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CHAPTER |

INTRODUCTION

Background

Native Americans are often recognized for honoring traditions andrpiregéne culture of
individual tribes (1-3). However, in recent generations there hasarextrinsicattribute
invading Native cultures in the form of pervasive health dispatitie chronic disease.
Numerous obstacles including mistrust from previous scientific gaptm, linguistic and
cultural dissimilarities, lack of culturally grounded theory and methaodklimited or selective
access to community members, have impeded research in this popdlatong of these
chronic diseases is type 2 diabetes which is associated with a dtategoéde, chronic systemic
inflammation (5). Evidence demonstrates a relationship between tlipbetes and multiple
microvascular (e.g. retinopathy and neuropathy) and macrovascular corop$idatig. coronary
heart disease) and, more recently, an increased risk of bonedraatubeen suggested (6-8).
Because the prevalence of type 2 diabetes is high among Native Ameriean2 (iimes the
national average) (9) and the availability of evidence regardingtemadth is limited in this
population, there is an emergent need to investigate the relationshgebdione health and type

2 diabetes in Native Americans.

Osteoporosis is a skeletal condition often characterized by normiallyatized bone tissue but



decreased bone mass (10). The structural integrity of trabecutmorgy bone may be
compromised, causing it to lose elasticity and cortical bone, may benoreeporous and thin.
While thinner bone alone is not necessarily more prone to fracture, boneltbtht fkinner and has
compromised biomechanical properties is more prone to fracture (119pOsisis is reportedly
responsible for more than 1.5 million fractures in the U.S. annually andscanrestimated health
care cost of $16.9 billion making this a major medical problem (12). Liéefstytors including
smoking, low levels of weight-bearing physical activity and compromisediondl status can
further contribute to fracture risk. Estimates from the 2004 Surgeon &seriReport (13) indicate
half of all women >50 years of age will experience an osteoporosiserélatture during their

lifetime.

Osteoporosis is diagnosed based on the occurrence of osteoportgd-fraleture or by assessment
of bone mineral density (BMD), which accounts for approximately 70% bone tstremgl fracture
incidence (14). According to the World Health Organization (WHO) criteréaviduals with a BMD
2.5 standard deviations or more below the mean value for young, healthy, Cauceseam(ie. T-
score of < -2.5 SD) are considered osteoporotic (15;16). The mosy wadelated method for

assessing BMD is an areal assessment dual energy X-ray absomyti@»ed) (17).

A misconception exists that osteoporosis is always a result of bone lossyvhetbione loss is a
common occurrence as both women and men age. Women however, typically have a lolwenpea
mass than men (18) and experience rapid bone loss during the first 54 0fyth@ postmenopausal
period (19). The combination of bone loss relative to peak bone mass aatbtbepostmenopausal
bone loss results in an increased risk for fracture in women dhdiemen. The hormonal changes
associated with menopause (e.g., decrease in estrogen and increasedrsfioflidhting hormone)
can lead to a disruption of normal bone metabolism which is described aaraidylifelong process
involving the coordinated activities of bone-resorping osteoclasts anddromeg osteoblasts (20).

The bone remodeling cycle is regulated not only by hormones, but also cytokinegat@rlgykin or



(IL)-6 and tumor necrosis factor (or TN-and growth factors (21;22). These regulatory proteins
can be influenced by a number of factors, including nutritional status ¢engramised vitamin D
status), physical activity, age and illness, which subsequently alteturooger (23). When
considering that type 2 diabetes also has a profound impact on many of these gstor@hut
cytokine and hormonal factors the consequences on bone remodeling have the potantial
significant (24). This relationship is in part the impetus behinsheeasing interest in the effects of

type 2 diabetes on bone health.

Several studies have provided clinical evidence of an increasedre risk in type 2 diabetics
compared to the general public (7;8;25-31). Results of the lowa Womenth IS&adly reported a
1.70-fold increased risk of hip fracture in post-menopausal women with typé&es compared to
their non-diabetic counterparts (2Buration of diabetes appeared causative to even higher risk for
hip fracture, considering those women 13 to 40 years post-diagnosis had a 2.30-folddkdbe

hip fracture relative to women without diabetes. The increasedorigk fracture was observed in
both obese participants, known to benefit from greater skeletal loading|laswon-obese women
with type 2 diabetes (25). A higher fracture risk among type 2 dialvesieslso found in the Health,
Aging and Body Composition Study (Health ABC) (26). Results ofttingcial cohort of elderly men
and womerdemonstrated that type 2 diabetes was associated with a 64% increagdeint iclinical
fractures compared to non-diabetics. Participants in this stubiytypie 2 diabetes had similar BMD
and significantly higher body weight, BMI, lean and fat mass, viscdrahthfasting insulin
compared to their non-diabetic counterparts. These studies provide dgtaant ®f an increased

risk of fracture in the type 2 diabetic population.

Native Americans are a high-risk population for type 2 diabetds. fm the 2005 Indian Health
Services (IHS) user population database indicate that 16.5% of thedidtgd@pulation served by
IHS had diagnosed diabetes compared to 7.8% of the total U.S. adult populatinra@@ljtion to

diabetes, factors such as smoking (32) and low serum vitamin D (33patmtxs risk factors for



bone fracture in this population. Unfortunately, there is a paucity ofeigéading Native American
women and bone health substantiating increased risk. In the National OsteR@kg\ssessment
(NORA), Native Americans represented 0.9% of the total populationltRé&sun this study

indicated that body weight could explain differences in BMD found among WhitiveNemerican,
Hispanic and Asian women (34). Among limitations identified in thidystvere selection bias due to
eligibility criteria, reliance on self-reported information and ffisient numbers (34). Other data
from the Women'’s Health Initiative (WHI) suggest that overall, Anagrilmdian/Alaska Natives
(AI/AN) and non-Hispanic white women had similar BMDs, after adjustingfe, education, and
years of hormone therapy (35). Both the NORA and WHI reports reprasgatsicale research
studies that acknowledge as limitations the low or insufficient nuofidative American

participants and eligibility criteria excluding diabetics fromticgyation.

Problem Statement:

Despite these efforts to examine the risk of osteoporosis in Nativadamar, the issue of fracture
risk and the potential influence of type 2 diabetes on bone health in this pmpudatiains to be

addressed.

Purpose:

The purpose of this study is to examine the effects of type 2 diabetes arnidsdhbvation on bone
health compared to non-diabetics in Native American women over 50 yeas dioagccomplish

this purpose the following hypotheses have been developed.

Hypotheses and Specific Aims:

Hypothesis1: Change in BMD from baseline to final visit, one year later, wilgtesater in those

women with type 2 diabetes and especially those women who have been dialtetimfamore



years compared to their non-diabetic counterparts. To test this hgisathe following specific aims

have been developed:

Soecific Aim 1a: To examine differences in change in BMD between diabetics and non ciaigti
performing DXA scans of the three principal sites of osteoporotituiira, spine, total hip and

forearm, at baseline and at one year follow-up.

Soecific Aim 1b: To examine differences in change in BMD between diabetics mtdaif duration

of diabetes diagnosis (<10 ®10 years) and non diabetics over a one year period.

Hypothesis2: Type 2 diabetics will demonstrate alterations in bone metabolism comnsistie
increased bone resorption and decreased bone formation rates from adelalevisit, compared
to non-diabetics. These alterations in bone metabolism will be more prodaorieager duration

type 2 diabetics (i.e., 20 yrs). The following aims have been developed to test this hypothesis:

Foecific Aim2a: To evaluate differences over time in serum markers of bone resgras indicated

by C-telopeptide or CTX in type 2 diabetics compared to non diabetics.

Secific Aim2b: To evaluate differences over time in serum markers of bone formatiodieated

by bone-specific alkaline phosphatase (BAP) in type 2 diabetics codrpamen diabetics.

Foecific Aim2¢: To evaluate differences over time in serum CTX and BAP in diabetitiiet by

duration of diabetes diagnosis (<1040 years) compared to non diabetics.

Hypothesis 3: The mechanisms by which type 2 diabetics will experience accelé@tedoss will
be mediated by an increased inflammatory state and compromisedmMdastatus. The increased
inflammatory state and compromise in vitamin D status will be ezat=d in longer duration

diabetics. The following aims have been developed to test this hypothesis:



Foecific Aim 3a: To examine differences in change in serum IL-6 and &Nftype 2 diabetics vs.

non-diabetics between baseline and final visits.

Soecific Aim 3b: To examine differences in change in monocyte and lymphocyte percentage and
absolute counts based on complete blood counts (CBC) in type 2 diabetics vabaiicsibetween

baseline and final visits.

Specific Aim 3c: To evaluate differences in change in vitamin D status via 25-hydtaryn D3, in

type 2 diabetics vs. non-diabetics over time.

Foecific Aim 3d: To examine differences in change in inflammatory indices and vitBrstatus

when type 2 diabetics are stratified by duration of diabetes diagrdsi®r>10 years).

Limitations:

Some of the limitations of this study include external validifg to the small (N=123), unique
sample (stratified by diabetes diagnosis) available for the studyefbine, results may not be
generalizable beyond the specific population from which the sample was. dkdditionally, the
accuracy of results such as medical history, medications and suptdear& calcium intake was
dependent on the self-report of the participants. Data provided thatmieial to the accuracy of this

study included diabetes diagnosis and blood quantum information.

Delimitations:

This study is delimited to Native American women, who were 50 years @irabelder and eligible
to receive services at an Indian Health Clinic. The study was tiedintg examination of changes in
BMD, measures of bone formation and resorption, vitamin D status and maflkeflammation
over the duration of one year to determine the impact of type 2 diabetes on dtinebhesto the
large number of potential participants in the study population, recruieffentis were concentrated

within the state of Oklahoma.



