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ABSTRACT

Variability in peripheral Quantitative Computed Tomograpb@CT)
measureent sites limits direatomparison®f resultsbetween studies. Further, it is
unclear what estimates or surrogates of bone strength are most indicative of changes in
fracture resistance due to aging, disease, or intervenfibegpurpose of this study was
to examine the effects of age agehder on tibia morphology, and to relate indicators of
tibia mass and shape hip and spin@real bone mineral densitiesBMD) andbone
mineral contentBMC) as assessed IDual Energy Xray AbsorptiometryDXA).
Additional purposes of this study were to determine which tibia site or sites are most
sensitive for detecting age, gender, or menopaeisged morphology changes.
Methods: Self-identifying Caucasian men (65) and women (n=%) ages 2659 years
had theirtotal bod/, lumbar spine, andual proximal femuraBMD and BMCmeasured
with DXA (GE Lunar Prodigy) Body composition (total and leg bone free lean body
mas (BFLBM) and fat mass (FM)) weessessed from the total body scameifnon
dominant tibiasvere measuredith pQCT (StratecXCT 3000) at every 10% of the
limb length from 5%05% from distal to proximal. Volumetric BMD, BMC, and area
of the total, cortical and trabecular bone were determined. Also, periosteal (PeriC) and
endosteal (EndoC) circumferences,tiwal thickness (CTh), bone strength index (BSI),
strength strain index (SSkjoments of inertialnax, Imin) mass ratios, and strength to
mass ratios were quantifie@eneral health information, menstrual history, dietary
intake averaged over the previoyear, and lifetime bone specific physical activity
(BPAQ) were assessed by questionndioesegression analysiParticipants were

grouped by decade and by gendesults:Bone morphology and strength
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characteristics varied along the tibia in@nlinear fashion. There were significant
(p<0.01) site effects for all BMC, vBMD, area, strength (SSI, Imin, Imax, SSI:Tot.BMC
ratio), PeriC and EndoC. Total vBMD peaked at the 35%, while cortical BMC peaked
at 55% with minimums at 5% and 85%. Total BMESI, SSI:Tot.BMC ratioandImax

all peaked at the 85% siteatge gender differences (28%) in Tot.BMC were
paralleledby differences in Tot.Area (125%), due to differences in Cort.BMC and

area R1-25%) (p<0.01). Gender differences (p<0.01) in Im&, 8nd SSI:Tot.BMC

ratio were smallest at the 15% sites and increased through the diaphysis. Women had
significantly (p<0.05) greater Cort.vBMD than men. Men had significantly (p<0.01)
greater Tot.BMC ratios at 5%:35% 5%:65800d5%:85% Site*gender inteaction

effects were significant (p<0.05) for area, BMC, circumference, and strength variables.
CTh and total vBMD were lowest (p<0.05) in-50 yr group, and several trends

(p<0.10) existed for BMC variables. EndoC was highest in thg9%5¢r group and

Imax was highest in the 48 yr group Site*age interactions existed for Cort.vBMD,
Tot.BMC, SSI, Imax, EndoGand SSI:Tot.BMCThere were significant age effects for
total vBMD and area, trabecular area, cortical area, SSI, Imax, and SSI:TotEWL.
ratios for 5:35% and 5:65% were highest (p<0.05) the {82@r groupTibia total

BMC and vBMD were moderatelty-strongly correlated with hip BMC and aBMD
values (r = 0.31.76).Conclusion: Gender differences wersosty found inbone size
variables wheras age differences wengostlyfoundin densityand cortical thickness
values The magnitude of age and gender differeratgsvaried by measurement site.
Standardization of measurement sites is recommeiodéature reference database

development and caparison
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CHAPTER |
INTRODUCTION

Material and structural properties of bdissue adapt in response to imposed
strain from mechanical loadin{@7). Most mechanicdbading on bone comes fro
muscular contractions, and is important for the development and maintenance of bone
strength In addition to bone loss that ocewvith aging and after menopau&s),
research has shown that prolonged unloading of a bone riesidise content loss that
may not completely recover once an individual has already reached their peak bone
masg(70). Excessive bone loss due to prolonged unloading places one at greater risk
for osteoporosis, which is characterized by decreased bomgahdensityfBMD) and
a deterioration of microarchitecture, making bone more fragile and susceptible to
fracture(49).

Osteoporosis and low bone mass is known to affect over 44 million Americans,
and is a causal risk factor for hip and vertebral frest{f4). The incidence of fractures
increases with age in both men and women, and the lifetime risk for osteoporotic
fractures has reported to be comparable to or greater than getting heart disease or certain
cancers{4). Prevention of osteoporosis poevent fragility fractureis of interestas
hip fractures increase mortality risk5). Treating osteoporotic fraates has been
reported tacostfrom nearly $17 billion to over $36 billior®(0). The primary measure
for the diagnosis of osteoporogsBMD, a surrogate of bone strengdis fracture risk
increases up ta factor of 3 for each standard deviation decrease in B3p (

However fracture risk also increases with suboptimal bone geomatanging



material properties of bonand higher res of bone loss that cannot be measured by a
single BMD tes(12).

Many aspects of bone quality and fracture risk in humans can be assessed
noninvasively, including theass size, and shape of bon&sialEnergyX-ray
AbsorptiometryDXA) measurearealBMD (aBMD) and bonemineralcontent(BMC)
in a 2dimensional plane ani$ used to diagnose osteoporoaisnormative values for
aBMD have been developddr postmenopausal womé®4). Areal BMD is not a true
bone density, as it is calculated by dividing the BMC by the bone area in the frontal
view. The utility of DXA is limited since normative values are based primarily on
Caucasian populatior{49), many fragility fractures occur befman individual meets
the DXA-based critaa for osteoporosiH0), andDXA is unable to measui&oss
sectionabone geometry or separate cortical and trabecular bone data to aid in the
prediction of bone strength

Peripheral Quantitative Computedmography (pQCTgomplenents DXA
because it caassess total, cortical and trabecwalumetricBMD (vBMD), mass,
area, andissuedistributionin crosssectional slicesf long bonesThis can provide
information about resistance to fracture from bengiogsional, and compressive loads,
andpQCT-assessed bone variables hbeen shown to strongly predict breaking
strength(86). Men typically have larger bone cressctional areas than women,
providing greater resistance to fract(®8). Gender comparisons of bone loss patterns
appear to be age and menopausal status dependent. Evidence suggests dhat
premenopausalvomenlose trabecular bone in a similar fashion before midé&3, but

thatat menopause, trabecular and corticaldétss is accelerateéa women.Trabecular
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bone loss still predominates during this time, buate menopase, total bone loss
slows and further losses compeedominantlyfrom cortical boneln late life in men,
bone lossccelerats, primarily from cortical bon€67, 69). In both men and women,
corticaland trabeculabonelossesmarkedly affect thatructural integrityof the bone
andthese losses can individualhe detected with pQC{R2, 67). However, pQCT
cannot be used tiagnose osteoporosiS)(since alult normative data have not been
developed for pQCT measuresdpQCTis unable to measutbe mostlinically
relevantsites (proximal femur anldmbar spine)Currently, the International Society
for Clinical Dengtometry (ISCD) Position Stand)reportsthat the distal radius can be
used to predict hip fracture risk for postmenopausal women. However, obtaining a
forearm scan without movement artifact gaesent challenge, often requiring repeat
scans.

To date, here are no recommendations for using the tibia for bone health
assessment or hip fracture risk prediction. Givextithe tibia is exposed to multiple
modes, frequencies, durations, amplitudes and rates of mecHaadialy from
physical activites its characteristics may Imeore closely related to the hip than the
forearm Since it is relatively easy tbtaina tibia pQCT scan without movement
artifact, exploring the relationships between tibia bone characteristics and hip and spine
charactestics deserves considerati@etecting bone loss from pathologies, aging, or
disuse, opredictingfracture risk with the tibia will be ore valuable if it is known at
which tibia siteg(s) bone lossanbe detected most readily, and under what bone loss
conditions.Variability in selected tibia sites between studies can makgarison of

resuls or development o$creening recommendat®more difficult. Studies that
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include more representative sites of the tibia can better define the clinical stbhpe of
pQCT.Also, as the crossectional cortical and trabecular morphology is not
homogeneous throughout the tibia, it is possible that a ratio or combination of tibia sites
may be a valuable indicatof trabecula+ or corticatspecific bone changes to test
predict fracture riskor to improvetreatment strategi€44). The purpose of this study
was toexamine the relationship of age and gender tihilh morphology, and to relate
indicators of tibiamass and shape on hip and spine aBMD and BMC as assessed by
DXA. Additional purposes of this study veeto determine which tibia site or sit®
most sensitive fodetecting age gender, or menopauseelated morphology changes.
Research Questions
Thespecificresearch questiortd this studywere as follows.
1. Whatrelationshipsio age and genddravewith bone mass, bone shape, and
bonestrengthindicators throughout the adult tifia
2. What tibia site(sand characteristicare most sensitivior detectingagerelated
difference®
3. What tibia site(spnd characteristiczre most sensitivior detectingnenopause
relateddifference®
4. What are theelationships between pQEassessed bone mass, bone shape, and
bonestrengthindicators at individual tila sites or as ratios between multiple
tibia sites and DXAassessed bone mass and aBMD
Hypotheses
1. | hypothesizd that men wuld have greater periosteal circumference, cortical

thickness, total and cortical area, total vBMD and SSI than women &bany
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site and any age. With age, womeould developa greater endosteal
circumference than men. Men and premenopausal woroaldWwave similar
cortical vBMD, trabecular content and vBMDrends for increases in bone size
would begin at age 40 for both genddrat rates of changeould be more rapid
for women

| hypothesizd that stes closest to the bone endlsuld be most sensitive to age
related change3.herewould be decreases in cortical area and thickness, and
decreases in trabecular content. Tiveoelld be increases in total and trabecular
bone area. SSI (measure of torsional strength at diaphyseaisitédnot
significantly change with decreased cortical content when total bone area
increasesThe ratio of total bone mass between the 5% site amd proximal
sites until 75%would decrease.

| hypothesizd thatmenopauseelated changesould be most evident with
trabecular content and vBMD loss in the distal and proximal tibia sites (5%,
15%, and 95%)and cortical area and thickness loss in the diaphyseal sites.
Also, therewould be a change in the ratio of cortical content in diaphyseal sites
to trabecular content in epiphyseal sites.

| hypothesized thabtal BMC of a tibia slicewould be the strongst predictor of
hip aBMD and BMC variables any given pQCT sitebut correlationsvould

be strongest at nediaphyseal sites. Total area, cortical BMC and areald be
strongly related to hip aBMD and BM®&OolumetricBMD would only be

correlated to higBMD and BMC variables at the tibia 5%, 15%, 85%, and 95%



sites, andvould not be related at sites 2%%. Trabecular bone variablesuld
not be related to hip aBMD or BMC variables at sites3%
Significance of the Study
The measurement of areal BMiy DualEnergy XRay Absorptiometry (DXA)
is the gold standard for the diagnosis of osteoporosis in Caucasian postmenopausal
women (02). However, BMD is now recognized as only one of several aspects of
whole bone strength, including the amount, shapeagstdtecture of the bone, and
bone material propertiedX). PeripheraQCT is a relatively new technique which
measures bone geometry and volumédiD for the total bone as well as the
trabecular and cortical compartments of the bone, thus pro\adiditjonal information
about bone strength characteristics compared to DK#e significance of this study is
helping determine agand genderelated changes to tibia morphology that affects
resistance to fracture, and relating these findings to Ié&ured hip and spine
aBMD to help develop clinical utility for pQCT.
Assumptions
1. Subjects accurately and honestly completed all questionnaires.
2. Questionnaires used in this studgre valid and appropriate for use in this study
population.
3. Women accuratelyrew their menopausal status.
Delimitations
1. Bone qualityfindingscan only be applied to healtiBaucasiaimen and women

ages 2b9years



2. Findings from this study can onbe applied to men and women wéi@ not
completely sdentary, and men and women wdwnot engage in more than 15
hours of moderate to vigorous exercise per week.

3. Subjects with mputations, cerebral vascular accidents, or knee or hip
replacementsvere excluded from the study.

4. Pregnant womewere excluded from the study.

5. Individuals takirg oral contraceptives, hormone replacement thefapgirogens
or estrogens)r medications for bone healthere excluded from the study

Limitations

1. Participantaverehealthyvolunteers and thus may not be truly representative of
thelargerpopulation.

2. The DXA has a 300 pound weight limiherefore participantsere required to
weigh less than 300 Ibs

3. Since thiswas a crosssectional study, previous bone health or rates of bone
remodeling cannot be known.

Operational Definitions

Areal Bone Mineral Denty (aBMD) - the amount of bone mineral per unit of-a 2
dimersional geometric area as measured by BMC/&2én

Bone Mineral Content (BMQG)the amount of mineral mass measured in a bone, bony
area, or the body

Bone Remodelin@equence the sequence dione renewal that consists of the
resorption of old or damaged bone and the deposition of new bone in place where old

bone was remove®2).



Bone Strength Index (BS#)a product of squared total vBMD and area. It gives a
measure of compssive bone strgyth at thenetaphysis

Cortical Bone- compact, highly calcified (~90%) bone, predominately found on the
diaphysis otong bones

DualEnergy XRay Absorptiometry (DXA) a lowvoltage xray procedure that
guantifies fat and bone free lean body mass tl@a@real bone mineral content (g) and
density (g/crf) of thetotal body, lumbar spine, forearm, and proximal feii2dj.
Endosteal Circumfereneaternal perimeter of the cortical boril.

Imax - Termed as the larger of Ix and ly. (See Momeriheftia of an Area)

Imin - Termed as the smaller gfdnd . (SeeMoment of Inertia of an Area)

Moment of Inertiaof an Area (AKA: Second Moment of an Area, Cr&ctional
Moment of Inertia) With respect to an axis in the plane of the arga:dy® dA, I, = &

x? dA, where x is th@erpendiculadistance from dA, an element of the area, to the y
axis and yis the perpendicular distance from dA to thaxts. In this document, the
central axes are assumed (the axes intersect at the center of massbpddt) 103).
Osteoblast a mononucleated cell arising fraime mesenchymal stem cell lineatis.
function is to promote bone formation by producing type | collagen and other
noncollagenous proteins, and assisting with the initiation of bone resorpijon (
Osteoclast a large, multinucleated cedrising fromthe hematopoietic cell lineage. Its
function is to the resorption of bone for the purposes of bone remodeling and calcium
homeostasi€sl).

Osteocyte a mature bone cdihat is thought to be the mechanostat, or strain sensor, of

the bone tissug).



Osteoporosis characterized blow bone masand a deterioration of microarchitecture
of bonetissue leading to increased fragility and increased risk of fraqttpe

Periosteal Circumfereneexternal perimeter of the tibia cressction {4).

Peripheral Quantitative Comput@gdmography (pQCTF)a low-voltage xray procedure
that quantifies total, trabecular, and cortical volumetric bone mineral density (fig/cm
(ToD, TrD and CoD, respectivelyppne mineratontent (mg/mm) (ToC, TrC, and

CoC, respectively), bone area (A)riToA, TrA, and CoA, respectively), moments of
inertia (mnf) and resistance, and strengthain indice85).

Section Modulus Moment of Inertia of an Area divided by the maximum radius. It is a
measure of rigidityX03).

Strength Strain Index (SSi)j corticaldensity weighted section modulus of the bone. It
gives a measuraf bending and torsional strength of diaphyseal sites.

Trabecular Bone also called cancellous bone; spongy bone enclosing spaces filled with
bone marrow, blood vessels and conivedtissue, and is only 1%5% calcified. It

fulfills primarily metabolic functions for the bod$1).

Volumetric Bone Mineral Densitythe amount of bonmineral contentin a 3

dimensional volume.



CHAPTER I
REVIEW OF LITERATURE
Introduction

Theability of bone to resist fracture is related to the geometry and structure of
the bone, as well as the amount of bdiie {2). Bone is an anisotropic composite
material, organized to withstand loads that are customarily placed ud@n itlje load
thatcauses bone to fracture is dependent on the bone site being tested, the magnitude of
the load, the duration of the load, and the direction that the load is applied in reference
to the bone site being testeld (51). When the bone receivexcessivdoading in a
manner that is not customary, a fracture is more likely to occur.

Assessment of bone strength is important for identifying persons at greater risk
of fracture andor monitoring bone health interventions and treatmeltany
characteristicselated to bone strength can be measured by noninvasive imaging
techniquesincluding with Dual Energy »ay Absorptiometry (DXA) and peripheral
Quantitative Computed Tomography (pQCPRCT has now been used in research for
several years to describe tféects of aging, gender, menopause, mechanical loading
and unloading, pharmaceutical treatments, and pathologies on cortical and trabecular
bone health. However, pQCT still has very limited clinical utility due to the
heterogeneity of scanning locaticausd analysis techniques in research, and the
resulting lack of a reference databasth which to evalua patient resultsThe
purpose of this revievws to examineurrent findings on how pQCassessed bone

characteristics, with a primary focus on th®ajhave been shown fwedct failure
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loads and howpQCT-assessed tibia morphology is affectecalgyng, gender,
menopause, andechanical loading and unloadifighe literature is presented in the
following sections: 1. Bone Characteristics and Fracture Risk, 2.akgkeGender
Related Effects on Bone Characteristics, 3. Effects of Menopause on Bone Health, 4.
Effects of Physical Activit on Bone Characteristicand 5 Effects of Unloading on
Bone Health.
Bone Characteristicsand Fracture Risk

DXA has been used for many years for diagnosing osteoporosisasaate
bone mineral densityaBMD) is predictive of fracture risk and is used asigogate of
bone stregth. AreaBMD and BMC values from DXA are based on two dimensional
imaging in the sagital or frontal planes, and can only give total aBMD and BMC values.
DXA is unable to separate cortical and trabecular bone characteristics, limiting the
cl i ni c ityaordétest the pattdrn of bone loss. Bone geonuettais limited to the
area, and>XA cannot give any indication about cressctional shapd&lso, the weight
limit of DXA tables limits the access to spine and hip scans for larger people.

Separat@nalyses of total, corticadnd trabecular bone and information about
bone geometry is accomplished wtQCT by imagingtransverselices of known
thicknesdn the appendicular skeletohibias can enter the gantry from two directions,
allowing for heaver subjects to be scanned, requiring only a sufficiently strong chair.
Further,pQCT scans also have a lower effective radiation dose than DXA, lowering the
risk for children that require screening.

The precision and accuracy of pQCT has been demonsinatadtiple studies.

Sievanen et al86) reported coefficients of variation ranging from 0.5% to 7.7%,
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depending on the variable being measured. Typically, area and strength index (which
incorporates area) meassited greater variability than densitylwes. Wachter et al.

(88, 89) showed that cancellous BMD measurement of resected femoral neck specimens
by pQCT was more closely related (r=0-@882)toYoungdés modul us and
determined by uniaxial compression testing than apparent trabecular thickness,
separation or number determined by CT scans and subsequent image analysis. Cortical
BMD measurement of resected femoral diaphysis specimengasstrongly

correlatedwith yield stress (r = 0.77 for polynomial regressidijtal area and

trabecular and total bone densitytioé radius measured by pQCT hdeen reported to
show strong agreement with CT scadi)s Asheet al.utilized radial specimenfrom

female cadavers to perform pQCT scans at the 4% and 30% sites and a DXA forearm
scan(2). Ashe et al. then performed ashing, histomorphometry, and biomechanical
testing of the 30% site. Total BMC of the 4% and 30% sites; cortical BMC, thickness,
andarea at the 30% sites; and 33% aBMD (DXA) all similarly predicted forearm failure
load (¢ = 0.75i 0.81). Polastrengthstrain index S}, total and cortical vBMD were
moderate predictors 0.470.61) of failure loagdhowevertotal area of the 30%ite

and 4% aBMD were not effective predictorgilhelm et al validated the measurement

of SSI, a function of cortical density and bone geometry in cadaver radii, showing that
SSl was very strongly related to failure loading in 3 and 4 point bendind16§js

These findings we in agreement witthose ofSiu etal., showing that aBMD and
strengthindicesincorporating both coital BMD and area with pQCpredicted long

bone strength similarly, arttlatthe strength index predicted failure better than cortical

vBMD or area alon€86).
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Assessment of cortical bonepknds on the relationship between cortical
thickness and scan resoluti&ssentially, the cortical thickness must be consistently
thicker than the resolution of the scan, or invalid results will be generated because of
partial volume effectsEach voxela 3D pixel) is assigned a density value that is the
average density within that voxel. A voxel at the border between bone and soft tissue,
for example, may include both bone and soft tissue, but the average density will dictate
whether that voxel will & considered bone or soft tissue during analyEigere are
differing amounts of cortical and trabecular bone at different sites of a long bone,
therefore multiple sites may be needed if investigators wish to gain information about
cortical and trabeculdrone quality Recently, Capozza et @roposed the use of bone
mass ratios of multiple tibiasitesn d fAdi stri buti on/ masso curyv
bone health or potential diagnostic ®@l4). Their study utilized a small sample in a
narrow ageange, and did not compare the measuaéids to any diagnostic criteria.
Therefore, while their ideas have merit, more studies are needed to determine what
normal ratios are versus what ratios could be considered pathological.

Age- and GenderRelated Effects on Bone Characteristics

Incidences of fragility fractures are highewomen than men, and increase
with age for both gende(54). Gender and age differences in fracture risk are related
to crosssectionabonegeometry, which cannot be measured with DX@enter et al.
estimaedfemoral neck vBMDirom DXA scars by taking the measured diametenof
section otthe femoral neck, anthenassumedhe femoral neck to be a cylinder
obtain a volumé€15). This was pdormed toaccount for bone size differendestween

gendersbutis limited by the assumption that bone content is uniform throughout the
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crosssectional slice In this crosssectionalktudyof older men and women with and
without hip fracturg15), menin the nonfracture groupal approximately 14% greater
aBMD and almost 33% greatBMC and CSA at the femoral neck thdid women
Gender differences in aBMD (21%), BMC (39%) and CSA (38%) weree evident in
thehip fracture group. Women without hip ftaces had greater aBMD, vBMD, BMC
(24-29%)and CSA(6%) than women with hip fractures, and men without hip fractures
had higher BMD and BM@19-23%)amounts, but CSA was simildn men, vBMD
was more sensitive for predicting hip fracture than aBMD, bid@Bind vBMD
sensitivity was similar in womeilowever, the specificity for predicting hip fracture
was better for aBMD fobothmen and women.

Studies usingpQCTtibia scans have demonstrated BMC, vBMD, and area
differences between genders and betweergemes within gendekVilks et al found
that at the 4% tibia site, gender differences were highest for trabecula(3EMa %)
and smallest for trabecular vBM[9-19%)(101). At the 38% tibia site, gender
differences in cortical BMC corresponded to digiecesn cortical area, and there were
no significant differences in cortical vBMD or circularity. There were, however, gender
differences of 3&%3% in torsion strength, and relative strength differences were greater
than content and area differences. @Gardifferences were larger between controls than
they were between athletic groups.

In a study byNieves et alexamining genderelated differences in bone
characteristics in adolescent elite military cadetsximal femur BMC and aBMD
valuesweresignificantly greater in maleban heght and weightmatched femaledut

lumbar spine values were not significantly differés8). Further all total and cortical
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bone variables of the tibia diaphysis, including vBMD, area, content, and thickness
were5%-14% lower in femalesEndosteal circumference was the only bone quality
variable that did not readtatisticalsignificance .The authors did note significant
differences in lean mass, athesedifferences explained part of the gender differences
in bone parameters.

Evans et al(23) examinedibia 4%, 38%, and 66%haracteristics in male and
female military recruits. fea values were 21-25.6% smaller in women, but when
adjusting for height and weight, area differences were reduced-ib 3%. Momets
of inertia values were 41-84.6% lower in women, and were 2-84.2% lower after
adjusting for height and weighnterestingly, cortical vBMD was-32% higher in
women,bothbefore and after adjusting for body siZéese results suggest that the
distribution of the bone mass was more important for gender differences in bone
strength thanvasbone mass or bone density.

Agerelated differences in tibia bone qualitsgve been repted in young adult
and middleaged dults. Sherk et alreported thainenages 5664 yearshad lower
trabecular vBMD and tended to have lower total vBMD at the 4% tibia site than men
ages 1830 years(82). Total vBMD was also lower at the tibia 66% site in midatged
men.Althoughthe tibia 4% site is common for examining the epiphysis, there is
variability in scan locations for the diaphysis, as 38%, 50%, and 66% have all be used
by researchersSince studies have not comparedahaity to detecsmallbone change
between theidphyseal sites, direct comparison between studies should be done with

caution.
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Effects of Menopause on Bone Health

Fewstudies investigating the effects of menopaungée absence of eo
morbiditieson tibia bone strength and morphology have been comtlustagthe non
high resolutiorpQCT. Some pQCT studies exclusively scanned the radius, ghich
difficult to scan without having movement artifache International Society for
Clinical Densitometry Position Stand states that the radius can be useditt bip
fracture in postmenopausal women, but not in other popula®ynshe radius is
relatively norweight bearing, thug may be a poorer indicator of thaéility of the
skeleton to adapt to mechanical loadihgn the weightbearing tibia.

PeripheraQCT scanning has shown sensitivity in déteg vBMD, BMC, and
area changes and rates of bone loss in pre, peri, and postmenopausalwbthen
magnitudeof differences can depend on scan analysis methotigether a voxel is
considered cortial bone or trabecular bone depends orséteng of density threshald
A higher density threshold will reduce the number of voxels that are considered cortical
bone, but vBMD will increase simply because of the changed exclusivity of analysis.
Hasagawat al reported thatlistal forearm vBMD(30-35%), cortical area, cortical
thickness and moments of intevialues were markedly lower in postmenopausal
women than premenopausal womand differences in cortical bone variables were
much larger %8-64%Ilower in postmenopausal) when a higher threshold was used for
analysis (187% lower in postmenopausal women for lemthreshold)30). Further,
agematched postmenopausal women with vertebral fracture had lower vBMD, cortical
area, cortical thickness amibments of inertia values th@ostmenopausalomen

without fracture Again, thesalifferences were magnified when higher thresholds were
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used.Roldan et al. found that late postmenopausal women had increased cortical
porosity than premenopausal women lyedmining the proportions of the tibia slice
within low, medium, and high vBMD threshol{&4).

Rates of trabecular bone loss in the distal radius were similaatoratly and
ovatiectomized postenopausal women a study by Hernandez et,ddutrates of
cortical and total bone losgere greater in naturally pesenopausal wome(33). The
researcherdid note a large heterogeneity of bone loss in both groups. Since the distal
radius is typically used for total and trabecular bone analysis,ntisar if rates of
bone loss would have differed between groups at a diaphysed&isite.neither
Hasegawa et al. nor Hernandez et al. measured theittisiapt known if site@xposed
to higher amounts of mechanical loading would heasitedin smdler group
differenceq31, 33).

In a longitudinal study measurirsgpineaBMD with DXA and vBMD with QCT
for 5 years andadius and tibiaBMD with pQCT for 4 years, grimenopausal women
wereshown toexperience the most rapid losses in BMD at the spimeeasured by
QCT and DXAand linear regression analyssmpared to premenopausal and late
postmenopausal woméh.47%/yr and 2.59%/yr, respectively, vs. 2.35%/yr and
1.51%/yr for premenopausal, and 2.24%/yr and 1.39%/yr for late postmenopausal)
trabecula vBMD at the distal radiuét.92%l/yr, vs. 1.22%/yr and 2.45%/yand tibia
(6.45%/yr vs. 1.58%/yr and 1.98%)yand total vBMD of the tibi#5.07%/yr vs.
2.05%/yr and 2.34%/yr at metaphysis; 3.84%/yr vs. 1.33%/yr (prepaesa) at
diaphysi3, comparedd premenopausal and late postmenopausal wob@sed on

linear regression analy(86). Measured gine BMD losses werap to 2 timegreater
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with QCT than DXA Measuredates of trabecular bone loss were greater than rates of
total bone lossMean rates of vBMD losses in the tibia were larger than vBMD losses
in the radius.Bone densityossesappeared higher in perimenopausal women than early
postmenopausala@men, buwariability was also greater, so differences were not
significant Rates oBMD loss in the spine and distal radius and tibia sites were higher
in women within the first 5 years of menopause than women more than 5 years after
menopauséspine: 4.76%/yr (QCT) and 2.29%/yr (DXA) vs. 2.28%l/yr (QCT) and
1.37%l/yr (DXA); radius and tiba: 2.74%/yri 5.27%lyr vs. 1.58%/yi 2.28%l/yr)

Similar findings wee reported by Tsurusaki et @21j. Similar rates of bone
loss occurred in the tibia between premenopausal and late postmenopausal women,
which ranged between less than % to %2 the rate of bone loss in perimenopausal women.
Strangely, although correlations between tibia pQCT variasidspinal QCTwere
stronger than correlations betweaadius pQCT variableznd spinal QCTodds ratios
of radiusvariablesfor fracture riskwerereported but odds ratios for tibia variables
were not It is apparent that more research is needed to deteth@rsensitivity of the
pQCT for detecting rapid bone changes in the tibia specific to menopause, and relating
the findings to predicting fracture risk.
Effects of Physical Activity on Bone Characteristics

Frost gredy contributed to the development tiet Utah paradigm of skeletal
physiology 7). This paradigntan largely be considered a physiological explanation
of Wol f whiclsstags shat bonarchitecturds designedo meet the functional
demands of the bonelhe general mechanism that allows the skeleton to detect where

and when a bone needs more strength or has too much, based on modeling and
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remodeling thresholds, is referred to as tleehanostaf27). Most mechanical loading
on bone comes from muscutantractionsZ7), andloading varies by magnitude, rate,
duration, and the frequency of loading. Bone adapts to a combination of these variables
by arranging tissue in a manner that is least likely to fracture from previously
experienced load24, 27, 51). Turner proposed that to stimulate the bone modeling
process, loads must be dynamic, be-rmstine, and can be of short durati®2)(

Since the bone remodeling cycle typically take& Bonths to complet?2), long-term
(12-24 months) training studies are required to detect meaningful bone clhgnges
noninvasive imagingAs a result, many studies hayeantiied the effects of physical
activity on bone health via regression analyses arbgssectional studieof athletic
and nonathletic groups.

Relationships between physical activity levels and aBMD and BMC magée
andgenderspecific, as Hogstrom et.dbund that total and high impact physical
activity predicted femoral neck BMC and aBMD in meTH1041-0.61), but not in
women(35). UusiRasi et alfound that physicy active premenopausal women had
6.9%higher distal tibia trabedar vBMD than postmenopausal womand tibial shaft
BMC, cortical area, and BSVere 58.6% highelin postmenopausaiomen(94).

Several sudies have utilized apsteogenic indefOl) of activities which uses
ground reaction forcesime durationsand frequencyf participating in the activity, as
a predictor of bone healf9, 57). It has been ported that the Odf activities
decreasewith age in menLifetime and midadulthood (age19-50yrs) Ol was
positively associated with velocity of sound (VOS) of the heel using ultrasound, total

and cortical area, cortical content, and polar moment of inertia usingh@gT
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differences ranging from-I4% between the lifetime higimpact and lifetime low
impact group19). There was little evidence in this study to suggest that high impact
activities in youth was protective of bone health if later life physical aeswtiere low
impact, as bone characteristics in this group were not significantly differenthibsan

of the lifetime lowimpact groupActivity levels did not pedict DXA-based bone
variables, but hip aBMD variables were highest in the lifetime-hrgiad group.

The effects of physical activity on bone health atso depend on the age of
high-impact activity participation, and whether activity levels are maintained
throughout the lifespaar areinterrupted. In @rosssectional studyy Nilsson et al.
young men ages 130 yrs whowere continuously active from childhood through early
adulthood had greateortical area, thickness, and vBMD; trabecular vB\MiDd
periosteal circumference of the 25% tibi@ sompaed to men whaeased to be active
during late childhoodmean + SD duration of inactivity: 3.4 + 2.5 yes)d men who
hadalways inactivg57). Tibia values weresignificantlyhigher in men that ceased to be
active compared to men that were always inactteenonstrating lasting positive
effects of interrupted previous physical actividtyring adolescencuantifying the
osteogenic index of previous activities did not improverdiaionshipbetween tibia
bone quality and previous physical activitgtlaey each predicteldetween 1.3.9% of
the variabilityin cortical bone quality. The duration of inactivity wagnificantly
negatively correlated with cortical bone variables, but was not a significant prexfictor
cortical bone variables

Just as highmpact activities are associated witlegier BMD and BMC values,

several studies have found that muscular power is predictive of bone sthssigtret
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al. reported that muscle power predicted up to 9% of variance in bone sirehcgis

at midtibia in older wome(B). Recently, Cousins et.dbund that older men in the
highest quatrtile of leg power had significantly (2.8%) greater total area at the distal
tibia than all lower quartile groug§48). Further, SSI, section modulus, and cortical area
at the 66% tibia site were@P%6 higher in men in the highest quartile of leg power than
those inthe lowest quartileDistal tibia total area and 66% tibia cortical area and vBMD
were also highest in men the highest physical activity quartile.

Direct comparisons of athletic and untrained populations have illustrated the
effects of physical activity on bone mass, area or distributla@yher impact activities
and activities that resist gravity are mostégcial. Colletti et al.examinedspine and
hip aBMD in resistancdrainedyoung adult menand foundhat they hadyreater
lumbar spine, femoral neck, and trochanter aBMD tiantrols but radius aBMD was
not significantly differenbetween these two gups(17).

Premenopausal womethletescompeting in highmpact, oddimpact, and
repetitive lowimpact sports had greater SSI values attihig than control$63).

Cortical BMC values were 123% higher in athletes than controls, depending on
athleticgroup or tibia section (anteri, posterior, lateral, medial).dwever,there were
no significant differences in bone strength between athletic grés@smodel of high
impact and highmagnitude loading;leinonen et al. tested elite triple jumpers and
compared femur and tibia bone characteristics to gendege, height, and weight
matched ontrols(32). They found thatortical thickness and area percent differences

ranged from 124% in the tibial diaphysis and 5% at the distal tibjaandtotal and
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trabecular vBMD percent differences ranged from4186 at the tibia and femur
epiphyseal sitesTotal area differences were usually not significant.

Liu et al.had comptmentary results, agoung male jumpers had significantly
greater polar moens of intertia,and greatecortical content, area, and thickness in the
tibia than swimmers and untrained contr@g). Further, total area was greater in
jumpers than control®one characteristics of male swimmers were not significantly
different from controls Activity-based differences in bone characteristics were far more
evident in women, as group differences in men were typically°8, whereas
differences in womerangedrom 4-82%. Female jumpers had significantlywer
cortical vBMD, but greater corticdBMC, thickness and aretmtal areapolar momersg
of inertia, and SSI than control&urther, jumpers hagreater total vBMD, cortical
BMC, thickness, and area, and polar moraaftirertia than swimmers. Interestingly,
swimmers hadbwer total and cortical vBMDBhan controls, but had greater total and
trabecular area, polar momsof inertia, and SSIArea was negatively correlated with
cortical vBMDin this study

Wilks et al.found thatrace walkers, long and middle distance ensnand
sprinters all had more favorable bone characteristitse tibiathan controls, and there
were no significant differences between running and walking groups in bone
characteristic§100). Male sprinters had-8% greater total area atrdbecular BMC,
and 15% greatdrabeculavBMD than controls at the tibia 4% site. Male long distance
runners also had greater total area than contfelmale sprinters had 18% greater
trabecular BMC and 13% greater trabecular vBMD than controls, ardlenddétance

runners had 8% greater trabecular vBMD than contfa8vity group differences in
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cortical BMCcorresponded with group differencesamea and bone strengiththe 38%
site, and differences were more evident in worttean in mer(4-17%greaerthan
controls in men, 26% greagr than controls in womeninterestingly, while cortical
BMC, cortical area and bone strength increasedtas of loading increased (race
walking to sprinting), cortical vBMD was highest in contraiithin gender, attvity -
group differences in forearm bone characteristics were largely nonexistent.

While muscular contractions may be necessary for maintenance of bone quality,
they may not alwaybe sufficient. Smathers et ahowed that competitive cyclists had
7.1% lower AP spine aBMD than agend weightmatched untrained contrdi87).

Total hip, trochanter, and femoral neck aBMD was4.8% lower in cyclistsand

aBMD differences existed regardless of resistance tragtatgs. However, there was
no significant difference in the prevalence of osteopenia or osteopbedsisen

cyclists and controlsin a recent study b8herk et al resistancdrained young men

had significantly greater lumbar spine and femoral nedd@Bhan rock climbers and
untrained controls, but there were no significant differences in any p@€ziBured
bone characteristics in the tibia or foregBf). This may have been a result of sample
size, or lifetime bone loading history, as subjects wahg equired to be engaged in
their activities for 1 year.

Effects of Unloading on Bone Health

As tibia scanning with pQCT is able to detect bone differences in activity or
athletic groups, pQCT is also used to detect rapid bone losses from skeletahgnload
Modes of prolonged skeletal unloading used in research included bed rest, stroke, spinal

cord injuries, space flight, and amputation. Bed rest studies have used varied durations
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of unloading, but all have shown large losses in bone content. Tikietglays of bed

rest resulted in bone content losses of up to 3%, depending on the tibial or femur site
examined in a study by Rittweger et &3); Cortical bone content losses were greater
than trabecular bone losses, and cortical losses at the prakiaaxceeded 15%.

Bone crosssectional area, endosteal circumference, and periosteal circumference did
not greatly change during the 5 weekded rest. In 2005, Rittweger et edported
smaller losses in a protocol using 90 days of bed rest plusy$btieecovery71).

Mean thia BMC losses of up to 2% occurred, with tlaegest changes occurring at the
epiphysis. This small mean change, however, was likely due to large intersubject
variability. A protocol of 60 days of badst caused approximatedy5-4% decreases in
trochanter and hip aBMD in healthy womd@8). Finally, simply not using a limb while

a fracture is healing is likely to cause decreasé&®ne density. Veitch et akported

total and trabecular vBMD losses of 18%% in tibiae 24 weks postfracture(96).

Large decrements in tibia and femur bone mas<5@25), total and trabecular
vBMD (45-73%), and cortical area (28%) in men and women with spinal cord
injuries have been reporte??( 72). Eser et al. haveuggestedhat after spial cord
injury, bone may take up to 7 yedosreach a steady state, based on exponential decay
curves(22). Even with unilateral paralysis, bone losses are not limited to the paretic
side. Lazoura dl. found that betweenahd 12 months postroke, ma showed
decreases in femoral neck and trochanter BMD of &8eéhin the unaffected side and
11.8% and 10.4%, respectively, for the paretic 8482 Femalestroke péents lost
nearly 11% of BMD fronthe nonparetic femoral neck and trochanter and lost

approximately 13% on the paretic side. Jorgensen et al. followed patients for one year
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poststroke, and found that BMC dii¢ paretic leg decreased 7%, wheitbas
nonparetic leg decreased by 238). BMC losses in the paretic leg became significant
at 7 months positroke, and losses were slighmore severe in patients wilal not
learn to walk 2 months after stroke. These results are cafripao a study by Pang et
al., where patients who were mobrext one year posttroke had 3-4.8% difference
between hip aBMD valug$1).

Both complete and incomplete recoveries of bone characteristics after unloading
have been reported in literature. Spaceflight tér#onths resulted in femoral neck
total, trdbecular and cortical vBMD losses 6fl4.5%, cortical and total mass losses of
11-12%, and cortical volume losses of 8%. Total and cortical volume showed the most
complete recovery in 12 months pdigght, with preflight to 12month recovery ratio
valuesof 0.99 and 1.05respectively Totd and trabecular vBMD values exhibitéte
weakest recovery, with preflight to f@onth recovery ratio values of 0.91 and 0.89.
After 12 months of recovery from spaceflight, femoral neck bending and compression
strengthestimations were 10% and 14% lower than prefhgttes 41). Rittweger et
al. conducted a-year followrup of their 968day bed rest study and found that bone
losses of the tibial diaphysis was insignificant by 6 months post bed rest, and at 1 year
therewasa significant increase in BM(Z0). Losses were still statistically significant
for the tibial epiphysis after 1 year.

