

The Cross Validation of the Effects of Leg Size, Limb Composition, and Blood
Pressure on Arterial Occlusion in Women Aged 20 to 30 Years

Name: Date:

Daes subject meet the inclusion criteria for the study?

Yes No
Age 18-35 years
Any disabilities or hemodynamic disorders
Daoes subject have any exclusion criteria for the study?
Weight over 300 Ibs.
Joint replacement / metal implants
Women: Are you pregnant or think you may be pregnant
Current smoker
Diabetes
Uncontrolled hypertension
Recent fractures (during the preceding 12 months)
Myocardial infarction/congestive heart failure/
strokes/back surgery within the past 6 months
Degenerative neurommscular conditions, e g Parkinson’s disease
Anlkle Brachial Index > 0.9
Qualify for the Study?

Q RE APPROVAL OATE: (7242015
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Data Collection Sheet ID #CCDISS

Screening
Blood Pressure | Trial #1 Trial #2 Average
/ / /
AB Index Right Arm
Right Leg
Left Leg
Left Arm

*Right leg: get the highest of the two right ankle pressures / highest of the two arm pressures
*Left leg: get the highest of the two left ankle pressures / highest of the two arm pressures
*Ankle brachial index of <0.9

Visit 2

Step 1:

Ui Tesi I

Pregnancy

Hydration Status

Step 2:

Height (cm)

Weight (kg)

Step 3: DXA

Ethnicity Origin (Circle)

White

Hispanic or Latino

Black or African American

Native American or American Indian
Asian/ Pacific Islander

Other

Step 4: pQCT

Right femur length: mm

Left femur length: mm

Step 5: Ultrasound
a) — Right Femur Length: cm Left Femur Length:
b) — Right Femur 33%: cm and 50%: cm
c) — Left Femur 33% : cm and 50%: cm
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Anterior

MT Right (33%) | Left (33%) | Right (50%) | Left (50%)
M F [M F | M F | M F

Trial # 1

Trial # 2

Trial # 3

~ ~ ~] ~
~| ~| ~| ~
~ ~ ~| ~

~ ~ ~] ~

Average

Lateral

MT Right (33%) | Left (33%) | Right (50%) | Left (50%)
M F [M F | M F | M F

Trial # 1

Trial # 2

Trial # 3

~ -] -] —
~| -~ —w| —
~ -] -] —
~| -~ —w| —

Average

Step 6:

Thigh Circumference | Right Left

33%

50%

Step 7:

Trial #1 Trial #2 Average
Blood Pressure / / /

iR I R

Step 8:

Acrterial Occlusion Right Left

mmHg
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Step 1:

Ui Tes S

Pregnancy

Hydration Status

Step 2:
Height (cm)
Weight (kg)
Step 3: DXA
Step 4: pQCT
Right femur length: mm
Left femur length: mm
Step 5: Ultrasound
d) — Right Femur Length: cm Left Femur Length: cm
e) — Right Femur 33%: cm and 50%: cm
f) — Left Femur 33% : cm and 50%: cm
Anterior
MT Right (33%) | Left (33%) | Right (50%) | Left (50%)
M F |M F |M F M F
Trial #1 / / / /
Trial #2 / / / /
Trial # 3 / / / /
Average / / / /
Lateral
MT Right (33%) | Left (33%) | Right (50%) | Left (50%)
M F |M F | M F M F
Trial #1 / / / /
Trial #2 / / / /
Trial #3 / / / /
Average / / / /
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Step 6:

Thigh Circumference | Right Left

33%

50%

Step 7:

Trial #1 Trial #2 Average
Blood Pressure / / /

iR I

Step 8:

Acrterial Occlusion Right Left

mmHg
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d Raw Ultrasound Data

: Descriptives an
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Raw pQCT Data for Left Leg

Appendix F
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Raw pQCT for Right Leg
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