CHAPTER Il

REVIEW OF LITERATURE

Bone Tissue

Bone is a living, dynamic tissue that is constantly renewed, resulting inetentptnover of the
adult skeleton every 10 years (3Bnne tissue is generally classified into two types, cortical and
trabecular bone, which are identical in their chemical composition. Adrtina is a dense,
compact structure, highly resistant to bending and torsion, and excépe feeriosteum, has a
slow turnover rate. It constitutes the diaphysis of long bones and the outdrglbskeletal
structures. It functions primarily to provide mechanical strength andcpiooteo vital organs.
Trabecular bone is less dense, more elastic and has a higher tuat@tkan cortical bone.
Anatomical sites rich in trabecular bone include the epiphyses and metsypiiyse long bones
and it is also the major component of the ribs, the shoulder blades and thedtabbtire skull.
In addition to providing strength and support for the body, bone serves asoa daedlopment
and storage of blood cellsoBe accumulates micro-damage from loading, but is unique in its
ability to self-repair (37-39)The complexities and processes involved in the anabolic and
catabolic aspects of bone metabolism (i.e., formation by osteoblasissangtion by
osteoclasts), and the influence of nutritional and environmental fadt@entribute to the

susceptibility for diseases and disorders to potentially affect baith he



Osteoporosis Defined

Osteoporosis is a skeletal disorder characterized by compromisedtimmgh with a
consequent increased risk of fracture (40;41). Prediction of feagskris a key element in
fracture prevention. As a result, the definition of osteoporosis luhgeehvover the years in an

effort to improve predictive ability.

In 1941 Fuller Albright, a research endocrinologist, observed thinning bones in walfoamniy
menopause (42). He was the first to propose that estrogen deficiepey plarimary role in
postmenopausal osteoporosis. Albright’s definition of osteoporosis wathdesas “too little

calcified bone” due to the osteoblast’s inability to lay sufficieseoss matrix (42).

It was not until 1994 that osteoporosis was formally defined by the WorldhHeeganization
(WHO) in terms of BMD and fracture history (15). This was a rasfutte efforts of an
international panel of scientific experts to assess fracturamighkts application to screening for
postmenopausal osteoporosis. The panel considered several approachestpastéioporosis
based on bone mineral measurement, but each failed to overcome the problernapfio&MVD
between those who have and those who have not suffered fragility fractueeget€rmination
was made that bone mineral assessment may provide an index of risk, much as
hypercholesterolemia is a risk for coronary heart disease, but thatwagenot reflective of all
elements of risk. Subsequently the panel established four general diagategories for women
based on bone mineral content and proximity to the young adult reference mearcaidgsees
include normal, osteopenia, osteoporosis and severe osteoporosis (4&néhkirther
emphasized the importance of distinguishing between the diagnostic use ahB&Drements
by providing information concerning the presence or absence of osteoporbdisenstt-off
values chosen, and the prognostic use whereby bone density values are cbasigkractor

(43).



Risk Factors for Osteoporosis

The 1994 report of the international WHO conference identified tlkeofaysteoporosis in
predicting fracture risk (43). Because no obvious warning signs prdeedbinical manifestation
of osteoporosis, identification of risk factors for reducing fractiskewas considered of great

importance.

Thus osteoporosis, once viewed primarily as a natural occurrence@f awgs now recognized
as a condition that can stem from suboptimal bone mineralization during childhood and
adolescence (44-47), or from bone loss later in life. Bone health isnofldédoy factors both

modifiable and non-modifiable.

Modifiable Risk Factors

Among the factors affecting bone health that are modified or controlled.ig\dieet low in
calcium and vitamin D has been shown to increase risk of osteoporosis amea&é48-51)A
low calcium intake can contribute to osteoporosis and fracture riskHaneing parathyroid
hormone (PTH) release from the parathyroid glands, resulting in excessiveibaner in favor
of bone resorption and eventual bone loss. Studies have demonstrated itimat calc
supplementation for elderly women are associated with a reduction in Isongtien and a

partial suppression of serum PTH (52;53)

Vitamin D, well known for enhancing calcium absorption in the gut, is alsoatritc
maintenance of bone mass through its actions on other cellular processes|suod a
mineralization. Vitamin D facilitates bone mineralization at theadast level by enhancing
differentiation andstimulates proximal tubulashosphateeabsorption in the kidney. The latter
function enhances bone mineralization by contributimgsphate, one of the two principal
crystalline salts deposited in the mineralized matrix of bone. Theination of calcium and

phosphate with hydroxide fortrydroxyapatite crystals, which constitutes the mineral phase of

9



bone tissu€b4). A meta-analysis performed by Papadimitropoulos et al. (55), examined all
randomized placebo-controlled trials of vitamin D and its analogs ovéadhevo decade3 hey
reported a significant reduction in spine fractures (i.e., 37%eidlction) in women taking

vitamin D compared to placebo. Other research supporting beneficiabeffatietary calcium

and vitamin D includes Chapuy et al. (48) who dispensed 800 interratiotsa(lU) of
cholecalciferol or vitamin D3 and 1200 mg of calcium to nursing home residents fartBsn

A 35% reduction in the occurrence of hip fractures was reported with thikeswgy regimen

(48). Similarly, Dawson-Hughes et al. (49) reported that elderly men ancéwtn@ated with 700

IU of cholecalciferol plus 500 mg of calcium citrate a nearly 50% reductiomvenizbral

fractures (49 hus supporting the effectiveness of adequate consumption of calcium and vitam

D.

Physical activity is also a modifiable risk factor that afféxtee remodeling (56-60)he
microgravity environment of space flight is an extreme example of eefisieight-bearing
activity, which results in a significant decrease in bone form4€@r62). Skeletal unloading has
been shown to decrease osteoblast activity and number (63-70), whichrartm@aretto et al.
(71) is likely due to a decreased proliferation of osteoprogenillsr The weightless
environment of space has also been shown by Smith et al. (72) to affect lmopgaesThis was
demonstrated based on astronauts’ post flight elevation (50-12%%épamy collagen cross-links
(N-telopeptide [NTX], deoxypyridinoline [DPD], and pyridinoline [PYDA.somewhat less
extreme example of the effect of inactivity is found in bed rest whereate of loss has been
observed to be one to two percent per month (73). In contrast, Howe et al. (é4stiaied in
an extensive review that weight-bearing exercise had a significaetiter effect on BMD in

post-menopausal women compared with controls who did not exercise.

10



Non-Modifiable Risk Factors

Apart from modifiable risk factors are those that cannot be contrdliezke risk factors include
among others, gender, age and ra¢ere is evidence to support the relationship between
menopausal status and BMBus contributing to the greater risk of development of osteoporosis
in women than merResults of numerous studies have demonstrated a negative association
between either menopausal status or years post-menopause and BMD (7@e8&)parate
studies of the same population reported that post-menopausal status wiasegisaith a

decrease in both femoral neck and spinal BMD (75;76). Mizuno et alak89reported that after
menopause, BMD of the lumbar spine (L2-4) decreased more rapidly than otenieabsites.
The correlation coefficient between lumbar spine BMD and lumbar spizieiody BMD ratio

was 0.746, indicating that a decreasing ratio of lumbar spine (L2-4) BMDnege prominent

than that of total body BMDPerimenopause, defined as the two to eight year period preceding
menopause and one year following the last period, is marked by an increase lods which is

a result of increased bone resorption (81). Greater bone loss is obserabédnlar-rich regions
compared to sites higher in cortical bone due to the larger surfacevareahich osteoclasts can
attach and degrade bone. The result of perimenopausal bone loss is demondtratBdétures
occurring in early menopause in the trabecular-rich skeletal regiohs distal forearm and

vertebrae (82).

Although differences in BMD between men and women may explain in part the geraded-rel
differences in fracture ratesjs also possible that differences in both BMD and fracture rates
may be attributed to differences in bone size and geometry (83-86). Thetgeand structure
of bone have been increasingly recognized as important risk factoraduré including the role
of puberty on bone growth. It has been shown that the length and width of bone increase
progressively throughout the pre-pubertal period, in both sexes (87). Beocgasnter puberty

approximately two years later than girls, boys can acquire greater lon¢ehgtie before puberty

11



(88). Gender-related differences in bone width are more apparenpatfenty as demonstrated

by periosteal growthlhis enlargement in bone diameter is the result of bone formation beneath
the periosteal envelope causing a widening of the diaphysis of the bonevarditistg

longitudinal bone growth (88). This process isaderated by puberty in males, but inhibited
during puberty in females due to the increases in circulating estf@gemhese differences in
bone development contribute to the greater attainmgméaf bone mass in males which is

considered a major determinant of bone mass and fracture risk iliféaf89).

Age represents another non-maodifiable risk factor for osteoporosiaghgssive reduction in
BMD with aging has been documented at nearly every skeletal site (90ydrdvaeture risk
has shown an increase with age independent of BMD (91). Other faxttoesiced by age
include degree of mineralization, microfracture, number and frequddgia geometry and
periosteal response to trabecular bone loss. Additionally, greaiestpat apposition has been
demonstrated more in aging men than women. This contributes to a getdden@ loss in
women compared with men (92) which may in turn propagate the higheréraate seen in

women.