Lower limb amputations are a special caéskeletal unloading in nature, and
the degree of bone quality losses partly dependshath&r the amputation occurs
above or below the knee. Transfemaaputees have exhibitéae largest relative

differences between limbs, ranging from 16% to 58% differences in hip a@b) 7,
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80). When testing WWII amputee veterans with an averagedinoe amputationf®6
years, the affected hip hd@-25% loweraBMD than the unaffected higQ).
Transtibial and transfemoral resultere not reported separatelytivat study.
Differences in hip aBMD in transtibial amputees have been reported tdvireened
17% @5, 76, 80). One human study in transtibial and transfemoral amputees tested
volumetric bone characteristics of the end of the residual limb using pQCT, and found
lower total ad cortical vBMD andesidual limbarea compared to a comparables
on the intact limi{80).
Summary

Research has shown that tibia scans with pQCT can predict failure loads, and
hasillustrated some effects adige, gender, menopause, and mechanical loading
bone. However, optimal pQCT scanning locations, analysis algorithms, and results
interpretatiorhave noteenclearlyestablished, and the clinical scope has not been
defined. Also, the cost of a pQCT is much greater than DXA, and current acquisition
and analysis software for pQCT is not as user friendtii@software for DXA It is
possible howeverthatwith continued resear¢cpQCT tbia scanning cahe optimized,
and software can become more tisEndly as clinical use guidelines become more
established. These advances may make assesshiremte healtlwith pQCTa
sufficiently highly effectivetechnique ér bone health screening forrédk populations

SO ado rationalize its cost
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CHAPTER 111
METHODS

This crosssectionaktudyassessdage and gendelifferencedn bone mass,
bone shape, and boe&engthindicators throughout the adulbia. In additionthis
study helgdto determine what tibia site(s) are most sensitive terelg¢ed or
menopauseelated changedr-inally, this staly assessdrelationships between pQET
assessed bone mass, bone shape, andsbrengthindicators at individual tibia sites or
as ratios between multiple tibia sites and DX#sesseddone mineral content (BMC)
andareal bone mineral densitggMD).
Participants

Participans for this studyvereCaucasiamen and women ag@€-59 years
(n=114). Fifteensubjects per gender, per decadeetestedfor the 2029 year olds and
50-59 year olds Also, 15 men ages 389, 10 men ages 410, 14 women age 30339,
and 15 women ages 41® were tested Volunteerswererecruitedfrom the Norman and
Oklahoma City area®articipantgead and sigeda written consent forrand an
Authorization to Use or Disclose Protected Health Inform&tom. All methodswere
approved by the University of Oklahoma Institutional Review Board.
Inclusion Factors
1. Participantaverehealthy andree of any disease or disorder known to cause

changes in bone health

2. Men and womenmverebetweer0-59 years of age.
3. Premenopausal womenijectswerewith regular menstrual cyclesimenorrheic

4. Men and women selflentified as being Caucasian.
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Exclusion Factors

1. Individualswith amputation®r who hadhad a cerebral vascular acciderre not
allowed to participate

2. Womenwho werepregnant othoughtthey mght be pregnamivere not allowed to
participate

3. Womenwho weretaking oral contraceptives, DepoProvera, or hormone replacement
therapywere not allowed to participatéd/omen were also not taking any other form of
birth control containing hormose

4. Menwho weretaking androgen replacement therapy or anabolic sten@ds not
allowed to participate

5. Individualswho participate in more than 15 hours of moderatevigorousexercise
per weelwere not allowed to participate

6. Individualswho participatel in fewer than75 minutes of moderate to vigorous
physical activityper weekwere not allowed to participate

7. Individualswho excee@dthe 300pound weight limitvere not allowed to

participate

8. Individualswith anymetabolic diseases known to cause significant losses of BMD
were not allowed to participate

9. Individuals with a hip replacemergnd/or a metal device implanted in the hayese

not allowed to partipate

10. Individuals whavere not Caucasiawere not allowed to participate
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Research Design

This crosssectionalstudy emplogda mixed factorial research design wityo
group variable (gender an@&gedecadg andonerepeated measures variaflienb site).
This study testd healthy men and women wheeregrouped by decade. Participants
hadtheir nondominant legscanned with pQCT at 10 cressctional sites, ranging from
5% to 95% of the limb length. Also, participahtsdtheir total body, lumbar spine, and
dual proximal femur scanned with DXA. Characteristics of the til@eecompared
between genders, age group, and tibia site. These vanedrealso used to predict
DXA-assessed aBMD aBMC values
Timeline of Subjed Recruitment and Testing

Subjectswvererecruited by flyers, mass email, and by word of mouth. Wene
screened for inclusion/exclusion criteria before making an appointment for teAting.
testing occuredduring a single visit to the University of @koma Bone Density
Research Laboratory.
Questionnaires

Several questionnairegereadministeredo gather information regarding
important potential confounding variables that affect bone health such as medications,
menstrual historyandphysical activitylevels. Dietary analysesereconducted to
assess energygalcium and vitamin D intakes. Energy availability (difference between
energy intake and energy expenditure) is important to consider since energy deficits
have been shown to affect bone metaml96).

The following questionnairesereused in this study.
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1. Medical History Screening This formwasusedto identify whether
subjects methe inclusion/exclusion criteria for the study and to document
medications taken by subjects.

2. Bone SpecificPhysical ActivityQuestionnaireBPAQ) 1 This validated
guestionnairevasused to quantify exposure to beleading physical
activities throughout the lifespaf9).

3. Block 2005 Food Frquency QuestionnaifeThe 110item questionnaire
wasanalyzed for nutent intake (calciumphosphorousyitamin D) and for
energy intakétotal kcal, protein grams, % intake as proteifhis
instrument is an updead version of the original 16@m Block Food
Frequency Questionnaire used by the National Cancer Institute.

4. Menstrual History (women only) This questionnaire providenformation
about menstrual cycle characteristiceenopausal statusndpreviously
usedoral contraceptiver hormone replacement therapy

Body Weight and Height

Body weight and heiglweremeaured during each visit to the Bone Density
Laboratory using a wall stadiometer and a Tanita B8B digital scale (Tanita
Corporation of America, Inc., Arlington Heights, IL).
Bone Scans
1. DualEnergy X-Ray Absorptiometry (DXA)

DXA (GE Lunar Prodigy, Prodigy enCORE software versi@i81.016,
Madison, Wl)wasused to measure areal BMD (gfdrand BMC (g) of the total bodly,

anterioposterior (AP) lumbar spine @L#), and the dual proximal femur (femoral
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neck, trochanter, and totiailp). Quality assurance testing (QA) svperformed each

day that scanwere performed to ensure that th&A was operating properly. The first
step of QA for the DXAwas a scanning calibration block of known density, and a series
of mechanicafunctioning tests, which the softwam@rautomatically. All inavidual

tests must padsr the overall QA to pass. The second step of the QA testag

scanning a phantom spine block of known density. The4 @density must fall within

the predetermied range to pass.

For the total body scan, the participantd kupine on the DXA table with arms
close to the sides. Velcro strapere placed around their legs to ensure that the legs
remained still and relaxed. For the AP lumbar spine scan,dbevéee lifted and
supported by a foam block, such that the thea® a bend in the knee, and the angle
created by the thighs and the scanningwasibetween 490 degrees. The technician
ensure that the iliac crestaere even, and the lumbar spiwes resting flat on the
scanner bed. The scanner amas centered with the torso amrked by the
par ti ci jhandplated appraximately 5 cm below the navel to ensure that the
iliac crestsas well as the T12 vertelbwnaere visible on the scanArmswere crossed
over the chest such that the upper awas perpendicular to the scanner bed. The scan
progressd from L5 to T12 vertebrae. Scan speeds for the total body and lumbar spine
were determined by the measured thickrefghe subject at the nav@rhick =>25 cm;
Standard= 137 25 cm; and Thin=< 13 cm). The dual femur scawsre performed
using the detai |l weeinternallygotatedPamd sedured irpptacettos 6 | €

ensure proper exposure of the femoral neck and the feasupositioned parallel to the
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scanning boundary. The scan aegst below the pubic symphysis, centered on the
thigh being scanned, and finish® to 4 sweeps above the head of the femur.

The in vitro precision and accuracy of the DXA GE Lunar Prodighe¢ Bone
Density Research Laboratomgas 0.6% and 0.8%, respectively. The in vivo precision
(%CV) was less than 1% for all of the BMD sites (total bddy.6%, AP spiné 0.9%,
dual proximal femui 0.4 to 0.8%). All DXA scanwereperformed by the saen
gualified technician.

2. Peripheral Quantitative Computed Tomography (pQCT)

A pQCT scanner XCT 3000 with software version 6.00 (Stratec Medizintechnik
GmbH, Pforzheim, Germanyyasused to measure cortical vBMD (mg/mBMC
(mg/mm),and area (mA); trabecular vBMD (mg/cr), BMC (mg/mm), and area
(mn?); andtotal bone vBMD (mg/crf), BMC (mg/mm) and area (nfinat 10 sites of
the non dominant tibia from85% (distal to proximal) of the tibia length in 10%
increments Compressive, bending and torsiosiength was estimated from these
scans and were representedbase strength (BSIstrengthstrain indices (SSI) (mi),
moments of inertiddmax, Imin), andSSI:Total BMC ratiosOther variables that are
indicative of bone size and shape that were reszbvdereperiosteal (BriC) (mm) and
endosteal circumferencesn@C (mm),the ratio of Imax/Imin, and cortical thickness
(CTh). Also, Total BMC ratios between 5% and 15%, 5% and 35%, 5% and 65%, and
5% and 85%0 were determinedbasedbnratios at or near sites suggested by Capozza et
al. (14) (5%:15%, 5%:35%)commonly used sitg$%:15%, 5%:35%, 5%:65%), or at a
potentially new useful site (5%:85%jotal crosssectional area (TCSA) (nfip fat

crosssectional area (FCSA) (nfin and musle crosssectional area (MCSA) (nfn
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were determined at the tibia 65% sifhis series of scans providleepresentative
sampling for the entire tibia, andak 30-45 minutes to completQuality assurance test
scans wrecompleted each testing day, wharphantom cone of known densities
undewenta scout view scan, and a series of 4 scans that the sofamanetomatically.
The densities must be within 99% acayran order for the quality assurance test to
pass.

Scan sitesvere determined by measuring the length of the tibia from the medial
tibial plateau to the apex of the mediadlleolus and directing the software to measure
at percentages of the limb length proximal to a distal reference poiperform the
scans, each piEcipantwas seated in the scanning chair with the limb in the support
holdersandpositioned in the center of the scanning afée participantvas asked to
remain very still. Scanswvere performed as 2 sets of 5 in order to reduce the duration of
continued stillnes$or the subject In the Bone Density Research Laboratory,ithe
vivo (%CV) precision for measuring total bone vBMD, BMC and atthe tibia 4%,
38%, and 66% sitamngal from 0.31.9%. Precision ranges for measuring vBMD,
BMC and area variables for the trabecular and cortical compartmergsl. :5% and
0.51.7%, respectively. All pQCT scan®reperformed by the same qualified

technician.Figurel shows a sample scan for &0 sites.
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Figure 1. Representative examples of all 10 tibia sites from 5% to 95% of the tibia
length from distal to proximal.

The Stratec software uses contour and peeling methods (nbades) on
threshold rangethatdifferentiatebone from soft tissue, and then differentiates cortical
from trabecular bone. Allceins were analyzed by the same technician. Sites7B3%0
were analyzed using the same modes to obtain total and cortical bone characteristics.
Since trabeculabone was visible in many participants at the 15% site, this information
was also used at this site. Total and trabecular bone characteristics were determined at
the 5% and 85% sites. Since the 85%tsiécally had a viable cortical shell teegate
patial volume effectgortical characteristics were used at this $tatial volume
effects occur at the border between soft tissue and the cortical shell, and between
cortical bone and trabecular boméen a voxel contains Hobone and soft tissue

both cortical and trabecular bone. A voxel is given a value that is the average of alll
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density values within the voxeCortical shells that are thin relative to the scan
resolution are more prone to under or over estimations in cortical valte9%6
proved to be a very unique site for assessing bone quality, as there was no cortical shell,
and required a special set of analysis techniq@edy trabecular vBMD was used from
this site due to thiarge intersubject variability in characteristics.

Theouter threshold used for determining total bone characteristics of the
diaphyseal sites was 710 mg/rand the inner threshold was 480 mgicithe
threshold used for defining cortical bone was 710 my/€antour mode 1, Peel mode
2 and Cort Mode ,Avhich are alldriven by usedefined thresholdsvere used for these
sites.When evaluating SSI, a cortical threshold of 480 mgivas used to allow
subcortical bone to be included in the strength determination. To prevent streaking
effects caused by analygifone crossections with a discontinuous cortical shell, the
outer threshold used for determining total bone characteristics of the 5% and 85% sites
was 650 mg/crh and an inner threshold of 169 mgfc@ontour mode 3 and Peel
mode 4 were usedlhe corical threshold remained at 710 mgfcriThe thresholds
used for the 95% site were 40 and 480and. Contour mode 3 and peel mode 4 were
used at this site.

The Stratec software gave information about mass meneémtertia (1) in the
x-y plane;however, the axes of the image were rotated with respect to the principal axes
of the tibia slice. ® obtain the rotated &nd |, the following translation was used:

U (n® 2ly/(Ix-1y)))/2

lrotatedx= (Ix + W)/2 + (k-1y) / 2) ¢lgsi2m2 U

lrotatedy= (Ix + W)/2-((Ix-1y) / 2) cqs 22 W |
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The larger value was denoted @ag.,land the smaller value was denoted.as Bone
strength index is a compressive strength index that was calculated leguations
because they have been repddéferently in manuals and literature
BSI, = Total vBMD * Total Ared
BSl, = (Total Area * Total vBMDJ

In order to segment the images into fat, muscle and bone so that the cross
sectional areas of each can be determined, pQCT images were analyzée with
integrated software using median filter
combinel a 3x3 median filter with a threshold range®0 to 500 mg/ccm with a 5x5
median filter with a threshold range-&00 to 300 mg/ccm. Since pQCT anays
outputswere designed primarily for cancellous (Calcbd) and cortical (Cortbd) bone
characterization, acquiring muscle CSA and fat CSA data from pQCT images
function of two Calcbd analyses of an image using separate thresholds ranges to peel
awayfat, muscle, and bone (and marrow). Both analyses used a thresivela
contour detection and peel. The segmentation threshold value range used in analysis 1
to separate fat + marrow from muscle + bone w89 to 40 mg/ccm, and the threshold
value rangeised in analysis 2 to separate bone from muscle and marrow from fat was
710 and 40 mg/ccni.otal area of analysis 1 represaditotal CSA. Muscle CSA is
derived by subtracting the bone area of analysis 2 from muscle + bone area of analysis
1. Fat CSAwas derived by subtracting the marrow area of analysis 2 from the fat +

marrow area of analysis 1.
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Statistical Analyses

Dataarereported as mean + SE for all dependent variables. Statistical analyses
wereperformed using SPSS for Windows versi@&01(SPSSInc., Chicago, IL).Four
(decade) by two (genddny n (site)repeated measurédNOVAs wereused to detect
significantsite,age, gendesite*age, site*gendepge*genderand site*age*gender
effects on all tibia variables at each siBonferoni posthoc testavereused for
pairwise agegroup and site comparisewhen testing for main effectdVhen a
site*gender interaction was significant, independdasts were performed to determine
gender differences at each site. When a significant sitefég@ction occurred, one
way ANOVAs were used to determine age group differences at each site. When a
significant age*gender interaction occurred, gender differences were determined for
each age group, and age group differences were determined withigesealen.
Specifically, totaBMC, vBMD, area, and periosteal circumference were compared at
sites 5%85%. Trabecular BMC, vBMD and area were compared between the 5%, 15%,
and 85% sites. Cortical BMC, vBMD, area, endosteal circumference, SSI, Imax, Imin,
SSI:Total BMC, and cortical thickness were compared between sites8%%846 The
bone mass ratios were also compdretiveen genders and age groupsur (decade)
by two (gender) ANOVAs were used to detect significant age, gender, and age*gender
interactioneffects for the DXA aBMD and BMC variables.

The prevalence of osteopenia and osteopovesssietermined using-Bcores
according to the World Health Organization criteria (normas, @ o i 10; O
osteopenia, Bcorei 1.1 toi 2.4; and osteoporosis;scoe ¢ 1 2.5) using the young

adult reference databadg 85. The association between age or gender group with the
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prevalence of osteopenia or osteoporosis was determined usHyg|@dre analyses.
GenderspecificT-scoreswveregenerated for thebia total BMC ratios based on the-20
29 year age groupZero Order Pearson Product Moment Correlation Coefficigate
used to determine relationships between dietary variables (energy intake,
calcium/vitamin D intake), bodgomposition age boneloading plysical activity

scores from BPAQand the bone variableSignificantcorrelatesverethen used as
covariates in the previously described analy8éso, significant correlatesereused in
stepwise linear regression with pQCT bone variables to prediét-@tived bone
variables. Théevel of significance was et a t The asSumptior0oSsphericity
was violated in every pQGCielated repeated measures ANOVA, so the Greenhouse

Geisser adjustment was used to determine significance.
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CHAPTER IV
RESULTS AND DISCUSSION
The purpose of this study was to examine the effects of age and gender on tibia
morphology, and to relate indicators of tibia mass and shape on hip and spine aBMD
andBMC as assessed by DXA. Additionalrposes of this study weredetermine
which tibia site or sites are most sensitive for detecting age, gender, or menopause
related morphology changes.
General Subject Characteristics
Participantswere groupdby genderanddecade from 2G9years. There were
15 partcipants eacim the 2029 (20s)men and women, 389 (30s)men, 4649 (40s)
women, and 59 (50s)men and women groups. There were 14 women in #8930
group, and @ men in the 4819 group. There weretatal of 114 participantsOf the
women participants32.26 (n = 19)were postmenopaus&lone of the women,
regardless of menopausal status, iaken any form of estrogen or progesterone in the
past year, including oral contraceptives, NuvaRing, DepoProvera, Mirena 1UD,
Premarin, or other estrogen/progesterorteh@s or vaginal cream®f the
premenopausal womén = 38) 71% (n = 27)were previous oral contraceptive users,
and the time since last usage ranged from 1 ye2it years. Two women were
perimenopausalccording to selfeport The time since menopae ranged frort to
20years, and of the 19 postmenopausal womeadhad a hysterectomyOf the
postmenopausal womenwere previous hormone replacement therapy (HRT) users,

and the time since HRT use ranged from 1 ye@&nyears.
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Body Compositionby DXA

Table 1 shows the age, height, weight and body composition variables (bone
free lean body mass (BFLBM), fat mass (FM), body fat %) of each growp-way
ANOVAs were used for agend gender witlbody composition variablesAs expected,
there wasa significant(p < 0.01)difference between age groups. There was not a
significantage differencevithin gender groupsMen were significantly (g 0.01) taller
and heavier than womeand they had significantlfp < 0.01)greater total and leg
BFLBM. There were no significamtge effectsor heightor BFLBM, but there was a
trend for an age effeddr weight (p=0.060) There was a significarip < 0.01)age
effect for total body=M andsignificant age (x 0.05) and gender (9 0.01) effecs for
leg FM, where the 49age group hadigherfat masssaluesthan the 26age groupand
women had greatdeg fat mass values than médime overall weight range for this
study was16.8 kg(women) -131.8kg (men), and bodyat percentage ranged from 15.3

51.5%in women and 6-:24.6%in men
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Table 1. Age and Body Composition Variables for Each fdup. (Mean + SE)

Variable Age & 20-29 30-39 40-49 50-59
Gender M =15 M =15 M =10 M =15
Group W =15 W =14 W =15 W =15
Age°© Men 24.3+0.8 34.6+0.8 46.1+0.9 54.8+ 0.8
(yrs) Women 21.2+0.3 35.32£0.9 47.0+0.5 55.2+0.7
Ht? Men 176.9+1.6 180.4+1.3 177.3+1.9  178.9+2.2
(cm) Women 165.2+1.3 163.6£2.4 164414 165.3£1.6
Wi Men 82.9+ 4.1 91.7+35 90.0+ 5.9 88.1+ 4.6
(kg) Women 65.0+3.1 69.2+ 3.7 78.7+5.7 73.1+4.2
BFLBM? Men 63.5+2.4 61.0+1.2 60.2+ 2.6 59.9+ 2.1
(kg) Women 39.8+1.1 40.9+1.9 447 +2.0 37.5+29
FM® Men 16.2 +2.1 27.1+3.0 26.3+ 3.9 24.8+2.9
(kg) Women 21.9+23 24.8+2.5 31.7+4.0 37.5+29
Leg Men 21.8+0.9 21.2+0.6 20.6+ 1.1 20.4+ 0.8
BFLBM?kg) Women 13.7+0.5 14.0+ 0.7 15.3+ 0.7 13.6+ 0.7
Leg Men 5.2+0.7 8.8+1.0 7.2+1.2 6.7+ 0.8
FM (kg)™ Women  8.6+0.9 10.1+ 1.1 12.3+1.6 11.2+1.3
Total body  Men 19.0+ 2.2 28.5+2.4 28.1+ 2.6 27.3+1.7
fat 96 Women 33.1+1.8 35.4+ 2.3 38.1+2.9 39.7+2.2

Significant gender di#frencé’p < 0.01 p < 0.05 Significant age effectp<0.01? p<0.05 Ht:
Height; Wt: Weight; BFLBM: Bond-ree Lean Body Mass; FM: Fat Mass.

Physical Activity and Diet

Bonespecific physical activity levels throughout the lifespgre assessed by

guestionnair@nd are reported in Table Zhere were significant (g 0.05) age and

gender effects for past and total physical activity, where 20s were more active than 50s,

and women were more active than meége*gender interaction effects were

significant for total physical activity (g 0.05), but this was only a trefior past

physical activity(p = 0.079. There were no significant group differencesumrent bone

loadingphysical activity. Dietary intake averaged over the previous year was assessed
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with afood frequency questionnaire, and average daily caloric ingddsolute and

relative protein intake, and calcium, phosphorous, and vitamin D intakes are also
reported in Table 2There were significant (p < 0.01) gender differences in otake

and protein intake, percentage of total intake as protein, andimhvosg intake, where
menconsumednore than women. Significant age group differences were found for
protein (p < 0.05) ahphosphorous intake (p < 0.0bpthdeclined with age.

Age*gender interactions (p < 0.05) were found for % of intake as protéonymoa

intakeand phosphorous intake. Calcium intake declined with age in men, and increased
with age in womenAlmost 1/3 (37/114) of this sample had an average daily calcium
intake below the estimated averatgely requirement of 800 mg/day, and 55/128%b)

had an average daily intake below the recommended dietary allosfab@@0 mg/day

(75). Overhalf of the participants (64/114) had an average daily vitamin D intake below
the estimated average requirement of KO@ay, and 95/114articipantsverebelow

the recommended dietary allowance of 600 1U/{b).
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Table 2. Physical Activity (PA) and Selected Dietary Intake Variabledor Each
Group. (Mean * SE)

Variable Age & 20-29 30-39 40-49 50-59
Gender M=15 M=15 M=10 M=15
Group W=15 W=14 W =15 W =15
Current PA Men 40+0.8 45+16 43+14 3.1+1.1
Women 11.6%6.2 52+11 3.8+18 2.0+07
Past PA° Men 649+10.3 69.1+166 758+198 57.5+114
Women 179.8+33.7 125.1+482 112.3+339 36.0+£ 7.0
Total PAY Men 34.4£5.2 36.8£8.2 40.0+10.1 30.3+56
Women 95.7+157 65.2+24.1 58.1+x175 19.0£ 3.5
Total Intaké€  Men 2426+ 302 1984+ 158 1869+ 191 1582+ 127
(kcal) Women 1680+ 193  1433+127 1699+ 142 1579+ 192
Proteirf® (g) Men 112+ 16 80+7 74+ 9 64+ 5
Women 65+ 8 55+5 68+ 6 59+7
% Proteiff’ Men 19+ 1 16+1 16+ 0 16+1
Women 16+ 0 15+1 16+1 15+1
Calciumd (mg) Men 142 +19%  1021+104 1137+ 159 976 + 122
Women 870+ 122 919+ 103 1265+ 150 1265+ 150
Phosphorod§' Men 1960+ 272  1333+117 1309+ 149 1058 + 84
(mg) Women 1154+ 137 968+ 90 1237+ 96 1137+ 139
Vitamin D Men 649+ 267 338+ 63 306+ 87 413+ 66
(V) Women 236+ 51 336+ 64 377+ 76 387+ 65

Significant gender differenég < 0.01 p < 0.05. Significant age effetp<0.01% p<0.05.
Significant age*gender interactiép < 0.01 p < 0.01.

Areal Bone Mineral Density, Bone MineralContent, and Osteoporosis
Classifications
Table3 shows the total body, lumbar spine {L4) and proximal femur (total
hip, femoral neck, trochanter) aBMIalues of each groupigure2 shows the lumbar
spine and proximal fem@BMD values by age group.otal body aBMD was
significantly (p< 0.01) greatem menthan women. There was also a significant
(p <0.05) age effect, however, there were no significant pairwise differences between

age groups. When correcting for BFLBM, age and gender effects for total aBMD were
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no longer significant, but a trend §0.08) appeadfor age*gender interaction effects.
Lumbar spine aBMD was not significantly different between gro@psrecting for

total BFLBM made the gender differences significant (Estimated me8as Men:
1.201 £ 0.024; Women: 1.289 * 0.028< 0.09 and caused a trend §0.096) for an
age*gemler interactionCorrectingumbar spine aBMDor total FM caused an age
trend to appear (p = 0.07here were significar(p < 0.01)age and gender effects for
all hip aBMD variablesTotal hip, femoral neck, and trochanter aBMD was 7.6%,
6.3%, and 11.5%ower, respectively, in women compared to men. Trochanter aBMD
was only 0.4% lower in women after correcting for total BFLBM, making the gender
difference nonsignificaniThe 20s group hatl0.3% and 15.2%reater trochanter

aBMD than the 30s and 50s grougspectivelyandcorrecting for totaBFLBM

reduced age differencésonly 0.32.2% Correcting for total FM did not affect hip
aBMD results.

Gender differences in BMC were more pronoun@sdshowrn Figure 3.The
gender effect was significant (p < 0.01) for-L4 lumbar spine, as values were 16%
lower in women. Gender effects were no longer significant when correcting for
BFLBM, but remained significant when correcting for FMye and gender effezon
total hip andemoral neck BMC were each significant{f®.01). In pairwise
comparisons, the 20s group had significantlyg (p01) greatetotal hip (13.4%) and
femoral nec20%)BMC than the 50s groupThere was a trend (p = 0.083) for 40s to
have greater total hip BMC than 508ge differences in total hip BMC were less
pronounced, but still significant 0.05) when correcting for BFLBM, and 20s still

had greater BMC than the 50s groujge differences in femoral neck BMC become
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more pronounced after correcting for BFLBM, as there was a trend for the 20s group to
have greater femoral neck BMC than the 30s group (p = 0.056), and the 20s group had
significantly (p O 0.05) greater BMC val ue
Men had29% and23% greatetotal hip andemoral neck BMCrespectivelythan
women.Correcting for BFLBM in the total hip BMC comparison resulted in the gender
effect becoming a trend §0.075), and the gender difference was reduced to 7.4%.
When corecting for BFLBM, the gender effeon femoral neck BMQ@vas no longer
significant(1.5% difference)however, the age*gender interaction became a trend
(p=0.085).In the 30s and 50s groups, women had greater BMC values thanTimen.
total hip BMCdifferences between 20s and 50srgreduced to 4.8% when correcting
for FM, but this difference was still significant (p < 0.08)Iso, the gender difference
in total hip BMC was slightly increased to 30.4@arrecting for FM very slightly
increased thgender effect on femoral neck BMC, amsulted in the 20s group having
significantly (p< 0.05) greater femoral neck BMC (ll2% greater) than all other age
groups.Men had48% greater trochanter BMC than women<(f.01), and when
correcting for BFLBMor for FM, the gender difference remained significgnt 0.05,
14% and 49% greater in men, respectivelyge group effectsverenot significantfor
trochanter BMC, but wen correcting for FM, the age effect became a trend (p = 0.088).
Gender differencewere also significant (p < 0.01) for total body BMC, and remained
significant (p < 0.05) after correcting for BFLBM.

Table4 showsthe prevalence of osteopenia and osteoporogisssample.No
womenand only one mamet the criterion for osteoporosis at any sié.the lumbar

spine, 23.6% of meand 5.0% of womehad a Fscore betweerl.0 and-2.4. For the
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hip sites, 14.5%, 25.5%, and 32.7% of naeul 16.9%, 20.3%, and 23.7%et the

criterion for osteopenia at thetal hip, femoral neck, and greater trochanter,

respectively.Both gender and age were significantly associated with lumbar spine

osteoporosis claggation, but surprisingly, men had the higher prevalence. There were

no significant associations betaregender and osteoporosis dfasation at any hip

site. There was a trend for significant associations with age and total hip (p = 0.088)

andtrochanter (p = 0.086) osteoporosis dlésstion. Age was significantly (g 0.05)

associated with femorakgk osteoporosis clagsation.

Table 3. Areal Bone Mineral Density (aBMD) of the Total Body, AP Lumbar
Spine, and Proximal Femur (Total Hip, Femoral Neck, Trochanter). (Mean + SE)

aBMD Age & 20-29 30-39 40-49 50-59
(g/cnf) Gender M =15 M =15 M=10 M =15

Group W =15 W=14 W =15 W =15
Total Body Men 1.319+£0.017 1.271 +0.028 1.322 + 0.036 1.232 + 0.022

Women 1.187 +£0.019 1.203+0.020 1.194 + 0.016 1.164 + 0.022
L1-L4 Men 1.293 £0.024 1.206 + 0.043 1.285 + 0.063 1.215 +0.038
Lumbar Spine

Women 1.245+0.025 1.305+0.032 1.238 + 0.026 1.184 + 0.035
Total Hig™ Men 1.244 £ 0.038 1.076 +0.044 1.143 + 0.045 1.029 + 0.028

Women 1.086 +0.038 1.057+0.030 1.036 + 0.025 0.968 + 0.028
Femoral Men 1.240 £ 0.044 1.065 +0.043 1.081 + 0.043 0.969 £ 0.024
Neck*

Women 1.103+0.038 1.047+0.036 0.989 + 0.023 0.945 + 0.026
Trochantet*  Men 1.027 £ 0.034 0.877 +0.040 0.963 + 0.047 0.857 £ 0.762
(20s>30s, 50s)

Women 0.856 + 0.034 0.830+0.028 0.821 + 0.026 0.779 £ 0.024

Significant gender difrence’p < 0.01 p < 0.05 Significant age effectp<0.01? p<0.05 20s:
20-29 age group; 30s: 3O age group; 40s: 40 age group; 50s: 58P age group.
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Figure 2. Lumbar Spine and Proximal Femur Areal Bone Mineral DerfaBMD) by Age
Group.(Mean * SE. *p < 0.01,*p < 0.05:Significantly different from 229 group”p < 0.05:
Significantly different from 3689 group.
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Figure 3. Bone Mineral Content of the Lumbar Spifid-L4) and Proximal Femur for Each
Group. Mean + SEp < 0.01:Gendereffect significant at all sitesA p < 20s.>605 at
Femoral Neck
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Table 4. Prevalence ofNormal/Osteopenia/Osteoporosisit the Lumbar Spine and
Proximal Femur. (Mean + SE)

Age Gender Group L1-L4%° Total Hip Femoral Trochanter

Group Neck?

20-29 Men (n = 15) 15/0/0 15/0/0 14/1/0 14/1/0
Women (n=15)  15/0/0 12/3/0 13/2/0 11/4/0

30-39 Men (n = 15) 9/6/0 13/2/0 11/4/0 6/9/0
Women (n = 14) 14/0/0 12/2/0 13/1/0 13/1/0

4049 Men (n =10) 7/3/0 9/1/0 7/3/0 8/2/0
Women (n = 15) 15/0/0 14/1/0 13/2/0 13/2/0

50:59 Men (n = 15) 11/4/0 10/5/0 9/6/0 8/6/1
Women (n=15)  12/3/0 11/4/0 8/7/0 8/7/0

3 < 0.05 Significant association for age group and bone health §tatu&01 Significant
association for gender and bone health status

Soft Tissue Measurements by pQCT

Soft tissue comparisons were also made using pQCT. Total (TCSA), fat
(FCSA), and muscle (MCSA) crosgctional areas were determined at the @bt
site, and group valueseareported in Tablb. There was no significant age or
age*gender interaction for TCSA, and there was only a trend (p = 0.099) for a gender
effect. There were significant (p O 0.05)
had greater FCSA values, anéith was a trend (p = 0.057) for 20s to have lower FCSA

than 40sMen had significantly (p < 0.01) greater MCSA than women.
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Table 5. Total (TCSA), Fat (FCSA) and Muscle (MCSA) of the Calf Muscles.

(Mean + SE)

Age Gender TCSA (mm?  FCSA(mm%® MCSA (mm?)?

2029 Men(n=15) 11111.7+ 360.8 1314.9+163.2 9101.4+ 360.6
Women(n=15) 10302.2+562.2 2788.0+282.2 6988.6+327.5

3039 Men(n=15) 11937.0+ 557.3 2196.1+ 291.4 8985.2+ 311.3
Women(n = 14) 10669.9+ 562.4 3095.2+ 344.8 6996.7+ 282.1

4049  Men(n=10) 11945.2+ 496.3 1741.7+276.0 9462.2+ 329.4
Women(n=15) 12353.8+809.8 4172.6+585.1 7609.7+291.8

5059  Men(n=15) 11441.7+ 490.0 1534.3+169.7 9154.3+388.3

Women(n = 15)

10628.7+ 548.9

3080.2+ 305.7

7011.2+ 341.4

% < 0.01 Significant gender effep < 0.05 Significant age effect.
Bone Characteristics by pQCT

Figures4 and5 presenthe total BMC and area values for each age and gender
group at each site, respectivelytal BMC values along the tibianiquelyexhibited a
quintic form. The lowest values were at the 15%, sitel the highest values were at the
85% site There were significant site, site*gender, site*age, and gender effects, and
there was a trend for a sifjcant age effect. The 55%, 65%, and 75% sites were not
significantly different from each other. Total BMC was21.9% lower in women than
men, with the largest difference occurring at the 5% site and the smallest difference at
the 75% site. All sites/ere significant for gender. Age was only significant at the 85%
site, but pairwise comparissdid not find significant differences between decades.
Means were highest in the 20s group at the 5% and 85%3&eand 40groups were
within 2.5% of eab other at all sites (within 1% at I&%) and were same or greater
than 20s at 195. 35% was 5.4% higher in 40 yr olds and 40s were 7.5% higher than
50s at this siteWhen correcting for total BFLBM, the site*gender interaction was no
longer significantand the age trend was lo#t.trend (p = 0.094) for a site*age*gender

interaction appeareth thatgender differences appeared to be greatest in 40s, which
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varied by site. This is potentially because women appeared to be similar between 20s
and 30s, tan lower in 40sandthen 40s were similar to 50s. In men, there were
increases until 40s, thealues werdower in 50s However, these findings were not
significant.When correcting for total FM, ageecame significant (p < &) with 20s
having highewvalues than 50s, and again the 5% and 85% sites had the most marked
declines.

For total area, there werggsificant (p < 0.05 ste, site*gender, gender, ande
effects. Total area wasot significantly different between th&5% and45% sites, but
all other sites were differentGender df erences were significant at every site, and
ranged fronil4.4% (at5%) t024.6% @t 35%) lower in women.Total area was 3.3%
(at 55%)23.4% (at 15%) lower in 20s than 3@sd this difference was significant<€p
0.05).When correcting for BFLBMthe gender*sitanteraction wagost. The

significant e effect wadost when correcting for FM.
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Figure 4. Total BMC at Each Tibia Site from 5% to 85% of the Limb Length. Mean #|3E.
0.01;Gendereffectsignificant at all siteshp < 0.05 Significant age effe@ites 55%75% were
similar (p > 0.05) to each other.
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Figure 5. Total Bone Area at Each Tibia Site from 5% to 85% of the Limabdth. Mean * SE.
*p < 0.01 (0.05 at 5% site); Gender significahall sites Trend for age effect at sites 5% (p =
0.075) and 15% (p = 0.064)5% site similar to 45% site.

Figures6 and7 presenthe cortical BMC and area values for each age and
gender group at each site, respectiveiylike the relationship between the total BMC
and area curves, the shape of the cortical area curve along the tibia strongly resembled
the cortical BMC curve There were significar(p < 0.0]) site, site*genderinteraction
and gndereffects, and there as atrend forthe age effect. Cortical BMC peaked at the
55% site, was lowest at the 15% site, and the shape of the curve appeared to take on a
guadratic form. The only sites that were not significantly different from each other were
35% versus 75% and goversus 65% Gender diferences were significant at all sites
and cortical BMC wag1.3-24.6%lower in women. Gender differences wéagger at
the tibiaends(15%, 85%). The ste*genderinteraction was no longer sidicantwhen

BFLBM was usedsacovariate and the aggendwaslost Interestingly, the age effect
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became significant when FM was used as a covabatgairwise comparisons were
not significant

For cortical area, there wergsificant (p< 0.01)site, site*genderinteraction
andgendereffects, and there was aend(p = 0.097)for an ajeeffect The 25% site
was not significantly different from the 85% site, and the 55% site was not significantly
differentfrom the 65% site. All other sites were significantly differe@orticd area
peaked at the 55% and 65% sit€srtical area was 235.6% lower in women, and this
range was consistent throughout the tibéhen correcting for BFLBMthe
site*gendeiinteraction and age trend wdost When correcting for FMage beame

significant (p < 0.05), but pairwise comparisons were not significant
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Figure 6. CorticalBMC at Each Tibia Site from 5% to 85% of the Limb Length. Mean +SE.
p < 0.01;Gendereffect significant at all siteSimilar sites were 35% and 75%, and 45% and
65%.
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Figure 7. Cortical Bone Aea atEachTibia Site from 15% to 85% of the Limkehgth. Mean +
SE.*p < 0.01;Gendereffect significant at all site25% site was similar to the 85% site, and
559% site wasimilar to 65% site.

Figures8 and9 show the total and cortical volumetric BMD (vBMD) at each
site. There wereignificant (p < 0.05)site, gender*ite, age*site, andage é&ectsfor
Total vBMD. Total vBMD values along the tibia also appeared to take on somewhat of
a quadratic pattern, and values peaked at the 3590 B#€25% and 55% sites were the
only sites that were not significant from each otieenderifferencedn total vBMD
ranged fron being9.9% lowerin women at th&% siteto 1.2% highein women at the
45% site. Women had greater vBMD than men from the-85% sites, but these
differences were not significant. Gender differences were significant at the 5%, 15%,
and 85% sites, arttiere was a trend at the 25% sifubjects in the 20s groinad
significantly greater total vBMD thab0s, and there wastaend for 4@ to have greater

total vBMD than50s (3.3-7.2% lower) Total vBMD values wer&.4-17.2% lowerin
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50-somethings thaB0-somethings, and differences wéiighest athe 5%, 15%, 75%,
and85% sites

Significant (p < 0.01)site, site*age, andgender #ects and a trend (p 0.083)
for gte*genderexisted for cortical vBMD.Cortical vBMD very gradually increased as
the site became more distal, peaking at the 25% $he15% site washot significantly
different fromthe 65% site and the25% was not significantly different from t185%
site. There was a trend for age at 2% site, and age groups were within 2% of each
other at all sitesCortical vBMD values were 0-9.0% higher in women, and this was
significant at sites 259%65%. There was a trend (p = 0.052) for a gender difference at
the 85% siteWhen correcting foBFLBM, the site*gendeiinteraction trend
disappeared, but wheworrecting forFM, site*gender becanmsgnificant as gender

effects were significant (p < 0.05) at all sites except for the 15% site
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Figure 8. Total Volumetric Bone MinerdDensity (vBMD) at Each Tibia Site from 5% to 85%
of the Limb Length. Mean+ SBAp < 0. 01 ( pAgeeffet sigrificaat bt alPsBe$o) ;
*p < 0.01;** p < 0.05; Significant gender effe@5% site similar (p > 0.05) to 55% site.
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Figure 9. Cortical Volumetric Bone Mineral Density (vBMD) at Each Tibia Site from 15% to
85% of the Limb Length. Mean £+ SEp < 0.01;Gender effects were significant at sites 25%
75%. Trend for gender at 85% (p = 0.053)milar sites were 15% to 65%, and 25% 583

Figuresi0, 11, and12 show trabecular BMC,raa, and vBMD valuefor each
groupat the 5%, 15%, and 85%ttes. Thereweresignificant (p< 0.01)site andyender
effect, site*gendeftageinteraction and a trend fan age effect (p = 0.0&nda
site*genderinteraction (p = 0.6) effect for trabecular BMCTrabecular BMC values
were highest at the 5% site and lowest at the 15% lgitde trabecular BMC values
were 17.724.7% higher than women valuegerall At the 5% site, gender differences
were largest in the 20s (41% lower in women), and smallest in the 50s (10.8% lower in
women.) Atthe 15% site, 20s and 30s women had 117.5% and 7.9% higher trabecular
BMC values, wheras 40s and 50s women had 52.3% and 59.7% lower trabecular BMC
values. Finally, at the 85% site, 20s women had 5.1% higher values than men, but 30s,

40s, and 50s women had 11.3%, 42.5%, and 40.1% lower values tha@arrecting
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for BFLBM eliminated the sitegenderinteraction trenénd the site effecbutmade

the age effet significant (p < 0.05), with 50s having lower values than 2@sreCting

for FM made the site*gender interacticarsd age effectignificant (p < 0.8). In this

analysis, 50s had lower values than 20s and 30s, and gender effects were much greater
at the 5% and 85% sites than the 15% site.

There weresignificant (p < 0.05%ite andage*gender interaction effedfor
trabecular vBMD. Trabecular vBMD was 40%, 136%, and 73% higher in 20s women
than 20s men at the 5%, 15%, and 85% sites, respectivelys I84%, 38%, and 52%
higher in 30s women than 30s men, but it was 26%, 42%, and 56% lower in 40s women
than 40s men, and 32%, 58%, and 53% lower in 50s women than 50é\lsewhile
trabecular vBMD in women was highest in the 20s age group, it wasdtio the 40s
age group in menAt the 5% site, 20s women had significantly<(p.05) greater
trabecular vBMD values than 50s women, and at the 85% site, 20s women were
significantly (p< 0.05) greater than 40s and 50s wonlére age*gender interaction
effect remained significant when correcting for BFLBM, but the site effect was no
longer significantCorrecting for FM did not affect the trabecular vBMD result

Site, gender, age, and site*gender interaction effects were significait(p)
for trabecular areaCorrecting for BFLBM eliminated the site*gender interaction and
the gender effect, but correcting for fat mass did not affedtabecular aregesults.