Race is another risk factor for osteoporosis. Although each gragmigrised of unique
characteristics that set them apart from the others, one ofahengjes of examining racial
differences is the absence of an obvious or uniform method of classificdtindividuals into
such groups. Racial differences in bone health have been associated withkesvieraiures.
Differences in body size (93;94), bone size (95), rate of skeletsa{96s99), and hip geometry
(100-103) have all been reported to partially explain observed differenfrasture risk among
races. These differences have multifactorial explanations ingldifferences in bone
metabolism (104) and pubertal onset (105). Longitudinal data with basélibeaBd fracture
outcomes for nonwhites are limited and it is also unknown whether T-sdue#seal by BMD

measurement in nonwhite women have the same value in terms of fraetlictign (106). It is

12



important therefore, for future osteoporosis research to continuertorexeariables that

contribute to observed racial differences.

Gastrointestinal conditions are also included amongdmemodifiable risk factoror
osteoporosidJnderlying in many conditions is malabsorptiorvithmins and minerals,
particularly vitamin D (107) and calcium (108here is consistent evidence of a reduction in
BMD in patients with both Crohn’s disease and ulcerative colitis regditom a decrease in
bone formation and an increase in bone resorption (109-111). Calcium malabsarption
gastrointestinal conditions has been associated with steatorreeatj@itin the calcium-
transport mechanisms, and lack of vitamin D (112-116). Contributing to nitamialabsorption
are chronic pancreatic insufficiency, intrinsic small bowel disedisorders of the biliary tract,
and surgical bypass procedures of the jejunum and ileeichtmann et al. (117) reported the
small intestine involvement in Crohn’s disease leads to an incresigarin D malabsorption
and subsequently increased bone loss. In fact vitamin D deficiency in Chalsiteen shown to

be a predictive factor for osteoporosis and osteopenia (117;118).

In addition to malabsorption, gastrointestinal conditimetuding inflammatory bowel disease
(IBD) and celiac disease increase fracture risk through tlomichmelease of pro-inflammatory
cytokines by immunologically competent cells. Osteotropic cytokines sUENRo and IL-6 are
involved in both normal and abnormal bone remodeling, and increased cytokine productio

chronic inflammatory diseases is associated with increased bor{é18s£20).

Endocrine disorders contribute to osteoporosis risk via the role of hornegddtion of the

bone remodeling cycle. For exampleechronic secretion of PTH (i.e., hyperparathyroidism) or
the continuous infusion of PTH can lead to decalcification of bone and loss of beseThe
regulation of calcium homeostasis is a process maintained in large paitbgaPsecretion in

response to very small decrements in blood ionized calcium. The actioiairPdalcium

13



homeostasis is accomplished by: 1) promotion of bone resorption (i.e., releasgum from

the skeletal reservoir); 2) induction of renal calcium conservatidrphosphate excretion; and 3)
indirect enhancement of intestinal calcium absorption by increasingnlepreduction of the
active vitamin D metabolite, 1,25(OHjitamin D.PTH has been shown vivo to increase the

numbers of osteoclasts as well as the resorptive activity ofrprefbosteoclasts (121).

One hormone that contributes as a risk factor for osteoporosis post-menigpesisagenA
major physiological effect of this hormone is inhibition of bone regml22), as such it plays
a regulatory role in osteoclast apoptosis (123). In estrogen deficemaycreased number of
osteoclasts and their extended longevity lead to increased borgicgsdn response to the
increased bone resorption, there is increased bone formation and a hagletwtate develops
favoring resorption and leading to rapid bone loss and perforation of the tralpgatda (124).
In addition, estrogen elicits a protective effect on bone through ittyabililecrease pro-
osteoclastogenic cytokines. For example decreases in estrogksndemenopause have been
associated with an increase in serum interleukin 1 (IL-1), interleukin®)(linterleukin 7 (IL-7)

and TNFe which are known to promote osteoclast differentiation and activity (125-127)

Another hormone influencing bone remodeling is insulin. Current evidence sigggesin
impacts bone development and physiology by regulating osteoblast functienfatieving
manner. Osteoblasts express a functional insulin receptor (IR) and vilmenyposteoblasts or
osteoblast-like cell lines are exposed to physiological levels ofifingncreases are observed in
bone anabolic activity such as collagen synthesis (128;129) antha@lghbsphatase production
(130). In addition, it has been demonstrated that patients with type ledigeselop early onset
osteopenia or osteoporosis (131;132), experience increased riggitifyffracture (25;133) and
exhibit poor bone healing and regeneration after injury (134). A receoldigcby Fulzele et al.
(135) demonstrated that insulin suppresses the runt-relatecdriptios factor 2 (Runx2)

inhibitor Twist-related protein 2 (Twist2). Runx2 is a key tramsion factor regulating gene
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expression for several key bone proteins, including osteocalcin, ostecgaiosteoprotegeron
(136-139). Twist2 inhibition in turn promotes osteoblast differentiaticessary for normal

bone formationln addition, previous clinical studies clearly damtrate that an oral glucose
load which increases insulin secretion suppressageans of bone resorption by 50% (140).
These findings provide a basis for the discrepancy in BMD betweeypidd and type 2 diabetic
populations which is related to their opposing insulin-secretory gtaelypoinsulinemia vs.

hyperinsulinemia).
Obesity and Type 2 Diabetes

Obesity is a major public health problem in our society. According to datalf®i999-2000
National Health and Nutrition Examination Survey (NHANES) (141) alr66%t of the adult
population in the United States is overweight or obese (body mass index3B8i29.9; >
30kg/nf). Health concerns related to increased prevalence of obesity steninérom t

accompanying increased risk of chronic disease, particularly type 2 digbéB143).

In general, obesity is defined as excess adipose tissue. Thiggifsuwed in the human body in
two types, brown adipose tissue and white adipose tissue. Adipocytes fouadiindatipose
tissue are specialized primarily for non-shivering thermogefie44. Brown fat depots are
present in human infants and recent evidence suggests that dispevaeddipocytes might
persist in adults (145). In contrast, white adipose tissue is the preddnyipa found in adults
and is located just beneath the skin as subcutaneous fat, around the orgsresa@dai and
within the bone marrow. Adipocytes found in white adipose tissue store dia&gyen the

form of triglycerides, predominantly in single large, lipid dropletse @roplets’ unique structure
allow triglycerides to be rapidly hydrolyzed by lipases in a process knowpoasis, and the

resulting fatty acids are transported to other tissues to be oxidizeitbichondria for energy.
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Adipose tissue is how considered the largest endocrine organ in the bodyt{@46)docrine
action of adipose tissue is via adipocyte secretion of a number of prat@rsfaollectively
referred to as adipokines which include growth factors (e.g., transfogromgh factor (TGF)-13)
and hormones (e.g., leptin and adiponectin). Leptin is well known for its regutate in energy
metabolism by stimulating energy expenditure, inhibiting food intake andingsguglycemia.
In obesity however, leptin resistance often limits the effects®néthis process (147-149). In
contrast to leptin, adiponectin has been associated with an anti-inflamnettony(a50)and
when increased in plasma, has been independently associated with réiskuoEtype 2 diabetes

in healthy individuals (151).

Two other cytokines secreted by adipose tissue are interleukié @by TNFe. Serum levels of
these pro-inflammatory cytokines have been reported to be elevatedlesee(152;153),
contributing to the concept that obesity and diabetes are characterizethtg @f chronic low-

grade inflammation (153-155).

A number of studies have demonstrated that BN@&n impair insulin signaling in hepatocytes
and adipose tissue (156-158). The underlying mechanism involves the inhibitisalin
receptor substrate (IRS) signaling capability. IRS proteins anedsators of insulin signaling
playing a central role in maintaining basic cellular functions sugjtagth and metabolism by
acting as docking proteins between the insulin receptor and a complexknetwudracellular
signaling molecules. The inhibition of this signaling is thought to be aethigairough the TNie-
activation of serine kinases such as the c-Jun-N-terminal kindk& (159;160). Although
understanding of the signaling network of JNKs continues to evolve (161), Kiiti€kout mice
have been shown to exhibit decreased adiposity and significantly increasadsassitivity
(162). TNFe also affects insulin action by reducing fatty acid oxidation in hepato6&3 and
skeletal muscle (164). These affects are mediated by suppresaidenoisine monophosphate-

activated protein kinase (AMPK) via the up-regulation of protein praiagh 2C (PP2C). In
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skeletal muscles, AMPK stimulates glucose transport and fattyaitlation. In the liver, it
decreases cholesterol and triglyceride synthesis, glucose output amehégiéatty acid
oxidation. The reduced rates of fatty acid oxidation subsequenthageeeccumulation of
bioactive lipids, such as diacyglycerols (164), which in turrvatgs protein kinase C and

inhibits IRS function (165).

The association between elevated serum IL-6 and insulin resistasugprted by
epidemiological and genetic studies. IL-6 has been demonstrated to imdilnistlin signaling
pathway in adipocytes by up-regulating suppressor of cytokine sigri{&8i»gS) 3 expression,
which in turn impairs insulin-induced insulin receptor and IRS-1 phosphoryldi@&i1(68),
resulting in increased insulin resistance. Clinically, plad@thas been shown to positively
correlate with both obesity and insulin resistance (169;170). In fact, Pradiafl&1) found
elevated plasma IL-6 to be a predictive marker in the development of typbe2edi. The
association between IL-6 and type 2 diabetes remained positive aftemadiosBMI, family
history of diabetes, smoking, physical activity, alcohol use, and hormone raplatdherapy.
This finding supports the possibility of a causal relationship betweéraitd the development of

diabetes.

Although it may appear logical that adipose tissue expression of adipoeggitays a role in

the development of type 2 diabetes based onadipbsity, other factors such as the size of
adipocytes and fat distribution may also contribute to insulin resistaacenty, the influence

of adipocyte size has been given much attention from the scientific cotgrdurito the
discovery that larger adipocytes are more likely to become ingglistant (172). For instance, in
Pima Indians, who have a very high prevalence rate of type 2 diabetes Adifgpcytes were
shown to have a greater propensity for insulin resistance, which led todddgbeeride and
glucose clearance (173). These data indicated that largecg@ip@nd increased circulating fatty

acids were independent predictors of diabetes risk in this population.
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It has also been suggested that insulin resistance can be atttdbatdefect in subcutaneous
adipose tissue’s ability to expand appropriately as indicated by teloemegté (174-176),
independent of body weight (177). In fact, hyperplastic obesity is typicallg metabolically
benign in terms of insulin sensitivity than fat hypertrophy (128tudy by McLaughlin et al.
(179) aimed at identifying insulin-resistant individuditsjnd that 17% of the overweight and
obese subjects were relatively insulin sensitive. Moreoveelisat al. (180) reported that
approximately 20% of the general population were obese but metabolicatlyyheddich

reinforces the influence of body composition in the development of diabetes

Distribution of adipose tissue is also an important influence on inausit&/ity. One area that
has been studied for its influence on insulin resistance is adipsae bf the visceral depots
(181). Increased adiposity of the intra-abdominal fat area (IAFA)fowaxd by Boyko et a(182)
to be predictive of diabetes incidence. This observation was indeperiadther measures of
total and regional adiposity, family history of diabetes, gender, casathinsulin resistance
(fasting C-peptide) and glycemia (fasting glucose). This is consistth other studies that have
demonstrated visceral adipose tissue was significantly correlétetoth insulin resistance and
type 2 diabetes (183-188)he primary regional difference between the two compartments
appears to be in the rate of lipolysis (187). The rate of reledssedhtty acids (FFAS) from
stored triglycerides is higher in visceral adipocytes than subeEnumanvhere anti-lipolytic
hormones, such as insulin, have a more pronounced effect (188). Becaus fasdeains into
the portal vein, rapid visceral lipid metabolism results in the dgliwkexcessive amounts of
FFA concentrations to the liver. This in turn leads to stimulatiodugogeogenesis, increased
triglyceride synthesis and inhibition of insulin clearance. Thalt®f these metabolic alterations

may ultimately lead to the development of hyperglycemia and hyperinsidii2&8).
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Obesity and Bone Health

Obesity and its association with chronic diseases such as type 2gjdtygtertension, coronary
heart disease and some cancers pose a serious health threat to ouflt#;ieti3). The
association between obesity and skeletal health may not be as obvious. This isaftito
higher BMI values having been traditionally considered a protective éeafiainst osteoporotic
related fracture risk (189-192). In fact body weight and BMI are posito@ielated to BMD
(193-196) in adults (193;197-199). The increasing prevalence of obesitysonaety however,

does not support the beneficial effects of increased BMI on fracture poevent

Epidemiologic studies have demonstrated some common genetic deterrbeteusisn obesity
and osteoporosis. Both adipocytes and osteoblasts originate from commaritprogkiripotent
mesenchymal stromal cells (MSC) (200-202). The fate of these diélérentiation is largely
determined by the expression of transcription factors, Runx2 and peroxisomeaiaolife
activated receptor gamma (PP@RThese transcription factors act as molecular switches to
promote the direction of differentiation of precursor cells into ostebbiadipocyte lineages,
respectively (203-205). Animal models have demonstrated that degdrieR&R activity leads to
increased number of osteoblasts and bone mass (206;207). Inverselyeth&RA& activity,
related to antidiabetic treatment with the thiazolidinedione (TZDy dosiglitazone, has resulted
in significant decreases in BMD, bone volume and changes in bone micrectuofeit(208-211).
This bone loss has been associated with a decreased number of ostan8lastacreased
number of adipocytes within the bone marrow (198;201). BR&Rression has been found at its

highest levels in white adipose tissue (212-215).

Another feature that highlights the relationship between obesity attieeremodeling cycle is
hormonal. The hormone leptin is secreted by adipocytes and well known foeits tioé

regulation of appetite and energy expenditure (216). More recently leptiedraexamined for
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its role in bone remodeling. The effects of leptin via a central hylamtiapathway were first
reported by Ducy et al. (216), wherein he described the action of leptiummaen the
hypothalamus which has since been proposed to regulate bone mass as well (217). The
mechanism by which leptin influences bone metabolism is at least ithpargh activation of
hypothalamic nerves. This in turn stimulates sympathetic nervasdaxgeinto the bone and
promoting the release of the neurotransmitter noradrenaline (217). dlogifide stimulates R32-
adrenergic receptors (ADRB2). ADRB2 upregulation decreasesteteactivity and bone
formation, and increases bone resorption via receptor activator feantactonB (NF-«B)
ligand (RANKL) production, which ultimately leads to trabecubone loss (216-222). These
complex interactions between fat, brain and bone are further explairnied éffects of pro-

inflammatory mediators (e.g., TN#and IL-6) on bone metabolism (223).

Obesity, IL-6 and Bone

Adipose tissue is responsible for secretion of one third of all circuliti6gvhich explains why
overweight and obese adults and children generally have elevated seuiibid;224).
Cytokines that promote bone resorption such as @MHRd IL-1 also reportedly stimulate the
synthesis of IL-6 in osteoblasts (225-227). In the context of chronic inflammétie role of IL-
6 is central to the pathogenesis of bone loss, exerting its effects astasfiotalator of
osteoclast-induced bone resorption (228). These effects are demonasttigedsteopenia
observed in transgenic mice overexpres#ing, characterized by severe alterations in cortical
and trabecular bone microarchitecture. Also reported is the uncoupling ofdoovation and
resorption, evidenced by decreased osteoblast and increased osteoclastndrabgvity (228).
The role of IL-6 in osteoporosis has been further highlighted in a study of thessixyor of key
regulatory molecules of bone remodeling in fragility fracture patiesio underwent total hip
arthroplasty as a result of a femoral neck fracture (229).ralseufe groups’ expression of

RANK and IL-6 were significantly elevated compared with an age-matchébkcgroup. IL-6
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MRNA levels associated strongly with bone mRNA levels in the fraghangp, but not in the

control group (229)These findings suggest an association between IL-6 and the RANKL/RANK
pathway and are consistent with studies in murine osteoblastimesl| Wwhere IL-6 has been
shown to induce RANKL mRNA expression (230). It is thought that IL-6 utilizes
RANK/RANKL/OPG interaction to exert an indirect effect on ostastd by promoting

activation and subsequent bone resorption. This effect has been proposed vaatur

interaction between IL-6 and osteoblasts, which may lead to increased astiedRANKL

production (231).

The effects of estrogen on IL-6 are seen in postmenopausal women as aedseeastion rate
of IL-6 compared with baseline levels in cells from premenopausal women.\akeincrease
is found in the early post-menopause phase, but not in late yeard32B2ilka et al.(125) have
proposed that estrogen’s affect on IL-6 is through inhibition of aN&Aad IL-1 stimulated IL-6
gene transcription by binding the estrogen receptor ligand complex to NF-k&fptlee
preventing binding to the IL-6 promoter (235-240). Conversely, in an estrogeienliestate, the
inhibitory effects of estrogens are removed, resulting in enhanced ostetmtalopment in the
marrow. It is this increase in osteoclastogenesis that is respdiusithe increased bone
resorption and hence the loss of bone in the post menopausal state.€thiwa&ffdemonstrated
in ovariectomized mice where the increase in osteoclast numberevasijad by treatment with

a neutralizing anti-IL-6 antibodiy vivo and inex vivo cultures (126).

Obesity, TNF-a and Bone

TNF-a is another proinflammatory cytokine expressed and secreted by adigasq 241;242).
Though numerous factors contribute to bone loss, &gkys a central role in the
pathophysiology by increasing bone resorption while simultaneously inhibiing-forming

osteoblasts (243-250). The influence of ThF5 exerted through increased oslestogenesis,
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decreased osteoblastogenesis and inducing vitamin D resistanceT(gbgffects of TNFe
serve as potent stimuli for bone loss that ultimately lead to bone mubitegtural deterioration
and increased fracture risk that has been demonstrated in conditions swalmaatoid arthritis
(RA), periodontitis, orthopedic implant loosening, and other forms of chronierinfitory

osteolysis (252-257).

Therole of TNF« as a stimulator of osteoclastogenesis has been confirmed by numerous
investigators (125;258;259). Hematopoietic stem cells differerglatey the myelo-monocytic
lineage toward an osteoclast phenotype under the influence of macagagy stimulating
factor (M-CSF) and RANKL. RANKL is essential for the induction dieoslast differentiation
and supports survival of the mature functional osteoclast (260).olddsely regulates
RANK/RANKL-induced osteoclastogenesis, markedly increasing RANKiression via its
TNF type 1 receptor (TNFrl) previously shown to promote osteoclastog€2@kj262).
Following TNF« and RANKL binding with their respective receptors, the transcriptiotof
NF-xB enters the nucleus and activates genes coding for the mature otténclading tartrate-
resistant acid phosphatase (TRAP), and the receptors for calcitmhiiti@nectin (263-266).
NF-kB functions are required for osteoclast/macrophage development asceddiemice
lacking the p50 and p52 subunits of MB-who fail to generate mature osteoclasts, leading to

severe osteopetrosis or elevated BMD (266).