The 15% tibia site was significiyp lower than the 5% and 85%ites but 5% and 85%
sites were not significantly different. Men had }16/7% greater trabecular bone area

than women at all 3 sites §0.05), and the largest differeneas at the 85% siteThe
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30s group had significantlf12.327.7%)greater trabecular area than #@is group

(p < 0.01).
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Figure 10.Trabecular Bone Mineral ContefBMC) of the 5%, 15%, and 85% sites. Mean *
SE. Significant sitg¢ genderand site*gender*age effect (p < @)OAIl sites are significantly
different. *p<0 . 01 Gender e20-29gmoup diffedent rom&G9@roup H men.
# p < 0.05; 229 group different from 4@9 and 5669 groups in women.
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Figure 11 Trabecular Volumetric Bone Mineral Density of the 5%, 15%, and 85% Sites. Mean
+ SE.Significant site and age*gender interaction effgpts 0.055% significantly (p< 0.01)
different than 15% and 85%. #{0.05 Significant difference between-20 group and 589
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Figure 12.Trabecular Area of the 5%, 15% and 85% Sites. Mean SgBificant site, gender,
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Total BMC ratios of 5%:15%, 5%:35%, 5%:65%, and 5%:85% were calculated
to evaluate trabecai-to-cortical bone proportions within the tiband are displayed in
Table6. The total BMC 5%:15% ratio was highest, wheais the 50:85% ratio was
lowest.The 5%:15% ratio only showed a trend<p.071) for a gender effeckor the
5%:35% ratio, therevas a significant (p < 0.05) age and gender effect, and a trend (p
0.078) for an age*gender interaction effebten had 5.4% higher values than women.
Significant age group differences for the 5:35% ratio were between 20s afid 30%
lower in 30s) 20s and 40$8.1% lower in 40s)and a trend (p 0.051) for 20s and 50s
(8% lower in 50s8)The 5%:65% ratio had a significant<{®.01) age and gender effect.
For this ratio, 20s were significantly greater than 308%,p < 0.05) and 508(7%,p
< 0.01).Men had 8% higher values than womEmally, the 5%:85% ratio had a
significant (p< 0.01) gender effectvhere men had 5% greater valud@sscores for the
5%:35% and 5%:65% total BMC ratios were generated for each gender, based on the
20s age gup. They were significantly correlated (r = G227, p<0.05) with hig-
scoresMeans, SD, and SE for the pQCT results are shown in tabular form in

APPENDIXD.
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Table 6. Total BMC Ratios between Tibia Sites.Nlean + SE)

Total BMC Ratio

Age Gender 5%:15%  5%:35%  5%:659%  5%:85%
2029  Men(n =15) 1.34+0.04 1.02+0.03 0.87+0.02 0.75+0.02
Women(n = 15) 1.20+0.02 0.91+0.03 0.79+0.02 0.70+0.02
30-39"  Men(n = 15) 1.24+0.02 0.90+0.02 0.80+0.01 0.76+0.02
Women(n =14) 1.16+0.02 0.84+0.02 0.73+0.02 0.69+0.01
404  Men(n = 10) 1.23+0.03 0.92+0.02 0.83+0.02 0.86+0.05
Women(n = 15) 1.26+0.09 0.86+0.02 0.75+0.02 0.73+0.01
5059  Men(n = 15) 1.21+0.02 0.89+0.02 0.79+0.02 0.77+0.02
Women(n = 15) 1.18+0.03 0.91+0.04 0.74+0.02 0.74+0.02

3 < 0.01°p < 0.05 Significant gender effefp. < 0.01 < 0.05 Significantly lower than 229
group for 5%:35%°p < 0.01,p < 0.05 Significantly lower than 289 group for 5%:65%.

Differences in conterdndarea values can be thought to affect periosteal and
endosteal circumferengeand as a result cortical thickneBggure13 presentshe
periosteal circumferences (PeriC) from 5% to 85%, and Fidutresd 15howthe
endosteal iccumferencegEndoC)and cortical thickness values from 15% to 85% of
the tibia lengthrespectively There were significant (p < 0.01) site, site*gender, gender
effects for PeriC, and there was a trend for a site*age interaction (p = 0.055). Only sites
25% vs 55% werenot significantly differenfrom each otheMen had9.7-13.0%
higher PeriC values than womeand gender effects were significant at all sites
Correcting for BFLBM made the site*gender interaction nonsignificant, and made the
site*ageand age*genddnteractiors significant (p< 0.05).In this analysis, PeriC
appeared to peak in 30s, with a trend for 30s > 20s. The gender effect was <1% in 20s,
but was approximately 6%, 7%, and 4.5% in 30s, 40s, and J@sage effect became
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a trend(p = 0.057)after correcting for BFLBM Correcting for FM also made the
site*age interaction significant (p < 0.05).

Site, site*age, site*gender, age, and gender effects were all significadt@p)
for EndoC. All sites were significantly differenbin each other (p < 0.01, except 25%
vs. 45%, p <0.05). Twenties had.1-8.7%% and1.8-13.1% lower EndoC valuethan
30s and 50s, respectivdly < 0.05. The difference between 20s and pe@skedat the
55% site, and the peak difference between 20s @advas at 35% site. Differences
between 20s and 30s were smaller at more distal sites, whereas the smallest difference
between 20s and 50s was at the 85% #ige differences were significant (p < 0.05) at
sites 25%, 35%, and 5585%, and a trend (p <ID) existed at sites 15% and 45%.
Women hadb.512.0% lower EndoC values than meand the largest differences were
closest to the midshafbut differences were significant at all sitSge*gender
interaction and gender effects were not significant for EndoC after correcting for
BFLBM, however, site*age*gender became significant (p05). Correcting for FM
did not affect the EndoC results.

Cortical thickness had significafp < 0.QL) site, site*gender, age, and gender
effects There was a trend @0.067) for a difference between the 35% and 55% sites,
but all other sites were significantly different from each otfdre 50s group had
significantly (p< 0.05)lower values than albther age groupsThe age effect was
significant (p < 0.05) at sites 3855%, and there was a trend (p < 0.10) for the age
effect at sites 25%, 65%, and 75%ender differences were significant (p < 0.01) at all

sites. Site*gender effects were nonger significant after using BFLBM as a covariate.
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Figure 13.Periosteal Circumference at Each Tibia Site from 5% to 85% of the Limb Length.
Mean + SESignificant (p < 0.01) site, site*gender, gender effects. Only sites 25% vs 55% were
not significanty different from each otherp*< 0.01 Gender effect significant at all sites.
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Figure 14.Endosteal Circumference at Each Tibia Site from 15% to 85% of the Limb Length.
Mean + SEp <0.05 Significant site, site*age, site*gender, age, and gender effects. p < 0.01
(except 25% vsA5%, p < 0.05) All sites were significantlijfferent from each other.p*< 0.01
Gender effect significant at all sitéd<0.05 Significant age effect.
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Figure 15. Cortical Thickness at Each Tibia Site from 15% to 85% of the Limb Length. Mean +
SE.Significant (p < 0.01) site, site*gender, age, and gender effects. Trend (p=0.067) for a

difference between the 35% and 55% sites. All other sites signily different from each
Ade effest *p & 0.0 &ender effect significant at all sites.

ot her .

The 95% tibia site was drastically different from all other tibia sites in terms of
shape and the relative make up of cortical and trabecular. bbmere was no cortical
shell as this site, and for many subjects, portions of the epicondyle appeared. This may
have been a result of normal variations in the shape of the tibial plateau or epicondyles,
or it may be been indicative of arthritic changessitioning error may have also played

a larger role at this site than for other sites. For some subjects, tibia length required that

the 95% site be measured separately, with the entigdaeting shifted to allow the

gantry to access the sila.these instances, scout views could not be used.some

subjects, obtaining a 95% measure was not possible due to holder limits on thigh size.

Due to these measurement issues, only trabecular vBMD values were used from this site

and were not compared to other trabecular rich sites. Tablews the trabecular
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vBMD values for each groupl'he 20s group had significantly (p < 0.01) greatereslu
than all other group. There was also a significant (p < 0.01) age*gender interaction
effect, as the gender difference was not significant for the 20s and 30s groups, but 40s
men had significafhy greater trabecular vBMD values than 40s women, and 5@sew

had higher values than 50s men.

Table 7. Trabecular Volumetric Bone Mineral Density (vBMD) (mg/cm3) at the
Tibia 95% Site for Each Group (Mean * SE).

Age & Gender 20-29A 30-39 40-49 50-59
Group M=14 M=15 M=9 M =13
W =15 W =13 W=12 W=14
Men 242.71+6.65 209.35+8.20 236.36+12.58 178.02+6.13
Women 240.59+7.61 214.37+10.54 193.53+10.01 210.09+9.36

Ap < 0.01 Significant age effe@0s > all other groups. p < 0.01 Significant age*gender
interaction effect.

Possible Effectf Menopause on Bone Variables

Although there wagenerally dack of age*gender interaction effects, secondary
analysesvere performed to determinedbrrecting for ageesulted indifferences in
bone characteristics betweenymad postmenopausal women. There were no
significant differences in DXA aBMD or BMC values between menopausal groups that
were distinct from age differences. Also, there were no significant differencesdretw
menopause groups for total area, PeriC, EndoC, cortical vBMD, area, or thickness,
trabecular BMC, vBMD, or areay any strength estimate$here were significant (
0.05) site*menopause interaction effects for total BMC and vBMD, and there was a
trend (p = 0.061) for an interaction effect for cortical BMC. Group differeinctegal
BMC after correcting for age ranged from <1% to 9.6%. Group differandetal

vBMD aftercorrecting for age ranged from <1% 786. Postmenopausal women had
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lower vdues than premenopausal women, and group differences in both variables
peaked in the diaphysistinally there was a trend (p = 0.061) for a menopause effect on
5%:35% Total BMC ratio. The main menopause effect was not significant for any

variable.

Bone Srength Estimations by pQCT

Bone strength was estimated using moments of ingntiax, Imin), strength
strain index (SSI) and bone strength index (BAH.SSI:TotalBMC ratio was
calculated at each site to determine the bone strength relative to bon€igaesl6
and17show the SSI and SSI: ToC ratios at each tibia Steength and strength to
mass ratios were greatest at the most proximal sgie, gendeand site*gender
effects were significant (g 0.01) for SSI. SSI of the 15% and 25% sites were not
significantly different from each other, but all other sites were significantly different.
Men had 28.431.2% higher SSI values than wome®orrecting foBFLBM made the
site*gender, age*gender, and site*age*gender interactions a trend (p = 0.056, 0.061,
and 0.064)as gendedifferences were reduced to 94% higher in menCorrecting

for FM did not affect the SSI results.
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Figure 16. Strength Strain Index (SSI) at Each Tibia Site from 15% to 85% of the Limb Length.
Mean + SE. p < 0.01; Site, gender and site*gender effects. 15% and 25% sites were not
significantly different from each other, but all other sites wereifiigntly different. *p < 0.01:
Gender was significant at all sites.

Strength to mass ratio, as represented as SSl:Total BMC, had signifieant (p
0.01) site, site*age, site*gender, age, and gender effects. All sites were significantly
different. The 20s group had sificantly lower (p< 0.05) SSI:Total BMC than 30s
(1.311.3%) and 50%3.6-10%), and there was a trend (p = 0.075) to Haveer
SSl:Total BMC than 406L.2-9.2%) Women had4.8-12.5%lower SSl:Total BMC than
men. Site*gender became a trend when corrector BFLBM (p= 0.096), and gender
was no longer significantGender differences were reduced to being 4.8% lower (at
85% site) to 1.2% greater (H% site) in womenCorrecting for fat mass did not

remove any significant effects.
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Figure 17. StrengthStrain Index to Total BMC Ratio at Each Tibia Site from 15% to 85% of
the Limb Length. Mean + SEp < 0.01; Significant site, site*age, site*gender, age, and gender
effects. All sitesweresignificantly different from each other €0.01, except 15% v$5%,

which was p< 0.05).* p < 0.01 Gender significant at all sites.

Figuresl18, 19,and20 show the Imax, Imin, and Imax/Imin ratidmax refers
to the maximum crossectional moment of inertia, and Imin refers to the minimum
crosssectional moment of inertialhe Imax/Imin ratio is simpleingused as an
indicator of the symmetry of directiespecific strengthThere wereignificant (p<
0.01)site, site*age, site*gnder,and gndereffectsfor Imax. The 15% and 25% sites
were rot significantly different from each otherll @ther sites were significantly
different from the other sitedmaxvalues were highest in the glge group. Irax
values lowest in the 2@roup, and weré2.2%-14.2% lower tharthe40s age group
The50s group hads.2% (65)16.4% (85) lowetmax valueghanthe 4& group Imax
values were6.5% (15)i 46.7% (65)ower in women, and gender difference were

significant atall sites Correcting for BFLBM mde the age*siteinteraction
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nonsiguificant, andmade theage*gender and age*gender*si¢eractionssignificant

In this analysis, gender differences were seslin 20s (<1%) and largest in 40s (33%),
followed by 30s (23%)Further, when correcting for BFLBM, Imax was lowest in 20s
men and highest in 40s men, but lowest in 40s women and highest in 50s women. Age
and gender interactions varied by si@orrectng for FM mack the age*siteinteraction

a trend

Imin hadsignificant (p < 0.01) site, site*gender, and gender effects. When
correcting for BFLBM, site, gender and site*gender effects were no longer significant.
Age*site interaction effects became a tr¢pd0.087). Using FM as a covariate did not
affect the Imirresuls. Gender effects were significaft < 0.01)at all siteswhere
men had8.2% (85 site)62.9% (25 sitepreater values than womeg@orrecting for
BFLBM reduced these differences to-0.3.4%.

Imax/Imin ratiohadsignificant (p< 0.01) site, site*gender, and gende&hich
remained significant when using BFLBM as a covariatee 15% and 25% sites were
significantly (p < 0.01) different from all other sites, and 45% was differen(pH
from 55%, but the other sites were not significantly different from each oBeder
effects were not significant at sites-235%, but were significar{p < 0.01)at sites 45

85%.
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Figure 18. Maximum Moment of Inertia (Imgxat Each Tibia Site from 15% to 85% of the

Limb Length. Mean + SE < 0.01 Significant site, site*age, site*gender, and gender effects.
The 15% and 25% sites were the only not significantly different from each other. All other sites
were significantly diferent from the other sites. *p < 0.0@&ender significant at all sites.
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Figure 19. Minimum Moment of Inertia (Irim) at Each Tibia Site from 15% to 85% of the
Limb Length. Mean = SEp < 0.01; Significant site, gtgender, and gender effects. ¢.01:
Gender significant at all sites.
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Figure 20.Ratio of Maximum (Imax) and Minimum (Imin) Moments of Inertia at Each Tibia
Site fran 15% to 85% of Limb Length. p*< 0.01 Gender significant at sites 48%%6.yp <
001Signi i cantl y di f fpei0.8InSignificantty diffefer 'om alljother sites.

Bone strength index, as a measure of compressive strength, is typically
measured at the most distal sites. However, there is discrepancy between manuals and
studies in bw it has been calculated. Some report the BSI as Tot&’BMotal Area,
and some report the BSI as (Tot8MD * Total Areaf (BSk). Thus, for the sake of
completeness, BSI is shown for the 5% and 156 sising both formulas in Tale
Both formulas hadignificant (p< 0.05) siteand gendeeffects. However, Total
vBMD?*Total Area (BS1) was also significant (g 0.05) for site*gender and age.

Women had 33.2% and 42.1% lower B®&lues than men at the 5% and 15% sites,

respectively, ad had 30.8% and 29.1% lower BSalues.
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Table 8. Bone Strength Index (BSI) of the 5% and 15% Tibia Sites Using 2
Formulas. Mean = SE.

Site Groups

Men

Women

®ABgS| = Tot.vBMD * Tot.Area(mg/mm’)

5% 20s: M=15; W=15  1.4688 + 9.28(E6 1.0138 + 6.79%6
30s: M=15; W=14  1.2758 + 9.29(E6 1.03(E8 + 1.61%7
40s: M=10; W=15  1.431E8+ 9.5346 8.6457 + 3.58%6
50s: M=15; W=15  1.156:8 + 7.181E6 7.77%8+ 5.83%6

15% 20s: M=15; W=15  1.976=8 + 7.2286 1.4748 + 7.42%6
30s: M=15; W=14  1.86%8 + 1.01(E7 1.37%8 + 6.85(6
40s: M=10; W=15  2.0088 + 1.10%7 1.281E6 + 7.95%6
50s: M=15; W=15  1.7158 + 6.7356 1.236:8 + 6.6586

#BS| = (Tot.BMC * Tot.Area]

5% 20s: M=15; W=15 1.49311+ 1.21110 8.426:10+ 6.37(9

30s: M=15; W=14
40s: M=10; W=15
50s: M=15; W=15
15% 20s: M=15; W=15
30s: M=15; W=14

1.45%11+1.31£10
1.58F11+1.51(¢10
1.23 11+ 9.9159
9.06610+ 4.62Z9
9.3910+ 6.66E9

1.57%11+ 7.90£10
7.485%10+ 3.70F9
6.83¥10+ 6.48%F9
5.85510+ 3.778&9
5.57%10+ 4.1069
40s: M=10; W=15 1.04ZE11+7.9869 5.19510+ 4.091E9
50s: M=15; W=15 8.444&10+ 5.60&9 4.98F10+ 2.88(E9

3 < 0.05 Significant gender effedp < 0.05 Significant site*gender effe¢p < 0.05
Significant age effecfp < 0.01 Significant siteffect. Tot.BMC: Total BMC; Tot.Area: Total
Area; 20s: 229 Age Group; 30s: 389 Age Group; 40s: 489 Age Group; 50s: 589 Age
Group.

As the numbeof significant effects at various sites is very large, TaMas
created to summarize which effets significant for each variableithout correcting
for BFLBM or FM. Table10 summarizes the range of gender differences for each

variable,andTable11 summarizes the range of age group differences for each variable.
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Table 9. Summary of Significant(S), NonSignificant (NS), and Trend (T) for
Effects for Each Bone Variable.

Site  Site*Gender Site*Age Gender Age Age*Gender

Total BMC S S S S T NS
Total vBMD S S S NS S NS
Total Area S S NS S S NS
Trab. BMC S T NS S T NS
Trab. vBMD S NS NS NS NS S
Trab. Area S S NS S S NS
Cort. BMC S S NS S T NS
Cort. vBMD S T S S NS NS
Cort. Area S S NS S T NS
Cort. Thk S S NS S S NS
PeriC S S T S NS NS
EndoC S S S S S NS
SSI S S NS S S NS
Imax S S S S NS NS
Imin S S NS S NS NS
Imax/Imin S S NS S NS NS
SSI:Tot.BMC S S S S S NS
BSl, S S NS S S NS
BSl, S NS NS S NS NS

S: Significant, p < 0.05; NS: Ne®ignificant; T: Trend, 0.05<p<0.18MC: Bone Mineral

Content; vBMD: Volumetric Bone Mineral Density; Trab: Trabecular; Cort: Cortical; PeriC:
Periosteal Circumference; EndoC: Endosteal Circumference; SSI: Strength Strain Index; Imax:
Maximum Moment of Inertia of a Cro&ectional Slicetmin: Minimum Moment of Inertia of

a CrossSectional SliceBSl, = Total Area * Total vBMDB; BSk, = (Total Area * Total vBMDS
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Table 10. Range of Gender Differences and Site(s) of Peak Gender Difference for
Each Bone Variable.

Variable Range M vsW (M > W is Site(s) (x 0.2%)of Peak
Positive, W > M is negative Difference
Total BMC 21-28% 5%
Total vBMD '1.2210% 5%
Total Area 14-25% 35, 65%
TrabeculaBMC 18-25% 5%
TrabecularArea 12-17% 85%
Cortical BMC 21-25% 15, 25, 85%
CorticalvBMD -1--2% 65%
Cortical Area 23-26% 15, 25, 85%
Cortical Thickness 12-19% 15%
PerostealCirc. 10-14% 65%
EndastealCirc 7-12% 65%
SSI 28-32% 35, 55%
Imax 37-47% 65%
Imin 28-39% 25%
Imax/Imin 1-24% 75%
SSI:Tot.BMC 5-13% 55%
BSl, 33%, 42% 15%
BSI, 31%,29% 5%

BMC: Bone Mineral Content; vBMD: Volumetric Bone Mineral Density; Circ: Circumference;
SSI: Strength Strain Index; Imax: Maximum Moment of Inertia of a Céassional Slice;

Imin: Minimum Moment of Inertia of a CrosSectional Slice: BSI: Bon®trength IndexBSI;

= Total Area * Total vBMB; BSl,=(Total Area * Total vBMD}
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Table 11. Summary of Decade Differences foBone Variables with a Significant
Age and/or Age*Site Interaction Effect.

Base Decade 20s vs. 30s vs. 40s vs.
Comparison 30s 40s 50s 40s 50s 50s
Decade

Total BMC 5-6% 5-4% 3-14% 3-1% 5-8% 4-10%

Total vBMD 1-16% 1-12% 5-17% 5-2% 2-5% 3-7%
Total Area 3-23% 3-9% 2- 7% 1-13% 0-14% 3-4%
Trab. Area -12-28% 10-15% 10-15% | 2-14% 2-14% 0-1%

Cort. vBMD 1-1% 0-1% 1-1% 1-1% 2-2% 0-1%
Cort. Thk 1-9% 0-5% 8-10% “7-0% 1-9% 5-9%
EndoC 4-9% 4-9% 2-13% “4-5% 8-5% “7-0%
SSI 3-8% 6-9% 3-4% 3-1% 2-71% 1-9%
Imax 5-19% 14°16% “7-5% 8-4% 2-12% | 9-16%
SSITot.BMC "2-13% 2-10% 3-11% 1- 2% 4-2% 4-2%
BSl 6-7% 5-8% 15-22% 0-1% 9-16% | 10-16%

A negative percent denotes that the 20s group was lower than the comparison decade.
Percentages rounded to the nearest whole nuf@Bb#E: Bone Mineral Content; vBMD:
Volumetric Bone Mineral Density; Trab: Trabecular; Cort: Cortical; Thk: Thickness; EndoC:
Endosteal Circumference; SSI: Strength Strain Index; Imax: Maximum Momentriié lofea
CrossSectional SliceBSI, = Total Area *Total vBMD?.

Prediction of DXA-Based Bone Results

The choice of pQCT variables to predict DXvased aBMD values were first
based on correlation coefficients. All stepwise linear regression models utilized a body
composition variable, age, and a pQCTiatle. Age was negatively related to bone
variables, and generally, was more strongly related to BMD varigidesBMCfrom
both DXA and pQCTTable12). Age was not related to cortical BM@nd was only
relatednegatively to cortical vBMD at the 15% sites (¥G=19, p < 0.05)The total
BMC ratios 5%:35% and 5%:65% were inversely correlated with ag® @23 and
0.27, respectively, p < 0.05). Age was not related to SSI nor Imax values, but were

significantly orrelated with SSI:Total BMC raticat sites 25%15% and 85% (¥ 0.19
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0.29, p< 0.05). There was a trend (p < 0.10) for &am&SI:Total BMC correlations at
sites 5575%.

Total BFLBM was positively related to BMC and BMD, but generally, was
more strongf related to BMC than BMDCorrelations between total BFLBM and
lumbar spine and hip (total, femoral neck, trochanter) BMC rangedrfrofn61-0.74
(p < 0.01). The correlation betweental BFLBM and lumbar spine aBMD was
0.19 (p< 0.05), andhe range of correlations between total BFLBM amg aBMD
variableswasr =0.41-0.50 (p < 0.01).Leg BFLBM consistently had stronger
correlationswith lower limb bone variable@©XA -based BMC correlations:= 0.64
0.78, p<0.0L aBMD: r =0.230.52, p <0.09 than total BFLBM, indirectly providing
evidence to support the importance of muscle contractions over gravitational loading.
This is further supported by the lack of significant correlations between bone and fat
variablesOnly leg FM wasegatively(p < 0.05)correlated with trochanter aBMD (r =
-0.19) and BMC (r =0.20).

Ranges of correlations betwelsonefree leartissue mass values asdlected
pQCT-based bone variables are shown in TaBleCorrelations betweebothleanand
fat mass and atical bone variables were similar to the total bone correlatidosal
and leg FM were not related to total BMC values; only leg FM was related to 5% total
BMC (r=-0.19, p< 0.05).Total vBMD was only inversely related €§0.05) to total
body FM at the 65% 85% sites (r =0.20 -0.28) and leg FM at the 85% site (r-=
0.26).SSI was not related to fat mass valuestal and leg FM were not related to
PeriC, but FCSA was significantly 0.05) negatively related to Peri€raost sitesr(

=-0.20- -0.28). FCSA was also negatively related=-0.25 - -0.32, p< 0.05) toTotal
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BMC andSSiI at all sitesiFor Total vBMD, there was a trend for a negative relationship
with FCSA at the 5% and 15% sites (#018, p = 0.053 and 0.054), and the
relationship was significant at the 85% sH@25, p< 0.01). Correlations between soft
tissue masses and BMC vabuare also reflected in soft tissue mass to total bone area
correlations.

Table 12. Correlations between Aye andBone Mineral Density BMD) and Bone
Mineral Content (BMC) Variables.

Site Age
Lumbar Spine (DXA)

aBMD -0.19
BMC NS
Total Hip (DXA)

aBMD -0.38
BMC -0.20
Femoral Neck (DXA)

aBMD -0.51
BMC -0.34
Trochanter (DXA)

aBMD -0.28
BMC NS
Total (pQCT sites 85%; range)

vBMD 0.29°0.41
BMC -0.20,-0.26 (sig. at 5% and 85% only)
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Table 13. Correlations between Total and Leg Bond-ree Lean Body Mass
(BFLBM) and Calf M uscleCross-Sectional Area (MCSA) and pQCT Variables

Total Leg MCSA
BFLBM  BFLBM

Tot.vBMD

5%-25% 0.21-0.37 0.250.42 0.30(5%)
35%75% NS NS NS
85% NS 0.22 NS
Tot.BMC 0.71-0.82 0.730.85 0.630.70
SSlI 0.730.78 0.760.80 0.620.71

PeriC 0.61:0.77 0.620.78 0.550.67
Tot: total; vBMD: volumetric bone mineral densi§ySI: strength strain index; PeriC: periosteal
circumference

Bone mineral content and bone avedues were consistently correlated with
bone strength estimatotdowever,correlations betweetotal vBMD andbone strength
were negative but not consistently significa@ortical vBMD values were often
inversely correlated with bone strengmd werestronger than the total vBMD
relationships to bone strengthRrom the 15% to 85% sitegtal BMC to SSI
correlations ranged from®0-0.95, and btal BMC to Imax correlations ranged from
0.850.93. Cortical vBMD to SSI correlations from the 25% sitéht@75% site ranged
from -0.28- -0.43, and cortical vBMD to Imax correlations ranged fr@®36 - -0.44. At
the 85% site, SSI was not related to cortical vBMD, and the Imax correlation was r =
0.19 (p< 0.05).

Correlations between BMC and vBMD from pQ@IDXA aBMD valuesare
shown in Table 4. Relationshipgollowed a curvilinear pattern throughout the tibia, as
the strongest correlations were at the 5% and 85% sites, and the weakest correlations
were at the 35% site for total BM&hd 45% site for total vBMD. For total vBMD, the

5% site was the strongest correlation, and for total BMC, the 85% site was the strongest
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correlation siteCorrelations between aBMD and Imax and SSI followed a similar

pattern as total BMC, where the 85%eavas the strongest correlation site, and for

Imax the 45% and 55% sites had the weakest correlations. SSIl:aBMD correlations were
weakest at the 25% sitiéor cortical BMC, correlations with aBMD were lower at the

15% and 85% sites, and highest at tG&6site. Cortical vBMD was only correlated

between the 25% and 35% sites and trochanter aBMD, and the relationship was
negative {0.20, p < 0.05)Trabecular BMC was correlated at the 5% and 85% sites, but
trabecular vBMD was not related to hip aBMD valeshStrength to mass ratios

(SSI:Total BMC) were only related to trochanter aBMD at site$%%, and were not

related to lumbar spine, total hip, or femoral neck aBMD.

Table 14. Correlation Ranges Between DXA aBMD Values and pQCT BMC,
vBMD, Strength, and Mass Ratios

pQCT Variable L1-L4 Spine Total Hip  Femoral Neck Trochanter
Total BMC 0.300.47 0.520.72 0.450.67 0.590.76
Total vBMD 0.280.35" 0.360.74  0.31.0.7¢ 0.320.7P
Cortical BMC 0.27-0.35 0.530.61 0.490.55 0.57-0.67
Cortical vBMD NS NS NS -0.20°
Trabecular BMC 0.20,0.22 0.34,0.33 0.33,0.26 0.33,0.35
Trabecular vBMD NS NS NS NS
SSi 0.220.33 0.41-0.54 0.37-0.49 0.500.61
Imax 0.21-0.30 0.39-0.45 0.340.40 0.490.54
SSl:Total BMC NS NS NS 0.20-:0.25
BSI; 0.37 (15%) 0.22,0.57 0.20, 0.52 0.21, 0.63
BSl, 0.39,0.38 0.61, 0.64 0.56, 0.59 0.62, 0.67
Total BMC 5:15 NS 0.22 0.20 0.24
Total BMC 5:35 0.23 0.33 0.34 0.34
Total BMC 5:65 0.23 0.34 0.33 0.36
Total BMC 5:85 NS NS NS NS

BMC: Bone Mineral Content; vBMD: Volumetric Bone Mineral Density; SSI: Strength Strain
Index; Imax: Maximum Moment of Inertia of a CreSectional SliceBSI: Bone Strength

Index; BS| = Total Area * Total vBMDB; BSL=(Total Area * Total vBMDj a. Strongeis
correlation at 85%. b. Strongest correlation at 5%. # Only at 25% and 35% sites.
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Correlations between DXA BMC and pQCT total BMC valaes shown in
Table B. Theywere strongest at the ends of the tibia, and weakest at the 35% site, but
the correlatios did not directly decline from the ends. Correlations increased and
decreased along the tibia. DXA BMC valwesre far more strongly correlated with
total vBMD values at the 5% site than any other site. Volumetric BMD and DXA BMC
values were not relateat tibia sites 45%65% for any DXA site. Values were
correlated (p< 0.05) between DXA BMC and 5%25% and 85% total vBMD for all
DXA sites. Total hip and femoral neck BMC were significantly related(i21, 0.19,
p < 0.05) to total vBMD the 75% site, and total hip BMC was related to the 35% site (r
=0.20, p < 0.05) For cortical BMC, correlations with DXA BMC were lower at the
15% and 85% tibia sites, and highest at the 65% site. Relationships between cortical
vBMD and DXA BMC were significant and negative between tibia sites 25% and 75%
for the hip variables, but relationships were not significant between hip variables and
the tibia at the 15% and 85% sites, or between the lumbar spine and any tiiiXgite.

BMC values and pQCT trabecular vBMD values were not related.
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Table 15. Correlation Ranges Between DXA BMC Values and pQCT BMC,
vBMD, Strength, and Mass Ratios

pQCT Variable L1-L4 Spine  Total Hip Femoral Neck  Trochanter
Total BMC 0.640.74 0.790.89 0.720.87 0.780.86
Total vBMD 0.250.47 0.21-0.66 0.190.67 0.27-0.56
Cortical BMC 0.57-0.67 0.690.84 0.640.75 0.660.81
Cortical vBMD NS -0.24-0.32 -0.22-0.30  -0.28-0.39
Trabecular BMC 0.32,0.27 0.39, 0.36 0.39, 0.34 0.36, 0.33
Trabecular vBMD NS NS NS NS
SSi 0.620.67 0.750.81 0.660.76 0.750.80
Imax 0.630.69 0.740.79 0.67-0.74 0.780.80
SSl:Total BMC 0.21-:0.50 0.220.54 0.220.46 0.26:0.59
BSl, 0.57,0.63 0.69, 0.79 0.67,0.74 0.64, 0.75
BSl, 0.27, 0.69 0.27,0.82 0.26, 0.76 0.25,0.81
Total BMC 5:15 0.26 0.29 0.26 0.27
Total BMC 5:35 0.37 0.37 0.39 0.34
Total BMC 5:65 0.39 0.44 0.45 0.43
Total BMC 5:85 NS NS NS NS

BMC: Bone Mineral Content; vBMD: Volumetric Bone Mineral Density; SSI: Strength Strain
Index; Imax: Maximum Moment of Inertia of a CreSectional SliceBSI: Bone Strength
Index; BS| = Total Area * Total vBMB; BSL=(Total Area * Total vBMD}

Tables 16 through 21 show significant predictors of total hip, femoral neck, and
trochanter aBMD and BKl. Each model used age, a pQCT bone variable, and either
total BFLBM or MCSA. To be concise, tables are limited to the sites near slices most
commonly used in previous literature (5%, 15%, 35%, and 65%), and the 85% site
because of the divergence in pQldne values seen between groups and the stronger
correlations with DXA values.

When adding age and a lean mass variable into the stepwise regression, total
BMC and vBMDeachpredicted hipfemoral neckand trochanteaBMD. With the
exception of the 5%ibia site, tibia BMC was generally a stronger predictor of hip

aBMD than tibia vBMD. Prediction was strongest by total vBMD and BMC at the 5%
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and 85% sites, but up to 40% of the variance in totaf@moral neckand trochanter
aBMD was still predictedrom total BMC and vBMD in the diaphyseal sites. In the
diaphyseal sites, however, cortical BMC vgasnetimes stronger predictor of hip
aBMD than total BMC.

For any given site, total slice BMC was the best pQCT predictor of total hip
femoral neckarnd trochanteBMC, and the 5% and 85% sites gave the strongest
predictive values. However, cortical BMC predicted femoral rmexktrochanteBMC
slightly better than total BM@t the 35% site, and cortical BMC predicted trochanter
BMC slightly better thartotal BMC at the 85% siteTotal BMC predicted hip BMC
values much more strongly than total vBMD. Total and cortical BMC and strength
estimates of the diaphyseal sites, along with lean tissue and age, were still able to
account for over 60% of the variain total hip BMCWithin the diaphyseal sites,
cortical BMC was a stronger predictor than total vBMD, and SSI was typically a
slightly stronger predictor than Imax. Cortical vBMD was not a predictor of hip values.

Lean tissue significantly predictedabhip and femoral neck BMC with age and
a pQCT variable more often than it predicted total hip and femoral neck aBMD when
the pQCT variable and age were included in the stepwise model. Total bone free lean
mass always predicted DXA values better thanQACbut MCSA was often a
significant predictor when total BFLBM was a significant predictéat mass values
were not added to stepwise regression procedures as leg fat mass values were only
correlated with trochanter values, and correlations between FCSA and hip values were

weak.
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Table 16. SelectedBest Total Hip aBMD Predictors Using a pQCT Variable, a
Lean Mass Variable, and Age

Best Predictors using Total BFLBM Best Predictors using MCSA

b SEE R’ b SEE R’
Total BFLBM 0.383 0.127 0.289 | Age -0.394 0.128 0.278
Age -0.355 MCSA 0.367
5% Tot.vBMD 0.686 0.099 0.563| 5% Tot.vBMD 0.640 0.098 0.572
Total BFLBM 0.150 MCSA 0.163

Age -0.137

85% Tot.BMC 0.815 0.099 0.561| 85% Tot.BMC 0.664 0.101 0.546
Age -0.180 Age -0.266
Total BFLBM -0.199
85% Tot.vBMD 0.486 0.109 0.468| 85% Tot.vBMD 0.494 0.110 0.463
Total BFLBM 0.312 MCSA 0.304
Age -0.162 Age -0.192
5% Tot.BMC 0.581 0.110 0.459| 5% Tot.BMC 0.581 0.110 0.459
Age -0.268 Age -0.268
5% BSk 0.549 0.114 0.429| 5% BS} 0.549 0.114 0.429
Age -0.255 Age -0.255
15% BS} 0.582 0.110 0.465]| 15% BS| 0.582 0.110 0.465
Age -0.144 Age -0.144
35% Cort.BMC 0.511 0.117 0.403| 35% Cort.BMC 0.511 0.117 0.403
Age -0.341 Age -0.341
35% Tot.BMC 0.497 0.118 0.389| 35% Tot.BMC 0.497 0.118 0.389
Age -0.353 Age -0.353
Total BFLBM 0.393 0.120 0.377| 35% Tot.vBMD 0.316 0.121 0.350
35% Tot.vBMD 0.313 MCSA 0.380
Age -0.254 Age -0.294
65% Tot.BMC 0.567 0.111 0.463| 65% Tot.BMC 0.567 0.111 0.463
Age -0.336 Age -0.336
Total BFLBM 0.428 0.116 0.416| 65% Tot.vBMD 0.366 0.118 0.399
65% Tot.vBMD 0.376 MCSA 0.405
Age -0.243 Age -0.290
Total BFLBM 0.344 0.125 0.318]| Age -0.347 0.126 0.313
Age -0.315 MCSA 0.332
5:35% Tot.BMC 0.180 5:35% Tot.BMC 0.197

BFLBM: BoneFree Lean Body Mass; MCSA: Muscle Cr&sctional Area at the 65% Tibia
Site; BMC: Bone Mineral Content; vBMD: Volumetric Bone Mineral Density; SSI: Strength
Strain Index; Imax: Maximum Moment of Inertia of a Cr&ctional SliceBSI: Bone
Strength Index; BSkE Total Area * Total vBMD

82



Table 17. Selected Best Total HIBMC Predictors Using a pQCT Variable, a Lean
Mass Variable, and Age

Best Predictors using Total BFLBM Best Predictors using MCSA

b SEE R° b SEE R’
5% Tot.BMC 0.728 3.3 0.781 | 5% Tot.BMC 0.874 3.460 0.765
Total BFLBM 0.194
Total BFLBM 0.576 3.749 0.726 | 5% Tot.vBMD 0.530 4.433 0.617
5% Tot.vBMD 0.450 MCSA 0.442
Total BFLBM 0.533 3.989 0.690 | 5%BSI, 0.538 4.470 0.610
5% BSl; 0.427 MCSA 0.399
15% Tot.BMC 0.540 3.801 0.713| 15% Tot.BMC 0.679 4.106 0.674
Total BFLBM 0.355 MCSA 0.171
Age -0.115 Age -0.128
15% BS| 0.528 3.804 0.713| 15% BS}| 0.650 4.120 0.669
Total BFLBM 0.407 MCSA 0.263
35% Tot.BMC 0.521 3.994 0.692 | 35% Tot.BMC 0.661 4.191 0.661
Total BFLBM 0.338 Age -0.176
Age -0.154 MCSA 0.177
35% SSI 0.493 4.149 0.658 | 35% SSI 0.646 4.321 0.629
Total BFLBM 0.344 Age -0.240
Age -0.204 MCSA 0.174
35% Imax 0.493 4.169 0.664 | 35% Imax 0.649 4.332 0.637
Total BFLBM 0.339 Age -0.235
Age -0.201 MCSA 0.168
65% Tot.BMC 0.658 3.573 0.753 | 65%Tot.BMC 0.834 3.708 0.732
Total BFLBM 0.228 Age -0.139
Age -0.138
65% SSI 0.507 4.055 0.682 | 65% SSI 0.645 4.227 0.655
Total BFLBM 0.344 Age -0.233
Age -0.198 MCSA 0.193
65% Imax 0.494 4.134 0.670 | 65% Imax 0.632 4.263 0.649
Total BFLBM 0.346 Age -0.249
Age -0.210 MCSA 0.207
85% Tot.BMC 0.747 3.081 0.815| 85% Tot.BMC 0.892 3.220 0.796
Total BFLBM 0.200
85% SSI 0.572 3.740 0.730 | 85% SSI 0.688 3.918 0.703
Total BFLBM 0.317 Age -0.166
Age -0.146 MCSA 0.184
85% Imax 0.557 3.996 0.692 | 85%Imax 0.678 4.098 0.676
Total BFLBM 0.291 Age -0.189
Age -0.167 MCSA 0.166
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BFLBM: BoneFree Lean Body Mass; MCSA: Muscle Cr&actional Area at the 65% Tibia
Site;BMC: Bone Mineral Content; vBMD: Volumetric Bone Mineral Density; SSI: Strength
Strain Index; Imax: Maximum Moment tfertia of a CrosSectional SliceBSI: Bone
Strength Index; BSE Total Area * Total vBMDB

Table 18. Selected BesFemoral NeckaBMD Predictors Using a pQCT Variable, a
Lean Mass Variable, and Age

Best Predictors using Total BFLBM Best Predictorsusing MCSA
b SEE FR° b SEE R°

5% Tot.BMC 0.505 0.112 0.500 | 5% Tot.BMC 0.505 0.112 0.500
Age -0.408 Age -0.408

5% Tot.vBMD 0.531 0.103 0.582 | 5% Tot.vBMD 0.542 0.104 0.579
Age -0.288 Age -0.300

Total BFLBM 0.165 MCSA 0.150

5% BS}k 0.382 0.115 0.482 | 5% BS} 0.397 0.115 0.485
Age -0.408 Age -0.423

Total BFLBM 0.166 MCSA 0.169

15% Tot.BMC 0.459 0.117 0.462 | 15% Tot.BMC 0.459 0.117 0.462
Age -0.450 Age -0.450