TNF-o has also been shown to impair the differentiation and function of osteoBB&fs@ne
mechanism by which TNE-impairs bone formation is through the inhibition of osteoblast
differentiation by suppression of Runx2 (267). Runx2 is a critical transerifatctor in the
regulation of MSC toward an osteoblast lineage (136;268) and reqoirtdekfexpression of
alkaline phosphatase (138;139;170;269;270), an important enzyme involnatenral deposition

(271,272). Mice lacking tissue non-specific alkaline phosphatageitmpaired mineralization
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(271). One of the hallmarks of bone formation is the increased expregdione alkaline

phosphatase (BAP) and bone specific isoforms can be measured in the sejum (273

A second mechanism by which TNFaffects osteoblasts is by inducing resistance to 1,25-
dihydroxyvitamin D3 (1,25(0OH)2D3) the biologically active form of vitaminll25-(OH)2D3 is
responsible for maintaining serum calcium and phosphorus in adequate colcentoeallow
mineralization of the bone matrix (274). 1,25-(OH)2D3 also promotes diffatien of
osteoblasts (275) and stimulates osteoblast expression of bonéesgkaline phosphatase
(121,;276-278). TNFy, however, has been shown to decrease the number of vitamin D receptors
(VDR) post-transcriptionally and also 1,25(OH)2D3-stimulated recégaonsactivation in
osteoblasts (279;280). VDR'’s are required for normal 1,25(0OH)2D3idtmand vitamin D
deficiencies and mutations in VDR lead to osteomalacia charaudyzinsufficient
mineralization (281). Clearly, a greater understanding of théaeship between bone and fat at
a molecular and cellular level would generate a better understandingtoprocesses as

adipogenesis, lipid metabolism, and glucose homeostasis.

Type 2 Diabetes and Bone Integrity

Although type 2 diabetes is often accompanied by normal or even high BMD, diabetes is
associated with long-term increased risk of fracture (7;8). Urtintty, diabetes was not
generally considered a risk factor for fracture (282), and theestddisigned to evaluate this
association often produced conflicting results (8;29;283). In the Ratte®tlady (29), evidence
for an association between type 2 diabetes and elevated bone density was tioeiprdoximal
femur and lumbar spine in both men and women. A lower frequency of fractures in wittmen w
type 2 diabetes was also reported, however, no consideration was givertitmairdiabetes.

Heath et al.(283) reported an elevated risk of ankle fractures anmngnwith type 2 diabetes
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but did not find a higher risk for other fracture sites. These sasgite not adjusted for body size

or BMD.

To further examine the relationship between type 2 diabetes and risktofdsaamong older
women, Schwartz et al. (8) analyzed prospective data from the Study op@stiic Fractures
(SOF). In this cohort of 9,704 non-black women, aged 65 years and older, it was found that
despite the elevated BMD in diabetic women, their risk of all non-spioeifess was increased
above non-diabetic women. The increase in fracture risk has beetedefpooccur at
approximately 12—14 years post diagnosis of diabetes (284). The app#reistafprolonged
diabetes were also seen in the lowa Women'’s Health Study where didBedi@s/ears post
diagnosis displayed a much higher risk for hip fracture (RR 2.30, 95% CI 1.39-3.81) than non-
diabetics (25). Similarly, increased fracture risk was also regpan theRochester Epidemiology
Project (285)In this study, relative risk estimates for overall fracturk instype 2 diabetics were
greater in the follow-up period beyond 10 years than in the first decade pRoadtures
specifically, the relative risks were 0.8 (95% CI, 0.6—1.1) for early fellppand 1.5 (95% ClI,
1.1-2.0) for late follow-up. Among women, the estimated relative risk for &gtuire in late
follow-up was 1.5 (95% Cl, 1.04-2.1), whereas it was not increased in the first diéeatieea
diagnosis of diabetes (SIR, 0.7; 95% CI, 0.5-1.03). A limitation of the previousstadhe
omission of biochemical markers of bone turnover providing evidence of tiabalie changes

in bone that contribute to the increased fracture risk.

The factors that contribute to greater risk of fractures regant patients with advanced diabetes
is uncertain, but may be due to prolonged exposure to hyperglycemia, the proviaftay state,
as well as detrimental effects of advanced glycation end product&¢p& bone. Whether it is
a single factor or a combination of several factor, a disconnect se@wsur between fracture

risk and BMD in this patient population.
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Factors Affecting Bone Strength

Sructural and Material Properties of Bone

Contributing factors that determine bone strength are not only the quantityerfalized tissue,
but also the quality of the bone (40). Subsequently, bone quality is determinenirigcbanical
properties and describes a relationship between forces (loadspapgdiiene and the resulting
deformation. It is important to further delineate biomechanical belsaagomaterial or structural.
The former is described independent of its geometry and shape ants ibieintrinsic property
of the matrix (i.e., mineral and protein matrix), whereas the whole-bonéustiduoehavior is
determined by different types of loads (e.g., bending or torsion). The outcorhesetwo

measures are influenced by both material properties and geomstiloution of tissue.

Advanced Glycation End Products and Bone Srength

Several studies have suggested that some of the variation in bone maglibgcur within the
material properties of the collagenous protein matrix (40;286-RafXe specifically,
accumulation of AGE’s in bone collagen matrix has been linked to skelatglitfy
(288;291;292)Type | collagen fibers, the basic building block of the bone protein matrix
network,are packed together to form collagen fibrds;anged in a three-dimensional concentric
weave in bone (293;294). Their mechanical strength depends on a highly cegwdateanism of
intermolecular cross-linking that improves bone’s toughness or capaebsorb energy (288)
Thesecollagencross-links can be formed enzymatically (295-299) and by glycosylation o

oxidation induce the formation of AGE’s (291;300).

The mechanical effects of a collagen defect are most evident in dise@beas osteogenesis
imperfecta (Ol), where mutations in the type | procollagen gene leadnddad increase in risk

of fracture.

25



In contrast, the accumulation of excessive AGE cross-linking witkllagen fibers is thought to
deteriorate the mechanical function of bone (301yitro the cross-links are mediated by
nonenzymatic glycation of bone collagen which is highly correlated thétistiffness of the
organic matrix of bone (291). In turn, the increased stiffness of the omaliix has been
shown to reduce measures of collagen deformation and microcrac8ijg Bdne derives its
resistance to fracture from collagen deformation (302) and froaility to form microcracks
during crack propagation (303). Collagen deformation and microcracl@rtheprimary
mechanisms of toughening in bone (304). Therefore, it is likelyirth@to accumulation of
nonenzymatic glycation cross-links in collagen (305;306) may explainskef bone toughness
based on a stiffer collagen network and loss of the collagen and macicliased toughening

mechanisms.

The formation and accumulation of AGE’s occurs with aging at a constant Wutagéo(307-
309). This process is remarkably accelerated in type 2 diabetés tiheeincreased availability of
glucose (310). The AGE, pentosidine, has been shown to accumulate wiliigeedibers in
senescence as a result of glycation and oxidation. The result o§ijoeme accumulation is
decreased mechanical properties of bone, in response to the reductidagafictiber elasticity
(287,288;296). This effect was demonstrated by Saito et al. (311)nalanivhen comparing the
bone content of pentosidine in non-diabetic Wistar rats to the spontandiasjic WBN/Kob
rats. The Wistar rats served as age-matched controls and edlgjadually increasing
pentosidine accumulation in the bone with age, while the WBN/Kob ratasedgentosidine
only after the onset of diabetes. Three-point bending test demonshre&BN/Kob rats
experienced further reduction of cortical bone mechanical propertiesowhgrared to the
subclinical diabetic stage. The compromise in bone biomechanical preperie WBN/Kob
rats occurred with no significant decrement in BMD (311). A simiéarease in bone

biomechanical properties was reported in a study by Verhaeghe et al. {&t2)diabetic
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animals experienced a decrease in bone strength and toughness, andlistifreessss compared
to the control cohort. Importantly, these changes in biomechanical propesteshserved

without a significant decrease in BMD or bone mineral content (BM@)(31

Assessment of Bone Srength in Humans

Results of mechanical tests in humans are limited due to the invasive olasome procedures,

but promising techniques including microindentation and nanoindentation are unelepdent.
Although outcomes remain to be validated, the former represents stdpgowardn vivo
characterization of tissue material properti@ther advantages include the relative ease of testing
and the ability to make measurements in multiple locations withindbeeti A disadvantage of

this technique is that its sole outcome is the tissue hardness (3h0)ndentation advantages
include the capability to measure the material properties of migoctistal features such as
lamellae (314;315) and to detect localized changes in bone matepahs induced by disease

or drug treatment (316).

Continued advances in mechanical assessment will only bolster a groveintfisanterest in
bone health. Furthermore, accumulating evidence highlights the needdseiaexamination of
the deleterious effects of diminishing bone quality to better understandrigomise in bone

strength associated with type 2 diabetes.

Type 2 Diabetes and Bone Metabolism

Although patients with type 2 diabetes do not necessarily show a reduction infeidiDre risks

are known to increase compared to their non-diabetic counterparts; 8780 he increase
however occurs with duration and has shown to present approximately 10 ystai®Qo0osis
(7;8;284,285)Though the exact mechanisms responsible for this alteration in metakeiesimr

in question, there areany factors that, over time, contribute to the uncoupling of bone formation

and resorption and consequently to the pathogenesis of fractures. Among ttuesefeitie
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effects of chronic inflammation (5) and AGE accumulation on ostesdas! osteoblasts, the
result of which lead to poor bone quality and impaired micro and macreatcing (318). In

addition, insulin has been reported to exert an effect on bone metabolism (319)

As previously mentioned, the diabetes-induced proinflammatory medidtiére: and IL-6 effect
bone metabolism. One effect of IL-6 is through stimulation of osteoclast-inbocedresorption
(228). An indirect effect utilizes the RANK/RANKL/OPG interactionasteoclasts which
promotes activation and subsequent bone resorption. The interactionghtttmbe between IL-
6 and osteoblasts, and results in an increased osteoblastic RANKL prod28fipriThe

influence of TNFe is demonstrated through increased osteoclastogenesis, decreased
osteoblastogenesis and induction of vitamin D resistance (251). @ffiests are potent stimuli
for bone loss that ultimately lead to deterioration of bone microactinigeand increased fracture

risk (253-257).