15% Tot.vBMD 0.301 0.118 0.450 | 15% Tot.vBMD 0.327 0.118 0.450
Age -0.386 Age -0.405

MCSA 0.267 MCSA 0.261

15% BS| 0.505 0.113 0.496 | 15% BS| 0.505 0.113 0.496
Age -0.389 Age -0.389

Age -0.483 0.120 0.434 | Age -0.483 0.120 0.434
35% Tot.BMC 0.424 35% Tot.BMC 0.424

Age -0420 0.123 0.411 | Age -0.455 0.124 0.394
Total BFLBM 0.356 MCSA 0.331

35% Tot.vBMD 0.197 35% Tot.vBMD 0.199

Age -0.473 0.119 0.436 | Age -0.473 0.119 0.436
35% Cort.BMC 0.427 35% Cort.BMC 0.427

Age -0.524 0.122 0.410 | Age -0.524 0.122 0.410
35% SSI 0.394 35% SSI 0.394

65% Tot.BMC 0.501 0.112 0.504 | 65% Tot.BMC 0.501 0.112 0.504
Age -0.467 Age -0.467

Age -0.405 0.120 0.439 | Age -0.446 0.122 0.417
Total BFLBM 0.381 MCSA 0.349

65% Tot.vBMD 0.264 65% Tot.vBMD 0.254

65% Cort.BMC 0.495 0.113 0.496 | 65% Cort.BMC 0.495 0.113 0.496
Age -0.448 Age -0.448

Age -0.519 0.120 0.427 | Age -0.519 0.120 0.427
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65% SSI 0.415 65% SSI 0.415
85% Tot.BMC 0.580 0.104 0.568 | 85% Tot.BMC 0.580 0.104 0.568
Age -0.354 Age -0.354
85% Tot.vBMD 0.394 0.113 0.503 | 85% TotvBMD  0.402 0.114 0.492
Age -0.327 Age -0.353
Total BFLBM 0.292 MCSA 0.271
Age -0.475 0.116 0.468 | Age -0.475 0.116 0.468
85% SSI 0.463 85% SSI 0.463

BFLBM: BoneFree Lean Body Mass; MCSA:
Site; BMC: Bone Mineral Content; vBMD: Volumetric Bone Mineral Density; SSI: Strength
Strain Index; Imax: Maximum Moment of Inertia of a Cr&ctional SliceBSI: Bone
Strength Index; BSkE Total Area * Total vBMDB

Muscle Cr&sctional Area at the 65% Tibia

Table 19. Selected BesFemoral NeckBMC Predictors Using a pQCT Variable, a
Lean Mass Variable, and Age

Best Predictors using Total BFLBM

Best Predictors using MCSA

b SEE R’ b SEE FR°

5% Tot.BMC 0.620 0.540 0.734| 5% Tot.BMC 0.789 0.558 0.713
Age -0.204 Age -0.186

Total BFLBM 0.220

Total BFLBM 0.537 0.573 0.701 | 5% Tot.vBMD 0.472 0.649 0.616
5% Tot.vBMD 0.414 MCSA 0.429

Age -0.142 Age -0.171

Total BFLBM 0.506 0.599 0.673 | 5% BS} 0.457 0.649 0.616
5% BS}, 0.367 MCSA 0.403

Age -0.222 Age -0.251

15% Tot.BMC 0.475 0.585 0.688 | 15% Tot.BMC 0.594 0.621 0.648
Age -0.258 Age -0.273

Total BFLBM 0.348 MCSA 0.194

15% Cort.BMC 0371 0.623 0.646 | 15% Cort.BMC 0497 0665 0.%96
Total BFLBM 0.428 Age -0.26

Age -0.248 MCSA 0.275

15% SSI 0.424 0.614 0.656 | 15% SSI 0.568 0.650 0.614
Age -0.298 Age -0.323

Total BFLBM 0.365 MCSA 0.183

15% BS| 0.430 0.593 0.679 | 15% BS| 0.535 0.628 0.639
Total BFLBM 0.413 MCSA 0.295

Age -0.212 Age -0.226

35% Tot.BMC 0.430 0.615 0.654 | 35% Tot.BMC 0.559 0.640 0.626
Age -0.292 Age -0.317

Total BFLBM 0.356 MCSA 0.212
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35% Cort.BMC 0.433 0.612 0.658 | 35% Cort.BMC 0.557 0.636 0.630
Age -0.283 Age -0.305

Total BFLBM 0.358 MCSA 0.222

Total BFLBM 0.341 0.623 0.646 | 35% SSI 0.567 0.643 0.623
Age -0.336 Age -0.372

35% SSI 0.432 MCSA 0.196

65%Tot.BMC 0.566 0.567 0.707 | 65% Tot.BMC 0.756 0.588 0.681
Age -0.278 Age -0.279

Total BFLBM 0.248

65% Cort.BMC 0.522 0.577 0.696 | 65% Cort.BMC 0.625 0.596 0.676
Age -0.258 Age -0.272

Total BFLBM 0.296 MCSA 0.181

65% SSI 0.465 0.606 0.665 | 65% SSI 0.582 0.624 0.645
Age -0.332 Age -0.365

Total BFLBM 0.325 MCSA 0.203

85% Tot.BMC 0.697 0.488 0.782 | 85% Tot.BMC 0.837 0.503 0.767
Age -0.144 Age -0.119

Total BFLBM 0.184

Total BFLBM 0.504 0.625 0.644 | 85% Cort.BMC 0.429 0.667 0.594
85% Cort.BMC 0.319 MCSA 0.392

Age -0.258 Age -0.289

85% SSI 0.528 0.567 0.706 | 85% SSI 0.625 0.585 0.688
Age -0.284 Age -0.304

Total BFLBM 0.298 MCSA 0.192

85% Imax 0.501 0.602 0.669 | 85% Imax 0.606 0.612 0.658
Age -0.304 Age -0.326

Total BFLBM 0.284 MCSA 0.182

BFLBM: BoneFree Lean Body Mass; MCSA: Muscle Cr&sctional Area at the 65% Tibia
Site;BMC: Bone Mineral Content; vBMD: Volumetric Bone Mineral Density; SSI: Strength
Strain Index; Imax: Maximum Moment of Irtex of a CrossSectional SliceBSI: Bone
Strength Index; BSI= Total Area * Total vBMD
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Table 20. Selected Bestrochanter aBMD Predictors Using a pQCT Variable, a
Lean Mass Variable, and Age

Best Predictors using Total BFLBM Best Predictors using MCSA
b SEE R° b SEE FR°

5% Tot.BMC 0.667 0.100 0.508 | 5% Tot.BMC 0.667 0.100 0.508
Age -0.154 Age -0.154

5% TotvBMD  0.614 0.094 0.571| 5% Tot.vBMD 0.651 0.096 0.548
Total BFLBM 0.267 MCSA 0.207

5% BSh 0.448 0.106 0.453 (5% BSk 0.488 0.107 0.444
Total BFLBM 0.265 MCSA 0.228

Age -0.164 Age -0.182

15% Tot.BMC  0.597 0.108 0.420| 15% Tot.BMC 0.597 0.108 0.420
Age -0.210 Age -0.210

15% BS| 0.669 0.106 0.448 | 15% BS\ 0.669 0.106 0.448
35% Tot.BMC  0.574 0.110 0.408 | 35% Tot.BMC 0.574 0.110 0.408
Age -0.252 Age -0.252

35% Cort.BMC 0.584 0.109 0.419| 35% Cort.BMC 0.584 0.109 0.419
Age -0.239 Age -0.239

65% Tot.BMC  0.639 0.102 0.485|65% Tot.BMC 0.639 0.102 0.485
Age -0.234 Age -0.234

65% Cort.BMC 0.642 0.102 0.486 |65% Cort.BMC 0.642 0.102 0.486
Age -0.208 Age -0.208

85% Tot.BMC  0.760 0.092 0.578|85% Tot.BMC 0.760 0.092 0.578
85% Tot.vBMD 0.510 0.101 0.498 | 85% Tot.vBMD 0.541 0.106 0.452
Total BFLBM 0.409 MCSA 0.344

85% SSI 0.591 0.108 0.427 | 85% SSI 0.591 0.108 0.427
Age -0.244 Age -0.244

BFLBM: BoneFree Lean Body Mass; MCSA: Muscle Cr&sctional Area at the 65% Tibia
Site;BMC: Bone Mineral Content; vBMD: Volumetric Bone Mineral Density; SSI: Strength
Strain Index; Imax: Maximum Moment of Irtex of a CrossSectional SliceBSI: Bone
Strength Index; BSI= Total Area * Total vBMDB
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Table 21. Selected Bestrochanter BMC Predictors Using a pQCT Variable, a
Lean Mass Variable, and Age

Best Predictors using Total BFLBM Best Predictors using MCSA

b SEE R° b SEE R°
5% Tot.BMC 0.682 0.156 0.755 | 5% Tot.BMC 0.856 1.724 0.732
Total BFLBM 0.230
Total BFLBM 0.622 1.984 0.649 | MCSA 0.456 2.356 0.504
5% TotvBMD  0.331 5% Tot.vBMD 0.423
Total BFLBM 0569 1.975 0.652|5% BS}, 0.486 2.259 0.544
5% BS} 0.358 MCSA 0.401

15% Tot.BMC 0.529 1.849 0.695| 15% Tot.BMC 0.791 2.039 0.625
Total BFLBM 0.372

15% SSI 0.520 1.909 0.675| 15% SSI 0.786 2.059 0.618
Total BFLBM 0.357

15% BS| 0.460 1.892 0.680 | 15% BS} 0.608 2.089 0.610
Total BFLBM 0.452 MCSA 0.267

35% Tot.BMC 0.501 1.948 0.661| 35% Tot.BMC 0.777 2.095 0.604
Total BFLBM 0.365

35% Cort.BMC  0.484 1.960 0.657 | 35% Cort.BMC 0.670 2.096 0.608

Total BFLBM 0.382 MCSA 0.158
35% Imax 0.520 1.967 0.654 | 35% Imax 0.788 2.040 0.628
Total BFLBM 0.332 Age -0.122

65% Tot.BMC 0.610 1.812 0.707 | 65% Tot.BMC 0.822 1.898 0.675
Total BFLBM 0.276

65% CortBMC 0.572 1.832 0.700 | 65% Cort.BMC 0.809 1.958 0.655
Total BFLBM 0.319

65% SSI 0.487 1.968 0.654 | 65% SSI 0.771 2.120 0.595
Total BFLBM 0.374

85% Tot.BMC 0.626 1.709 0.739| 85% Tot.BMC 0.872 1.781 0.717

Total BFLBM 0.289 Age 0.135
Total BFLBM 0.542 2.002 0.642 | 85% Cort.BMC 0.506 2.444 0.550
85% Cort.BMC  0.359 MCSA 0.365
85% SSI 0.541 1.858 0.692 | 85% SSI 0.703 1.985 0.648
Total BFLBM 0.351 MCSA 0.151
85% Imax 0.568 1.908 0.675 | 85% Imax 0.801 1.992 0.642

Total BFLBM 0.295

BFLBM: BoneFree Lean Body Mass; MCSA: Muscle Cr&sctional Area at the 65% Tibia
Site;BMC: Bone Mineral Content; vBMD: Volumetric Bone Mineral Density; SSI: Strength
Strain Index; Imax: Maximum Moment of It of a CrossSectionalSlice;BSI: Bone
Strength Index; BSkE Total Area * Total vBMD
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DISCUSSION

The basic rationalbehind the current studyas that previous investigations
measuring bone characteristicing pQCThave used a variety of tibia sites and have
focused on a veety of different bone variables from the pQCT out{#2847,55,80).
This variety limits direccomparisongmong studieand has inhibited the development
of standardized testing procedures and reference databases, which is a major strength of
DXA (24). My study focused on measuring the tibia at 10 sites along the length of the
tibia in generally healthy, neelderly adultCaucasiamen and women not taking
exogenous hormones or medications known to significantly affect bone héla#h.
primary findirgs were that most tibia sites have significantly different amounts of
volumetric bone mineral density, bone mineral content, area, circumferences, cortical
thicknesses, general shape, and estimated streligthy of the gender differences
were accountedf by differences in content, leading to differences in area and
subsequently, strengthn addition, a major proportion of gender differences were
explained by differences in muscle ma3$iere were multiple age effects that ledhe
40-49 year old dcadehaving the highest estimated bone strengith the magnitude
of age differences depended on the measurementBa&eBSI results suggested that
estimated compressive strength also does not peak during the 30s, but with variability in
BSI values irthe40s and 50s may suggest the importance of loading modalities on the
developmenof peak strength. bkt oftheanalysesvas performeavith the Total
vBMD? * Total Area version of BSI, as it is the more common version in literad@e (
it exhibitedmore significant effects, and was more strongly related to hip aBMD and

BMC variables.

89



This study builds on the findings and ideas proposed by Capozzalel) avtfo
tested the tibia at 18 sites: every 5% of the limb length fred8%, distal tqroximal,
except for the 50% site. Their study, however, was a small study (n=22) of healthy men
and women ages 240 years with no other information about the participants. Physical
activity, body size, body composition, nutrition, hormone status dmmlcéy of the
participants were not reported, so there is no indicatidineapplication of their
findings. Ethnicity is important because some auttfoosn Capozza et alld) reported
theirinstitutionalaffiliations as beingrom South American, wieas othea ut hor s 6
affiliations werein Europe and differences in aBMD and fracture risk between
ethnicities are well establishetls( 53), but differences in pQCtelated variables are
far less established~urther, because this group did not report®ADyélues, there is no
indication of their bone health status (above normal, normal, osteopenic).

Gender and Bone

Womenhave been shown ttave greatefragility fracture riskkthan men after
middle agg15, 55, 59). This is probably mostlgue to differences in bone size, as
suggested bthepQCTresults A previous stugl hasalso reported bone size and
strength differences without large differences in vBMD between men and w@B8)en
In fact,data from this study suggestst women had geger cortical vBMD, and at
some sites, total vBMD, than mébifferences in content or area translated to larger
differences in estimated bone strength as Imax, Imin, orG&3ider differences in
fracture risk may also be related to different relativerdoumtions of cortical and
trabecular bone or with the efficiency of the bone architecture that is not represented by

density.
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This study utilized recently suggested techniques for bone analysis to assess the
relative amounts of cortical and trabeculané within the tibia and to assess relative
bone strengthld). Total BMC ratioswvere calculatethetween a trabecular rich site
(5%) and a cortical rich site (15%, 35%, 65%%85 The reported cortical rich sites
were selected because they were on or near sites that Capozta4ipabposed for
inclusion in ratios and gave ratio values for (5%, 35%), because they were on or near
sites that were commonly measured in previtudies (15%, 35%, 65%), or because
the repeated measures ANOVAs from this study suggested that it was a site sensitive
for detecting age and gender differences (83%&n had higher bone content ratio
values than women for 5%:35%, 5%:65%, and 5%:85%gestmg that men either
have higher relative amounts of trabecular bone or lower relative amounts of cortical
bone. This is somewhat difficult to discern considering men had higher cortical and
trabecular BMC valuesThe 2029 year old men were the ordyoup that ha®%:35%
ratios similar to thoseepored by Capozza et and 5%:15% ratios we much lower
than the 1.5:1.0 prestd by Capozza et él14). It is clear that these ratios are not
consistent between genders, age groups, or perhaps ernengettups, so caution is
needed in trying to use or interpret the ratios. Much larger samples are needed to
determine healthy ranges of ratio values and the physiological significance, if any, of
these ratios.

Men had greater SSI:Total BMC ratios th@omenat all sites except for the
15% site. Dividing SSI values by total BMC values to assess stretugifeight ratios
is a slight departure from Capozza ef(&dl), where they divided crossectional

moment of inertia by total BMCSSI is defined by sing the equation
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SSI|  ZAXCErt(VBMD meadcort.vBMDimay))/Omax
where d is distance, A is area, cort.vBMRis the measured cortical vBMD,
cort.vBMDpaxis a theoretical maximum cortical vBMD under physiological conditions
(1200 mg/cr), and Ghaxis the maximum distance of the outer cortical shell to the
center of mass6d). Substituting vBMD for elastic modulus is thought to give a section
modulus (crossectional moment of inertia divided by the maximum radius) that takes
bone material prope#s into account (i.e. comparing resistance to torsion and bending
of a cardboard tube and a bone of the same dimeng&#)spividing a cortical
densityweighted section modulus by tbteone content gives a strengtiweight ratio,
which is indicativeof the efficiency ofwhole-bone tissue arrangemeiftius, it appears
from thesalata that men have a more effective arrangement of bone mass that may be
protectivefrom fracture The method proposed by Capozza efla) may be just as
effective of amlssessmermtf whole-bone architecture efficienchput further studies are
needed to determine if either assessment are beneficial for assessing bone health.

In addition to gender differences in bone content, area, estimated strength, and
strengthto-weight ratios, the ratio of Imax to Imin was also greater in men at sites 45%
to 85%, suggesting differences in whole bone shapgust difference in contentlhis
may be related to loading patterns from different types of physical activities
(56,63,101). While this may not affect hip fracture risk, it may be related to stress
fracture risk in the tibia caused by excessive or prolonged unaccustomed loading
(23,42,65,81,95). Interestingly, his was the only bone varialfier which most sites

were not signitantly different from each other.
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Muscle mass accounted fomauch larger proportion of gender differences in
BMC and bone strengtthanof gender differences wBMD. The majority of loading
onto bone is thought to come from muscular contrac{{®nis and these data support
that theory, especially since leg BFLBM was more strongly related to bone
characteristicghan total body BFLBM. Calf MCSA was a weaker predictor of bone
characteristics than total body BFLBM, but this may suggest the importatioe thigh
musculature inserting force on the tibia. Leg and total BFLBMa@better
indicators of general training and fitness stat@alf MCSA was included in the
regression tables to show the ability to predict DXA hip values without using any DXA
based body composition measures.

Total and legdt mass did not account fgenderdifferences in bone
characteristics, and since women had greater fat mass values than men, some gender
differences in bone characteristics were slightly amplified whetraiting for fat mass
values.Total and leg fat mass were not correlated with bone charactefM$tesnding
that calf FCSA was negatively related to some bone characteristics may bevieditat
the negative effects aactivity on bone healtf64,67). Previous stuteshave reported
fat mass as a predictor of aBMD in untrained postmenopausal W@®84), since fat
mass is a source of gravitational loading and also a potential source of estrogen
production(50).

The general lack of age*genderardction effects in this study was surprising,
as it does not gport previous findings ipostmenopausal women not taking hormone
replacement theragyavinggreater bone or body composition differences from oren

premenopausal women not taking hormormaltraceptive$28,61,77,80. This may

93



simply be a power issuelated to sample sizas correcting for BFLBM caused
age*gender interactions to become significant for PeriC ap@hd age*gender*site
interactions to become a trend for total BMC aqpgl. I The main finding was that
gender effects were greatest ind®year olds for these variabl@is enhanced
gender difference is not likely due to menopausal status, as there were 14 (out of 15)
postmenopausal woman in the 50s group, and only 4 pospraesal women in the 40s
group. Two women in thigttergroup were perimenopausBlespite theseesults,
secondary analyssomparingonly premenopausal women to postmenopausal women
found site*menopause interactions for tibia total BMC and vBMD whemgusge as a
covariate. While a trend for this effect also occurred for cortical BMC, there were no
menopause effects for any other bone variable when accounting for age.
Aging and Bone

Significant age effects were n&¢en as consistents gender effectsThe trend
for age effects for total and cortical BMC and cortical area likely did not meet
significance because of the number of sites that were not different between age group
but sample size is also a possible issDther potential reasarior fewer age group
differencesarethe lack of age group differences in lean tissue vaudghe significant
age group differences in fat mass valuggice BFLBM was a significant predictor of
many bone characteristics, and it is thought to be theapy source of bone loading,
maintaining lean tissue may have prevented sagegelatedbone loss.Although fat
mass was not related to bone characteristics, correctirigtfimass made sonage
differencedn bone characteristics (total and corticM®, cortical area, and the

age*site for PeriCyignificantwhen they were previously a trenBssentially, some
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age effects were reduced because of increased fat mass in older age groups, but not
nearly to the extent that lean mass affected gender effecther,decreases in lean

mass equivalent to the increases seen in fat mass would have likely caused a greater
detrimental effect on bone characteristics between age groups.

Most significant age pairwise comparisons wexend between the 20s group
ard 50s group.The 40s participanthoweverhad the highest estimate bone strength,
suggesting that while the accumulation of bone mass may peak around age 30, there
may be additional arrangements of whole bone architecture to strengthen the bone, such
that peak bone strength may occur when a person is in thdecade, not2 This
suggestion is supported by significant age and age*site effects in endosteal
circumferencdetween 20s and 30s. However, prolonged increases in endosteal
circumference vthout increases in periosteal circumference can decceateal
thicknesdo a degree that decreases strength.

Although age group differences were less common than gender diffenences
this study age was a more consistent predictor of DXA aBMD vailhas lean tissue
values Further, while bone variablesd not have a linear decrease along age groups
age was always a negative predictor of hip bone varidbdas tissue predicted aBMD
more often when a vBMD variable was used in the prediction mddhed.fact that
MCSA remained in the model when it substituted total BLFBM suggests that over 50%
of the variability in hip aBMD can be explained by using age and pQCT measures.
When predicting hip BMC values, total BLFBM was a more important contribaitor t
the model than age, but age was a more important contributor than MCSA.

Interestingly, cortical vBMD was negatively related te gQCT bone strength
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estimates. This finding seems to conflict with lestgnding methods of using bone
density as a surrotmof bone strengttil4, 49, however, cortical and trabecular vBMD
were not correlated withip aBMD or BMC, buthip aBMD and BMC were related to
pQCTtibia strength estimateBone strength index, SSI, and Imax were not able to
predict DXA variables b&tr than total BMC. Bone content ratios and SSl:Total BMC
ratios did not predict DXA variables better than single variable predi¢iorgever,
there were age and gender differences in bone content ratios, suggesting that they may
be indicative of relatig cortical or bone losse3.he relatively weak correlations
between the generatddscores for ratios and hip-scores suggest that the ratios could
not be used as a substitute for Tiggcores for fracture risk determination.
Physical Activity and Diet as Predictors of Bone Health

Calcium and vitamin D were not significant predictors of bone characteristics
which is interesting considering such a high proportion of the sangdeat/ingesting
recommended amounts accordingristitute of Medicin€75). Proteinand
phosphoroushowever, vereconsistent correlasof bone characteristicsvhile
correlations were weaker and less consistent, the proportion of calories ingested as
protein was also related to bone heditlgher protein intakes have previousigen
associated with increased BMD and Kefevels andvith reduced rates of bone
resorption(20, 89). Phosphorous is thé®most abundant mineral in the body, second
to calcium(29). The relationship between phosphorous and protein intake was 0.96, so
it is unclear whether protein or phosphorous alone or the combination of both were

related to better bone health.should be noted that a potential limitation of the Block

2006 Foodcr equency Questionnaire is an inadequ
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Oprotein barsd and representation of prote
and shakes. Since many of protein bars and powder also contain calcium, it is possible
that calcum and protein intakes are being underestimatsdme subjectlso, since
information about sun exposure was not obtained, | cannot state for certain that the
participants were vitamin D deficient.

Bonespecific physical activity was not strongly redtto bone variables. This
may have been partly due to how activities are scored, and due to the fact that the
BPAQ is not particularly specific about frequency or intensity of the activities during
the years the activity was performefilso, women hadilgher past and total bone
specific physical activity levels, which was somewhat unexpected. Again, this was
likely due to how activities are scored. Gymnastics is considered the bone loading
standard to which other physical activities are compared ta st@ing the
guestionnair€99). A wide range of physical activity levelgere includedo
adequately reflect the general healthy population. At a minimum, participants only had
to report that they engaged in a minimum of 75 minutes per week of moderate
vigorous occupational, home, or leispfeysical activity. At a maximum, participants
were included if they reported more than 15 hours per week of moderate or vigorous
exercise per week. The terms physical activity and exercise are used exclusively
intentionally, such that individuals with more physical demanding occupations such as
fire fighters or construction worker were
physical activity or not enough exercise outside of work. Specific sports or physical
activities were not excludeds this would have limited to apmtuility of the findings.

While some physical activities have been positively associated with bone characteristics
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(3256,81,101), some physical activities have been negatively associated with bone
health(6,2578) but the reasons for the negative association are unclear.
Recommendations

In the interest of deciding ideal sites for bone characterizatierc% and 85%
sites were $es with higher amounts of group divergence. Also, the 35% and 65% sites,
near already commonly used sites (38% and 66%) wereasidsch seeral group
differences peakedMore group differences peaked at the 65% than the 35%asde,
the 65% site has the added benefit of being a site for assessing calf MG&A5%
site does not appear to addlything to the above fogites. The ¢6éi deal 6 si t e/(
partly depends othe chosen outcome variable
Limitations

There are several limations to this study. Because of the cresstonal design,
Rates of bone change in different age groupisetween gendecannot be addressed
While certain tibia sitebad larger gender and age group differences, longitudinal
studies are needed tordirm that the same sites will show the greatest changes with
prolonged exercise training, prolonged unloading, aging or menoppQ&eT results
were used to predict DXA values, but the design of the study prohibited the prediction
for fracture. Largelongterm prospective studies are needed to determine if pQCT
values can be used to asses fracture risk.

Cortical bone values, SSI, Imax, Imin, and Imax/Imin were not reported at the
5% site because this site is particularly influenced by partial voéifeets é,30) when
performing corticabased analysdsecause of the thin cortical shell relative to the

resolution of the scamA | | participantsdé cortical shell
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even when using the 480 threshokhother issue uniqu the 5% site for this study is
that the SSI, Imax, and Imin values are calculated based on the cortical bone, assuming
a hollow tube shape, and the 5% site strongly violates this assumption (see Figure 1).
The Stratec soft war andIginvake buatheyassumeaalsolidh o n e 6
homogenous rod, and all sites strongly violate this assumption. Therefore, it is difficult
to have high confidence in the accuracy of the-B&h estimated strength values at this
site. It should be noted that whithe 85% site also has a thin cortex in many people,

for any given person the thickness is greater at the 85% site than at the, Z¥dsite
therefore, is less prone to partial volume effe@artial volume effects occur at the

border between soft tisswand the cortical shell, and between cortical bone and
trabecular bone when a voxel contains both bone and soft tissue, or both cortical and
trabecular bone. Cortical shells that are thin relative to the scan resolution are more
prone to under or over @®ations in cortical valuesWhen reporting cortical bone

values (not strength valuesl were reported with the 480 threshalding the 710
threshold, approximately 1/3 had a cortical thickness of 2 mm, isuttieshold was set

a priori and tleresuting values were used for consistency of analysis technique with
other sites.It should also be noted that using the 710 threshold did not cause streaking
or popping points in the cortical analysis, and for the purposes of characterizing purely
corticalbone, is still appropriate. Usirag650corticalthreshold also commonly used,

may be more appropriate for this divefurther reduce the chances of partial volume
effects All subjects had a cortical thickness value greater than 2 mm with the 480
threshold, but using the lower threshold would have automatically lowered the cortical

density value and raised the cortical area value.
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Tibia limb length became a limitation, as some tibias were too long to allow the
gantry to move to the 95% site from a Scaew. There are likely minute differences
in actual measurement site between scoutddased and manual scans. Alsos
expected that the there is some variation in the shape and contour of the tibia condyles,
particularly in those with arthritichangesf the knee In particular, there may be
differences in the distance from the tibial plateau that is palpable by the tester to the
articular surfacesas well as differences in the distance from the medial malleolus to the
tibia endplate Other sites, however, were all collected using a scout viesimply
suggests the need to consistenibeeithera scout view or manual scanning for site

determination for the most precise results.
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CHAPTER V
CONCLUSIONS

The purpose of this study was to examine the effects of age and gender on tibia
morphology, and to relate indicators of tibia mass and shape on hip and spine aBMD
and BMC as assessed by DXA. Further purposes of this study were to determine which
tibia siteor sites are most sensitive for detecting age, gender, or menopéaisd
morphology changesThe following research questions were investigatetlviat
effects do age and gender have on bone mass, bone shape, and bone strength indicators
throughout he adult tibia?2. What tibia site(s) and characteristics are most sensitive to
agerelated changes3. What tibia site(s) and characteristics are most sensitive to
menopauseelated changes2. What are the relationships between pQ&sBessed
bone massbone shape, and bone strength indicators at individual tibia sites or as ratios
between multiple tibia sites and DX#ssessed bone mass and aBMD?
Research Hypothesis 1.

A. Men will have greater periosteal circumference, cortical thickness, total and

cortical area, total vBMD and SSI than women at any tibia site and any age.
Men did, in fact have greater periosteal circumference, total and cortical area,

and SSI than women at any tibia site and any age. However, men did not have

greater total vBMD at eversite. The magnitude of gender difference varied by

site, and much of the gender difference was accounted for by differences-n bone

free lean body mass.

B. With age, women would develop a greater endosteal circumference than

men.
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Findings did not suppothis hypothesisdMien had greater endosteal
circumferences than women at all siter all age groups.

C. Men and premenopausal women would have similar cortical vBMD,
trabecular content and vBMD.

Cortical vBMD were similar between men and all women, iarfdct, women
had slighty, but significatly, greater values than meven had geater trabecular
BMC than womenbut gender differences widely varied between age groups and by
site. There was an interactiaf age and gender for trabecular vBMBender
differences in trabecular content and vBMD were generally large.

D. Trends for increases in bone size would begin at age 40 for both genders, but
rates of change would be more rapid for women.

The evidence from this sample does not fully suppasthiypothesis. Only
trabeculawBMD had significant age and gender interaction effects, suggesting that
for most bone sizeelated variables, including total and cortical area andsteal
and endosteal circumferences, changes occurred at a similaetaten genders in
this sample.The 2029 year age grouipad the smallest total and trabecular area and
periosteal and endosteal circumference mean values. Also, cortical area values were
highest in 36somethings and 48omethingsbut this was not sigiicant.

An interesting point t@onside is that when correcting for BFLBM, some
age*gender interaction effects became significant, as gender differences were
largest in 4049 year olds, and became smaller betweeB%@ear olds. In these

cases, it wapredominantly because whiheen had higher values in tA@sgroup
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(compared to other male age groups), women had lower valties 40ggroup In
the 50s group there was a reconvergence of values between gender groups.

Research Hypothesis 2.

A. Sites closest to the bone ends will be most sensitive to age related changes.

This finding somewhat depended on the variable being tested, but this
hypothesis is supported for total BMC, vBMD and aseajtrabecular area and
content

B. There will be decreases in cortical area and thickness, and decreases in
trabecular content.

Cortical thickness did decrease with age, but cortical area didmarte was a
trend for decreases in trabecular content with age, but it was not significant.
Trabecular loss appeared to decline im420yr olds at the 5% site, and-50 yr
olds at the 85% site.

C. There will be increases in total and trabecular bone area. SSI (measure of
torsional strength at diaphyseal sites) will not significantly change with
deaeased cortical content when total bone area increases.

The 2029 year age group had the smallest total and trabecular area mean values.
The hypothesis that SSI would not chasggificantlywith decreased cortical
content when total area increases could not be adequatelyliestecse¢here were
no significant decreases in cortical content.

D. The ratio of total bone mass between the 5% site and more proximal sites until

75% would decrease.

103



The data suppothis hypothesis, and the ratio continued to decrease until the
85% site.
Research Hypothesis 3.
A. Menopauserelated changes Wl be most evident with trabecular content and
vBMD loss in the distal and proximal tibia sites (5%, 15%, and 95%), ad
cortical area and thickness loss in the diaphyseal sites.

Trabecular vBMD was the only variable to have a significant age*gender

interaction effect, and trabecular content was the only variable to have a significant

site*rage*gender interactiorloweve, theonly bone variables where a direct
significant site*menopause group interactiamerefoundweretibia total BMC and
total vBMD, and group differenegeaked in the diaphyseal shatft.

B. There will be a change in the ratio of cortical content in diaphyseal sites to
trabecular content in epiphyseal sites.

There were significant findings in bone mass ratibse 5:35%, 5:65% and
5:85% total BMC ratios were each significantly greater in men than woanel the
20-29 year age group had the highest ratios. This suggestdiad higher relative
amounts of trabecular bone or lower relative amounts of cortical bone. Also, the
relaive amount of trabecular bone svgreater in younger adults.

Research Hypohesis 4.
A. Total BMC will be the strongest predictor of hip aBMD and BMC variables at
all pQCT sites, but correlations wil be strongest at nordiaphyseal sites.
When adding age and a lean mass variable into the stepwise regression, total

BMC and vBMD eaclpredicted hip, femoral neck, and trochanter aBMD. With the
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exception of the 5% tibia site, tibia BMC was generally a stronger predictor of hip
aBMD than tibia vBMD. Prediction was strongest by total vBMD and BMC at the
5% and 85% sites, but up to 40% loé¢ tvariance in total hip, femoral neck, and
trochanter aBMD was still predicted from total BMC and vBMD in the diaphyseal
sites. In the diaphyseal sites, however, cortical BMC was sometimes a stronger
predictor of hip aBMD than total BMC.

For any givenige, total slice BMC was the best pQCT predictor of total hip,
femoral neck, and trochanter BMC, and the 5% and 85% sites gave the strongest
predictive values. However, cortical BMC predicted femoral neck and trochanter
BMC slightly better than total BM@t the 35% site, and cortical BMC predicted
trochanter BMC slightly better than total BMC at the 85% site. Total BMC
predicted hip BMC values much more strongly than total vBMD. Total and cortical
BMC and strength estimates of the diaphyseal sites, aldhdean tissue and age,
were still able to account for over 60% of the variance in total hip BMC.

. Total area, cortical BMC and area wll be strongly related to hip aBMD and
BMC.

Yes, total area, cortical BMC and area were strongly related to hip BMC
variables. Cortical area was strongly related to hip aBMD variables, and total area
and cortical BMC were moderately correlated with hip aBMD variables.

. Volumetric BMD will only be correlated to hip aBMD and BMC variables at
the tibia 5%, 15%, 85%, and 95%sites, and wil not be related at sites 255%.
Cortical vBMD at the ends of the tibia was not correlated to hip variables, and

cortical vBMD throughout the diaphysis was negatively related to hip variables.
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Total vBMD was correlated with hip variabldgadughout the tibia, but correlations
were strongest at the 5% and 85% sitBsabecular vBMD was not related to hip
variables.
D. Trabecular bone variables wil not be related to hip aBMD or BMC variables
at sites 3575%.
Because this section of bone conglittle, if any trabecular bone in this region
of the tibia, trabecular bone was not quantified at these sites. It was only quantified
at the 5%, 15%, 85%, and 95% sites. Trabecular vBMD was not related to hip
variables for any site.
Clinical Significance
Peripheral Quantitative Computedmography is a bone assessment technique
that can give bone content, density, and area measures of the total, cortical, and
trabecular bone tissue. In addition, pQCT is able to provide estimates of bone strength.
Howe\er, because of the heterogeneity of site selection between studies and a lack of
evidence to support current site selections, reference databases and screening
recommendations cannot yet be developedetermining what sites are most sensitive
for detecing normal aging and gender differences in bone characteristics, including
strength, progress can be made towards developing reference databases at the most
sensitive sites and engaging in fracture outcomes research using pQCT. These steps are
critical for collecting evidence for effective use of pQCT for fracture risk prediction.
It should be noted that results do not sugdeést 14%, 38%, and 66%ites
currently used in the literature are inappropriate, per se, but does suggest a need for

caution when directly comparing studies that used different sites for measurement.
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Results of this study suggest that the 85% site may be a new useful pi@ECior
testing. It is a site of appreciable cortical and trabecular bone, and predicts DXA
variables well. Additionally, it may be a sensitive site to loading or unloading induced
changes, and as a result may be able to predict hip fracture. As a sligbtiiasipe
hypothesis, the 85% site may be a useful site for predicting healing time for total knee
replacements because a clinician will be able to better assess bone quality near the site
of implantation. Based on the results of this study, the 14%dwess not appear to be of
benefit beyond the 4%, 38%, 66%, or 85% sites. Therefore, for research laboratories
looking to limit the number of scans for research protocols, the 14% site is expendable.
Until large, publicly available, reference datasef{s@CT site(s) are developed,
it is recommended that laboratories develop reference datasets abesite using
their own unique participant scans (as opposed to repeated scans from a single
individual) for BMC, vBMD, SSI, BSI, and oments of inertiaSimilar to DXA scan
comparisons, individual pQCT scans could be compared to a young adult reference
database and an agbody size, and ethnicitymatched databasé&cans that are added
to the laboratory reference database should all be analyzed avittasized methods
for consistency.
Future Research Directions
Long-term longitudinal studies are needed to confirm which sites are most
sensitive for detecting change due to aging, menopause, or other pathological
conditions. Further, prospective studége needed to determine fracture risk
probabilities with pQCT .Drastic departures from the most commonly used sites are

likely not necessary. Some commonly used sites in the literature are 4%, 14%, 38%, and

107



66%. In the interest of selecting sites forfukeyet efficient screening, the 5%, 35%,

65%, and 85% were best because of the ability to assess cortical and trabecular bone
characteristics and bone strength that differ with age and gender groups, and be able to
assess the calf musculatufée 85% die seems to be an undgilized, but potentially
powerful site for assessment. While mass ratios and strength to mass ratios did not
predict DXA variables better than a single variable or sisgkebone mass value, they

may still be beneficial in deterining the relative bone losses (i.e. cortical vs.

trabecular) or gains due to unloading or an intervention. Strength to mass ratios may
reflect the efficiency ofvhole bone remodeling not captured when using density values.

Longitudinal studies are als@@ded to confirm this.

108



REFERENCES

1. Ashe MC, Fehling P, Eng JJ, Khan KM, McKay HZ006Bone geometric response
to chronic disuse following stroke: a pQCT studyvusculoskelet Neuronal
Interact 6:226:233

2. Ashe MC, Khan KM, Kontulainen SA, Guy P, Lip, Beck TJ, McKay HA. 2006
Accuracy of the pQCT for evaluating the aged human radius: an ashing,
histomorphometry and failure load investigation. Osteoporos Int. 17-12%1.

3. Ashe MC, LiuAmbrose TYL, Cooper DML, Khan KM, McKay HA. 2008 Muscle
power in elated to tibial bone strength in older women. Osteoporos Int. 19:1725
1732.

4. Augat P, Gordon CL, Lang TF, lida H, Genant HK. 1998 Accuracy of cortical and
trabecular bone measurements with peripheral quantitative computed tomography
(pQCT). Phys Med Biol3: 28732883.

5.Baim S, Binkley N, Bilezikian JP, Kendler DL, Hans DB, Lewiecki EM, Silverman
S.20080fficial positions of the International Society for Clinical Densitometry and
executive summary of the 2007 ISCD Position Development Confer&@iim
Densitom 11(1):7591.

6. Barry DW, Kohrt WM. 2008 BMD decreases over the course of a year in competitive
male cyclists. J Bone Miner Res. 23(4):4811.

7. Berg HE, Eiken O2007Hip, thigh and calf muscle atrophy and bone loss after 5
week bedrest inactivitygur J Appl Physio99:283289.

8. Berry SD, Kiel DP. 2008 Falls as risk factors for fracture. In: Marcus R, Feldman D,
Nelson DA, Rosen CJ (Eds.). Osteoporosis Volume I. Elsevier Academic Press,
Burlington, MA, 911921.

9. Blair HC, Simonet S, Lacey DL, Zaidi N2008 Osteoclast biology. In: Marcus R,
Feldman D, Nelson DA, Rosen CJ (Eds.). Osteoporosis Volume Il. Elsevier
Academic Press, Burlington, MA, 18567.

10.Bonewald LF. 2008 Osteocytes. In: Marcus R, Feldman D, Nelson DA, Rosen CJ
(Eds.). Osteoporosis VolumeElsevier Academic Press, Burlington, MA, 1689.

11.Bouxsein, M.L. 2005Determinants of skeletal fragility. Best Practice Res Clin
Rheumatal19:897911.

12. Bouxsein ML. 2008 Biomechanics of agdated fractures. In: Marcus R, Feldman

D, Nelson DA, RosegJ (Eds.). Osteoporosis Volume |. Elsevier Academic Press,
Burlington, MA, 601623.

109



13. Burke MJ, Roman V, Wright V1978 Bone and joint changes in lower limb
amputees. Ann Rheum Di37:252254.

14.Capozza RF, Feldman S, Mortarino P, Reina PS, Schiess| H, §ttdeFerretti
JL, Cointry GR. 2010 Structural analysis of the human tibia by tomographic (pQCT)
serial scans. J Anat. 210:4481.

15. Cauley JA, Ensrud KE, Hillier TA, Hochberg M, Stone KL, Cummings SR. 2008
The study of osteoporotic fractures: major findings and contributions. In: Marcus R,
Feldman D, Nelson DA, Rosen CJ (Eds.). Osteoporosis Volume I. Elsevier
Academic Press, BurlingtpMA, 689-703.

16. Center JR, Nguyen TV, Pocock NA, Eisman JA. 2004 Volumetric bone density at
the femoral neck as a common measure of hip fracture risk for men women. J Clin
Endocrinol Metabol. 89(6):2778782.

17.Colletti LA, Edwards J, Gordon L, Shary J, B&H. 1989 The effect of muscle
building exercise on bone mineral density of the radius, spine and hip in young men.
Calcif Tissue Int. 45:1-24.