The accumulation of AGE’s in diabetic conditions is a key mechanism irdvotvie induction

of oxidative stress via reactive oxygen species (ROS) (310). AGi<®dIAGE receptor

(RAGE) which results in the generation of intracellular ROS thHiaugicotinamide adenine
dinucleotide phosphate (NADPH) oxidase. The result of the increased R@&{wn on bone is
seen in the inhibition of osteoblastic differentiation, increasealolstst apoptosis and enhanced
osteoclast activity (320Mody et al. (321) demonstrated the influence of oxidative stress on
osteoblast differentiation and activity using xanthine/xanthine oxidas®)Xr hydrogen
peroxide (HO,) in a pre-osteoblast cell line (i.e. MC3T3-E1) and a bone marrow stcetha

line (i.e. M2-10B4). The pro-oxidants inhibited differentiation of ostesiblaas assessed by their
effect on alkaline phosphatase, a marker of osteoblast activityceduineralization (321) and

induced osteoblast DNA damage and apoptosis via activation of cas{3a323).
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Results presented by Cortizo et al. (324) indicated that exposure aflastdike cells to AGE
modified proteins that regulate the expression of RAGE. Although R&&Efound to be
expressed in all stages of osteoblastic development, it was only obgerggdlate activation of
extracellular signal-regulated kinases (ERK) at the latgestaf development, when osteoblasts
had matured. When mature MC3T3E1 osteoblasts were cultured 1-3 weeks in contmtgcts ¢
with AGE-collagen to assimilate a chronic AGE's/RAGE interactiba, AGE’s decreased
osteoblastic ERK activation which was associated with a decreasghi cell survival and

calcified nodule formation (325).

In addition to the effects on the osteoblast, oxidative stress has alscbeeiatad with

enhanced bone resorption (328gger et al. (327) recently reported that ROS may not increase
in vivo bone resorption directly but rather indirectly by stimulating Td\#pression. They
suggest that ROS might augment osteoclast formation by directly actihg ortracellular

signaling systems responsible for increased osteoclast formation.

Results ofin vitro insulin analysis demonstrate an effect on bone metabolism as wartRef
both decreased resorptive activity of osteoclasts and inhibitioneafldast apoptosis in the
presence of insulin have been documented (328-330). Insulin action on bone/ohay direct
signaling through the insulin receptor, activation of bone anabolic IGF-1 sigimlibinding to
IGF-1 receptor, or synergistic effects with other anabolic agentsasygérathyroid hormone
(PTH) (330;331). The role of insulin on bone metabolism is important due $tatiesof

hyperinsulinemia experienced in the early onset of type 2 diabetes (332-334).

Native Americans and Osteoporosis Risk

To date, the majority of the osteoporosis-related research has focusedcasi@apopulations
with limited information available on other high risk ethnic groups sediadive Americans

(335) and Canadian Aboriginals (336). The First Nations Bone Health @868ywas performed
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in Canada to determine whether racial differences in body compositiah differences in BMD
between Canadian White and Aboriginal women. Differences in BMD weffeunad between
the two groups which left the question regarding the high fracture riskedpnrAboriginal
women unanswered. The authors of the study indicated that there were Iguitatains,
including a relatively small cohort and the study was underpowered for congplage-specific
analyses. Two large scale studies with relatively small Natiwerican representation are the
National Osteoporosis Risk Assessment (NORA) Study (34jlen@/omen's Health Initiative
(WHI) Study (35) The purpose of NORA was to describe the relationship of BMD and 1-year
fracture risk in a cohort of postmenopausal women of varied raciagtwacid. Findings from
this study indicated that Native American’s risk for osteoporosisléast as great as their
Caucasian counterparts. The data also revealed a self-repoctadeftastory of 15.3% among
Native Americans, the highest group percentage in the cohor{T{3)VHI Study was designed
to compare BMD and determine differences between postmenopausal Natinieafinraed white
women. Wampler and colleagues (35) found that mean total hip, spine, and wholeMiody B

of Native American and white women were similar after controllovgafje and BMI.

Limited information is available relative to the prevalence ofapgieosis, rate of bone loss and
the influence of lifestyle factors in this population. Several ristofaccharacteristic of Native
Americans, contribute to a possible explanation as to why they may bderedsat high risk for
osteoporosis or increased fracture. Obesity is a significarthisslie among Native Americans
who have .6 times greater likelihood of obesity than Non-Hispanic whites. Accotditige
Centers for Disease Control (CDC) in 2007, the age-adjusted percehtdgive American
persons 18 years of age and over who were obese (i.e. BMB@fwas 33.2% compared to
24.8% of whites (337), and the prevalence of obesity continues to in¢8883eThis
observation was supported by data from the WHI Study whessity (BMI >30 kg/nf) was

twice as prevalent in Native American women (50%) than in non-Hispdmie women (25%)
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(35). Another contributing factor in the Native American communitgcdihg bone health is low
serum vitamin D (33)An individual’s vitamin D status depends mostly on exposure to sunlight
and to a lesser extent on dietary intake of vitamin D. The synthesismfrvitaby skin exposed
to sunlight varies considerably due to factors such as skin pigmentatiQn@a8eer skin
pigmentation results in lower cutaneous synthesis of cholecaldi83®). This may contribute to
findings by Perry et al. (33) of a decreasing serum 1,25-(OH)2D witkasierg age in Native
American women (33). A limited intake of dairy products, secondary tasenalabsorption,
may also exacerbate decreased serum vitamin D. Although the vitamin doesiralyrnatcur in
dairy products, it is a primary dietary food source due to its foriiicaA study by Johnson et
al. (340) demonstrated a 93% prevalence rate of lactose malabsorption amioag\Nericans
(340). Vitamin D insufficiency has also been associated with diabetes 344 becomes an
important factor when considering Native Americans are a high-risk gigufor type 2

diabetes (9).

Statistics regarding Native American’s risk for type 2 diabatesalarming. Data from the 2005
IHS user database report 16.5% of the total adult population serve&®thatHdiagnosed
diabetes (9). This is compared to 6.6% prevalence in non-Hispanic @iyesars and older

according to 2004—-2006 national survey data (141).

Given the prevalence of type 2 diabetes (9), obesity (337) and dmtretsnin D status (33) in
the Native American population, there is sufficient evidence in suppothof@augh examination
of these factor’s and their metabolic impact on bone loss. The limitethiafion available in
this population imposes a daunting task to obtain basic knowledge of BMD, baimliset and

inflammation for a better understanding of their association to bonit heal
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CHAPTER Il

METHODOLOGY

Research Design

This study was a longitudinal, causal-comparison design examining the extdnth type 2
diabetes alters bone density and metabolism in Native American w@Quiome measures
were obtained at two time points (baseline and at one year fafjaav-final visit) to examine
changes occurring in bone formation, bone resorption and BMD between type Zdiabdti
non-diabetics that may have resulted from inflammatory processesubsist of a larger, two
year study to examine the incidence of osteoporosis in Native éaneariincluded those
participants completing the first two visits (n=123). Only Nativeefican women, defined by
their eligibility to receive services at an Indian Health Climtbo were 50 years of age or older
and committed to all study visjteere included. Excluded from the sample due to the weight
limitations of the DXA instrumentation were those whose body weight was@0@ip or
greater. Pregnant women, as determined by urine pregnancy test, were laliedectae to risk

of radiation exposure to the embryo/fetus.

Participant recruitment involved a collaborative effort betweerGtrgeral Clinical Research
Center’s (GCRC) Special Populations Core and area Indian Healtb'€iimedical treatment
teams including physicians, nursing and auxiliary staff. The IHS slimere provided

information regarding the research study and were requested to iniigiblegatients about
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the opportunity. In addition, the clinics agreed to post research flyeessaist interested
participants in contacting the GCRC. Potential participants ctmatahe GCRC to schedule an
appointment and receive initial instruction regarding participation. Fallowisits were
scheduled via telephone calls and email if requested by theipemtic-ollow-up visits were
analogous to baseline and procedures performed at baseline (i.e. DXAese@ant medical
history and anthropometric measures) were repeated. Serum samplaedalleach visit were
processed and stored for batch measures of indicators of bone metabglismr{e specific
alkaline phosphatase and C-telopeptide), 25-hydroxy vitamin D3, and inflammaedistors

(e.g. TNFe and IL-6).

All participants were encouraged to return to their respectiveito discuss the results of their

screening with their primary care physician.

The study was approved by the Institutional Review Board (IRB) of the Uitjwef$Oklahoma
Health Sciences Center, IRB#13281 in reciprocal agreement with the Okl&tate University

IRB #HE0840 and Indian Health Services IRB #P-07-03-OK.

Data collection

Upon arrival, informed consent was obtained and participants were askedhaiotribal
heritage and categorized by blood quantum (bq): bql represents <50%, bg2 repfe$608%
(where bg=100% is a full blood Native American). Relevant medicalriisind anthropometric
measures were collected by the nursing staff. In consideration of culitvggdity, the blood
draw was designated optional for participation and required spec#ictisel on the subject

consent.