18. Cousins JM, Petit MA, Paudel ML, Taylor BC, Hughes JM, Cauley JA, Zmuda JM,
Cawthon PM, Ensrud KE. 2010 Musg@ewer and physical activity are associated
with bone strength in older men: the osteoporotic fractures in men study. Bone
47:205211.

19. Daly RM, Bass SL 2006 Lifetime sport and leisure activity participation is
associated with greater bone size, quality stnehgth in older men. Osteoporos Int.
17:12581267.

20. Darling AL, Millward DJ, Torgerson DJ, Hewitt CE, Lanhadew SA. 2009
Dietary protein and bone health: a systematic review and-anetgsis. Am J Clin
Nutr. 90(6):16741692.

21. Eckstein F, Lochmuller 84, Lill CA, Kuhn V, Schneider E, Delling G, Muller R.
2002Bone strength at clinically relevant sites displays substantial heterogeneity and
is best predicted from sigpecific bone densitiometry. J Bone Miner Res
17(1):162171.

22.Eser P, Frotzler A, Zehed Y, Wick L, Knecht H, Denoth J, Schiess|2004
Relationship between the duration of paralysis and bone structure: a pQCT study of
spinal cord injured individuals. Bone 34:8880.

23.Evans RK, Negus C, Antczak AJ, Yanovich R, Israeli E, Moran DS. 2008 Sex
differences in parameters of bone strength in new recruits: beyond bone density.
Med Sci Sports Exerc. 40(11SB45S653.

110



24. Faulkner KG, Miller PD. 2008 Clinical use of bone densitometry. In: Marcus R,
Feldman D, Nelson DA, Rosen CJ (Eds.). Osteoporosisriv®lll. Elsevier
Academic Press, Burlington, MA, 1493%18.

25.Ferry B, Duclos M, Burt L, Therre P, Le Gall, F, Jaffre C, Courteix D. 2011 Bone
geometry and strength adaptations to physical constraints inherent in different
sports: comparison between elitenfde soccer players and swimmers. J Bone
Miner Metab. 29:343851.

26. Fritton JC, Schaffler MB2008 Bone quality. In: Marcus R, Feldman D, Nelson
DA, Rosen CJ (Eds.). Osteoporosis Volume |. Elsevier Academic Press, Burlington,
MA, 625-641.

27.Frost HM.2001From Wol f f 6s Law to the Utah Paradi
physiology and its clinical applications. Anat Rec. 262:3%8.

28. Greendale GA, BarretConnor E. 2008 Outcomes of osteoporotic fractures. In:
Marcus R, Feldman D, Nelson DA, Rosen CJ (Eds.). Ostesigovolume I.
Elsevier Academic Press, Burlington, MA, 9982Heer M, Baecker N, Mika C,
Boese A, Gerzer R. 2005 Immobilization induces a very rapid increase in osteoclast
activity. Acta Astronautica. 57:336.

29. Gropper SS, Smith JL, Groff JL. 20@8@lvanced nutrition and human metabolism.
5™ edition. Wadsworth. Belmont, CA.

30. Hangartner TN. 2007 Thresholding technique for accurate analysis of density and
geometry in QCT, pQCT and uCT images. J Musculoskelet Neuronal Interact.
7(1):9-16.

31.Hasegawa YSchneider P, Reiners C, Kushida K, Yamazaki K, Hasegawa K,
Nagano A. 2000 Estimation of the architectural properties of cortical bone using
peripheral quantitative computed tomography. Osteoporos Int.-#2.36

32.Heinonen A, Sievanen H, Kyrolainen H, Pert#an], Kannus P. 2001 Mineral mass,
size, and estimated mechanical strength
29(3):279285.

33.Hernandez ER, Revilla M, Sedaurban C, Villa LF, Cortes J, Rico H. 1997
Heterogeneity of trabecular and cortical postmenopawse lmss: a longitudinal
study with pQCT. Bone 20(3):28337.

34. Hitz MF, Jensen-E B, Eskildsen PC. 2007 Bone mineral density and bone markers

in patients with a recent loenergy fracture: effect of 1 y of treatment with calcium
and vitamin D. Am J Clin Nw. 86:251259.

111



35. Hogstrom M, Nordstrom A, Alfredson H, Lorentzon R, Thorsen K, Nordstrom P.
2007 Current physical activity is related to bone mineral density in males but not
females. Int J Sports Med. 28:4336.

36.1to M, Nakamura T, Tsurusaki K, Uetani Mayashi K. 1999 Effects of menopause
on agedependent bone loss in the axial and appendicular skeletons in healthy
Japanese women. Osteoporos Int. 10:333.

37.Ivaska KK, Gerdhem P, Akesson K, Garnero P, Obrant KJ. 2007 Effect of fracture
on bone turnover arkers: a longitudinal study comparing marker levels before and
after injury in 113 elderly women. J Bone Miner Res. 22(8): 11564.

38.Jorgensen L, Jacobsen BK. 2001 Changes in muscle mass, fat mass, and bone
mineral content in the legs after stroke: aehryprospective study. Bone. 28(6):655
659.

39.Kanis JA. 2008 Assessment of fracture risk. In: Rosen CJ, Compston JE, Lian JB,
Bouillon R, Delmas PD, Demay M, Guise TA, Jan de Beur SM, Keen RW,
McCauley LK, Miller PD, Papapoulos S, Rosen V, Seeman E, Th&kdeds.
Primer on the Metabolic Bone Diseases and Disorders of Mineral Metabolism. 7
Edition. American Society for Bone and Mineral Research, Washington, DC, pp
170173.

40.Kulkarni J, Adams J, Thomas E, Silman1®98 Association between amputation,
arthritis and osteopenia in British male war veterans with major lower limb
amputations. Clin Rehath2:348353.

41.Lang TF, LeBlanc AD, Evans HJ, Lu. 2006 Adaptation of the proximal femur to
skeletal reloading after tgr-duration spaceflight. J Bone Miner R24:12241230.

42.Lappe LM Stegman MR, Recker RR0O01 The impact of lifestyle factors on stress
fractures in female army recruit®steoporosis Internationdl2:3542.

43.Lazoura O, Groumas N, Antoniadou E, PapaddkiFapadimitriou A, Thriskos P,
Fezoulidis 1, Vlychou M. 2008 Bone mineral density alterations in upper and lower
extremities 12 months after stroke measured by peripheral quantitative computed
tomography and DXA. J Clin Densitom. 11(4):5317.

44.Leblanc AD Schneider VS, Evans HJ, Engelbretson DA, Krebs1Bd0 Bone
mineral loss and recovery after 17 weeks of bed rest. J Bone Mines:B£3850.

45. Leclercg MM, Bonidan O, Haaby E, Pierrejean C, Sengl2003 Study of bone
mass with dual energy-pay absorptiometry in a population of 99 lower limb
amputees. Ann Readapt Med PM@:2430.

112



46. Lian JB, Stein GS. 2008 Osteoblast biology. In: Marcus R, Feldman D, Nelson DA,
Rosen CJ (Eds.). Osteoporosis Voluimglsevier Academic Press, Burlington, MA,
93-150.

47.Liu LJ, Maruno R, Mashimo T, Sanka K, Higuchi T, Hayashi K, Shirasaki Y,
Mukai N, Saitoh S, Tokuyama K. 2003 Effects of physical training on cortical bone
at midtibia assessed by peripheral QCT. J Appbkith. 95:219224.

48.Macdonald H, Kontulainen S, Petit M, Janssen P, McKay H. 2006 Bone strength
and its determinants in prand early pubertal boys and girls. Bone 39:598.

49. Marcus R, Bouxsein ML. 2008 The nature of osteoporosis. In: Marcus R, Feldman
D, Nelson DA, Rosen CJ (Eds.). Osteoporosis Volume |. Elsevier Academic Press,
Burlington, MA, 2%36.

50. Misso ML, Jang C, Adams J, Tran J, Murata Y, Bell R, Boon WC, Simpson ER,
Davis SR. 2005 Adipose aromatase gene expression is greater in older women and
is unaffected by postmenopausal estrogen therapy. Menopause. 12205210

51.Morgan EF, Barnes GL, Einhorn TA. 2008 The bone organ system: form and
function. In: Marcus R, Feldmdp, Nelson DA, Rosen CJ (Eds.). Osteoporosis
Volume I. Elsevier Academic Press, Burlington, MA23.

52.Mundy GR ChenD, OyajobiBO. 2003Bone remodeling. InPrimer on the
Metabolic Bone Diseases and Disorders of Mineral MetaboliBavus, M.J., S.
Christakos, M. Kleerekoper, E. Shane, P.G. Robey, N. Lane, D.M. Shoback, S.R.
Goldring, C.B. Langman, A.F. Stewart, M.F. Holick, J.B. Lian, M.P. Whyte, F.S.
Kaplan (Eds.) Washington, D.C.: American SocietyBone and Mineral Research,
46-58.

53. Nelson DA, Pettifor JM, Norris SA. Race, ethnicity, and osteoporiosidarcus R,
Feldman D, Nelson DA, Rosen CJ (Eds.). Osteoporosis Volume I. Elsevier
Academic Press, Burlington, MAG67-687.

54.Nguyen ND, Nguyen TV. 2008 Assessment of fractigle in: Marcus R, Feldman
D, Nelson DA, Rosen CJ (Eds.). Osteoporosis Volume |. Elsevier Academic Press,
Burlington, MA, 923957.

55. Nieves JW, Formica C, Ruffing J, Zion M, Garrett P, Lindsay R, Cosman F. 2005
Males have larger skeletal size and bone ntess females, despite comparable
body size. J Bone Miner Res. 20(3):5236.

56. Nikander R, Sievanen H, UuRBiasi K, Heinonen A, Kannus PO0O6Loading
modalities and bone structures at nonwelggrring upper extremity and weight
bearing lower extremity: a p@Qr study of dult female athletes. Bon89:886894.

113



57.Nilsson M, Ohlsson C, Mellstrom D, Lorentson M. 2009 Previous sport activity
during childhood and adolescence is associated with increased cortical bone size in
young adult men. J Bone Miner R24,(1):125133.

58. Nordstrom A, Olsson T, Nordstrom P. 2005 Bone gained from physical activity and
lost through detraining: a longitudinal study in young males. Osteoporos Int.
16:835841.

59. Orwoll ES, Klein RF. 2008 Osteoporosis in men: epidemiology, pathotogiy,
clinical characterization. In: Marcus R, Feldman D, Nelson DA, Rosen CJ (Eds.).
Osteoporosis Volume Il. Elsevier Academic Press, Burlington, MA, -1084.

60. Paker N, Bugdayci D, Tekdos D, Dere C, Kaya B. 2009 Relationship between bone
turnover and bondensity at the proximal femur in stroke patients. J Stroke
Cerebrovasc Dis. 18(2):13343.

61.Pang MYC, Ashe MC, Eng JJ. 2007 Muscle weakness, spasticity and disuse
contribute to demineralization and geometric changes in the radius following
chronic strokeOsteoporos Int. 1243252.

62.Poole KES, Vedi S, Debiram |, Rose C, Power J, Loveridge N, Warburton EA,
Reeve J, Compston J. 2009 Bone structure and remodeling in stroke patients: early
effects of zoledronate. Bone 44:6@93.

63. Rantalainen T, Nikander R, H@nen A, Suominen H, Sievanen H. 2010 Direction
specific diaphyseal geometry and mineral mass distribution of tibia and fibula: a
pQCT study of female athletes representing different exercise loading types. Calcif
Tissue Int. 86:44-A54.

64.Rauch F, Schonau 208 Peripheral quantitative computed tomography of the
proximal radius in young subjedtdNew references data and interpretation of
results. J Musculoskelet Neuronal Interact. 8(3):228.

65. Rauh MJ MaceraCA, Trone DW, Shaffer RA, Brodine SR006 Epidemiology of
stress fracture and lowewtremity overuse injury in female recruikded Sci Sports
Exerc 38:15711577.

66. Reid IR. 2002 Relationships among body mass, its components, and bone. Bone
31(5):54%555.

67.Riggs BL, Khosla S, Melton LJ. 20@strogen, bone homeostasis, and
osteoporosis. In: Marcus R, Feldman D, Nelson DA, Rosen CJ (Eds.). Osteoporosis
Volume II. Elsevier Academic Press, Burlington, MA, 1a1039.

68. Riggs BL, Melton LJ, Oberg AL, Atkinson EJ, Khosla S. 2005 Substantial
trabecula bone loss occurs in young adult women and men: a populzdsed
longitudinal study. J Bone Miner Res. 20(Suppl 1), S4.

114



69. Riggs BL, Melton LJ, Robb RA, Camp JJ, Atkinson EJ, Peterson JM, Rouleau PA,
McCollough CH, Bouxsein ML, Khosla S. 2004 Populatimsed study of age and
sex differences in bone volumetric density, size, geometry, and structure at different
skeletal sites. J Bone Miner Res. 19:19454.

70. Rittweger J, Felsenberg D. 2009 Recovery of muscle atrophy and bone loss from 90
days bed rest: Relisifrom a oneyear followup. Bone. 44:214224.

71. Rittweger JFrost HM, Schiessl H, Ohshima H, Alkner B, Tesch P, Felsenberg D
2005Muscle atrophy and bone loss after 90 ddngxl rest and the effects of
flywheel resistive exercise and pamidronate: resuttm the LTBR studyBone
36:10191029.

72.Rittweger J, Gerrits K, Altenburg T, Reeves N, Maganaris CN, de Ha20@6
Bone adaptation to altered loading after spinal cord injury: a study of bone and
muscle strengthl Musculoskelet Neuronal Intera6t263276.

73. Rittweger J, Simunic B, Bilancio G, De Santo NG, Cirillo M, Biolo G, Pisot R,
Eiken O, Mekjavic 1B, Narici M. 2009 Bone loss in the lower leg during 35 days of
bed rest is predominantly from the cortical compartment. Bone. 446632

74.Roldan EA, Capiglioni R, Cointry GR, Capozza RF, Ferretti. 2001 Postmenopausal
changes in the distribution of the volumetric BMD of cortical bone. A pQCT study
of the human leg. J Musculoskel Neuron Interact. 2(2)}1&7.

75.Ross AC, Taylor CL, Yaktine AL, Del ValleB. 2011 Dietary reference intakes for
calcium and vitamin D. Institute of Medicine. The National Academies Press,
Washington DC.

76.Royer T, Koenig M2005 Joint loading and bone mineral dgns persons with
unilateral transtibial amputation. Clin Biorach 20:11191125.

77.Rush PJ, Wong JSW, Kirsh J, Devlin 1894 Osteopenia in patients with above
knee amputation. Arch Phys Med Rehabil. 75:113.

78. SeifertKlauss V, Link T, Heumann C, Luppa P, Haseitl M, Laakmann J,
Rattenhuber J, Kiechle M. 2006 Influenof pattern of menopausal transition on
the amount of trabecular bone loss. Results frony@a prospective longitudinal
study. Maturitas 55:31324.

79. Shaffer RA, Rauh MJ, Brodine SK Trone DW, Macera. 806 Predictors of
stress fracture susceptibility in young female recruits. Am J Sports3veiD8
115.

80. Sherk VD, Bemben MG, Bemben DA. 2008 BMD and bone geometry in transtibial
and transfemoral amputees. J Bone Miner Res. 23(9)%:148%.

115



81.Sherk VD, Bembn MG, Bemben DA. Comparisons of bone mineral density and
bone quality in adult rock climbers, resistaitig@ned and untrained men. J Strength
Cond Res. Epub Jan 21, 2010.

82.Sherk VD, Karabulut M, Bemben MG, Bemben DA. 2009 Age comparisons of
bone densityand geometry in men. J Musculoskelet Neuronal Interact. 9(4):256
262.

83. SherkVD, Malone SP, Bemben MG, Knehans AW, Palmer IJ, Bemben DA. 2011
Leptin, fat mass, and bone mineral density in healthy pre and postmenopausal
women. J Clin Densitom. (In Press)

84.Sherk VD, Palmer 1J, Bemben MG, Bemben DA. 2009 Relationships between body
composition, muscular strength and bone mineral density in estdsfierent
postmenopausal women. J Clin Densitom. 12(3)-292.

85. Sievanen H, Koskue V, Rauhio A, Kannus P, HeimoAgVuori I. 1998 Peripheral
guantitative computed tomography in human long bones: evaluation of in vitro and
in vivo precision. J Bone Miner Res. 13(5):8382.

86.Siu WS, Qin L, Leung KS. 2003 pQCT bone strength index may serve as a better
predictor than bne mineral density for long bone breaking strength. J Bone Miner
Metab. 21:316322.

87.Smathers AM, Bemben MG, Bemben DA. 2009 Bone density comparisons in male
competitive road cyclists and untrained controls. Med Sci Sports Exerc. 41¢2):290
296.

88. Smith SM, Zwart SR, Heer M, Lee SMC, Baecker N, Meuche S, Macias BR,
Shackelford LC, Schneider S, Hargens AR. 2008 W2885: Supine treadmill
exercise within lower body negative pressure and flywheel resistive exercise as a
countermeasure to bed r@stiuced bone loss in women during-@8y simulated
microgravity. Bone. 42:57881.

89. Sukumar D, AmbigSobhan H, Zurfluh R, Schlussel Y, Stahl TJ, Gordon CL,
Shapses SA. 2011 Areal and volumetric bone mineral density and geometry at two
levels of protein intakeuwting caloric restriction: A randomized, controlled trial. J
Bone Miner Res. 26(6):133B348.

90. Szulc P, Delmas PD. 2008 Biochemical Markers of Bone Turnover in Osteoporosis.
In: Marcus R, Feldman D, Nelson DA, Rosen CJ (Eds.). Osteoporosis Volume II.
Elseveer Academic Press, Burlington, MA, 151945.

91. Tosteson ANA, Vanness DJ. 2008 The economics of osteoporosis. In: Marcus R,
Feldman D, Nelson DA, Rosen CJ (Eds.). Osteoporosis Volume Il. Elsevier
Academic Press, Burlington, MA, 315.

116



92. Tsurusaki K, Ito M, Hagshi K. 2000 Differential effects of menopause and
metabolic disease on trabecular and cortical bone assessed by peripheral quantitative
computed tomography (pQCT). Brit J Radiol. 7324

93. Turner CH 1998 Three rules for bone adaptation to mechanicaliktiBone
23(5):399407.

94.UustkRasi K, Sievanen H, Pasanen M, Oja P, Vuori I. 2002 Associations of calcium
intake and physical activity with bone density and size in premenopausal and
postmenopausal women: a peripheral quantitative computed tomographyJstudy
Bone Miner Res. 17(3):54852.

95. Valimaki V-V, Alfthan H, Lehmuskallio ELoyttyniemiE, Sahi T, Suominen H,
Valimaki MJ. 2005 Risk factors for clinical stress fractures in male military recruits:
a prospective cohort study. Bar37:26%273.

96. Veitch SW,Findlay SC, Hamer AJ, Blumsohn A, Eastell R, Ingle BM. 2006
Changes in bone mass and bone turnover following tibial shaft fracture. Osteoporos
Int. 17:364372.

97. Wachter NJ, Augat P, Mentzel M, Sarkar MR, Krischak GD, Kinzl L, Claes LE.
2001 Predictive valuef bone mineral density and morphology determined by
peripheral quantitative computed tomography for cancellous bone strength of the
proximal femur. Bone 28(1):13839.

98. Wachter NJ, Krischak GD, Mentzel M, Sarkar MR, Ebinger T, Kinzl L, Claes L,
Augat P.2002 Correlation of bone mineral density with strength and microstructural
parameters of cortical bone in vitro. Bone 31(1)9%0

99. Weeks BK, Beck BR. 2008 The BPAQ: a bespecific physical activity assessment
instrument. Osteoporos Int 19(11):156577.

100.Wilhelm G, Felsenberg D, Bogusch G, Willnecker J, Thaten J, Gummert P.
Biomechanical examinations for validation of the bone strength strain index SSiI,
calculated by peripheral quantitative computed tomography1085

101.Wilks DC, Winwood K, Gilliver SFKwiet A, Chatfield M, Michaelis I, Sun LW,
Ferretti JL, Sargeant AJ, Felsenberg D, Rittweger J. 2009 Bone mass and geometry
of the tibia and the radius of master sprinters, middle and long distance runners,
racewalkers and sedentary control participaatgQCT study. Bone 45:9497.

102.World Health Organization (1994). Assessment of fracture risk and its application
to screening for postmenopausal osteoporosis. Technical report series 843.
Geneva:WHO.

103.Young WC. 1989 Roar kos "Ed.™MoGraweis f or str e

117



104.Zanker CL, Cooke CB. 2004 Energy balance, bone turnover, and skeletal health in
physically active individuals. Med Sci Sports EX&$:13721381.

118



Appendix A
Informed Consent and Authorization or Use or Disclose Protected Hiefatmation
for Research

119



7O01-A-1

University of Oklahoma
Institutional Review Board
Informed Consent to Participate in a Research Study

Project Title: Age and Gender Differences in Tibia Strength and
Morphology and Relationships of Tibia Morphology to Bone
Health
Principal Investigator: Debra A. Bemben, PhD; Vanessa Sherk, MS (CoPl)
Department: Health and Exercise Science

You are being asked to volunteer for this research study. This study is being conducted
at the University of Oklahoma Department of Health and Exercise Science. You were
selected as a possible participant because you are a healthy, Caucasian man or woman
ages 20-59 years not taking hormone-based birth control, hormone replacement
therapy, or androgen replacement therapy.

Please read this form and ask any questions that you may have before agreeing to take
part in this study,

Purpose of the Research Study

The purpose of this study is to determine age and gender differences in the shape and
strength of the bones in the lower leg. The purpose of this study is also to determine if
characteristics of these bones relate to bone mineral density of the hips and lower back
as it relates to the risk for osteoporosis.

Number of Participants
About 160 people will take part in this study.

Procedures
If you agree to be in this study, you will be asked to do the following;

1. Sign and date an Informed consent document (this document) indicating that you
understand all proceduras and your rights as a research subject. This visit will take no
longer than 3 hours to complete.

2. Complete a Health Status Questionnaire, Bone-Specific Physical Activity
Questionnaire, Dietary Intake Questionnaire, and a Menstrual History. [45 minutes]

3. A urine sample will be obtained in order to determine if you are adequately
hydrated and eligible for immediate participation in the study. If you fail the hydration
test, you will be assessed again on a different day. [10 minutes]

4. A series of bone scans will be performed by Dual Energy X-Ray Absorptiometry
(DXA) at the Bone Density Laboratory in the Department of Health and Exercise
Science. The test will include four scans which will take about 25-30 minutes to
complete. This test is non-invasive and only requires that you lie still for the test to be
completed. Your right a#lgﬁﬁ?ﬂﬂver back, and total boedy will be measured for bone
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mineral density. This research study involves exposure to radiation from four DXA
scans, which is a type of x-ray procedure. [25-30 minutes]

5. A series of peripheral Quantitative Computed Tomography (pQCT) scans will be
performed done in the Bone Density Laboratory. pQCT is a type of x-ray procedure,
and you will have 10 pQCT scans done. This will take approximately 45-60 minutes to
complete. These scans are non-invasive and only require that you sit still for the test to
be completed. This research study involves exposure to radiation from 10 pQCT scans.
[45-60 minutes]

Length of Participation

Participation in this study will require a total of 1 visit to the Bone Density Research
Laboratory at the University of Oklahoma. This visit will take no longer than 3 hours to
complete.

This study has the following risks:

This research study involves exposure to radiation from 4 DEXA scans and 10 pQCT
scans, which are types of xray procedures. This radiation is not necessary for medical
care and is for research purposes only. You will receive radiation exposure of less than
2 mrem from each DEXA scan and less than 1 mrem from each pQCT scan for a total
dose of 18 mrem, which is less than the radiation received in 23 days from natural
background radiation (~ 300 mrem/yr), such as naturally occurring radioactivity in soil.
Any risk from this amount of radiation is foo small to measure directly, and is small
when compared to every day risks. Although the amount of radiation you will receive in
this study is minimal, it is important for you to be aware that the risk from radiation
exposure is cumulative over your life time.

“Pregnant women should not be exposed to radiation. Therefore, | verify that | am
not pregnant (if participant is uncertain about pregnancy, then she should not
perform this test.) Radiation safety levels for fetuses have not been established
and therefore no additional exposure whatsoever can be considered safe.”

| verify that | have read and understood the above radiation warning.
INITIALS:

Benefits of being in the study are

Information regarding your bone scans and body composition results will be provided at
the end of your visit. Participation in this study will contribute to science, because the
information obtained will help us gain insight to the ability of lower limb scanning with
pQCT to assess bone health.

Injury
In case of injury or illness resulting from this study, emergency medical treatment is
available. However, you or your insurance company may be expected to pay the usual
charge from this treatment. The University of Oklahoma Norman Campus has set aside
no funds to compensate you in the event of injury.

APPROVED APPROVAL
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Confidentiality

In published reports, there will be no information included that will make it possible to
identify you without your permission. Research records will be stored securely and only
approved researchers will have access to the records.

There are organizations that may inspect andfor copy your research records for quality
assurance and data analysis. These organizations include the OU Institutional Review
Board.

Compensation
You will not be reimbursed for your time and participation in this study.

Voluntary Nature of the Study

Participation in this study is voluntary. If you withdraw or decline participation, you will
not be penalized or lose benefits or services unrelated to the study. If you decide to
participate, you may decline to answer any question and may choose to withdraw at any
time.

Contacts and Questions

If you have concerns or complaints about the research, the researcher(s) conducting
this study can be contacted at 325-5211 or via email: dbemben@ou.edu for Debra
Bemben or Vanessa.sherk@ou.edu for Vanessa Sherk.

Contact the researcher(s) if you have questions or if you have experienced a
research-related injury.

If you have any questions about your rights as a research participant, concerns, or
complaints about the research and wish to talk to someone other than individuals on the
research team or if you cannot reach the research team, you may contact the University
of Oklahoma — Norman Campus Institutional Review Board (OU-NC IRB) at 405-325-
8110 or irb@ou.edu.

You will be given a copy of this information to keep for your records. If you are
not given a copy of this consent form, please request one.

Statement of Consent

| have read the above information. | have asked gquestions and have received
satisfactory answers. | consent to participate in the study.

Signature ' Date
APPROVED
0T 18 700 APPROVAL.
) 0cT 06 200
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UMIVERSITY OF ORLAHOMA — MORMAR CAMPUS

INSTITUTIONAL REVIEW BOARD

AUTHORIZATION TO USE or DISCLOSE
PROTECTED HEALTH INFORMATION FOR RESEARCH

An addiional Informed Consent Document
for Research Parlicipation may also be recuirec,

Age and Gender Differences in Tibia Strength and
Title of Research Project:  Morphology and Relationships of Tibia Morphology
to Bone Health

Frincipal Investigator:  Debra A. Bemben, PhD; Vanessa Sherk, M5 (Co Pl)
IRB Number:

1407 Asp Ave.
Norman, OK 73019

Phone Mumber: 405-325-5211

Address:

If you decide to join this research project. University of Oklahoma [OU) researchers
may vse or share [disclose} information about you that is corsidered to be
protected health information for their research. Protected health information will
be called private information in this Authorization.

Private Information To Be Used or Shared. Federal law requires that researchers

get your permission (authorization) to use or share your private information. If you
give permission, the researchers may use or share with the pecple identified in this
Authorization any private information related to this research from your medical
records and from any test results. Information, used or shared, may include all
inferration relating to any tests, procedures, surveys, or internviews as outlined in
the consent form, medical records and charts, name, address, telephone
number, date of birth, race, and government-issued identification number.

Purposes tor Using or Sharing Private Infermation. if vou give permission, the

researchers may use your private information to analyze the data from the project
and present the information in aggregate form,

Other Use and Sharing of Private Infoermation. If you give permission, the

researchers may also use your private information to develop new procedures or
commercial products. They may share your private information with the research
sponsor, the OU Institutional Review Board, auditors and inspectors who check the
research, ond government agencies such as the Food and Dug Administration

APPROVED APPROVAL
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[FDA) and the Department of Health and Human Services [HHS). The researchers
rmay alsa share your private informatlion with none.

Confidentiality. Although the ressarchers may report their findings in scientific joumnal
or meetings, they will not identify vou in their reports. The researchers will try to keep
your information confidential, but confidentiality is not guaranteed. Any person or
organization receiving the information based on this authorization could re-release
the information to others and federal low would no longer protect it

YOU MUST UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY INCLUDE
INFORMATION REGARDING ANY CONDITIONS CONSIDERED AS A COMMUNICAEBLE OF
VENEREAL DISEASE WHICH MAY INCLUDE, BUT ARE NOT LIMITED TO, DISEASES SUCH AS
HEFATITIS, SYPHILIS, GONORRHEA, AND HUMAN IMMUNODEFICIENCY VIRUS ALSO
KNOWN AS ACQUIRED IMMUNE DEFICIENCY SYNDROME [AIDS).

Voluntary Choice. The choice ta give OU researchers permission to use or share your
private infarmation for their research is voluntary. 1t is completely up o you. Mo one
can force you fo give permission. However, you must give permission for OU
researchers to use or share your private health information if you want to participate
in the research and if you revoke your authorization, you can no langer participate i
this study.

Refusing to give permission will not affect your ability to get routine treatment or
health care from OU,

Revoking Permission. If you give the OU researchers permission to use or share
your private information, you have a right to revoke your permission whenever you
want, However, revoking your permission will not apply to information that the
researchers have already used, relied on, or shared,

End of Permission. Uniess you revoke it, permission for OU researchers to use or
share your private information for their research will end when all data from the
project has been analyzed and all reports have been published. You may revoke
your permission at any time by writing fo:

Privacy Official

University of Oklahoma _

1000 Stanton L. Young Bhvd., STE 221, Oklchoma City, QK 73117
If you have questions call; (405) 271-2511

APPROVED APPROVAL
OCT 18 2010 OCT 06 201
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Giving Permission. By signing this form, you give OU and OU's researchers led by
Debra A. Bemben, Ph.D. and Vanessa Sherk, M.S., permission to share your private
information for the research project called Age and gender differences in tibia
morphology and relationships to tibia morphology to bone health,

Subject Name:

Signature of Subject . Date
or Parent if Subject is a child

Or

Signature of Leghl Represemclivé"“ Date

**If signed by a Legal Representative of the Subject, provide a description of the
relationship to the Subject and the Authority o Act as Legal Representative:

E_U may sk you to produce evidence of your relationship.

A signed copy of this form must be given to the Subject or the Legal
Representative at the fime this signed form is provided fo the researcher or his

representative.

APPHOVED  APPROVAL
OCT 18 10 , 0CT 06 20m
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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

1.
Date
2.
Legal name Nickname
3.
Mailing address
Home phone Business phone
4.Gender (circle one): Female Male (RF)
5. Year of birth: Age
6. Number of hours worked per week: Lessthan20 -4020 4160 Over 60
More than 25% of time spent on job (circle all that apply)
Sitting at desk Lifting or carrying loads Standing Ikividga Driving

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

Father Mother Brother Sister Grandparent
8.Date of: Last medical physical exam: (year)
Last physical fitness test: (year)

9. Circle operations you have had:
Back (SLA) Heart (MC) Kidney (SLA) Eyes (SLA) Joint (SLA) Neck (SLA)
Ears (SLA) Hernia (SLA) Lung (SLA) Other

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

Alcoholism (SEP) Diabetes (SEP) Kidney problem (MC)
Anemia, sickle cell (SEP) Emphysema (SEP) Mental illness (SEP)
Anemia,other (SEP) Epilepsy (SEP) Neck strain (SLA)
Asthma (SEP) Eye problems (SLA) Obesity (RF)

Back strain (SLA) Gout (SLA) Osteoporosis
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Bleeding trait (SEP) Hearing loss (SLA) Phlebitis (MC)

Bronchitis, chronic (SEP) Heart problems (SLA Rheumatoid arthritis
Cancer (SEP) High blood pressure (RF) Stroke (MC)

Cirrhosis, liver (MC) Hypoglycemia (SEP) Thyroid problem (SEP)
Concussion (MC) Hyperlipidemia (RF) Ulcer (SEP)
Congenital defect (SEP) Infectious mononucleosis (MC Other

11. Circle all medicine taken in last 6 months:

Blood thinner (MC) Epilepsy medication (SEP) Nitroglycerin (MC)
Diabetic pill (SEP) Heartrhythm medication (MC) Estrogen

Digitalis (MC) High-blood-pressure medication (MC)  Thyroid

Diuretic (MC) Insulin (MC) Corticosteroids
Asthma Other

12. Any of these health symptoms that occurs frequently is the basis for medical attention. Circle the
numberindicating how often you have each of the following:
1 = Practically never2 = 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 1 2 3 4 5
b. Abdominal pain (MC) e. Arm or shoulder pain (MC) h. Feel faint (MC)
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
c. Low back pain (SLA) f. Chestpain (RF) (MC) l. Dizziness (MC)
1 2 3 4 5 1 2 3 4 5 1 2 3 45
j. Breathless with slight exertion (MC)
1 2 3 45

Part 3. Health-related behavior
13. (RF) Do you now smoke? Yes No

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

Cigarettes: 40 or more 20-39 1019 1-9
Cigars or pipes 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 moractive
About the same
Somewhat less active
Much less active

Not applicable

S
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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 youaadesex?

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

Not applicable

o gk whpE

18. Do you regularly engage in strenuous exercise or hard physical labor?
1. Yes (answer question # 19) 2. No (stop)

19. Do you exercise or labor at least three times a week? 1. Yes 2. No
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Bone Density Reserach Laboratory
Department of Health and Exercise Science
University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE

MName; Date:

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

SECTION A: CURRENT MENSTRUAL STATUS

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

2. Circle the months in which your period occurred. This means from this fime last year
until the present month.

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

3. What is the usual length of your menstrual cycle (first day menses to first day next
menses)
days. Today is day of your present menstrual cycle.

4. What was the date of your last period?

5. When do you expect your next menstrual period?

6. What is the length (number of days) of your menstrual flow on the average?

How many of these days would you term "heavy™

7. Do you experience cramps during menstruation (dysmenorrhea)? If yes, how many days
does this last?
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10.

11.

12.

Do you experience symptoms of premenstrual syndrome (i.e., weight gain, increased
eating, depression, headaches, anxiety, breast tendemness)? If yes, list the symptoms.

Do you take oral contraceptives or any other medication that includes estrogen and/or

progesterone? 1f no, skip to question 10.

If yes, how long have you been taking the birth control pill?

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

Has the pill affected your menstrual cycle (regularity, length and amount of flow, length

of cycle)? If yes, indicate changes.

Have you taken oral contraceptives in the past? If no, skip to SECTION B.

If yes, what was the brand name and dosage?

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

If you answered yes to 9 or 10, did you experience a weight gain and/or a change in
appetite as a result of oral contraceptive use? If so, please indicate amount of weight
gain.

If you are perimenopausal, are you experiencing menopausal symptoms? Please list your
symptoms (i.c., hot flushes, mood swings, headaches etc.)
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Bone Density Research Laboratory
Department of Health and Exercise Science
University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE

Name: Date:

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

SECTION A: CURRENT MENSTRUAL STATUS

1. Atwhat agalid you experience yodinal menstrual period?

2. Have you had a hysterectomy (surgical removal of the uterus)? If yes, at what age did you
have this surgery?

3. Have you had your ovaries removed? If yes, at what age did you have this surgery?
4. Are you arrently on estrogen and /or progesterone replacement therapy? If no, skip to

guestion 5.

If yes, how long have you been on hormone replacement therapy?

What is the brand name, dosage, and type (i.e., pills, cream, patch) of hormone
medication you areaking?

5. Have you taken estrogen and/or progesterone replacement in the past? If no, skip to
SECTION B

If yes, what was the type (i.e., pills, cream, patch) and dosage of the medication?

At what age did you start taking hormone replacement?

How longdid you continue taking the hormone replacement?
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At what age and why did you stop taking hormone replacement?

6. If you answered yes to questions 4 or 5, did you experience any side effects (i.e., weight
gain, mood swings, headaches) while taking hormmepecement?

If yes, please list the side effects.

SECTION B: PAST MENSTRUAL HISTORY

1. Atwhat age did you experience ydirst menstrual period?

2. Were your periods regular (occurring monthly) during the first two years after menstruation
began? If noat what age did your periods eventually become regular?

3. Did you perform any form of athletic training prior to your first menstrual period? If yes,
indicate type of training (i.e., gymnastics, track, basketball, etc.) and the number of years
you trainedor each activity.

4. Has there been any time in the past where your periods were irregular or absent? If no, skip
to question 5.

If yes, did these periods coincide with unusual bouts of training, or with a period of stress?
How long did this occur?

5. Have you ever consulted a doctor about menstrual problems (specifically, about irregular or
missing periods)? If no, skip to question 6.

If yes, what was the diagnosis (i.e., shortened luteal phase, amenorrhea)?

Have you ever been tested to determine if were ovulating normally?

6. Have you ever consulted a physician about any problems relating to your hormonal system?
If so, please explain.
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Bone-Specific Physical Activity Questionnaire (BPAQ)

SUBJECT ID: DATE:

1. Please list any sports or other physical activities you have participated in regularly.
Please tick the boxes to indicate how old you were for each sport/activity and how many
years you participated for.

J!'-EE: 1 2 3 4 5 & T B 9 b 1] 11 1z 13 12 15 16 17 1= 13 . H 22 3
Activities

Age: B iy = ] 30 31 32 EE] 34 35 38 37 38 Ex] & 41 a3 43 4“4 &= 48 47 48
Activities

134




Bone-Specific Physical Activity Questionnaire (BPAQ)

SUBJECT ID:

DATE:

Age: =1 | 52 | 52| =4
Activities

55

=7

]

&1

B3

72

73

74

7

2. Please list the sports or other physical activities (be as specific as possible) you

participated in regularly during the last 12 months and indicate the average frequency

(sessions per week)?

Activity:

Activity:

Activity:

Activity:

Activity:

Activity:

Activity:

Activity:

Frequency (per week):
Frequency (per week):
Frequency (per week):
Frequency (per week):
Frequency (per week):
Frequency (per week):
Frequency (per week):

Frequency |per week):

BONE-SPECIFIC PHYSICAL ACTIVITY QUESTIONNAIRE

Developed by B.K. Weeks and B.R. Beck
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FOOD QUESTIONNAIRE

RESPONDENT ID # TODAY'S DATE
-y Jan | DAY | YEAR
“Feb | |
T Mar 7
- Apr [t
© May |©
Sdun |
T Jul
‘.2 Aug
> Sep
Oct
“* Nov
"' Dec

ABOUT YOU
ABOUT THIS SURVEY SEX AGE  WEIGHT HEIGHT

7 Male pounds ft.in.
This form is about the foods you usually eat. 3 Female
It will take about 30 - 40 minutes to complete.

Please answer each question as best you can.

Estimate if you aren't sure. If female, are you
pregnant or
* USE ONLY A NO. 2 PENCIL. breast feeding?

= Filt in the circles completely, and erase
completely if you make any changes.

Please write your name in this box. «

INSTRUCTIONS

There are usually two kinds of questions to answer for each food:

1. HOW OFTEN, on average, did you eat the food during the past year?
*Please DO NOT SKIP any foods. Mark "Never" if you didn't eat any of the food in the question.

2. HOW MUCH did you usually eat of the food?
' *Sometimes we ask how many you eat, such as 1 egg, 2 eggs, etc., ON THE DAYS YOU EAT IT.
*Sometimes we ask "how much® as A, B, C or D. LOOK AT THE ENCLOSED PICTURES.
For each food, pick the picture (bowls or plates) that fooks the most like the serving size you usually
eat. (If you don't have pictures: A=1/4 cup, B=1/2 cup, C=1 cup, D=2 cups.)

3. EXAMPLE:  This person drank apple juice twice a week, and had one glass each time.
Once a week he ate a "C"-sized serving of rice (about 1 cup).

N

( HOW OFTEN IN THE PAST
B ] -

YEAR ) 4ow MUCH ON THOSE DAYS
X : " SEE PORTION SIZE PICTURES FOR A-B-C-D

e |

A HO‘{V many e © o
le juice glasses (@)
PP l“. - 2ach time 1 2 3 4
. How much
LR'CE each time ? ? ? ?
PLEASE DO NOT WRITE IN THIS AREA
CooRBREROCORCOROOOROOOOOOO 70264
Block 2005.1 ©2005 BDDS Phone 510-704-8514 www.nutritionquest.com || | | [
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This section is about your usual eating habits in the past year or so. This includes all meals or snacks, at home orina
restaurant or carry-out. We will ask you about different TYPES (low-fat, low-carb) at the end of the survey. include all

types (like low-fat, sugar-free). Later you can tell us which type you-usually eat.