Medical History and Supplement Use:  Information obtained included medical history and
medication and supplement use. The same form was used at the final disittity ichanges that
may have occurred over time.

33



Anthropometric Measurements. Height and weight were measured at both visits. The protocol
for assessing anthropometric measurements was adopted from the NHAN&Sdll. Waist

and hip circumference were also measured to evaluate waist-to-bip rati

DXA Evaluation of Bone Density and Body Composition: The DXA measurements of each
subject included the lumbar spine (L1-L4), hip, forearm, and whole body scansusing
HOLOGIC 4500QDR/Delphi instrument (HOLOGIC, Inc., Waltham, MA). Avaiabbftware
calculates BMD (gm/cA) by dividing BMC (in grams of calcium hydroxyapatite) by the area
(cn) of interest. Specific criteria for positioning subjects and for acatysis were followed
according to guidelines set forth by HOLOGIC. Instrument calibration, era@nte, and quality
control were strictly maintained. All DXA scans were performed by theeszertified bone

densitometrist.

Serum Biomarkers and Complete Blood Count (CBC): Participants were presented the option of
providing a blood specimen for serum analyses of inflammatory mediatdicesrof bone
metabolism, 25 (OH) vitamin as well as an aliquot of whole blood for a CBC. Venous blood
was collected at baseline and follow-up visits. Serum was separated twithihours of

collection and aliquots stored at 28Juntil the time of analysis.

Serum bone-specific alkaline phosphatase (BAP) was measured as an indibater formation
using commercially available enzyme immunoassay (EIA) kits (Micep Quidel Corporation,
San Diego, CA). Intra-assay coefficients of variation (CV) were 5.8%, 31994§.2% at low,
medium, and high concentrations, respectively. Inter-assay CV’s were 5.2%,ané 5.0% at

low, medium, and high concentrations, respectively.

Serum CTX was measured as an indicator of bone resorption using a caatiynaveilable

ELISA assay (Immunodiagnostic Systems Inc. UK). Intra-assay C\fs 8:8%, 1.7%, and
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1.8% at low, medium, and high concentrations, respectively. Inter-assay Q¥¢'4@8%, 9.7%,

and 2.5% at low, medium, and high concentrations, respectively.

Alterations in vitamin D status were assessed by measuring 28(@H)D; using commercially
available EIA kits (Immunodiagnostic Systems Inc. UK). The ingsagt CV's were 5.3%, 5.6%,
and 6.7% at low, medium, and high concentrations, respectively. Inter-assayw€re’4.6%,

6.4%, and 8.7% at low, medium, and high concentrations, respectively.

To examine the effects of inflammatory mediators, serum &ldRe IL-6 were assessed. Serum
IL-6 was measured using an ultra-sensitive sandwich-type ELISA @R&4AY Systems,
Minneapolis, MN). The intra-assay CV’s were 6.9%, 7.8%, and 7.4% at lowymgeand high
concentrations, respectively. Inter-assay CV’s were 9.6%, 7.2%, and 6.5% atddinm, and

high concentrations, respectively.

Serum TNF-u was measured by an ultra-sensitive ELISA sandwich assay (R&Brsyst
Minneapolis, MN). Intra-assay CV's were 8.5%, 4.3%, and 3.1% at low, medium, and high
concentrations, respectively. Inter-assay CV’s were 10.6%, 7.3%, and 7.4% mieldwm, and

high concentrations, respectively.

A CBC, including total white cell counts and differentials weregreréd on fresh, whole blood
samples to investigate the relationships between total ardediffal white cell populations,

osteoporaosis risk and inflammation.

Data analysis

The data were analyzed using SAS version 9.2 (SAS Institute, Inc., CAxyDHNscriptive
statistics were calculated for all variables in individualdaitd without type 2 diabetes,
stratified by duration of diabetes diagnosis (<1810 years) and included means and standard

errors. A gamma statistic was used to determine frequency of osteapdraateoporosis at the

35



hip, spine and forearm sites in the population. Analysis of variance (AN@X&)erformed to
detect differences between groups at baseline and final time pointsaarugk ch measures of
BMD, bone resorption and formation biomarkers, inflammatory magkaissitamin D status,
followed by pair-wise comparisons. Primary outcome variables of gttexere change in BMD
observed from baseline, in the lumbar spine, hip and forearm. The sgcondaplanatory
outcome variables were biochemical markers of bone formation and Isongtien (i.e. BAP
and CTX), inflammatory mediators (i.e. TNfFand IL-6) and vitamin D status. Covariates
including age and blood quantum were considered. Pearson correlation awalyspsrformed
among the dependent and independent variables (e.g. vitamin D status vsic@vig. For

all analyses, alpha was set at 0.05 for statistical significanc
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CHAPTER IV

FINDINGS

Description of the Study Population

In this longitudinal study, 123 Native American women completed a basalingnal visit.
Baseline characteristics of participants without a previousdssg of type 2 diabetes (non DM)
and those with a previous diagnosis of type 2 diabetes mellitus (3lcBxivbe found ifTable 1.
Additionally, the all DM group is shown when stratified by years post diagne®sisheer < 10
years (DM< 10) ok 10 years (DM 10) due to the potential for increased risk of fracture with
longer diabetes duration. Mean participant age for the non DM and B groups was 61.02
+1.02 and 63.01 + 1.06 years, respectively and did not differ from one anotherpArtam of
years post menopause between groups also found no differences. When thes diietic
stratified by duration of diabetes, there remained no differencesd&etgroups in mean age, an
unexpected outcome, as longevity of diagnosis may assume an advanced agerisiogsurp
however, were the anthropometric measures that were significegiigr in the all DM group,
including weight, BMI and waist/hip ratio (WHR). Although these meas were not
unexpected, they are relevant to this study due to the effects dftveigring on bone and
chronic inflammation associated with obesity, especially incdeesetral adiposity. The BMI
results demonstrate that though the non DM group was categoricallyeigieni.e., 25-29.9),

the BMI of the all DM group was still higher and considered clihiazbese (i.e.z 30). Not only
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Table 1. Baseline Descriptive Characteristics of Groups According toiBbetes Mellitus (DM) Status.
Non DM* All DM * DM<10° DM210" P P

(n=79) (n=44) (n=19) (n=21) (vs2) (1vs3vs4d)

Age (years) 61.02+1.02  63.01+1.06 63.2+1.63  61.8+1.47 0.210 0.601
Years Post Menopause 14.2+1.30 15.5+2.0 16.2+2.3 14.1+3.6 0.560 0.788
Smoking® (%) 2345 26+7 39+12 15+8 0.679 0.212

Packs/day 0.60x0.12 0.59+0.12 0.54+0.13 0.57+0.43 0.976 0.962
Anthropometrics

Height (cm) 163+0.67 160.7+0.92 160+1.52 161.8+1.33 0.051 0.160

Weight (kg) 74.9+1.70 88.8+2.22  86.6+3.88  91.7+42.68 <0.001 <0001

Body Mass Index 28.2+0.62 34.5+0.90 33.9+1.6 35.1+1.1 <0.001  <0.b01

Waist/hip ratio 0.87+0.01 0.91+0.01  0.91+0.01  0.92+0.02 0.002 0.003

Trunk fat (kg) 15.8+0.68 20.9+0.95  20.6+1.71  21.3+1.11 <0.001 <001

Body fat (kg) 33.2+1.09 35.1+1.82 35.0+3.26 35.0+2.34 0.333 0.675

Body lean (kg) 44.1+0.71 44.8+0.99 44.1+1.57 45.2+1.45 0.567 0.786
Daily Calcium intake

From food (mg) 974463 811+56 902+84 755+80 0.082 0.195

From supplements (mg) 450483 4104101 630+206 227481 0.762 0.152

Total (mg) 1266+101 1126+109 1392+198 939+121 0.372 0.176
Blood Quantum by DM Category’ 35+0.05 64+0.07 53+0.12 76x0.10 0.002 0.003

1= <50% n=52 n=16 n=9 n=>5

2=>50% n=27 n=28 n=10 n=16

Data presented as mean = SE unless otherwise noted.

Non diabetic = non DM, all diabetic group = all DM, DM<10 = diagnosed diabetes <10 Pd&es10 = diagnosed diabeta&0
years

& Diabetes duration unknown in 4 participants.

® Data presented as percent use + SE.

¢ Data presented as percent of participants categorized as¥80%)( + SE, within each DM category.

* Denotes statistically significant differences (ANOVA, p<0.05) betwaam DM and DM<10

T Denotes statistically significant differences (ANOVA, p<0.05) betwes DM and DM10
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were there differences in weight and BMI between the all diabati non-diabetic groups, but
the distribution of weight differed as well. This was demonstrateiddWHR which showed the
increase in the deposition of adipose tissue in the abdominal region cdrigtire hips. This
was further supported by a significantly greater amount of trurik fae all DM group when
compared to the non DM. Also expected, these anthropometric differentased following

the stratification of the all DM group by diabetes duration.

Apart from anthropometric measurements, few baseline differeristecebetween groups

despite comparisons of mean calcium intake and smoking predilection. Onle adtabence
however, was blood quantum (BQ). That is to say, a greater number of indiwidtrah higher
percent BQ were in the all DM group compared to the non DM group with 28 of the 44
participants (64%) at B&50% (p=0.002). When the all DM group was stratified by duration, the

difference remained and 16 of the 21 participants (76%) in thelDMere B(&50%.