(

HOW MUCH ON THOSE DAYS
SEE PORTION SIZE PICTURES FOR A-B-C-D

" . —1 How many
Breakfast sandwiches with eggs, sangwiches o O
like Egg McMuffins R | mady v 2
Other eggs like scrambled, boiled or Hwmay & o O
omelets (not egg substitutes) (7| coosaday 2 3
Breakfast sausage, inciuding in
sausage biscuits, or in breakfast iy | How many
sandwiches P S’ @ TS
; Haove many -
Bacn LI S
" | Pancakes, waffles, French toast p| Howmany o o
 forPopTarts IR, 254 P 999
Cooked cereals like oatmeal, grits Which 5
lorcreamofwheat P 9P
Cold cereals, ANY KIND, like comn flakes, i Which
" | fiper cereals, or sweetened cereals } bowl ? ? ?
' | Milk or milk substitutes on cereal |
A 2 |- S
+ | Yogurt or frozen yogurt I} Which o o
Cheese, sliced cheese or cheese - - -~ ~ il | How many
* | spread, including on sandwiches © 0 0 000 0 >] s 209 9D
» | How often do you eat the following foods all year round? Estimate your average for the whole year.
s How man
* | Bananas o J-_ o a o each timg % (?
s - How many —
= | Apples or pears o O o O O oach fime %; {? CZJ
: o o~ How man -
= | Oranges or tangerines O o oo o o o O each timg %ﬁ -_1,) Cz)
= |Grapefruit o o o o o o 0.0 How O O O
T — O S S — Mueh  adwe w2 1
= | Peaches or nectarines, fresh o o o o o O O How o O
Other fresh fruits like grapes, plums, . - - How
: honeydew, mango | ©C O o0 o0 o0 o 0 ek § 5
- Cankned fruit Iikg applesauce, fruit
cocktail, canned peaches or [y - H
= |canned pineapple o o o 0o o o0 0 0O Q9 QO
N it okttt SR e A B -
= | How often do you eat each of the following 3 fruits, just during the summer months when they are in season?
= |Cantaloupe, in season o 0O O o 0 o0 0o 0O 0 "‘ wen 999
= | Strawberries or other berries, inseason | ©@ © © © © O O O O} ,L'ﬂz’h ? o \?
i | B
- i S — o A B C
= |\Watermelon, in season o o 0O © O 0o O O O i)l fw o O O O
- . - N A B € D
= | How often do you eat each of the follo egetables all year round, including fresh, frozen, canned or in stir-fry,
- at home or in a restaurant? :
= | Broccoli o oo 0o 0o o o o o) M o o O
- ) — T T T T T W) mweh a8 o
= | Carrots, or mixed vegetables with carrot O 0 O 0 0 0 O] ,',':‘u’;"h ‘113 o <
L} — S e e et e L = o A e R _. - B & A
= |Corn O 0O O 0 O 0 O O Op How o o o
- i { much A B e _
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HOW MUCH ON THOSE DAYS
SEE PORTION SIZE PICTURES FOR A-B-C-D
|_'_._ g : 3 N How -
- O (] o o O
Greenbeansorgreenpeas ik Poma PSP
. / v Huw
o s O o o O
Spinach (ooked) b L O i P9
Greens like collards, turnip greens, Fredy : How
musterdgreens 12 . O i QD
! i i i i How
O H O o o O
Sweel potatoes, yams ¢ I i i ueh R s °
.. : : 7 How
French fries, home fries, hash browns ___C) : (=) -3 e C;‘> C;J ) ? (;J
P'oiatoes J lried including mashed, 4 ! How &
bmled baked, or polalo salad o o : i © :’ | much ? ?? ?
Cole slaw, cabbage Chlnsse cabbage GO C NelNe B I o o O
Green salad leﬂuce salad OO0 0 0O 0 O o Op Hw © o o
4 & How
Salad dressing, any kind, regular . — How many
or low-fat Q45 0 8 00550 O © O } tablespoons CI:) ? Cs) ?
Any other vegetable, fike squash, O 0o 6 o0 oo o o o5 o o o
caulifiower, okra, cooked ‘peppers - C T - Rast much % A T 5
Refried beans or bean burritos O 0 0 0 0o 0 O Op o??p{grh”:g{;s © 9 ©
inic bears, biack boans, ohii vl - : e I
beans, baked beans - - P mn QP
Vegetable stew (without meat) [w] ) ? %}
Toeiabie sou et bear T B 5 |
soup, or lomato soup © » @ @ @
Split pea, bean or lentil soup (] ? (CD (E)
Any other soup including chicken T
noodle, Cup-A-S ]
noode cream soups, Cup-A-Soup, o o o o b o o o
Pizza o o o o o opME © o o ©
[Spagheti asagna or oifor pasta i e R N BT
ometosavce coocoCMm 92T
Macaronl and cheese o o o o o Oip rlnlﬁgﬁ o O O
61115 S — N i e B
AMINer noodles like egg noodles‘ — - How
{pesta salad, sopa seca | ©9° OOk m 2
fu or t i - — - | Hnw
empeh O O O O O Op fou o o O
Subsiitaies i Ilkeveggle T - e
chicken, vegetarlan hot dogs | [y | How many
etarian junch nje_aiﬁ_ o o O O o o o O "_'5-3 ;> ,ffg;';i _____ o o -
cken, meat or fish? 2 No |F MO, SKIF TO BREADS OM NEXT PAGE
. cheosstir et . . . _ .
ﬂa]’est&ur&ll‘ltrg o o o o o o O i} et E‘.:. QP
- ]'saLISa e I|ke P I-__"'"__ - B T A T T _:' . I"_"'_ T T
orizo. > olish, O 0O 0 0 O Oplwn o o o
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Lunch meat like bologna, sliced ham, |

SEE PORTION SIZE PICTURES FOR A-B-G-D

FaE How many
turkey bologna, or any other lunch meat D i ©  slices C,) ) ? i ??_
Meat loaf, meat balls Lo Lol nﬁ:m o o O
4 il ; B B € o
: : ; How
_enchiladas, tamales, | — How
with meat or chicken | O - O mich © o o o
ALLLUeciuhtlhabonsui LRSI A : T
Ribs, spareribs O = B=0 Mo o o o O
'Pork cho_ﬁ_sh,s&’l(mraésts, cooked ham | G How
(including for breaklas) | 21222 e QTS
Veal, lamb, deer meat lo o o o fow o O O
I B P S A B c __
L"F-\;fér:“ihciuding chicken livers or 1 How
veraurst B - Bainl e R TS
Pigs feet, neck bones, oxtails, tongue o0 O o SE;‘;' o O O
o R M B €
Menudo, pozole, caldo de res, : L AT Which
sancocho auaco - e e ED o wl - _CE.}__CE} __g__
Any other beef or por
stew, beef pot pie, corned beef hash, - : i ;
Hamburger Helper o o o O O =
Fried chicken, Ir‘lcludlng_ch_lcken . H Hm-: m_an;f I
nuggets, wings, chicken patty o o o o o D o« ::’ medium pieces sz LED “r?
Roasted or broiled chicken or turl-ce;.r o o o o O 0o O } Ci) L;J @]
or siher chickon dish. fike chicken S A B C
stew, chicken with noodles, chicken L - p -
salad, Chinese chicken dishes ‘ Lo 0 <
Qysters o o O o O
c
Shellfish like shrlmp, scalIOps crabs o0 O O =]
Tuna tuna salad, tuna casseroie o o O O o uch Q o o
Fried fish or fish sandwich o o O O ';‘;’:‘;I o o O
A B [
Otherfnsh not fned O o0 O o O O How o o O
much 2 B s
BREADS
[T T eapr——— et oountmg . _ i
brealvcfast sandwmhes with eggs} | 2 0 o o0 o o o O 1am 1?..1 C,)
Hamburger bUI‘IS hotdog buns hoagle o I . o
buns, submarmes ! © ©c o o o o C? ?
Bagels, English muffins, dinner rolls o O o O o o O
Toriias (gl o thos eaton” e e - man_y___.__ S
in tacos or burritos) | ~ <o © U “ U < naty  F G T
Corn bread, corn muffins, i i — How many
hush puppies 0 0 0 0 0 o 0O O picesinatay 5 7
Agy other bread or toast, including i i
white, dark, whole wheat, and what L B PR How man -
you have in sandwiches e @ 0 e 0o o ;’ sicesinady T G G 9D
Rice, or dishes made with rice o o O O O © O ip Howmuch o o O
' Pl inaday B r o
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230 2 |34 I 56 HOW MUCH ON THOSE DAYS
MES | ONCE | TIES.| -TI;! k ng!rs SEE PORTION SIZE PICTURES FOR A-B-C-D
WEEK | WEEK:

CAREWD
| TIMES | ONCE
E ])EBI' i

: LLper. i per Br i e
NEVER | ‘I‘EAII';_MIJIHH. R_BHH WEEK | '-UPEKS

Margarine (not butter) on bread or
on vegetjc\btes
Butter (not margarme) on bread or
on vege!ables

"Energy bars, like Power Bars, Clif
 bars, alance, Luna, Atkins bars

Breakfast bars cereal _bars granola
bars (not energy bars)

Peanuts sunflower seeds ‘other
nuts orseeds

Peanut buiter

Howmany —~ & o
st 9 F T T

Howmany  — o
s F G T D
How
many C1) {?

How
many

O
J.. .
How o o O
S “““"' Iy B =

Huw many
tablespoons % 1
-
A

| Snack chlps like potato ch|ps “tortilla chlps :
| Fritos, , Doritos, popcorn. (not pretzels)

Crackers, like Saltines, Cheez-lts, or | |
| any ¢ other snack cracker

How
much

How
munh ?

Huw many
Jel]y, ]am tablespoons (Ez} (‘? [?
Mayonndlse sandwmh spreads O - - J‘ﬁ‘;‘sﬁgﬁs \172} c;) C%J
= How many
Catsup, salsa or chile peppers o [ T o T e T B tablespoons ,D,;, t? c? {?
Mustard ‘barbecue sauce, soy sauce o 4~ O M O Hwmay o & o o
2 3

gravy, Dther sauces tablespoons 1

v v v YV vV ¥Y Vv w v'vl”i" vvv v |

. - How

Doruts 422 SR I T G T 4
Cake, or snack cakes like cupcakes, i : 5 How many
Ho-Hos, Entenmann's, or any other pastry, R B P =

o o O | How o o o O
Cook'eb__ - My va  3a 58 Tv
lce cream, ice cream bars ‘ © o = rﬂﬁgn Q Q 9

B c o

Eh"é'éc}iﬁgyr_u;? or sauce (like in milk

How many o) D

Pumpkin pie, sweet potato pie pieces ™1

Any ‘other pie including fastfood |
pies or snack pies

) PIEGES 21 2
Chocolate candy like candy bars,

) o
O o b
=) o - C)". E)HHU?":“*”? o O O
' -:> o .} How o o O O
o o 3

M&Ms, Reeses S (MUER win tmed Thg kg
Any other candy, not chocolate, like hard | — = - How
candy, Lifesavers, Skittles, Starburst © o0 0 0.0 R ina. ggy 12« 152::*9 Efg

HOW MUCH

rink it?

Glasses of milk (any kind, includin Howmany = &
soy), not counting on cereal or coffee il GLASSE 1z a3
Drinks fike Slim Fast, Sego, Slender, . B How many
EnsweorAtins |2 2 = 2 = 9 9 Giassts 5T
Tomato juice or V-8 juice o o o o o O O %{:g& 0O o o
Real 100% c orange jusce or grapefruit juic - . - = ; Hnw M - - r
Donit count orenge soda or Sumy Deight | O @ © = © © © S M EGER @ 9 Q.
Apple juice, grape juice, pineapple — . - ey | How mar
juice or fruit smoothies (o0 00w Oy © <P auasse 2 99
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[ ~ HOW MUCH
] ; ril

Hi-C, Granberry Juice Cocktail,
Hawaiian Punch, Tang

Drinks with some juice, like

How man
GLASSES @ 9 o Q

4l

3

)|t o o
»

Sunny Delight, Knudsen < ? ?
Iced tea, homemade, instant, or bottied How many T
like Nestea, Lipton, Snappla, Tazo uﬁ%?fm“sgs ) ? ? ? (E_)

Kool-Aid, lemonade, sports drinks
like Gatorade, or fruit flavored drinks
(not including iced teas})

) 1 20-ounce hottle

How much
iNADAY O 2glesses

How much & 120-ounce battie
INADAY (O 2cans

o Big Gulp or 3 cans _
———5 e S
Howmuen & 2eans
INADAY (3 3.4 cans or small pitcher

O 5+ cans or large piteher |

Any kind of soft drink, like cola,
Sprite, orange soda, regular or diet

Beer or non-alcoholic beer

Dﬂzgm
i Tty Oonss
Wine or wine coolers o 0 0 O O O O O OI|p| inady O 2gessesorhalibote
(O 3glasses
S Wt : LT —— [ — i
Uorormiedgiis |0 © 0 © 0 © e opm Qe 9
How many
Glasses of water ta ap orotted © 0o oo oo o okdss ?F? RS
Coffee, ragular or decaf O 0 o0 o0 o o o o O o o O O
1 2 3 4
Hot toa (not including herbal teas) O 0o o0 oo o o o opfuE o o o O
What do you usually add to coffee? MARK ONLY ONE:
& Cream or half & half O l~lt':r'.<‘.lsuryr creamer 2 Milk 3 Mone of these 3 Don't drink it
What do you u: g_al_\zadd totaa? MARK ONL\' OME:
& Cream or half & half O Nondairy creamer O Milk 2 None of these & Don't drink it

Do you usually add sugar {or honey) to coffee? O No O Yes [IFYES, how marny leaspoons gagimm? fD D O C?

Do you usually add sugar (or honey) to tea? < No O Yes IF YES, how many teaspoons each cuu‘? (? ? ? 9

About how many servings of vegetables do
you eat, per day or per week, not counting
salad or potatoes?

About how many servings of fruit
do you eat, not counting juices?

How often do you use fat or oil in cooking?
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Milk 2 Whole milk O Low-fat 1% milk O Soy milk
O Reduced-fat 2% milk O Non-fat milk O Rice milk

slim Fast, Sego, Slender or Ensure O Low-Carb like Atking O Regular

Orange juice O Calcium-fortified O Not calcium-fortified O | don't know

Soda or pop O Diet sada, low-calorie O Regular O Don't drink

lced tea O Homemade, no sugar 2 Homemade, w/sugar O Bottled, no sugar O Bottled, regular
| Beer 2 Regular beer O Light beer O Low-Carb beer 2 Mon-alcoholic beer

Hamburgers or cheeseburgers 2 Hamburgers O Cheeseburgers

Hot dogs O Low fat or lurkey dogs © Regular hot dogs 2 Don't eat

Lunch meats 2 Low-fat or turkey lunch meats O Regular lunch meats O Don't eat

Spaghetti or lasagna O Meatless

L2 With meat sauce or meatballs

Cheese O Low Fat O Not Low Fat O Don't eat

Salad dressing O Low-Carb O Low-fat O Regular

Energy bars like Power Bar, Clif, Atkins O Low-Carb, low sugar O Low-fat O Regular
Breakfast bars, cereal bars, or granola bars O Low-Carb, low sugar O Low-fat O Regular
Bread O 100% whole wheat O Low-Carb O Regular

Tortillas O Corn O Flour < Don't know or don't eat
Chocolate candy or chocolate candy bars O Low-Carb, low sugar O Low-fat O Regular
Cockies C Low-Carb, low sugar 3 Low-fat O Regular

Cake, snack cakes, and other pastries O Low-Carb, low sugar O Low-fat O Regular
Ice cream O Low-Carb, low sugar O Low-fat or ice milk O Regular

Jelly or jam O Low-Carb, low sugar > Regular O Don'tuse

Beef or pork O Avoid eating the fat O SBometimes eat the fat & Often eat the fat
Chicken or Turkey O Avoid eating the skin O Sometimes eat the skin O Often eat the skin

O

@]

0 0 0 0 0

o 0 0

0

@iat'the following foods, what type do you usually eat? ihlARK ONLY ONE ANSWER FOR EACH QUESTION

Don't drink

Don't drink

Don't drink

Don't drink

Daon't drink

Don't eat

Don't eat

Don't use

Don't eat

Don't eat

Don't eat

Don't eat

Dan't eat

Don't eat

Don't eat

Don't eat

Don't eat

What kinds of fat or oil do you usually use in cooking? MARK ONLY ONE OR TWO

O Don't know, of Pam 2 Stick margarine 2 Corn oil, vegetable oil
O Butter O Seft tub margarine  Qlive oil or canola oil O Crisco
O Butter/margarine blend O Low-fat margarine

O Lard, fathack, bacon fat

If you eat cold cereals, what do you eat? Choose one or two that you eat most often. (If you usually just eat one kind, just choose one.)

O Low-carb cereals like Atkins, O Total
Low-Carb Special K O Fiber One

Wheat, Wheaties, Wheat Chex O All Bran, Bran Buds Special K

O Other fiber cereals like Raisin Bran, Fruit-n-Fiber
O Sweetened cereals like Frosted Flakes, Froot Loops
O Cheerios, Grape Nuts, Shredded O Product 19, Complete (& Other cold cereals, like Gomn Flakes, Rice Krispies,
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What vitamin supplements do you take fairly regularly?

Multiple Vitamins. Did you take...

Prenatal vitamins
Begular Once-A-Day, Centrum, Theragran, “senior”
vitamins or house brands of multiple vitamins

Stress-tabs or B- Complex type : > o

00 . O(&-

Single Vitamins, not part of mumpls vitamins

|
|
|
|
1

(— HOWOFTEN ) ( FOR HOW MANY YEARS? )

Are you

3 White

What race do you consqdar yourself to be? (MAHK ALL THAT AF'F'LY}

(@] H[spamc or Latino O Not H|Span|c or Latino

Vitamin A {n_ot beta-carotene) o o o o o 5’5 o O O o O O
Beta-carotene o o O O oo o0 O 0O O
Vitamin C o o O O O I} o O O O O O
Vitamin E o o o o oo O 0 O O O
Folic Acid, Folate O o o0 o oOpo O O O O O
Calcium or Tums o o O o O i); eitieoSNel et el o)
Vitamin D, alone or combined wnh calcium o o o O O i}: o o o o O O
Zine o o o O O rbs' O 00 0O O O
Iron O 0O C O OO OO0 O O O
Selenium - O 0O O D OO O O O O O
Omega-3, fish oil, flax seed oil o o o o O b, o o O O O o
if you took Once-a-day, Centrum or Thera-type muitiple vitamins, did you usually take types that

2 contain minerals, iron, zinc, etc. (O do not contain minerals 2 Dor't know

If you took vitamin C, how many milligrams of vitamin C did you usually take, on the days you took it?

< 100 O 250 500 o 750 2 1000 O 1500 O 2000 3000+ 2 Don't know
If you took vitamin E, how many IUs of vitamin E did you usually take, on the days you took it?

< 100 O 200 O 300 3 400 o 600 ) 800 & 1000 3 2000+ O Don't know
Did you take any of these supplement& at Ieast once a week"

O Ginkgo ) St John's Wort > Echinacea < DHEA & Didn't take these

2 Ginseng O Kava Kava O Melatonin 3 Glucosamine/Chondroitin

SOME LAST QUESTIONS ABOUT YOU

Would you say your health is O Excellent O Very good O Good O Fair 3 Poor

Are you currently trwng to lose weught" O Yes O Mo

Was there ever a time in your life when you oﬂen drank mare beer wine or Ilquor than you do now? O Yes O Mo

Do you smoke mgarel’res now‘? O Yes O No

IF YES, On average about how many mgaret‘tesa day do you smoke now? O 15 O 614 O 1524 O 2534 O 35+

O Asian (> Native Hawaiian or Other Pacific Islander

& Black or African American O American Indian or Alaska Mative 2 Do not wish to provide this information

Thank you very much for filling out this questionnaire.

Please take a minute to go back and fill in anything you may have skipped.
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Appendix C
Sample DXA Scans
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OU Bone Density Research Laboratory

1401 Asp Ave
Norman, OK 73019
Patient ID: Ha Facility ID:
Birth Date: #aad s Referring Physician:
Height / Weight: FRRY ARt Measured: RitxE pRER (13.31)
Sex [ Ethnic: #ddd  #a#d Analyzed: .22 E-3.25 0 (13.31)
AP Spine Bane Density Densitometry Ref: L1-L4 {EMD)
~E [ BMD (g/cm®) & T-score
3
MNome|
= 2
1
[
1
-2
-3
-
-5
20 a0 40 =0 &0 70 a8 0 100
Ags {yaars)
1 2 3
BMD Young-Adult Age-Matched
Region (afem®) (")  T-score (%)  Z-score
L1-L4 1440 122 2.2 112 1.8

COMMENTS:

Image not for dagnosk

Frinbed: 6/15/2011 12:31:37 FM (L3.31)76: 3.00: 50.00:12.0 0.00:7.33
TB0n1.05 1% L:%Fat=7.6"%

000,00 000,00

Flletamme: ===
Sean Mode: Standard

3T pGy

1 -Shntistically £7%. of repent scans fall vithin 150 (4 000 glom? for 88 Spine L1-14)
2-USA [Combined NHANES (sges 20-30) [ Lunar (ages 20-40)) AP Spine Reference Population
{112}
3 -Matched far Age, Weight (femakes 25-100 kg ), Ethnic
11 -World Heakh Qrgangation - Dafinition of Osteoparesis and Osteopenia for Caucasian
Wornen: Normal = T-cone at or above 1.0 50 Cstecpenia = T-core betwean -1.0 and
-2.5 50 Osteopoross = T-scons at or below -2,5 S0 (WHO definibions anly apply when a
young healthy Cavcasian Women reference database & used to debzrmine T-scores.)
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OU Bone Density Research Laboratory

1401 Asp Ave
Norman, OK 73019
Patient 1D: EEE 1 Facility ID:
Birth Date: Ay aSaee Referring Physician:
Height / Weight: #EEE FERR Measured: #iad BE#EE (13.31)
Sex [ Ethnic: F-3-5.5 QI 2254 Analyzed: F-3:5.54 3.5 (13.31)
ANCILLARY RESULTS [AP Spine]
1 2 3
BMD Young-Adult  Age-Matched BMC Area Width Height
Region (gfemz} (P} Tscore (%) Z-scom [£:)] (em3} (cm) (cm)
Tiz2 1,192 - - - - 14,64 12.28 3.9 318
L1 1.271 112 1.2 110 0.9 16.83 13.24 39 3.40
L2 1.408 117 1.7 113 1.5 20,01 14.21 4.0 3.57
L3 1.506 125 2.5 122 2.3 23.06 15.31 4.2 3.54
L4 1.541 128 2.8 125 2.6 25.62 16.52 4.5 3.68
Li-12 1,342 1135 1.5 112 1.2 36.84 27.45 39 6.97
L1-13 1.401 120 1.9 117 1.7 59.90 42.78 4.0 10.61
L1-L4 1.440 122 2.2 119 149 B5.51 59.38 42 14.28
[ 1,459 122 2.2 119 1.9 43.07 29,52 4.1 7.2l
L2-14 1.489 124 2.4 121 2.2 BE.6E 46.14 +1.2 10.88
L3-14 1,524 127 2.7 124 2.5 48.67 31.93 4.4 721
1 Statistically 85% of repeat seans fall within 150 (£ 0,000 gforn? for AP Spire L1=L4)
2 -U5a (Combined MHANES (ages 20-20) / Lunar (ages 20-407) AF Spine Referance Fopulation (v112)
3 -Matched for Age. Weight {females 25-100 ko), Ethnic
Flenarme: sBheglbo3.dix
.@ GE Healthcare Lun;;“:;:
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OU Bone Density Research Laboratory

1401 Asp Ave
Norman, OK 73019
Patient ID: #u## Facility ID:
Birth Date: HHEE  HHHE Referring Physician:
Height / Weight: #H4E  #HtH Measured:
Sex / Ethnic: #Hay  #His Analyzed:

HHHH #H#E
HHRH #HHHE

(13.31)
(13.31)

DualFemur Bone Density

Image not for diagnosis

Densitometry Ref: Total (BMD) 1 2,7 3
YA T-score BMD Young-Adult Age-Matched
Region (g/cm?2) (%) T-score (%) Z-score

Total

Left 1.153 114 1.2 113 1.1

Right 1.156 115 1.2 113 1.1

Mean 1.155 115 1.2 113 1.1

) Difference 0.004 0 0.0 o] 0.0

20 30 40 50 60 70 80 90 100

Age (years)

Hip Axis Length Comparison (mm)

e

> A

-30 -20 -0 Mean 10 20 30

(Right = 118.3 mm) (Mean = 116.3 mm) (Left=126.4 mm)
COMMENTS:

1 - Statistically 68% of repeat scans fall within 1SD (£ 0.010 g/cm2 for DualFemur Total)

2 - USA (Combined NHANES (ages 20-30) / Lunar (ages 20-40)) Femur Reference Population (v112)
3 - Matched for Age, Weight (females 25-100 kg), Ethnic

7 - DualFemur Total T-score difference is 0.0. Asymmetry is None.

11 - World Health Organization - Definition of Osteoporosis and Osteopenia for Caucasian Women: Normal = T-score at or above -1.0 SD; Osteopenia = T-score between -1.0
and -2.5 SD; Osteoporosis = T-score at or below -2.5 SD; (WHO definitions only apply when a young healthy Caucasian Women reference database is used to determine

T-scores.)

16.7:%Fat=21.7%; Neck Angle (deg)= 44; Scan Mode: Detail 83.0 pGy

83.0 pGy; Left Femur;

w GE Healthcara
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OU Bone Density Research Laboratory

1401 Asp Ave
Norman, OK 73019
Patient ID: EE 24 Facility 1D:
Birth Date: #uad  HEs Referring Physician:
Height / Weight: #ERE FEED Measured: fogea 3 FEFE [13.31})
Sex / Ethnic: #EEE  #HERR Analyzed: 2524 . 244 (13.31)
ANCILLARY RESULTS [DualFemur]
gMp vnung-ndultz'? Age-Matched Y emMc Area
Reglun {gfem) (%] Te-score (%)  Z-zcore {a) [em)
Heck Left 1347 130 2.2 130 2.2 G.14 4.56
Meck Right 1.323 127 2.1 127 2.0 E49 4.90
Meck Mean 1.335 129 21 129 2.1 B.32 4.73
Neck Diff, 0.024 2 0.2 2 0.2 .35 0.34
Upper Neck Left 1.260 153 3.7 150 3.5 2.84 2.26
Upper Neck Right 1297 158 4.0 154 3.8 3.14 242
Upper Neck Mean 1.27% 156 3.8 152 3.6 2.89 1.34
Upgper Meck Diff, 0,037 ] 0.3 4 0.3 .29 016
Lowver Meck Left 1.432 - - . - 330 2.30
Lowear Neck Right 1.34% - 335 249
Lovweer Heck Mean 1.390 - 332 2.39
Lower Neck Diff, 0,083 - - - - .05 0.18
Wards Left 1.074 118 1.3 115 1.1 248 2.31
Wards Right 1.055 116 11 113 1.0 2.82 287
Wards Mean 1.065 117 1.2 114 1.0 2.65 249
Wards DIff. 0.018 2 0.1 2 0.1 0.34 0.36
Troch Left 0.931 10% 0.7 108 0.6 11.21 12.04
Trach Righ‘t 0.92% 10% 0.7 108 0.6 11.79 12.69
Troch Mean 0930 10% 0.7 108 0.6 11.50 12.36
Trech Diff. 0.002 o 0.0 a 0.0 057 0.85
Shaft Left 1.265 - - - - 20.03 15.83
Shaft Rigkt 1290 1295 1547
Shaft Mean 1.278 - - - - 19,99 15.65
Shaft Diff. 0.025 - - . - 0.07 0.36
Total Left 1.153 114 1.2 11z 1.1 3738 3243
Tokal Righ‘t 1.156 115 1.2 113 1.1 3823 33.06
Tokal Mean 1.155 115 1.2 113 1.1 3780 327
Takal Diff. 0.004 i 0.0 a 0.0 .85 053
Hip Strength Results
Side Strength Buckling Saction CSMI CSh d1 d2 d3 y alpha theta
Index Ratio Modulus (mmd) (mm2) ([(mm) {(mm)} (mm) [mm) {deg) {deg)
(mm3)
Right 1.7 1.6 9769 14,772 211 20.1 537 3T 151 -1 132
Laft 1.2 38 7950 11,481 194 24.5 61.9 30.4 14.4 1 135
1 - Swstistically 6% of repeat ccans fall within 150 (s 0010 g/em? for DualPamur Total)
2+ USA (Combined NHANES (ages 20-30) / Lunar {ages 20-40)) Femur Refersnce Populabion (v112)
3 - Matched for Age, Waight {females 25-100 ky), Ethnic
4 - San ) Bone Miner fes, 159451053
7 - DualFemuor Tetal T-score difference is 0.0, Asyrometry s Mone,
Filename: sSboghss . dfx
;@. GE Healthcare L“";::;;
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Appendix D
Descriptive Statistics
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Gender = men, Decade = 20s

Descriptive Statistic$

Std.

N Minimum | Maximum Mean Deviation
Statistic| Statistic | Statistic Statistic Std. Error | Statistic
tStoc 15 337.01 479.2¢ 399.599 9.354 36.224
t5tod 15 332.8( 448.9( 387.00( 9.12¢ 35.355
tStoa 15 307.8( 1238.4( 984.48¢ 56.188 217.614
t5trc 15 195.67 694.4( 296.884 29.864 115.664
t5trd 15 210.5(¢ 380.3( 298.693 10.612 41.10
tStra 15 624.64 1076.9¢ 865.344 29.981 116.11]
t15toc 15 223.81 340.57 299.67 8.030 31.10(¢
t15tod 15 545.0( 746.3( 659.20( 15.38( 59.567%
t15toa 15 354.17 570.8¢ 457.85¢ 16.197 62.73(
t15trc 15 17.37 71.3¢ 37.7& 3.70C 14.324
t15trd 15 102.8( 232.4( 171.00( 8.855 34.294
t15tra 15 164.0(¢ 327.3¢ 217.0771 14168 54.874
t15coc 15 197.7( 282.71 248.611 6.102 23.634
t15cod 15 1095.4( 1168.7( 1138.04 5.652 21.89(¢
t15coa 15 171.3¢ 250.74 218.544 5.477 21.199
t15cth 15 2.67 4.11 3.371 .102 .394
t15peri 15 66.77 84.7C 75.689 1.343 5.202
t15endo 15 47.1§ 67.16 54.471 1.705 6.609
t25toc 15 311.3€ 398.0] 348.40 6.396 24.777
t25tod 15 727.3( 968.0( 876.4%7 18.127 70.184
t25toa 15 343.6§ 484.9¢ 399.904 10.771 41.734
t25coc 15 297.0¢ 373.47 329.25] 5.933 22.974
t25cod 15 1135.0( 1202.7( 1170.54 4,231 16.384
t25coa 15 251.84 319.84 281.339 5.185 20.089
t25cth 15 4.26 6.09 5.197 .140 .543
t25peri 15 39.03 78.07 68.801 2.325 9.004
t25endo 15 29.8¢ 51.3C 37.714 1.533 5.934
t35toc 15 311.39 464.0] 392.50] 8.817 34.124
t35tod 15 859.6( 1016.3( 944.2&¢ 11.464 44.39¢4
t35toa 15 331.57 506.8¢ 416.171 11.654 45.134
t35coc 15 299.02 436.04 376.611 8.083 31.304
t35cod 15 1132.3( 1207.3( 1166.811 5.937 22.974
t35coa 15 247.6¢ 376.64 323.05] 7.415 28.714
t35cth 15 5.11 6.84 6.100 123 474
t35peri 15 64.55 79.81 72.214 1.017 3.914
t35endo 15 25.4¢ 41.9C 33.894 1.24(Q 4.8®
Valid N (listwise) 15

a. gender = men, decade = 20s
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Descriptive Statisticg

N Minimum | Maximum Mean Std. Deviation
Statistic| Statistic | Statistic Statistic Std. Error Statistic

t45toc 15 390.6¢€ 516.82 438.70] 8.8%6 34.189
t45tod 15 823.2( 1002.3( 928.80 12.584 48.73]
t45toa 15 390.0¢§ 575.52 474.03] 12.78 49.564
t45coc 15 379.64 477.1( 419.364 7.303 28.28¢
t45cod 15 1116.0( 1190.9( 1156.2%3 5.307 20.554
t45coa 15 324.8( 413.44 362.763 6.360 24.639
t45cth 15 5.59 6.78 6.368 .082 .319
t45peri 15 70.01 85.04 77.083 1.039 4,026
t45endo 15 28.64 45.13 37.073 1.307 5.061
t55toc 15 354.0( 548.4¢ 449.131 12.045 46.65]
t55tod 15 746.0( 937.2( 871.18 13.6% 53.044
t55toa 15 422.0§ 666.72 517.62] 16.93( 65.57(
t55coc 15 337.5¢ 509.8¢ 427.39] 10.961 42 453
t55cod 15 1110.1¢( 1184.6( 1148.62 5.467 21.15¢
t55co0a 15 284.9¢ 447.2( 372.304 9.887 38.299
t55cth 15 4.98 6.69 6.07( 131 .507
t55peri 15 72.83 91.53 80.504 1.304 5.054
t55endo 15 34.33 52.52Z 42.64( 1.50 5.824
t65toc 15 394.73 540.3¢ 460.047 10.236 39.644
t65tod 15 613.4( 841.0( 768.6D 16.293 63.107
t65toa 15 475.57 784.1¢ 603.164 20.4572 79.21(
t65coc 15 364.3§ 486.9( 424.98¢4 9.177 35.544
t65cod 15 1071.3( 1166.6( 1129.6 6.47 25.08]
t65coa 15 323.57 434.24 376.203 7.908 30.624
t65cth 15 4.29 6.01 5.403 116 .449
t65peri 15 77.3C 99.27 86.89( 1.4 5.65(
t65endo 15 43.71 66.31 52.946 1.869 7.24(
t75toc 15 340.4( 533.34 446.86¢ 12.56 48.66
t75tod 15 455.7( 702.4( 606.844 17.8® 69.244
t75toa 15 570.0¢ 955.572 743.5% 27.154 105.17]
t75coc 15 281.8§ 438.2§ 371.714 11.551] 44.73]
t75cod 15 1054.3( 1130.9( 1097.9D 4,919 19.054
t75coa 15 252.1¢ 400.4§ 338.68 10.565 40.914
t75cth 15 2.75 4.84 4.071 .149 577
t75peri 15 84.64 109.5¢ 96.44¢6 1.747 6.746
t75endo 15 53.03 89.62 68.83( 2.382 9.2%
Valid N (listwise) 15

a. gender = men, decade = 20s
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Descriptive Statistic§

Std.

N Minimum | Maximum Mean Deviation
Statistic | Statistic Statistic Statistic Std. Error Statistic
t85toc 15 433.28 614.99 533.14] 12.787 49.524
t85tod 15 314.8( 530.4( 453.4¢ 16.392 63.48]
t85toa 15 826.24 1587.64 1197.184 51.307 198.71]
t85trc 15 98.05 267.14 174.664 10.750 41.63
t85trd 15 166.7( 277.1( 219.80 7.949 30.78j
t85tra 15 485.17 1299.84 806.25] 54.624 211.56(
t85coc 15 154.93 361.04 301.47¢ 13.144 50.92¢
t85cod 15 976.1( 1064.2( 1022.87 6.025 23.33¢
t85coa 15 158.72 361.6( 294.47" 12.633 48.92"
t85cth 15 1.66 3.26 2.668 115 444
t85peri 15 100.74 134.21 119.067 2.594 10.047
t85endo 15 82.071 119.3¢ 102.284 2.725 10.557
t15imax 15 10053.3¢ 17244.24¢ 13807.87 578.267 2239.614
t15imin 15 8727.70 16663.8] 12207.50 593.04] 2296.83f
t15irat 15 1.00 1.45 1.143 .036 .140
t15ssi 15 1495.7] 2118.07 1782.27] 50.754 196.584
t15ssitoc 15 5.37 8.35 5.987 .200 774
t25imax 15 10032.99 16873.2] 14207.99 598.69] 2318.72{
t25imin 15 7788.271 16042.0¢ 10668.48 617.63¢ 2392.09
t25irat 15 1.03 1.81 1.362 .061 .235
t25ssi 15 1421.64 2264.0" 1768.32 58.934 228.25¢
t25ssitoc 15 4.41 5.80 5.066 115 446
t35imax 15 11984.0¢ 25191.3] 18494.22 958.874 3713.70:
t35imin 15 8584.74 16390.7] 11619.83 624.379 2418.20!
t35irat 15 1.08 2.32 1.629 .093 .36(
t35ssi 15 1576.71 2488.5¢ 1911.52¢ 67.494 261.41:
t35ssitoc 15 4.24 6.82 4.88 .167 .648
t45imax 151 16367.7] 33848.1¢ 23557.13 1209.74¢4 4685327
t45imin 15 9002.50 19584.8¢ 14409.9% 1019.244 3947.53(
t45irat 15 1.02 2.71 1.7% .135 .525
t45ssi 15 1680.8¢ 2825.9( 2173.40 80.084 310.17:
t45ssitoc 15 4.30 5.47 4,935 .098 .380
Valid N (listwise) 15

a. gender = men, decade = 20s
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Descriptive Statistic$

N Minimum |Maximum [Mean Std. Deviatior]

Statistic|Statistic Statistic Statistic Std. Error Statistic
t55imax 15 18506.92 [41977.78 (28205.893 |1522.860 5898.012
t55imin 15 9355.46 25355.16 |18068.98 (1400.08 5422.375
t55irat 15 1.06 3.06 1.703 167 .648
t55ssi 15 1837.68 |3505.40 2503.933 [109.377 423.616
t55ssitoc 15 4.61 7.79 5.579 .204 792
t65imax 15 23341.51 [56629.11 |[35210.039 |2137.491 8278.465
t65imin 15 10933.78 |29327.92 |20646.498 [1589.869 6157.536
t65irat 15 1.10 3.43 1.856 181 .701
t65ssi 15 2123.73 |4028.36 2893.269 [123.307 477.565
t65ssitoc 15 5.38 7.47 6.262 .160 .621
t75imax 15 30005.42 |67459.31 |45101.439 |2509.716 9720.089
t75imin 15 13162.76 |36977.80 |[26271.495 [2023.132 7835.555
t75irat 15 1.03 3.15 1.864 A71 .662
t75ssi 15 2414.99 4513.25 3341.465 [132.548 513.356
t75ssitoc 15 6.28 11.00 7.511 .299 1.1567
t85imax 15 46650.99 |94549.74 |71839.292 |3929.395 15218.480
t85imin 15 21216.69 ([55513.29 [37960.109 |2661.088 10306.351
t85irat 15 1.10 3.44 2.008 .158 .612
t85ssi 15 3223.76 5642.90 4210.721 ]170.120 658.870
t85ssitoc 15 6.48 9.18 7.869 174 674
toc515r 15 1.14 1.84 1.344 .042 .163
toc535r 15 .86 1.32 1.024 .0314 122
toc585r 15 .69 .94 752 .0176 .068
toc565r 15 77 1.03 .871 .019 .074
tcsab5s 15 8926.40 13955.52 |11111.691 |360.787 1397.321
fcsa65s 15 360.80 2632.48 1314.891 (163.210 632.111
mcsab5 15 7199.04 11780.96 |9101.419 |360.601 1396.602
Valid N (listwise) |15

a. gender #men, decade = 20s
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Gender = Men, Decade = 30s

Descriptive Statisticg

N Minimum | Maximum Mean Std. Deviatio
Statistic| Statistic | Statistic Statistic Std. Error Statistic

t5toc 15 295.67 536.81 376.944 15.806 61.2194
t5tod 15 262.3( 428.9( 334.24 11.571 44.834
t5toa 15 917.12 1488.9¢ 1134.35] 41.024 158.88]
totrc 15 190.2¢ 407.3] 259.56¢ 13.004 50.38]
t5trd 15 227.0(C 343.4( 266.713 7.900 30.591
tStra 15 778.24 1357.12 976.244 42.504 164.60¢
t15toc 15 227.1¢ 394.5( 303.98] 10.592 41.023
t15tod 15 501.4( 734.6( 610.70 17.506 67.80(
t15toa 15 404.0¢ 628.32 500.197 16.406 63.534
t15trc 15 18.89 235.3¢ 49.634 13.766 53317
t15trd 15 92.6( 1063.8( 204.707 62.11( 240.55]
t15tra 15 172.37 360.9¢ 254.064 13.994 54.214
t15coc 15 190.0¢ 318.6] 250.94] 8.22( 31.83¢
t15cod 15 1120.0( 1159.6( 1141.13] 3.204 12.414
t15coa 15 164.37 277.92 219.98¢ 7.333 28.40(
t15cth 15 2.46 4.28 3.203 .125 482
t15peri 15 71.25 88.8€ 79.134 1.297 5.004
t15endo 15 48.0¢ 70.1C 59.014 1.663 6.44(
t25toc 15 277.47 438.24 357.064 10.354 40.12(
t25tod 15 754.4( 957.7( 848.793 16.574 64.214
t25toa 15 357.2§ 522.0¢ 421.35"5 11.164 43.244
t25coc 15 260.3¢ 408.1¢€ 336.934 9.718 37.639
t25cod 15 1153.6( 1201.1( 1180.22 3.972 15.384
t25coa 15 218.8¢ 345.6( 285.653 8.579 33.221
t25cth 15 3.94 6.35 5.037 .157 .606
t25peri 15 67.01 81.0C 72.674 .957 3.707%
t25endo 15 32.4C 48.15 40.319 1.223 4.737
t35toc 15 356.8¢ 507.1¢€ 419.78] 11.53( 44,654
t35tod 15 834.7( 1034.0( 936.64( 12.184 47.18(
t35toa 15 397.6( 534.0¢ 448.128 10.5446 40.843
t35coc 15 343.07 488.6¢ 404.47H 11.031 42.72]
t35cod 15 1145.3( 1214.0( 1176.10 5.432 21.039
t35coa 15 287.3¢ 420.4§ 344.373 10.454 40.504
t35cth 15 5.10 7.30 6.217 172 .664
t35peri 15 70.6¢ 81.97 74.97 .874 3.384
t35endo 15 27.93 43.5( 35.938 .937 3.63]
Valid N (listwise) 15

a. gender = men, decade = 30s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviatio
Statistic | Statistic Statistic Statistic Std. Error Statistic

t45toc 15 401.77 556.83 455.6% 11.762 45.554
t45tod 15 843.4( 994.6( 920.54 10.796 41.814
t45toa 15 437.99 580.44 495.014 11.157 43.21(
t45coc 15 380.04 522.37 435.48] 11.0471 42.784
t45cod 15 1135.2( 1201.5¢ 1165.68 5.423 21.004
t45coa 15 323.04 458.89 374.044 10.801 41.057
t45cth 15 5.55 7.37 6.357 .157 .607
t45peri 15 74.18 85.41 78.804 .882 3.414
t45endo 15 33.32 44.82 38.863 .840 3.254
t55toc 15 406.37 573.13 469.33¢ 12.971 50.234
t55tod 15 758.7( 899.7( 840.43 10.264 39.770
t55toa 15 481.17 641.94 558.1¢ 12.694 49.18]
t55coc 15 387.24 555.04 446.518 12.52] 48.499
t55cod 15 1115.44 1186.6 1153.44] 5.424 21.019
t55co0a 15 329.74 489.44 387.594 11.96( 46.32(
t55cth 15 5.15 7.33 5.965 .159 .615
t55peri 15 77.76 89.81 83.674 .956 3.689
t55endo 15 40.31 52.81 46.198 .822 3.184
t65toc 15 392.04 596.34 471.814 14.626 56.644
t65tod 15 646.7( 811.1¢ 725.834 13.164 51.00(
t65toa 15 546.24 740.44 650.453 16.5472 64.064
t65coc 15 360.59 548.17 433.90¢ 13.40( 51.89¢
t65cod 15 1107.1( 1157.5¢ 1131.49] 4.504 17.443
t65coa 15 311.5% 487.2( 383.86] 12.614 48.871
t65cth 15 4.52 6.58 5.189 .156 .602
t65peri 15 82.85 96.46 90.3%B 1.163 4.509
t65endo 15 49.75 64.33 57.704 1.2046 4.67(
t75toc 15 409.64 628.84 463.74¢4 16.001 61.977
t75tod 15 455.0( 659.8( 546.8¢ 15.519 60.101
t75toa 15 671.84 953.19 850.507 21.63( 83.77]
t75coc 15 339.34 516.34 389.98( 13.744 53.25(
t75cod 15 1065.6( 1126.3¢ 1093.791 4.834 18.737%
t75coa 15 308.64 477.28 356.711 12.924 50.057
t75cth 15 3.23 5.11 3.931 .140 .540
t75peri 15 91.88 109.44 103.254 1.344 5.217
t75endo 15 65.95 87.95 78.364 1.56( 6.044
Valid N (listwise) 15

a. gender = men, decade = 30s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviation
Statistic | Statistic | Statistic Statistic Std. Error Statistic

t85toc 15 403.7€ 695.07% 496.29¢8 22.601 87.534
t85tod 15 248.5( 446.6( 354.838 13.83( 53563
t85toa 15 1056.9¢ 1625.19 1405.83f 43.709 169.284
t85trc 15 117.21 308.84 170.014 14.14¢ 54.79¢
t85trd 15 101.3( 918.1¢ 208.0®@ 51.473 199.354
t85tra 15 732.32 1335.5] 1034.63f 40.504 156.871
t85coc 15 211.5( 437.54 283.721 14.117 54.654
t85cod 15 918.1( 1041.4¢ 1005.2%3 7.91¢ 30.673
t85coa 15 208.4¢ 420.16 282.214 13.581 52.597
t85cth 15 1.68 3.28 2.299 .106 .409
t85peri 15 114.6¢5 141.664 130.19 2.029 7.858
t85endo 15 99.17 131.08 115.753 2.120 8.211]
t15imax 15 10951.21 23501.3§] 15587.44 785.07¢ 3040.58
t15imin 15 8774.2§4 19781.4] 13838.32 726.707 2814.51
t15irat 15 1.01 1.33 1.134 .027 .103
t15ssi 15 1482.7¢ 2599.30 1860.611 76.576 296.574
t15ssitoc 15 5.35 6.78 6.121 121 469
t25imax 15 10982.9( 23248.04 15715.26 872.57] 3379.45
t25imin 151 8441.34 17555.3¢ 11658.97 648.572 2511.90
t25irat 15 1.01 1.85 1.364 .055 213
t25ssi 15 1487.32 2622.51 1905.0% 74.867 289.95]
t25ssitoc 15 4.68 5.98 5.325 .100 .389
t35imax 15 16172.7( 31254.24 21856.25 1120.244 4338.68
t35imin 15 8652.2¢ 17341.01 12043.56 648.415 2511.30
t35irat 15 1.45 2.33 1.836 .067 .259
t35ssi 15 1708.34 2679.51 2077.641 70.897 274.584
t35ssitoc 15 4.52 5.48 4,944 077 .297
t45imax 15 18749.8¢ 37486.9¢ 27321.22 1408.201 5453.944
t45imin 15 11332.21 21204.9( 14798.27 812.907 3148.37
t45irat 15 1.33 2.66 1.884 .097 .37
t45ssi 15 1927.74 2943.117 2314.60 74.725 289.404
t45ssitoc 15 4.71 5.67 5.07 077 .299
Valid N 15
(listwise)

a. gender = men, decade = 30s
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Descriptive Statistic$

N Minimum | Maximum Mean Std. Deviatiol
Statistic | Statistic Statistic Statistic Std. Error Statistic

t55imax 15 20686.8] 45033.7¢ 31873.77i] 1757.107 6805.22
t55imin 15 14067.5] 30578.7] 19827.984 1153.324 4466.804
t55irat 15 1.16 2.64 1.649 .104 .401
t55ssi 15 2188.8¢ 3383.99 2700.84¢ 89.94¢ 348.36
t55ssitoc 15 5.27 6.25 5.747 .078 .30
t65imax 15 24807.0¢ 54851.517 40096.46 2056.65 HtHHH
t65imin 15 16026.5¢ 37697.9¢ 24077.35! 1515.494 HitHH
t65irat 15 1.11 2.89 1.751( 114 442
t65ssi 15 244411 4042.5( 3172.8@ 119.01( 460.919
t65ssitoc 15 6.14 7.34 6.713 .104 .402
t75imax 150 36626.9¢ 71844.8] 54149.61] 3037.97 11766.00
t75imin 15 22748.9] 49557.24 31521.60; 2077.40¢ 8045.76
t75irat 15 1.01 2.67 1.794 134 518
t75ssi 15 2416.8¢ 4973.14 3734.40] 166.35¢ 644.30(
t75ssitoc 15 5.77 8.90 8.03¢ .206 .799
t85imax 15 60706.4¢ 125153.2y 83057.48; 4293.841 16629.98
t85imin 15 24087.5] 64587.11 42575.60( 2950.69 11427.98
t85irat 15 1.60 2.95 2.01€ .104 .402
t85ssi 15 3453.0( 6686.97 4524.95] 222.927 863372
t85ssitoc 15 8.09 10.25 9.117 171 .662
toc515r 15 1.14 1.36 1.23¢ .019 .073
toc535r 15 .79 1.04 .895 .019 .073
toc585r 15 .67 .97 .764 .019 .073
toc565r 15 .69 .90 797 .015 .057
tcsa65 15 8726.74 15114.0¢ 11937.04] 557.301 2158.41
fcsa65s 15 828.9¢ 4315.2( 2196.10 291.424 1128.69
mcsab5 15 6789.7¢ 10727.04 8985.21( 311.29¢ 1205.641
Valid N 15
(listwise)

a.gender = men, decade = 30s
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Gender = men, Decade = 40s

Descriptive Statisticg

N Minimum | Maximum Mean Std. Deviation
Statistic | Statistic Statistic Statistic | Std. Error Statistic

t5toc 10 323.67 509.99 394.334 17.91( 56.637
t5tod 10 315.5( 413.0( 360.58( 10.@20 31.684
t5toa 10 933.6( 1312.14¢ 1094.73¢ 41.02€ 129.739
totrc 10 83.1€ 374.58 234.204 26.17 82.564
t5trd 10 256.3( 754.3( 377.97( 59.884 189.38]
tStra 10 745.4¢ 1168.44 923.45¢ 39.687 125.50
t15toc 10 251.97 393.71 320.81] 12.2516 38.74(
t15tod 10 486.9( 709.3( 623.63( 21.453 67841
t15toa 10 428.34 635.64 517.724§ 20.904 66.104
t15trc 10 30.5¢ 275.74 88.301 30.764 97.28¢
t15trd 10 108.1( 1112.9( 352.70( 124.98] 395.244
t15tra 10 169.2¢ 333.44 260.25¢ 19.3%4 61.201
t15coc 10 201.9( 312.09 264.763 9.323 29.48]
t15cod 10 1065.5( 1179.3¢ 1140.39( 10.623 33.594
t15coa 10 171.2( 274.4( 232.32( 8.206 25.95]
t15cth 10 2.34 3.72 3.336 137 4337
t15peri 10 73.37 89.38 80.512 1.6Z7 5.144
t15endo 10 50.17 67.38 59.55( 2.117 6.694
t25toc 10 265.2] 451.47 367.334 15.21% 48.114
t25tod 10 695.3( 921.2¢ 847.52( 20.5% 65.004
t25toa 10 375.04 537.74 433.312 15.027 47.503
t25coc 10 245.4¢ 428.24 345.86] 14.82 46.861
t25cod 10 1102.7( 121550 1170.58 11.527% 36.451
t25coa 10 201.97 365.24 297.85¢ 14117 44.641
t25cth 10 3.46 5.82 5.186 229 725
t25peri 10 68.65 82.21 73.784 1.283 4.054
t25endo 10 35.1¢ 47.5( 41.19 1.443 4.56
t35toc 10 348.4: 529.64 426.95( 16.005 50.619
t35tod 10 888.8( 1017.74 944.04( 14.35] 45,383
t35toa 10 363.84 558.4( 450.103 17.724 56.047
t35coc 10 336.72 503.74 408.363 15.36¢ 48.60]
t35cod 10 1098.2( 1232.2¢ 1172.32 11.157 35.28]
t35coa 10 273.2¢ 429.17 348.624 13.3%8B 42.35]
t35cth 10 5.39 7.37 6.274 .203 .647
t35peri 10 67.62 83.771 75.32( 1.453 4,594
t35endo 10 27.75 42.56 35.894 1.580 4,994
Valid N (listwise) 10

a. gender = men, decade = 40s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviatior
Statistic | Statistic Statistic Statistic | Std. Error Statistic

t45toc 10 393.4] 577.9(¢ 463.57] 17.58 55.55¢4
t45tod 10 829.3( 1032.0( 928.97( 21.02¢ 66.47
t45toa 10 394.5¢ 619.54 500.89¢ 20.724 65.53¢
t45coc 10 371.0( 480.47 433.(25 12.9%4 40.964
t45cod 10 1103.7( 1216.4¢ 1166.84 10.35 32.64¢
t45coa 10 314.4( 471.57 377.952 14.384 45.48]
t45cth 10 5.4Q 7.57 6.425 221 .700
t45peri 10 70.41 88.23 79.184 1.63 5.17¢
t45endo 10 28.43 48.472 38.814 2.063 6.524
t55toc 10 395.4¢ 584.41 474,102 18.3% 58.10¢
t55tod 10 761.0( 974.7( 856.63( 22.53 71.25¢
t55toa 10 437.7€ 699.54 556.48( 25.01¢ 79.08¢
t55coc 10 366.32 558.94 448.863 18.793 59.43(
t55cod 10 1079.4( 1204.5¢ 1156.32( 10.965 34.67¢
t55co0a 10 313.92 481.17 388.044 15.462 48.89"
t55cth 10 5.18 7.00 6.032 .207 .654
t55peri 10 74.17 93.76 83.434 1.869 5.917
t55endo 10 34.3( 54.46 45.534 2.1 6.93(
t65toc 10 368.8¢ 586.31 476.782 19.882 62.873]
t65tod 10 649.2( 887.3( 743.42( 21.831 69.03]
t65toa 10 532.9¢ 839.54 644.08( 28.638 90.73¢
t65coc 10 331.3¢ 546.54 438.544 20.38 64.32¢
t65cod 10 1041.4( 1191.6¢ 1135.18 11.92] 37.69¢
t65coa 10 278.0¢ 477.76 386.32( 17.25 54.62¢
t65cth 10 4.02 6.33 5.291 219 .69
t65peri 10 81.84 102.71 89.772 1.964 6.21(
t65endo 10 42.4¢ 67.42 56.53( 2.196 6.94¢
t75toc 10 381.81 573.4( 474.984 18.99( 60.057
t75tod 10 491.1( 731.2( 584.26( 22.244 70.344
t75toa 10 645.6( 1086.24 819.28( 37.007 117.02]
t75coc 10 294.9¢ 493.55 399.237 19.89¢ 62.924
t75cod 10 1021.9( 1154.2¢ 1104.52 10.96 34.48¢
t75coa 10 255.52 447.36 361.404 17.458 55.207
t75cth 10 2.92 5.12 4.110 .209 .662
t75peri 10 90.07 116.89 101.244 2.237 7.07¢
t75endo 10 57.89 89.60 75.42( 2.700 8.537
Valid N (listwise) 10

a. gender = men, decade = 40s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviation
Statistic | Statistic Statistic Statistic Std. Error Statistic

t85toc 10 436.31 661.15 536.755 25.424 80.39¢
t85tod 10 320.8( 517.9( 403.69( 16.931 53.54]
t85toa 10 992.1¢ 1559.3¢ 1337.88 55.977 177.014
t85trc 10 111.69 369.24 208.357 28.901 91.39
t85trd 10 132.9( 935.4( 328.42( 99.431] 314.42]
t85tra 10 585.6( 1100.0( 922.924 49.217 155.62]
t85coc 10 192.9¢ 458.8¢ 318.417 23.83( 75.35¢
t85cod 10 947.3( 1063.7( 1029.36 10.516 33.254
t85coa 10 203.6¢ 436.64 308.24( 21.445 67.814
t85cth 10 1.77 3.45 2.631 174 .55(0
t85peri 10 110.41 137.45 125.45] 3.032 9.586
t85endo 10 89.9¢ 122.47 108.91¢ 3.054 9.657
t15imax 10 12910.29 25363.5( 16835.97] 1173.36f 3710.504
t15imin 10 9800.4¢ 20222.11 14002.96] 1056.60¢ 3341.28]1
t15irat 10 1.01 1.52 1.220 .054 .169
t15ssi 10 1622.2( 2662.6( 2015.25] 103.15¢ 326.21]
t15ssitoc 10 5.49 6.76 6.268 152 479
t25imax 10| 10337.9] 29428.81 17472.24 1535.471 4855.59
t25imin 10 8010.17 15883.74 11929.05 772.672 2443.404
t25irat 10 1.11 2.10Q 1.474 .096 .302
t25ssi 10 1539.5¢ 2633.74 1976.084 106.737 337.51¢
t25ssitoc 10 4.5(Q 5.83 5.371 137 437
t35imax 10 11524.64 38732.1¢ 23381.53{ 2107.104 6663.24
t35imin 10 8009.74 15727.11 12154.654 873.28¢ 2761.57
t35irat 10 1.13 2.72 1.966 .166 .526
t35ssi 10 1637.7¢ 2934.2( 2140.774 117.984 373.114
t35ssitoc 10 4.56 5.54 4,990 .108 .343
t45imax 10 15902.79 49848.2¢ 29995.20] 2778.344 8785.89
t45imin 10 8971.1¢ 22997.6 14566.37{ 1514.41] 4788.98
t45irat 10 1.1Q 3.43 2.221 .254 .804
t45ssi 10 1785.6( 3340.5¢ 2378.77" 142.26] 449.864
t45ssitoc 10 4.42 5.78 5.18 .136 430
Valid N 10
(listwise)

a. gender = men, decade = 40s
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Descriptive Statistic$

N Minimum | Maximum Mean Std. Deviation
Statistic | Statistic Statistic Statistic Std. Error Statistic

t55imax 10 19692.4¢ 59352.1f 35031.98I 3474.57¢ 10987.57!
t55imin 10 10182.2] 28331.44 18389.66 2265.671 7164.69(
t55irat 10 1.04 3.72 2.172 .313 .991
t55ssi 10 1969.04 3921.03 2689.29¢ 181.8% 575.20¢
tb5ssitoc 10 4.72 6.71 5.63(] .188 .594
t65imax 10 20279.79 74365.5y 42869.51] 4502.621 14238.55]
t65imin 10 11894.2] 35325.5¢ 21912.09 2537.354 8023.81]
t65irat 10 1.00 3.70 2.194 .315 .997
t65ssi 10 2258.4] 4680.8% 3186.75] 214.81( 679.29(
t65ssitoc 10 5.50 7.98 6.63¢ .208 .65§
t75imax 10 29857.9¢ 99201.9] 55097.87] 5916.791 18710.53,
t75imin 10 17263.64 39881.9( 28924.35 2999.57] 9485.49
t75irat 10 1.04 3.32 2.07¢ .267 .84¢€
t75ssi 10 2843.2] 5662.94 3784.53f 252.93] 799.834
t75ssitoc 10 6.45 9.88 7.921] .268 .845
t85imax 10 45304.04 144779.6y 89404.68! 8503.69 26891.05]
t85imin 10 25972.11 58672.8¢ 40957.314 3545.05] 11210.43!
t85irat 10 1.34 3.00 2.134 .183 .57¢§
t85ssi 10 3080.54 6893.5} 4820.43; 340.04( 1075.30(
t85ssitoc 10 7.06 10.51 8.927 .325 1.02¢
toc515r 10 1.06 1.37 1.23(0 .030 .093
toc535r 10 .75 1.00 .924 .024 .07¢
toc585r 10 .65 .79 737 .014 .045
toc565r 10 .69 .94 .830 .024 .07¢€
tcsa65 10 9372.8( 14679.5] 11945.18: 496.254 1569.307
fcsa65s 10 851.64 3397.6( 1741.71] 275.99] 872.76(
mcsab5 10 7666.74 10943.84 9462.24( 329.386 1041.61!
Valid N 10
(listwise)

a. gender = men, decade = 40s
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Gender = men, Decade = 50s

Descriptive Statisticg

N Minimum | Maximum Mean Std. Deviatior
Statistiq Statistic Statistic Statistic Std. Error Statistic

t5toc 15 259.7( 459.33 347.124 13.74¢6 53.23¢
t5tod 15 264.9( 417.4( 330.06( 11.44¢€ 44,334
t5toa 15 823.04 1279.04 1059.104 38.04( 147.324
t5trc 15 78.5( 327.45 204.43] 16.971 65.72
t5trd 15 217.2( 801.2( 34517 53.024 205.364
tStra 15 639.3¢ 1259.84 919.36 43.141 167.10]
t15toc 15 232.1¢ 368.47 288.440 9.419 36.47¢
t15tod 15 514.3( 757.2( 595.2¢ 15.866 61.44]
t15toa 15 352.4§ 600.94 489.504 20.254 78.44;
t15trc 15 13.45 267.91 79.15% 22.684 87.85¢
t15trd 15 84.6( 1110.9( 330.88( 102.344 396.39¢
t15tra 15 134.5¢ 342.54 257.817 15.651 60.617
t15coc 15 206.27 290.44 237.37] 6.515 25.23]
t15cod 15 1047.4( 1159.9( 1137.913 7.509 29.08:
t15coa 15 178.5€ 261.74 208.724 5.898 22.844
t15cth 15 2.51 3.62 3.054 .074 .287
t15peri 15 66.55 86.90 78.18¢ 1.656 6.415
t15endo 15 43.84 68.17 58.99¢ 1.843 7.137
t25toc 15 270.4¢5 441.21 343.33f 11.919 46.164
t25tod 15 713.5( 958.2( 825.5M 19.48¢ 75.47¢
t25toa 15 309.7¢ 515.34 419.7¢ 18.2172 70.53¢
t25coc 15 260.5¢ 412.49 319.454 11.16¢ 43.25]
t25cod 15 1110.3( 1205.9( 1173.15] 6.073 23.51¢
t25coa 15 218.4( 354.24 272.52] 9.807 37.98¢
t25cth 15 3.95 5.65 4.76( 139 .537
t25peri 15 62.3¢ 80.48 72386 1.592 6.167
t25endo 15 31.52 55.21 42.47¢ 1.816 7.03¢
t35toc 15 297.32 513.2¢ 398.634 15.033 58.224
t35tod 15 727.5(C 999.6( 898.92( 19.78¢ 76.63¢
t35toa 15 342.24 553.24 446.954 19.833 76.81]
t35coc 15 284.37 492.84 375.42] 14.294 55.36]
t35cod 15 1109.0( 1212.8( 117214 7.253 28.091]
t35coa 15 240.8( 420.64 320.60¢ 12.627 48.90"
t35cth 15 4.37 7.01 5.647 .180 .695
t35peri 15 65.5¢ 83.34 74.682 1.674 6.4
t35endo 15 28.6¢ 55.59 39.207 1.90¢9 7.380
Valid N (listwise) 15
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviatior
Statistiq Statistic Statistic Statistic Std. Error Statistic

tStoc 15 259.7( 459.37 347.12" 13.74¢6 53.23¢
t5tod 15 264.9( 417.4( 330.06( 11.44¢€ 44,334
t5toa 15 823.04 1279.04 1059.104 38.04( 147.324
t5trc 15 78.5( 327.44 204.43] 16.971 65.72
t5trd 15 217.2( 801.2( 345.17 53.024 205.364
tStra 15 639.3¢ 1259.84 919.36 43.145 167.10]
t15toc 15 232.1¢ 368.44 288.440 9.419 36.47¢
t15tod 15 514.3( 757.2( 595.2¢ 15.86¢ 61.44]
t15toa 15 352.4§ 600.94 489.504 20.254 78.44:
t15trc 15 13.45 267.91 79.15% 22.684 87.85¢
t15trd 15 84.6( 1110.9( 330.88( 102.344 396.39¢
t15tra 15 134.5€ 342.54 257.817 15.651 60.617
t15coc 15 206.27 290.44 237.37] 6.515 25.23]
t15cod 15 1047.4( 1159.9( 1137.913 7.509 29.08:
t15coa 15 178.5€ 261.74 208.724 5.898 22.844
t15cth 15 2.51 3.62 3.054 .074 .287
t15peri 15 66.55 86.90 78.18¢ 1.656 6.41°5
t15endo 15 43.84 68.17 58.99¢ 1.843 7.13]
t25toc 15 270.4¢5 441.21 343.33f 11.919 46.164
t25tod 15 713.5( 958.2( 825.5M 19.48¢ 75.47¢
t25toa 15 309.7¢ 515.34 419.7¢ 18.2172 70.53¢
t25coc 15 260.5¢ 412.49 319.454 11.16¢ 43.25]
t25cod 15 1110.3( 1205.9( 1173.15] 6.073 23.51¢
t25coa 15 218.4( 354.24 272.52] 9.807 37.98¢
t25cth 15 3.95 5.65 4.76( 139 .537
t25peri 15 62.3¢ 80.48 72386 1.592 6.167
t25endo 15 31.52 55.21 42.47¢ 1.816 7.03¢
t35toc 15 297.32 513.2¢ 398.634 15.033 58.224
t35tod 15 727.5(C 999.6( 898.92( 19.78¢ 76.63¢
t35toa 15 342.24 553.2§ 446.95 19.833 76.81]
t35coc 15 284.37 492.84 375.42] 14.294 55.36]
t35cod 15 1109.0( 1212.8( 1172.14 7.253 28.09]
t35coa 15 240.8( 420.64 320.60¢ 12.627 48.90"
t35cth 15 4.37 7.01 5.647 .180 .695
t35peri 15 65.5¢ 83.38 74.682 1.674 6.485
t35endo 15 28.6¢ 55.59 39.202 1.908 7.380
Valid N (listwise) 15

a. gender = men, decade = 50s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviation

Statistiq Statistic Statistic Statistic Std. Error Statistic
t45toc 15 331.7§ 555.14 432.378 15.6a 60.42
t45tod 15 715.2( 955.8( 866.353 18.07 69.774
t45toa 15 392.1¢ 615.64 502.33¢ 20.784 80.519
t45coc 15 315.37 521.79 405.51¢4 14.706 56.95¢
t45cod 15 1084.3( 1205.2( 1158.70 7.433 28.787
t45coa 15 271.3¢ 450.4( 350.144 12.7® 49.547
t45cth 15 4.48 7.15 5.733 .166 .644
t45peri 15 70.2C 87.96 79.204 1.66(0 6.431
t45endo 15 34.62 59.79 43.189 1.837% 7.114
t55toc 15 342.64 560.84 448.244 16.08¢ 62.30®
t55tod 15 680.7( 875.6( 805.053 15.594 60.39
t55toa 15 255.2( 667.34 531.477 28.944 112.104
t55coc 15 325.8( 527.59 416.39¢ 15.474 59.92
t55cod 15 1066.2( 1183.3( 1149.27 7.023 27.199
t55co0a 15 279.6¢ 458.4( 362.43 13.454 52.10¢
t55cth 15 4.22 6.64 5.457 .159 .615
t55peri 15 73.21 92.72 83.641 1.737 6.729
t55endo 15 41.27 65.09 49.354 1.849 7.160
t65toc 15 347.67 550.24 448.818 15.09¢ 58.45
t65tod 15 580.7( 775.6( 694.90( 14.061 54.454
t65toa 15 469.2¢ 825.24 651.403 28.181 109.148
t65coc 15 326.97 505.14 405.244 13.607 52.6%9
t65cod 15 1059.7( 1160.3( 1127.08 6.279 24.314
t65coa 15 284.8( 450.84 359.814 12.411 48.064
t65cth 15 3.88 5.80 4.7% 117 A4
t65peri 15 76.7¢ 101.84 90.173 1.977 7.656
t65endo 15 48.15 74.79 60.044 2.041 7.904
t75toc 15 346.73 537.03 432.17"5 14.0% 54.36
t75tod 15 431.6( 637.5( 538.16( 14.084 54.544
t75toa 15 570.8¢ 1086.74 814.044 38.770 150.159
t75coc 15 292.74 452.8 359.704 10.6& 41.364
t75cod 15 1031.9( 1125.1( 1096.97 6.233 24.13
t75coa 15 263.2( 417.24 328.117 10.057 38.951,
t75cth 15 3.26 4.39 3.729 .082 .319
t75peri 15 84.7( 116.86 100.811 2.43¢9 9.4471
t75endo 15 60.11 94.46 77.379 2.5% 9.784
Valid N (listwise) 15

a. gender = men, decade = 50s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviation
Statistic Statistic Statistic Statistic | Std. Error Statistic

t85toc 15 351.77 575.0(C 464.904 17.731 68.671
t85tod 15 263.2( 452.2( 360.74 12.387 47.95¢
t85toa 15 983.6¢ 1928.0¢ 1314.95f 72.95% 282.54]
t85trc 15 76.82 354.54 179.03¢ 25.77¢ 99.83]
t85trd 15 100.2( 934.1( 293.5¢/ 84.23:2 326.23!
t85tra 15 620.64 1537.4¢ 957.25¢ 69.08: 267.559
t85coc 15 229.5( 354.0( 280.544 8.93% 34.60¢
t85cod 15 985.8( 1062.4¢ 1029.091 6.012 23.28¢
t85coa 15 216.32 344.64 272.60¢ 8.42¢ 32.644
t85cth 15 1.87 2.82 2.351 .089 .345
t85peri 15 108.6€ 150.3¢ 124.42; 3.191 12.36(
t85endo 15 92.44 138.07 109.66 3.534 13.68¢
t15imax 15 8721.4( 21420.24 14258.12] 986.724 3821.56]
t15imin 15 7370.14 18625.4] 12735.74 878.20¢ 3401.27!
t15irat 15 1.02 1.25 1.1 .020 .07¢
t15ssi 15 1284.1: 2501.29 1799.05¢ 90.482 350.43¢
t15ssitoc 15 4.81 7.03 6.198 .146 .566€
t25imax 15 9888.2§ 25724.0]1 15699.34{ 1164.10] 4508.544
t25imin 15 5495.97 19292.54¢ 11300.19{ 1028.001 3981.43]
t25irat 15 1.02 1.88 1.4%2 .079 .304
t25ssi 15 1205.9¢ 2566.5¢ 1859.87] 108.227 419.16!
t25ssitoc 15 4.45 6.21 5.366 .165 .64(0
t35imax 15 13628.44 34131.00 20682.88¢ 1491.28] 5775.71:
t35imin 15 5941.24 23938.24 12715.93] 1287.58¢ 4986.79(
t35irat 15 1.08 2.50 1.74 .109 423
t35ssi 15 1377.7¢ 2780.1§ 2056.45¢ 121.94¢ 472.30¢
t35ssitoc 15 4.26 5.99 5.111 .154 .597
t45imax 15 18977.3] 42573.471 26820.10] 1782.48] 6903.54!
t45imin 15 7113.59 27990.5¢ 15475.54} 1759.56] 6814.75]
t45irat 15 1.04 2.7Q 1.957 .159 .61€
t45ssi 15 1612.1°F 2973.2] 2332.0Q2 128.15: 496334
t45ssitoc 15 4.61 6.32 5.35( .145 .56
Valid N 15
(listwise)

a. gender = men, decade = 50s
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Descriptive Statistic$

N Minimum Maximum Mean Std. Deviation
Statistic| Statistic Statistic Statistic Std. Error Statistic

t55imax 15 17406.0] 49600.64 32023.11 2286.4% 8855.41]
t55imin 15 10478.5] 32433.64 18706.15 1730.123 6700.73
t55irat 15 1.02 2.62 1.819 .131 .50¢
t55ssi 15 1832.9¢ 3517.94 2706.63] 141.08 546.20:
t55ssitoc 15 5.16 7.04 5.9% 137 .532
t65imax 15 23411.2¢ 57883.8¢ 39940.23 2691.03 10422.32!
t65imin 15 11838.5] 38356.2¢ 22567.58 2147.19 8316.03]
t65irat 15 1.15 2.56 1.884 123 A7
t65ssi 15 2071.3j 4097.6( 3106.76 166.85 646.11¢
t65ssitoc 15 5.96 8.29 6.863 .176 .68%
t75imax 15 24584.0( 78244.8] 48514.65 3742.64 14495.21]
t75imin 15 16032.24 58173.6] 29034.34 2774.05 10743.85
t75irat 15 1.06 2.59 1.779 144 .55€
t75ssi 15 2352.3] 4957.0( 3494.004 194.08B 751.40¢
t75ssitoc 15 6.78 9.64 8.009 .210 .812
t85imax 15 41350.54 111762.6] 75359.59 5058.9270 19593.13,
t85imin 15 19878.81 82926.5¢ 41639.40 4074.20" 15779.33l
t85irat 15 1.21 3.22 1.944 .148 577
t85ssi 15 2464.9( 5656.34 4285.824 219.284 849303
t85ssitoc 15 7.01 10.40 9.163 .19 .769
toc515r 15 1.08 1.35 1.203 .024 .093
toc535r 15 71 1.05 .875 .026 .09¢
toc585r 15 .58 .87 .750 .020 .077
toc565r 15 .66 .95 775 .021 .082
tcsa65 15 7880.0( 14082.71 11441.68 489.95¢ 1897.58!
fcsa65s 15 728.8( 3273.74 1534.34 169.7% 657.3®
mcsab5 15 6305.7¢ 12051.04 9154.34 388.25¢ 1503.71!
Valid N (listwise) 14

a. gender = men, decade = 50s
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Gender = women, €cade = 20s

Descriptive Statisticg

N Minimum | Maximum Mean Std. Deviation
Statistic Statistic Statistic Statistic Std. Error Statistic

t5toc 15 200.8¢ 364.74 287.244 11.194 43.35%
t5tod 15 257.8( 422.4( 347.42( 11.839 45.85
tStoa 15 719.2( 908.94 827.174 17.087 66.164
t5trc 15 105.7¢ 258.87 175.374 11.91€ 46.15]
t5trd 15 169.1( 880.0¢ 417.08( 69.08¢ 267.56]
tStra 15 113.6( 783.34 654.511 42.44] 164.374
t15toc 15 187.57 278.24 240.163 7.895 30.577
t15tod 15 469.9( 747.2( 609.80 17.007 65.864
t15toa 15 309.92 451.2( 395.174 10.83] 41.944
t15trc 15 14.49 239.24 82.174 23.09: 89.43(
t15trd 15 65.0( 1128.9( 403.86( 113.99] 441.504
t15tra 15 114.5¢ 245.24 204.57¢ 8.99¢ 34.844
t15coc 15 162.57 229.44 200.444 5.80:3 22.471
t15cod 15 1125.9( 1185.4( 1156.22( 4.348 16.834
t15coa 15 141.2¢ 202.24 173.344 4.957 19.174
t15cth 15 2.21 3.33 2.823 .078 .300
t15peri 15 62.41 75.30 70.374 .981 3.801]
t15endo 15 41.4¢€ 56.91 52.634 1.110 4.297
t25toc 15 223.64 324.24 271.914 8.394 32.507
t25tod 15 724.2( 947.8( 848.753 17.82¢ 69.044
t25toa 15 269.6( 379.84 321.204 9.594 37.15¢
t25coc 15 212.2( 306.74 257.26] 7.93¢ 30.744
t25cod 15 1166.8( 1215.6( 1194.30 4.21¢ 16.334
t25coa 15 174.5¢ 262.74 216.544 6.78€ 26.28]
t25cth 15 3.42 5.06 4.4085 .139 .547
t25peri 15 58.21 69.09 63.434 .945 3.664
t25endo 15 26.41 42.99 35.74( 1.3027 5.044
t35toc 15 260.8¢ 390.79 316.03] 10.34¢ 40.07(
t35tod 15 853.9( 1027.9( 952.17 14.777 57.217
t35toa 15 6.91 399.84 312.15] 24.09( 93.30]
t35coc 15 251.9( 380.54 304.557 9.93C 38.46(
t35cod 15 1164.8( 1217.0( 1195.40 3.911 15.147%
t35coa 15 208.4¢ 326.24 254.944 8.68% 33.637
t35cth 15 4.31 6.44 5.345 .153 .5914
t35peri 15 58.81 70.88 64.504 1.002 3.88(
t35endo 15 24.93 37.30 30.92( 1.037 4.0174
Valid N (listwise) 15

a. gender = women, decade = 20s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviation

Statistic| Statistic Statistic Statistic Std. Error Statistic
t45toc 15 274.23 433.87 350.0% 11.334 43.914
t45tod 15 843.4( 1017.44 939.62( 14.287 55.334
t45toa 15 304.14 459.2( 373.564 11.954 46.302
t45coc 15 257.84 432.99 337.183 11.784 45.634
t45cod 15 1153.5( 1205.6( 1184.29 4.110 15.914
t45coa 15 217.44 375.34 284.997 10.584 40.997
t45cth 15 4.54 6.92 5.611 174 673
t45peri 15 61.82 75.96 68.394 1.085 4.201
t45endo 15 26.49 39.12 32.984 .985 3.815
t55toc 15 298.39 450.44 365.104 11.66( 45.16(
t55tod 15 772.7( 963.1( 874.74 14.284 55.324
t55toa 15 355.54 516.8( 417.803 12.79( 49.53¢4
t55coc 15 278.37 434.04 349.26( 11.48] 44.461
t55cod 15 1135.5( 1197.3( 1175.18( 4.416 17.104
t55co0a 15 235.04 382.24 297.524 10.486 40.611
t55cth 15 4.32 6.28 5.359 .158 619
t55peri 15 66.84 80.59 72.344 1.089 4,217
t55endo 15 30.58 44.59 38.674 1.059 4.099
t65toc 15 300.11 430.45 365.647 11.507 44,564
t65tod 15 668.0( 840.7( 759.72( 16.081 62.28(
t65toa 15 375.04 599.84 470.292 14.817 57.364
t65coc 15 268.24 402.97 338.834 10.638 41.161
t65cod 15 1124.44 1180.9( 1160.64 4.164 16.121%
t65coa 15 231.2¢ 355.84 292.16( 9.659 37.41(
t65cth 15 3.65 5.34 4.626 .135 .524
t65peri 15 71.83 86.87 77.732 1.117 4.326
t65endo 15 40.21 56.11 48.667 1.197 4.618
t75toc 15 298.84 438.79 370.693 11.79( 45.663
t75tod 15 477.7( 687.8( 587.5Z 17.002 65.85(
t75toa 15 528.8( 797.24 633.621 18.03( 69.824
t75coc 15 244.04 379.41 310.077 9.4471 36.584
t75cod 15 1080.2( 1142.2( 1118.90 4.160 16.119
t75coa 15 218.04 345.94 277.364 8.979 34.774
t75cth 15 2.78 4.32 3.567 113 .438
t75peri 15 81.52 100.1d 89.11( 1.24% 4.831
t75endo 15 56.81 77.90 66.699 1.415 5.487
Valid N (listwise) 15

a. gender = women, decade = 20s
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Descriptive Statistic$

N Minimum Maximum Mean Std. Deviation
Statistic Statistic Statistic Statistic Std. Error Statistic

t85toc 15 312.94 514.13 416.26F 16.73B 65.03¢
t85tod 15 299.2( 492.1¢ 398.6& 14.320 55.49¢
t85toa 15 908.64 1285.6( 1045.62] 25.311 98.02¢
t85trc 15 82.33 368.9¢6 183.607 22.3% 86.58¢
t85trd 15 107.0( 936.2( 380.054 87.44¢ 338.85
t85tra 15 279.52 932.9¢6 708.694 36.48 141.141
t85coc 15 151.67 308.3( 235.754 10.094 39.094
t85cod 15 968.0( 1060.2( 1033.6Z 6.584 25.50(
t85coa 15 156.64 295.68 227.7% 9.321 36.104
t85cth 15 1.42 2.65 2.123 .083 .32
t85peri 15 106.3( 126.6( 113.964 1.364 5.287
t85endo 15 92.15 112.84 100.626 1.380 5.344
t15imax 15 6631.74 12608.41 9701.024 542.58 2101.41]
t15imin 15 6268.8] 11520.71 8331.67" 411.34§ 1593.14
t15irat 15 1.01 1.41 1.16 .036 .13¢§
t15ssi 15 1090.7: 1653.7¢ 1371.95( 50.941 197.294
t15bsi 15 3.52E1( 7.74E1( 5.85%F10 3.77&9 1.46E1C
t15bsitoatod2 15 88110430.2 1.79E¢ 1.474&8 7.427E6 2.87E7
t15ssitoc 15 4,71 6.49 5.720 124 481
t25imax 15 5887.04 15221.84 9528.401 672.93( 2606.24]
t25imin 15 3912.04 10230.34 6714.79 401.99¢ 1556.92;
t25irat 15 1.01 2.26 1.458 .103 401
t25ssi 15 966.1¢ 1641.3" 1272.6% 56.734 219.724
t25ssitoc 15 3.76 5.39 4.665 110 427
t35imax 15 7683.47 19769.171 12010.85 846.6F 3279.01]
t35imin 15 4009.0¢4 12332.11 7165.32 555.13¢ 2150.02f
t35irat 15 1.03 3.24 1.804 152 .59(¢
t35ssi 15 1062.92 1770.9¢ 1372.52 61.34% 237.58(
t35ssitoc 15 3.84 4.85 4.325 .074 .286€
t45imax 15 9487.44 23566.74 15219.09 1005.87] 3895.72]
t45imin 15 4784.17 14469.8 9081.811 682.02 2641.46!
t45irat 15 1.08 3.56 1.763 .151 .586€
t45ssi 15 1126.8( 2152.94 1571.82] 72400 280.40¢
t45ssitoc 15 3.92 4.99 4.471 .088 .34
Valid N 15

(listwise)

a. gender wwomen, decade = 20s
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Descriptive Statistic§

N Minimum Maximum Mean Std. Deviation
Statistic Statistic Statistic Statistic Std. Error Statistic

t55imax 15 11657.1¢ 27418.0] 17686.17] 1268.444 4912.671
t55imin 15 6541.04 16434.3( 11680.63 701.084 2715.30
t55irat 15 1.07 2.92 1.551 117 454
t55ssi 15 1364.0¢ 2471.04 1799.10¢ 84.116 325.78
t55ssitoc 15 4.30 5.52 4.904 .094 .364
t65imax 15 14917.3] 32037.84 21525.48 1341.694 5196.37]
t65imin 15 8847.7( 21612.24 14552.301 896.157 3470.78]1
t65irat 15 1.12 2.35 1.510 .087 .337
t65ssi 15 1747.32 2715.3] 2109.49] 89.974 348.471
t65ssitoc 15 5.05 6.58 5.753 .106 .409
t75imax 15 20337.1¢ 46943.74 29707.02 2058.48( 7972.45]
t75imin 15 12354.4( 30377.6§ 19770.40] 1051.041 4070.67
t75irat 15 1.01 2.24 1.532 .105 405
t75ssi 15 1999.8¢ 3255.29 2529.264 105.714 409.42]
t75ssitoc 15 5.89 7.7¢ 6.804 .128 .496
t85imax 15 31963.5¢ 69898.04 47229.94 3072.06 11898.042
t85imin 15 20745.6] 44878.1] 28188.02 1768.56 6849.61]
t85irat 15 1.11 2.23 1.697 .082 .317
t85ssi 15 2328.64 4480.10 3163.26( 172.296 667.29¢
t85ssitoc 15 6.25 8.91 7.5771 .206 .796
toc515r 15 1.06 1.31 1.195 .023 .090
toc535r 15 73 1.14 911 .027 .106
toc585r 15 .54 .88 .696 .023 .089
toc565r 15 .65 .97 787 .023 .087
tcsa65 15 7377.2 14818.4( 10302.19] 562.21] 2177.43
fcsa65s 15 929.172 4817.24 2788.043 282.179 1092.87¢
mcsab5 15 4917.6( 9708.3] 6988.60¢ 327.53] 1268.52]
Valid N 15
(listwise)

a. gender = women, decade = 20s
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gender= women, decade = 30s
Descriptive Statistic$

Std.

N Minimum | Maximum Mean Deviation
Statistic | Statistic Statistic Statistic Std. Error Statistic
t5toc 14 212.8( 375.6( 272.99] 12.33¢ 46.13¢
t5tod 14 272.0( 387.6( 311.03¢ 8.528 31.91(
tbtoa 14 684.44 3956.0¢ 1103.01] 221.074 827.18]
t5trc 14 72.61 762.94 215.274 44,277 165.68
t5trd 14 211.44 756.8( 356.33¢ 56.447 211.20]
totra 14 567.57 3608.44 965.703 204.74( 766.064
t15toc 14 203.39 294.73 234.22] 8.314 31.11(
t15tod 14 498.1( 650.0( 583.57¢ 13.474 50.42¢
t15toa 14 316.8( 481.6( 402.674 13.584 50.82]
t15trc 14 23.62 187.65 53.555 15.284 57.18i
t15trd 14 99.3(¢ 1162.4( 282.764 98.769 369.5%
t15tra 14 153.92 289.24 219.72¢4 10.344 38.70¢
t15coc 14 172.71% 247.28 195.784 6.647 24.857
t15cod 14 1136.1( 1196.6¢ 1167.20] 4,931 18.44¢
t15coa 14 147.34 215.36 167.744 5.669 21.217
t15cth 14 2.31 3.23 2.683 .0764 .287
t15peri 14 63.10 77.79 71.004 1.204 4.506€
t15endo 14 45.26 62.00 54.145 1.254 4.69(
t25toc 14 228.79 360.5( 275.124 10.316 38.56(
t25tod 14 745.5( 965.8( 851.62] 18.584 69.54]
t25toa 14 263.2( 382.24 323.337 10.164 38.02¢
t25coc 14 216.79 349.54 261.07] 10.28( 38.46¢
t25cod 14 1173.1( 1236.40 1208.47¢ 5.293 19.80¢
t25coa 14 177.24 282.74 216.057 8.448 31.60¢
t25cth 14 3.52 5.53 4.315 .149 .55¢
t25peri 14 57.51 69.31 63.641 1.002 3.747
t25endo 14 29.57 41.82 36.2® .995 3.724
t35toc 14 265.19 438.99 323.27¢ 12.4472 46.554
t35tod 14 859.1( 1078.3( 950.98¢ 16.624 62.20,
t35toa 14 277.44 437.44 340.09] 11.718 43.84¢
t35coc 14 250.44 426.57 310.06] 12.633 47.27(
t35cod 14 1176.3( 1232.60 1203.37¢ 5.489 20.53¢
t35coa 14 204.04 348.34 257.664 10.372 38.80¢
t35cth 14 4.31 6.47 5.300 176 .65§
t35peri 14 59.05 74.14 65.251 1.111 4.15¢
t35endo 14 23.71 36.68 31.957 1.072 4.01(
Valid N (listwise) 14

a. gender = women, decade = 30s
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Descriptive Statisticg

N Minimum | Maximum Mean Std. Deviatior
Statistic| Statistic Statistic Statistic | Std. Error|  Statistic

t45toc 14 293.57% 484.16 359.684 13.541] 50.66€
t45tod 14 872.2( 1079.2( 936.793 14.853 55.574
t45toa 14 324.44 511.84 384.19 13.662 51.11¢
t45coc 14 275.24 468.99 341.501 13.733 51.38¢
t45cod 14 1150.8( 1223.7( 1185.10] 6.156 23.037
t45coa 14 227.2( 387.04 288.17] 11.39¢ 42.65(
t45cth 14 4.55 6.69 5.545 175 .655
t45peri 14 63.86 80.20 69.347 1.204 4.507|
t45endo 14 24.60 68.99 36.822 2.704 10.1181¢
t55toc 14 316.5( 501.71 370.334 14.243 53.29]
t55tod 14 797.2( 983.3( 866.90( 12.832 48.01]
t55toa 14 351.84 569.74 427.49] 15.677 58.657
t55coc 14 295.54 485.57 351.13] 14.385 53.824
t55cod 14 1142.0( 1213.9( 1175.60( 6.283 23.50¢
t55co0a 14 245.74 400.9¢ 298.524 11.673 43.67¢
t55cth 14 4.5] 6.14 5.261 142 .53
t55peri 14 66.49 84.62 73.141 1.314 4,917
t55endo 14 33.04 46.06 40.084 1.036 3.87¢
t65toc 14 301.44 479.69 373.374 14.163 52.99]
t65tod 14 668.4( 859.2( 747.674 16.803 62.874
t65toa 14 406.24 712.14 502.423 22.361 83.66®
t65coc 14 274.07% 448.0] 343.17] 13.684 51.204
t65cod 14 1126.6( 1195.6( 1157.914 5.837 21.821
t65coa 14 231.2¢ 379.2( 296.264 11.449 42.83]
t65cth 14 3.78 5.46 4.5671 132 .493
t65peri 14 71.49 94.60 79.219 1.709 6.399
t65endo 14 41.56 64.69 50.524 1.704 6.377
t75toc 14 310.07% 445.64 364.80¢ 12.558 46.98¢
t75tod 14 465.1( 640.9¢ 565.014 16.467 61.617
t75toa 14 500.8( 936.14 654.984 34.074 127.49
t75coc 14 258.04 375.94 305.739 10.238 38.30¢
t75cod 14 1078.0( 1159.5( 1119.861 6.434 24.074
t75coa 14 223.64 335.54 272.97] 8.842 33.084
t75cth 14 2.84 4.11 3.4471 .098 .36¢§
t75peri 14 79.33 108.46 90.351 2.278 8.524
t75endo 14 56.24 87.63 68.691 2.513 9.404
Valid N (listwise) 14

a. gender = women, decade = 30s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviation
Statistic| Statistic Statistic Statistic Std. Error Statistic

t85toc 14 317.54 489.45 393.897 15.234 57.01¢
t85tod 14 297.3( 446.8( 361.714 11.831 44.26¢
t85toa 14 839.2( 1429.6 1098.93] 48.38] 181.029
t85trc 14 73.19 264.9( 150.827 17.017 63.674
t85trd 14 96.30 986.3( 316.124 86.47( 323.54
t85tra 14 593.44 1130.44 804.063 45.659 170.83¢
t85coc 14 183.04 311.44 230.997 10.015 37.477
t85cod 14 965.5( 1081.8¢ 1031.764 9.518 35.61¢
t85coa 14 177.28 296.48 223.52( 8.757 32.764
t85cth 14 1.64 2.74 2.071 .090 .337
t85peri 14 101.54 129.1¢ 114.98] 1.917 7.177
t85endo 14 87.83 117.19 101.977 2.172 8.127
t15imax 14 6565.0] 13593.3] 9707.44] 596.704 2232.674
t15imin 14 5819.71 12160.2¢ 8441.934 527.43( 1973.46]
t15irat 14 1.0 1.33 1.155 .027 102
t15ssi 14 1062.82 1726.8] 1378835 58.26 218.00]
t15bsi 14 4.13E1( 8.69E1( 5.5E1Q 4,109 1.53&1C
t15bsitoatod2 14 1.03ES 1.89ES 1.37E8 6.85(E6| 2.56F7
t15ssitoc 14 5.14 6.67 5.8771 .105 .393
t25imax 14 6536.14 13191.0] 9297.87 535.77¢ 2004.69]
t25imin 14 4282.01 10448.11 7117.37] 544,117 2035.80
t25irat 14 1.03 1.77 1.349 .068 .25€
t25ssi 14 997.94 1738.24 1322.04¢ 61.24 229.04:
t25ssitoc 14 4.06 5.26 4.7% .101 .38(
t35imax 14 8149.29 18939.1¢( 11718.63 706.674 2644.141
t35imin 14 4226.74 13464.3(Q 7897.25 812.311 3039.39(
t35irat 14 1.00 2.46 1.625 135 .506€
t35ssi 14 1080.3( 2127.39 1434.54] 72.234 270.26¢
t35ssitoc 14 3.77 4.85 4.4272 .086 .323
t45imax 14 9820.1§ 25684.0] 15179.58 1018.62f1 3811.34¢
t45imin 14 6353.84¢ 17503.84 9973.924 866.673 3242.79
t45irat 14 1.18 1.96 1.572 .076 .285
t45ssi 14 1280.2( 2626.39 1643.74¢ 92.375 345.634
t45ssitoc 14 3.96 5.42 4.544 A04 .38¢
Valid N 14

(listwise)

a. gender = women, decade = 30s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviation
Statistic| Statistic Statistic Statistic Std.Error Statistic

t55imax 14 11380.3( 31579.54 17815.924 1407.33 5265.78
t55imin 14 8445.4] 20561.7] 12613.26! 924,102 3457.67
t55irat 14 1.09 2.23 1.4 .075 .282
t55ssi 14 1408.0: 2964.87% 1873.15¢ 105.424 394.464
t55ssitoc 14 4.39 5.91 5.024 .098 .369
t65imax 14 14400.99 41914.9] 22248.20{ 1976.19] 7394.23]
t65imin 14 10305.4¢ 26272.24 16233.00( 1308.28f1 4895.15
t65irat 14 1.02 2.24 1.403 .097 .364
t65ssi 14 1629.4¢ 3684.13 2207.99¢ 142.974 534.96]
t65ssitoc 14 4.89 7.68 5.862 182 .68(0
t75imax 14 19528.54 51428.1] 29713.00¢ 2364.854 8848.474
t75imin 14 14534.39 36456.5] 21877.954 1944.73( 7276.534
t75irat 14 1.04 1.79 1.39(¢ .060 .225
t75ssi 14 1902.57 3694.841 2581.52 145.144 543.084
t75ssitoc 14 5.93 8.29 7.021 .180 674
t85imax 14 32211.4] 57226.90 45604.14] 2385.491 8925.70
t85imin 14 19043.31 51937.2] 32966.14] 2587.574 9681.81
t85irat 14 1.02 2.23 1.45€ .099 .369
t85ssi 14 2498.27 4137.64 3273.47¢ 140.614 526.149
t85ssitoc 14 7.35 9.34 8.305 133 .499
toc515r 14 1.05 1.27 1.162 .018 .067
toc535r 14 .70 1.0Q .845 .021 .08d
toc585r 14 .63 77 .692 .011 .04(Q
toc565r 14 .61 .84 731 .018 .067
tcsa65 14 7878.04 15632.1¢ 10669.90! 562.35¢ 2104.14
fcsa65s 14 1075.0¢ 5936.64 3095.22] 344.784 1290.08
mcsab5 14 5667.04 9036.39 6996.741 282.13 1055.631
Valid N 14
(listwise)

a. gender = women, decade = 30s
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Gender = women, Decade = 40s
Descriptive Statistic$

N Minimum [Maximum |Mean Std. Deviation

Statistic [Statistic [Statistic Statistic Std. Error |Statistic
t5toc 15 227.57 328.00 272.445 6.692 25.919
t5tod 15 273.00 363.20 316.0¢ 7.028 27.218
tbtoa 15 753.92 1015.84 |864.768 20.885 80.887
t5trc 15 76.58 205.15 176.174 8.314 32.199
t5trd 15 221.20 699.80 279.79 30.714 118.9%
tStra 15 671.68 889.12 747.008 18.870 73.083
t15toc 15 119.61 288.89 224.921 9.899 38.340
t15tod 15 404.30 655.00 561.64 15.087 58.430
t15toa 15 295.84 464.64 398.453 11.381 44.079
t15trc 15 16.03 199.30 42.195 11.477 44.448
t15trd 15 80.80 1088.80 (203.83 64.022 247.955
t15tra 15 177.44 257.28 222.069 6.229 24.125
t15coc 15 59.57 242.16 183.213 10.453 40.483
t15cod 15 917.00 1194.20 1141.7Z 17.094 66.205
t15coa 15 64.96 204.16 159.243 8.339 32.07
t15cth 15 1.13 3.11 2.531 123 476
t15peri 15 60.98 76.41 70.656 1.034 4.003
t15endo 15 49.47 58.86 54.751 778 3.015
t25toc 15 218.98 323.27 273.946 7.526 29.150
t25tod 15 739.80 932.60 821.2D 12.789 49.532
t25toa 15 279.52 384.00 334.0%6 8.795 34.064
t25coc 15 205.12 303.19 255.532 7.183 27.821
t25cod 15 1140.60 (1235.50 1193.8B 7.113 27.547
t25coa 15 173.28 259.36 214.24 6.408 24.817
t25cth 15 3.62 4.76 4.143 .103 .398
t25peri 15 59.27 69.47 64.707 .857 3.317
t25endo 15 32.49 45.55 38.678 .805 3.117
t35toc 15 249.49 365.89 320.151 8.415 32.592
t35tod 15 840.20 1019.80 [932.00/ 12.824 49.666
t35toa 15 280.00 404.80 343.915 9.024 34.951
t35coc 15 236.09 352.73 306.87 8.461 32.768
t35cod 15 1142.50 (1240.10 1193.03 7.274 28.172
t35coa 15 202.56 299.84 257.419 7.607 29.460
t35cth 15 4.24 5.91 5.222 122 AT1
t35peri 15 59.32 71.32 65.660 .867 3.356
t35endo 15 26.49 37.70 32.848 .753 2.916
Valid N (listwise) |15

a. gender = women, decade = 40s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviatio
Statistic | Statistic | Statistic Statistic Std. Error Statistic

t45toc 15 272.31 405.69 352.3% 10.175 39.40¢
t45tod 15 803.0( 977.7( 922.24 12.484 48.35]
t45toa 15 313.94 445,76 382.284 10.556 40.884
t45coc 15 257.87 390.91 336.057 10.107 39.144
t45cod 15 1131.1( 1231.5( 1183.65] 7.309 28.30¢
t45coa 15 220.44 345.6( 284.357 9.443 36.57
t45cth 15 4.37 6.27 5.45( 142 .551
t45peri 15 62.81 74.84 69.217 .959 3.715
t45endo 15 30.90 41.39 34.973 .733 2.834
t55toc 15 274.43 426.57 362.894 10.967 42.471
t55tod 15 746.0( 946.6( 855.72( 14.054 54.447%
t55toa 15 344.44 494,77 424.244 11.387 44,103
t55coc 15 251.87% 408.94 343.795 10.949 42.404
t55cod 15 1125.9( 1233.8( 1171.97 7.547 29.224
t55co0a 15 218.0¢ 347.64 293.70 9.942 38.50
t55cth 15 4.04 5.80 5.171 144 .558
t55peri 15 65.79 78.85 72.924 .987 3.824
t55endo 15 34.56 45.75 40.464 .789 3.054
t65toc 15 293.43 421.99 363.054 9.394 36.399
t65tod 15 619.4( 928.5( 748.7% 22.244 86.16(
t65toa 15 135.04 581.24 466.933 27.194 105.324
t65coc 15 261.34 381.81 334.56( 9.256 35.844
t65cod 15 1101.2( 1201.14 1155.81] 7.665 29.68¢
t65coa 15 232.64 346.74 289.61] 8.245 31.939
t65cth 15 3.59 6.10 4564 .1699 .659
t65peri 15 72.30 85.471 78.20® 1.083 4.196
t65endo 15 34.09 60.33 49.53( 1.701 6.590
t75toc 15 301.69 410.96 359.5% 8.668 33.573
t75tod 15 459.5( 721.9¢ 558.76( 21.694 84.019
t75toa 15 517.12 840.44 652.501 22.496 87.124
t75coc 15 247.72 360.24 300.9Z 8.587 33.25¢
t75cod 15 1057.0( 1160.2( 1114.97 7.930 30.71]
t75coa 15 215.68 327.2( 270.09] 7.940 30.754
t75cth 15 2.74 4.81 3.430 .153 .593
t75peri 15 80.61 102.77 90.364 1.552 6.014
t75endo 15 52.89 83.82 68.813 2.242 8.683
Valid N (listwise) 15

a. gender = women, decade = 40s
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Descriptive Statistic$

N Minimum Maximum Mean Std. Deviation

Statistic Statistic Statistic Statistic | Std. Error Statistic
t85toc 15 302.7¢ 446.73 377.35¢ 10.93¢ 42.364
t85tod 15 270.4(¢ 470.0( 343.70 14.55€ 56.37¢
t85toa 15 812.0( 1629.24 1119.86] 51.63¢ 199.98
t85trc 15 81.1€ 203.22 119.722 9.41% 36.459
t85trd 15 107.2( 183.3( 145.5D 6.68% 25.884
t85tra 15 502.4( 1117.12 818.16°¢ 41.98: 162.60
t85coc 15 111.7€ 277.71] 216.06¢ 11.93¢ 46.234
t85cod 15 898.7( 1157.8¢ 1030.%7, 16.434 63.647%
t85coa 15 120.8( 257.12 208.09¢ 9.62€ 37.28]
t85cth 15 1.43 2.89 2.08 113 439
t85peri 15 83.7( 124.2€ 110.17¢ 3.1 12.324
t85endo 15 65.53 113.2€ 97.43% 3.50:3 13.567%
t15imax 15 7074.94 13299.84 9960.47¢ 490.037 1897.88
t15imin 15 6299.5( 13006.8] 8670.79( 491.50¢ 1903.6(3]
t15irat 15 1.02 1.32 1.15¢ .027 .106
t15ssi 15 1118.5¢ 1888.54 1321.521 50.682 196.29(
t15bsi 15 1.43E1( 8.34E1( 5.1%E10 4.09E9 1.584E10
t15bsitoatod2 15 48357559.6] 1.80E¢ 1.281E8 7.95F6 3.08(E7
t15ssitoc 15 5.35 9.35 5.97¢ .254 .985
t25imax 15 5988.94 12918.4¢ 9525.09 505.46. 1957.64
t25imin 15 5363.7] 9817.6] 7301.7% 365.02] 1413.7D)
t25irat 15 1.08 1.59 1.312 .045 179
t25ssi 15 1007.23 1670.1] 1331.19¢ 50.90¢ 197.159
t25ssitoc 15 4.44 5.34 4.8 .071 .275)
t35imax 15 7594.7( 17755.39 12139.95] 741.134 2870.404
t35imin 15 5399.27 10096.34 7832.12 380.46¢ 1473.54
t35irat 15 1.14 1.99 1.5 .071 273
t35ssi 15 1104.2¢ 1719.11 1431.041 49.82¢ 192.984
t35ssitoc 15 4.11 4.78 4.45¢ .054 .209
t45imax 15 8409.84 22967.4] 14974.58 1017.45] 3940.59
t45imin 15 6559.44 14260.04 10175.42 610.12¢ 2363.01]
t45irat 15 1.02 2.26 1.501 .093 .36
t45ssi 15 1149.9¢ 2071.00 1627.36¢ 65.64¢ 254.25¢
t45ssitoc 15 4.15 5.1Q 4.601 .072 .281
Valid N 15
(listwise)

a. gender = women, decade = 40s
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Descriptive Statistics®

N Minimum Maximum Mean Std. Deviation
Statistic | Statistic Statistic Statistic Std. Error Statistic

t55imax 15 9972.81 23568.8] 17512.67 973.841 3771.68]
t55imin 15 7856.4( 17610.3] 12523.00 826.94¢ 3202.744
t55irat 15 1.08 2.49 1.448 .099 .38
t55ssi 15 1267.8¢ 2389.71 1838.11] 75.951 294.1%
t55ssitoc 15 4.55 5.60 5.050 .079 .30€
t65imax 15 15029.0¢4 29121.79 21722.261 1108.74/ 4294.13/
t65imin 15 9599.3¢ 22013.99 14504.05 944.08] 3656.41(
t65irat 15 1.08 2.29 1.553 .095 .366€
t65ssi 15 1702.4¢ 2708.9( 2131.691 77.93: 301.83¢
t65ssitoc 15 4.68 6.84 5.871 141 .545
t75imax 15 20634.44 42991.61 30320.13 1807.31] 6999.68f
t75imin 15 11363.8] 25988.74 19748.77 1168.82] 4526.84
t75irat 15 1.05 2.84 1.613 .138 534
t75ssi 15 2038.0( 3119.3] 2581.37] 86.42¢ 334.73¢
t75ssitoc 15 5.94 8.08 7.174 .155 .602
t85imax 15 28163.3] 62681.3]1 46479.99 2396.694 9282.35/
t85imin 15 19356.2] 34690.0¢ 28265.79 1136.99] 4403.5%0
t85irat 15 1.03 2.58 1.677 .104 .404
t85ssi 15 2431.3] 3561.9( 3041.36 91.63¢4 354.89]
t85ssitoc 15 6.50 8.83 8.08( .164 .637
toc515r 15 .94 2.45 1.257 .089 .345
toc535r 15 72 1.01 .855 .021 .08
toc585r 15 .63 .81 725 .014 .053
toc565r 15 .63 .86 753 .016 .06
tcsa65 15 7601.2§ 19048.1¢ 12353.77 809.79( 3136.30;
fcsa65s 15 1097.6( 9609.17 4172.591 585.057 2265.90]
mcsab5 15 6013.2§ 9718.4( 7609.70 291.7% 1130.12(
Valid N 15

(listwise)

a. gender = women, decade = 40s
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Gender = women, Decade = 50s

Descriptive Statistic$

N Minimum | Maximum Mean Std. Deviation
Statistic| Statistic Statistic Statistic | Std. Error Statistic

t5toc 15 202.54 332.04 262.357 10.793 41.801
t5tod 15 233.4( 376.5( 298.10 10.095 39.09¢
tStoa 15 556.0( 1089.97 865.19" 34.474 133.53]
t5trc 15 27.68 262.84 182.423 15.473 59.924
t5trd 15 94.2¢ 294.1¢ 234.859 12.971 50.23]
totra 15 293.9] 1009.7¢ 753.52"1 43.90¢ 170.044
t15toc 15 169.11 254.64 221.824 6.700 25.944
t15tod 15 446.4( 675.3( 551.953 16.954 65.661
t15toa 15 354.74 469.28 403.28" 9.096 35.22}
t15trc 15 17.37 49.04 31.947 2.955 11.444
t15trd 15 89.10 212.0¢ 138.19 9.267 35.891
t15tra 15 166.04 282.54 227.307 9.636 37.314
t15coc 15 127.5( 217.04 179.00 6.53( 25.291
t15cod 15 1063.9( 1199.6q 1133.09 9.351 36.219
t15coa 15 114.16 185.74 155.62] 5.682 22.004
t15cth 15 1.92 3.16 2.505 .099 .387
t15peri 15 66.77 76.79 71.124 .800 3.099
t15endo 15 48.00 61.40 55.384 1.187 4,598
t25toc 15 200.94 290.94 256.064 7.281 28.194
t25tod 15 672.0( 984.4( 786.7M 20.479 79.314
t25toa 15 288.34 375.64 326.34 7.914 30.659
t25coc 15 183.1( 276.24 237.48 7.294 28.244
t25cod 15 1126.3( 1244.6Q 1179.77 8.39(C 32.497
t25coa 15 155.2( 229.6( 201.14] 5.688 22.03(¢
t25cth 15 2.99 5.01 3.903 127 .49(0
t25peri 15 60.19 68.71 63.974 772 2.991
t25endo 15 29.03 47.20 39.247 1.130 4.374
t35toc 15 231.37 346.44 292.5T7 9.055 35.07¢
t35tod 15 806.1( 986.5( 896.25 14.213 55.044
t35toa 15 284.14 393.19 333.653 9.32¢ 36.13(¢
t35coc 15 225.14 326.89 283.627 7.971 30.871
t35cod 15 1120.44 1243.1¢ 1181.54 8.68( 33.614
t35coa 15 200.94 280.64 239.921 6.287 24.344
t35cth 15 4.19 5.37 4.860 .104 .404
t35peri 15 59.76 70.29 64.666 .899 3.483
t35endo 15 28.32 43.13 34.131 .959 3.714
Valid N (listwise) 15

a. gender = women, decade = 50s
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Descriptive Statistics

N Minimum | Maximum Mean Std. Deviatio
Statistic| Statistic Statistic Statistic Std. Error Statistic

t45toc 15 263.74 382.71 336.041 8.584 33.241
t45tod 15 795.8( 992.3( 901.67| 16.571 64.174
t45toa 15 317.14 444.0( 373.8% 10.573 40.95(
t45coc 15 246.99 371.54 319.014 8.671 33.584
t45cod 15 1099.2( 1228.9¢ 1172.33 9.213 35.68(
t45coa 15 220.94 313.19 271.921 6.610 25.603
t45cth 15 4.39 5.97 5.241 .115 447
t45peri 15 39.38 74.70 66.444 2.161 8.37(
t45endo 15 27.82 44.25 35.515 1.1% 4,551
t55toc 15 270.8( 390.7¢ 346.214 9.410 36.4%
t55tod 15 715.9¢ 911.1¢ 825.738 15.0 58.401
t55toa 15 349.6( 498.8¢ 420.25¢ 11.614 45.002
t55coc 15 251.14 372.64 325.47] 9.34( 36.174
t55cod 15 1093.1( 1210.4¢ 1158.991 9.173 35.524
t55co0a 15 229.74 318.24 280.517 7.001 27.119
t55cth 15 4.12 5.69 4,914 .106 .409
t55peri 15 66.28 79.18 72.574 1.007 3.899
t55endo 15 36.15 50.47 41.701 1.106 4,287
t65toc 15 275.64 427.34 354.943 10.65 41.15(
t65tod 15 608.6( 816.3( 720.399 13.984 54.164
t65toa 15 401.24 574.74 493.58¢ 13.714 53.13(
t65coc 15 243.43 397.64 323.337 10.156 39.334
t65cod 15 1071.5( 1197.3¢ 1141.65] 8.771 33.974
t65coa 15 227.2( 340.14 282.99 8.13 31.514
t65cth 15 3.53 5.27 4.359 110 424
t65peri 15 71.01 84.98 78.6449 1.104 4.274
t65endo 15 43.40 60.24 51.264 1.157 4.481
t75toc 15 261.99 395.61 340.715 11.211 43.42(
t75tod 15 445.9( 641.2( 533.10( 11.974 46.39B
t75toa 15 520.14 764.14 640.304 19.424 75.28
t75coc 15 210.3( 336.44 280.90( 9.559 37.023
t75cod 15 1042.3( 1160.8¢ 1108.411 8.6(0 33.34]
t75coa 15 194.08 293.74 253.164 7.807 30.23¢
t75cth 15 2.58 3.93 3.184 .089 .343
t75peri 15 80.85 97.99 89.554 1.355 5.244
t75endo 15 62.73 77.54 69.757 1.3Z7 5.134
Valid N (listwise) 15

a. gender = womemecade = 50s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviation
Statistic| Statistic Statistic Statistic | Std. Error Statistic

t85toc 15 271.6( 426.89 355.95¢ 12.647 48.967
t85tod 15 272.5( 459.8( 344.90 12.617 48.864
t85toa 15 897.94 1201.74¢ 1037.05¢ 30.167 116.83]
t85trc 15 75.45 148.0( 107.217 6.808 26.367
t85trd 15 111.0d 198.6( 138.84 6.875 26.62¢
t85tra 15 623.04 911.54 770.87 28.154 109.04(
t85coc 15 146.57 290.04 210.999 11.8%6 45.87¢
t85cod 15 976.6( 1082.9¢ 1039.191 7.64C 29.59]
t85coa 15 150.09 267.84 202.325 10.25¢ 39.73]
t85cth 15 1.43 2.72 1.961 .095 .369
t85peri 15 96.83 121.17 109.32] 1.744 6.759
t85endo 15 86.11 109.17 97.0%B 1.734 6.71¢€
t15imax 15 6400.69 11488.0 8979.191 360.44¢ 1396.00:
t15imin 15 5577.8] 10493.2]1 7989.47] 320.3¢% 1240.85!
t15irat 15 1.0 1.33 1.127 .023 .091
t15ssi 15 954.17 1533.8] 1289.67¢ 41.872 162.16¢
t15bsi 15 2.86E1( 6.48E1( 4.98F10 2.88E9 1.11%F1C
t15bsitoatod2 15 76635206.3 1.68ES 1.236EY 6.65&6 2.57%E7
t15ssitoc 15 5.13 6.48 5.817 .083 .32
t25imax 15 6382.94 11681.99 8871.374 385.17¢ 1491.77
t25imin 15 4388.31 9217.471 6728.9B( 39148 1516.18]
t25irat 15 1.00 1.85 1.3% .064 .24¢€
t25ssi 15 992.03 1544.09 1280.263 43.681 169.18]
t25ssitoc 15 4.13 5.50 5.002 .098 .37§
t35imax 15 7754.34 13912.41 10880868 482.69¢ 1869.46!
t35imin 15 4252.04 11315.1] 7270.56] 580.261 2247.341
t35irat 15 1.03 2.19 1.596 .107 414
t35ssi 15 1061.07 1640.8] 1354.411 50.78 196.30
t35ssitoc 15 4.15 5.96 4.635 117 451
t45imax 15 9065.6] 18486.49 13984372 715.844 2772.441
t45imin 15 5393.09 13574.0¢ 9296.127 605.39¢ 2344.70]
t45irat 15 1.10 2.16 1.561 .03 .35¢
t45ssi 15 1174.19 1797.749 1546.8%2 58.09¢§ 225.014
t45ssitoc 15 4.05 5.14 458 .085 .33(C
Valid N (listwise) 15

a. gender = women, decade = 50s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviatio
Statistic| Statistic Statistic Statistic Std. Error Statistic

t55imax 15 10049.34 23850.44 16648.72 1014.92 3930.964
t55imin 15 6537.24 16671.8¢ 11793.02 712.914 2761.12
t55irat 15 1.03 2.29 1.465 109 421
t55ssi 15 1274.6( 2084.4( 1771.1D 70.49D 273.001
t55ssitoc 15 4.32 5.75 5.097 102 .397
t65imax 15 13107.41 27718.3] 21203.21 1169.921 4531.11
t65imin 15 8306.7] 21431.84 15243.62 1050.241 4067.59
t65irat 15 1.07 2.42 1.4 .109 422
t65ssi 15 1581.2] 2521.44 2105.@0 84.672 327.934
t65ssitoc 15 5.08 6.60 5.911 103 .398
t75imax 15 15578.5] 35834.4] 25923.95 1385.65 5366.62
t75imin 15 11688.3¢ 30237.91 20676.43 1442.642 5587.32]
t75irat 15 1.03 1.98 1.299 .076 .293
t75ssi 15 1721.8¢ 3054.5] 2408.28" 104.371 404.244
t75ssitoc 15 6.41 7.77 7.0 .116 449
t85imax 15 24864.9] 48157.94¢ 39413.47 1612.82] 6246.43
t85imin 15 17557.9¢ 46089.8¢ 28456.12 1975.20 7650.07
t85irat 15 1.04 2.05 1.44( .075 .297
t85ssi 15 1991.5]7 3962.37 2857.20 140.56 544.394
t85ssitoc 15 7.06 9.70 7.989 176 .681
toc515r 15 .95 1.33 1.183 .030 116
toc535r 15 .68 1.42 .906 .044 173
toc585r 15 .61 .87 739 .020 .077
toc565r 15 .61 .89 .740 .021 .081
tcsa65 15 7737.7¢ 14365.9] 10628.72 548.904 2125.89
fcsa65s 15 1296.44 5571.64 3080.181 305.7® 1183.99]
mcsab5 15 5201.44 9924.37 7011.15] 341.364 1322.10¢
Valid N (listwise) 15

a. gender = women, decade = 50s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviatio
Statistic| Statistic | Statistic | Statistic | Std. Error|  Statistic
total abmd g/cm2 30 1.03C 1.511 1.253 .017 .095
total bmc kg 30 2.03 4.34 3.080 .093 .509
I1-14 spine abmd 30 1.07¢ 1.435 1.26¢9 .017 .09
[1-14 spine bmc g 30 49.0¢ 102.85 75.08¢ 2.223 12.17]
left total hip abmd g/cm? 30 .825 1.623 1.16 .030 .169
left total hip bmc g 30 22.9(C 56.77 38.131 1.401 7.673
Inekabmd 30 .86 1.7 1.171 .031 172
Inekbmc 30 3.59 9.24 5.841 .209 1.142
[troabmd 30 .62 1.34 942 .029 .156
ltrobmc 30 6.01 18.55 12.13 .602 3.294
Valid N (listwise) 30
a. decade = 20s
Descriptive Statistic$
N Minimum | Maximum Mean Std. Deviation|
Statistic | Statistic | Statistic | Statistic | Std.Error Statistic

total abmd g/cm2 29 1.084 1.474 1.239 .018 .097
total bmc kg 29 1.91 4.35 3.075 104 .558
[1-14 spine abmd 29 .997 1.52§ 1.254 .028 151
I1-14 spine bmc g 29 53.99 99.91 70.85( 2.020 10.874
left total hip abmd g/cm? 29 .834 1.465 1.067 .02664 143
left total hip bmc g 29 24.86 53.21 35.667 1.287 6.934
Inekabmd 29 .80 1.43 1.05€ .028 151
Inekbmc 29 3.69 7.93 5.357 .189 1.019
ltroabmd 29 .64 1.26 .854 .024 AR
ltrobmc 29 6.47) 19.7q 11.35¢ .604 3.252
Valid N (listwise) 29

a.decade = 30s
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Descriptive Statistic§

N Minimum | Maximum Mean Std. Deviation|
Statistic| Statistic | Statistic | Statistic | Std. Error Statistic
total abmd g/cm2 25 1.096 1.510 1.246 .021 .106
total bmc kg 25 2.14 4.59 3.025 115 575
[1-14 spine abmd 25 1.025 1.569 1.257 .029 147
[1-14 spine bmc g 25 44.23 113.4¢ 71.684 2.924 14.614
left total hip abmd g/cm? 25 .890 1.301 1.00 .025 127
left total hip bmc g 25 25.07 54.44 36.19¢ 1.45¢ 7.29
Inekabmd 25 .81 1.23 1.0%6 .023 117
Inekbmc 25 3.77 7.85 5.253 .19 .979
[troabmd 25 .65 1.18 .878 .028 .139
ltrobmc 25 6.51 22.03 11.83¢ 739 3.6%
Valid N (listwise) 25
a. decade = 40s
Descriptive Statisticg
N Minimum | Maximum Mean Std. Deviatior
Statistic | Statistic | Statistic | Statistic | Std. Error Statistic

total abmd g/cm2 30 1.004 1.363 1.1987 .0164 .09
total bmc kg 30 1.82 4.14 2.932 .106 579
[1-14 spine abmd 30 917 1.504 1.20(¢ .026 142
I1-14 spine bmc g 30 48.44 103.2€ 71.22( 2.497 13.674
left total hip abmd g/cm? 30 .789 1.217 .998 .020 A1
left total hip bmc g 30 23.1¢€ 46.52 33.622 1.101 6.031
Inekabmd 30 .78 1.14 .957 .018 .097]
Inekbmc 30 3.78 6.23 4.86¢ 137 .748
ltroabmd 30 .63 1.06 .818 .021 117
ltrobmc 30 6.80 19.06 10.9® .567 3.106
Valid N (listwise) 30

a. decade = 50s
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Appendix E
Raw Data Set
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A B C D E F G H | J K
1 Jid agegroup |[gender [menostat |yrspomen |ocinpast [yrsoffoc |hrtpast |yrsoffhut |hystever |hyswovx
2 Jvm201 2 0
3 |ym202 2 0
4 |vm203 2 0
5 vm204 2 0
6 vm205 2 0
7 |ym206 2 0
8 |vm207 2 0
9 vm208 2 0
10 Jym209 2 0
11 fvm210 2 0
12 fvm211 2 0 22.9 172
13 fvm212 2 0 21 172
14 fvm213 2 0 20.6 176
15 fvm214 2 0 20.6| 1725
16 Jym215 2 0 26.8| 166.5
17 Jvm3o1 3 0 35.1 182
18 Jvm302 3 0 36 174
19 Jvm303 3 0 33| 1805
20 vm304 3 0 30.5] 1825
21 vm305 3 0 31.9 7
22 [vm306 3 0 30.1
23 [vm307 3 0 37.8
24 vm308 3 0 30.1
25 [vm309 3 0 33.8
26 [vm310 3 0 34.5
27 vm311 3 0 39.2
28 vm312 3 0 31.2
29 [vm313 3 0 33.8
30 Jvm314 3 0 35.9
31 fym3is 3 0 37.1
32 [vm401 4 0 43.8
33 [vm402 4 0 483
34 |vm403 4 0 47.4
35 |ym404 4 0 46.4
36 [vm405 4 0 49.4
3/ vm406 4 0 46.9
38 Jvm407 4 0 43.4
39 |vm40s 4 0 40
40 Jvm409 4 0 45.8
41 Jvm410 4 0 49.6
472 [vmsol 5 0 54.6
43 vms02 5 0 50.2
44 fvms03 5 0 56.5
45 Jvms04 5 0 53.7
46 [vmsos 5 0 59
47 fvmsos 5 0 58.6
48 Jvms07 5 0 59.9
49 Jvms08 5 0 56.4
50 [ymso9 5 0 52.6
51 vm310 5 0 51.8
52 vms11 5 0 54.1
53 [ymsi12 5 0 58.1
54 Jyms13 5 0 51.6
55 [vms14 5 0 51
56 vms15 5 0 54.2
57 [vf201 2 1 0 1 1 20.2
58 [vf202 2 1 0 0 23.1
59 203 2 1 0 1 5 20.1
60 [vt204 2 1 0 0 20.9
61 |vf205 2 1 0 0 20.7
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A B C D E F G H | J K L M

62 |id agegroup |gender |menostat |yrspomen |ocinpast |yrsoffoc |hrtpast |yrsoffut |hystever |hyswovx |age ht

63 |vf206 2 1 0 0 21.2 157
64 |vf207 2 1 0 0 21.7 166
65 |vf208 2 1 0 1 2 20.2] 1675
06 |vf200 2 1 0 0 20.2 158
6/ |vf210 2 1 0 1 1.75 20.5 162
68 |vf211 2 1 0 0 20.4] 1655
69 |vf212 2 1 0 1 5 23.6 165
70 |vf213 2 1 0 0 20| 1595
71 |vf214 2 1 0 1 2.5 22.7 172
72 |vf215 2 1 0 0 229 1688
73 |vf301 3 1 0 1 3 301 1875
74 |vf302 3 1 0 1 1.5 31.7| 1645
75 |vf303 3 1 0 1 1 387 1715
76 |vf304 3 1 0 1 2.5 36.5| 1475
77 |vf305 3 1 0 1 10 32.3 158
78 |vf306 3 1 0 1 16 393| 1515
79 |vf307 3 1 0 0 36.6 164
80 [vf308 3 1 0 1 5 33.8| 1615
81 |vf300 3 1 0 1 2.9 32.9| 163.5
82 |vf310 3 1 1 1.3 0 0 393 1645
83 |vf311 3 1 0 1 4 381 1645
84 |vf312 3 1 0 1 5.5 31.4 167
85 |v313 3 1 0 1 1.5 34.6 163
86 |vf314 3 1 0 1 2 39.3 162
87 |vf401 4 1 0 1 49.5) 1705
88 |vis02 4 1 1 20 1 1 1 46.8 173
89 |vf403 4 1 1 0.7 0 1 43.7 169
90 |vf404 4 1 0 1 4 46.1 158
91 |vf405 4 1 2 1 14 46.8] 159.5
92 |vf406 4 1 2 1 15 48.6 168
93 |vf407 4 1 0 0 48 171
94 |vf408 4 1 0 0 43.9] 1645
95 |vf409 4 1 0 1 17.8 49.8] 161.5
96 |vf410 4 1 0 1 16 45.7 161
97 |vf411 4 1 1 11 0 1 483 167
98 |vf412 4 1 0 1 23 48.2 168
99 |vf413 4 1 0 1 5 433 1545
100]vf414 4 1 0 1 31 48.5 160
101]vf415 4 1 1 17.5 0 1 47.5] 1605
102]vf501 5 1 1 2.9 0 0 52.9 162
103[vf502 5 1 1 9 1 3 0 52.8] 1585
104503 5 1 1 4.5 1 8 0 56.5] 154.5
105]v504 5 1 1 9 0 0 59 163
106[vfs03 5 1 0 0 0 50.6] 173.5
107]v506 5 1 1 2.6 0 0 57.6 166
108|vf507 5 1 1 2 0 0 55.1| 166.5
109]vfs08 5 1 1 6 0 1 53.1] 1593
110]v509 5 1 1 1 0 0 51 177
111]vf510 5 1 1 2 0 0 163.5
112511 5 1 1 11 0 1 172.5
113|vf512 5 1 1 8 1 7 0 166
114}f513 5 1 1 7.5 0 0 171
115|514 5 1 1 14.5 0 0 158
116]vfs515 5 1 1 5.9 0 0 167.5
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