Results of a self-reported medical history questionnaire demonisteatesignificant differences
between non DM and all DM groupEable 2). This included medications such as
bisphosphonates and hormone replacement therapies which can have benetitsabretiene as
well as fracture history and previous osteoporosis diagnosis. Althougnifccant differences
existed between the non DM and all DM groups in terms of fractureyhigoort, when the all
DM group was stratified by diabetes duration, the self-report of vattebcture incidence was
significantly higher in the DM<10 than either the non DM or £l groups (p=0.021). As
anticipated, thiazolidinedione (TZD) use was significantly highenerall DM group than the
non DM group (2% vs11% p=0.039) and this medication has been shown to have a deleterious
effect on bone. Comparisons of the frequency of osteoporosis between groupsro@deO T-
score classifications the hip, spine and forearm, demonstrateenattas no significant
difference in the prevalence of osteoporosis due to diabetes or duratiohetédiat any of the

sites(Table 3). These data do suggest a discrepancy between self-reported osteopdrosis a
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Table 2. Self-Reported Osteoporosis Diagnosis, Fracture History and Miedtion Use of Groups by DM Status at Baseline.
Non DM* All DM DM210" P P
(n=79) (n=44) (n=21) (1vs2) (1vs3vs4)

Osteoporosis Diagnos 11+0.04 16+0.06 11+0.07 14+0.08 0.479 0.922
Fracture History”
Vertebral fracture 3+2 74 16+9 0 0.259 0.041
Hip fracture 312 0 0 0 0.291 0.604
Medication Use&
Bisphosphonate 8+0.03 5+0.04 12+0.08 0 0.654 0.393
Hormone Replacement Therapy 15+0.04 13+0.06 12+0.08 18+0.10 0.783 0.893
Thyroid hormone 26+0.05 32+0.08 24+0.11 35+0.12 0.528 0.695
Selective Estrogen Receptor 3+0.02 0 0 0 0.283 0.599
(SERMSs)
Thiazolidinedione’s (TZDs) 2+0.02 11+0.05 6+0.06 18+0.10 0.039 0.b24
Selective Serotonin Reuptake 26+0.05 21+0.07 18+0.10 24+0.11 0.593 0.788

Inhibitors (SSRIS)
No(r)14 diabetic = non DM all diabetic group = all DK} diagnosed diabetes <10 years = DMk Hiagnosed diabeted0 years = DM
=1
& Diabetes duration unknown in 4 participants.
® Data presented as percent occurrence, + SE.
¢ Data presented as percent use, + SE.
* Denotes statistically significant differences (p<0.05) between non DM andlDM
T Denotes statistically significant differences (p<0.05) between non DM ard ®OM
T Denotes statistically significant differences (p<0.05) between DM<10 ardlOM
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Table 3. Frequency of Osteopenia and Osteoporosis of the Hip, Spine and &am by Diabetes Status.

All DM 2 DM<10° DM210* P P
(n=38) (n=17) (n=21) (1vs2) (1vs3vs4)
Classification by
T-scoré®
Total Hip 47 24 3 28 9 1 13 3 1 15 6 0 0.554 0.643
Total Spine 48 22 4 25 12 1 11 6 0 14 6 1 0.793 0.896
Total Forearm 24 38 12 14 15 9 7 4 4 7 9 5 0.441 0.750

NO(I)‘14 diabetic = non DM all diabetic group = all DK diagnosed diabetes <10 years = DM%¥Hlagnosed diabeted0 years = DM
=1
& Classification by T-score defined by the World Health Organization:

N = normal (> -1 standard deviation below the mean);

O = osteopenia (between -1 and -2.5 standard deviations below the mean);

Op = osteoporosis (< -2.5 standard deviations below the mean)
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Figure 1. BMD of the total hip, intertrochanter, trochanter and femoral neck
regions of the hip. Comparisons were made betweemndiabetic (Non DM) and all
diabetic (All DM) groups at baseline and final visitBars indicate mean + SEand

* indicates datistically significant difference (p<0.05 between group.

osteoporosigbserved in this study. The frequency ~scores in the osteoporotic range is gre

than idenfiication by the participants, most notably in thesfarm

Bone Densitometry

Results oDXA measurements revea significant differences the hip regio between the non
DM and all DM groupgFigure 1). BMD was significantly higher in the all Digroup compared
to the non DM group at both time points in the fiimt'chanter and at the finvisit in the total
hip. In contrastno significant differences in BMD were observecither thelumbarspine or
distal forearn{Figure 2). Differences in BMD between groups can often be &reld by
alterations in BMA anat BMC, but no significant differences were observed iheagitof thes:

measures at the intertrochanter or total hip aeeitime poir in this studyAppendix A). This
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Figure 2. BMD of the total lumbar spine and distal forearm. Comparisons wer:
made between nordiabetic (Non DM) and all diabetic (All DM) groups at baseline
and final visit. No datistically significant differences (p<0.05) wercobserved
between non DM and all DM groups at either time pait. Bars indicate mean * SE

observation suggests that modest changes in BMABM@ were likely responsible for tt
significant change in BMLTo examine the effects of diabetes duration on Biihe hip, the
all DM group was stratifie (Figure 3). A significantly higher BMD value was observed in
DM<10 group compared to the non DM and [210 groups in the final visit at both t
intertrochanter and total hip sites. Stratificatédso revealed a significantly higher BMD in
trochanter region in the DM<Igroup compared to the non DM and X0 groups. Nc
statistically significant diffeinces were noted in either the lumbkpime or forearm wit
stratificationby duration of diabetes diagnc. When adjustments were made age and BCthe
BMD differencesbetween groups observed at hip (i.e., total hip, intertrochanter a
trochanter) weraot altered, but the increase in femoral neck BMEheDM < 10 groug
compared to the non DM and D= 10 groupslid reach a level of statistical significar

(p=0.035) ¢lata not shown).
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Figure 3.BMD values of total hip, intertrochanter and trochanter at final visit.
Comparisons were made between ncdiabetic (Non DM), diabetic less than 1(
years duration from diagnosis DM<10) and diabetic 10 years or greater po«-
diagnosis (DM210) groups. Bars indicate mean + SE andtstistically significant
differences (p<0.05) denoter*.

Based on the usefulness of the WHO classificatidri-scores as an indicator of fracture r
(17), it is important to note that both total tand intertrochanter $eores were significant
greater in the all DM group at both ti points as was the femoral necls@ere greater in tl
same group at the final vic Results of the forearm measures actually showeth#an ~-score
for all groups (i.e., non K, all DM, DM<10, and DM10 groups) tde in the osteopenic rar
(i.e., T-score <-1.0) diothbaseline and final visitlkesults were similar when adjusted for
and BQ as wellFindings in the lumbar spine more closely resemtiiede of the forearm th:
the greater weightearing sites of the hip in that no significanfetiéncesin T-scores existed

between any of the groups.

DXA results at each sitwere also analyzed to assess percent change ove(Tedée 4). The

only statisticallysignificantdifferences noted were the increased ratehahgein the all DM
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Table 4. Percent Change in Bone Mineral Area, Content, Density and T-scarérom Baseline to Final Visit According to
Diabetes Status.

All DM % DM<10? DM210* P P
(n=44) (n=19) (n=21) (1vs2) (1vs3vs4)

Total Hip

BMA 1.005+<.004 1.011+0.007 1.019+0.012 1.006+0.007 0.239 0.318

BMC 1.012+0.006 1.009+0.010 1.030+0.019 0.994+0.010 0.952 0.259

BMD 1.007+<.004 1.033+0.036 1.088+0.078 0.988+0.007 0.688 G.024

T-score 1.012+0.088 0.952+0.132 0.757+0.151 1.163+0.239 0.640 0.338
Intertrochanter

BMA 1.015+0.009 1.021+0.014 1.034+0.025 1.017+0.017 0.717 0.686

BMC 1.023+0.010 1.019+0.015 1.047+0.028 1.003+0.016 0.859 0.328

BMD 1.008+0.004 1.018+0.030 1.074+0.062 0.970+0.019 0.669 06.022

T-score 1.070+0.065 0.940+0.159 0.980+0.224 0.906+0.268 0.373 0.676
Total Spine

BMA 0.999+0.003 1.001+0.006 0.992+0.010 1.008+0.010 0.534 0.150

BMC 0.999+0.005 1.003+0.009 0.995+0.016 1.014+0.012 0.454 0.241

BMD 0.999+0.004 1.003+0.005 1.005+0.009 1.006+0.007 0.488 0.600

T-score 1.023+0.120 0.699+0.136 0.526+0.272 0.815+0.122 0.090 0.146
Forearm

BMA 1.004+0.002 0.997+0.003 0.994+0.005 1.001+0.004 0.026 0.085

BMC 0.994+0.003 0.989+0.004 0.994+0.007 0.988+0.006 0.162 0.217

BMD 0.990+0.002 0.991+0.003 0.998+0.005 0.987+0.004 0.820 0.157

T-score 0.999+0.124 1.019+0.114 1.020+0.034 0.877+0.219 0.921 0.881

Data are presented as percent change = SE.

Non diabetic = non DM, all diabetic group = all DM, DM<10 = diagnosed diabetes <10 Pd&es10 = diagnosed diabetag0
years

& Diabetes duration unknown in 4 participants.

* Denotes statistically significant differences (p<0.05) between non DM andlDM<

T Denotes statistically significant differences (p<0.05) between DM<10 arxlOM
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Figure 4. Percent changrin BMD of total hip and intertrochanter region of the hip
over one year Comparisons were made between ncdiabetic (NonDM), diabetic
less than 10 years duration from diagnosisDM<10) and diabetic 10 years or greatel
post-diagnosis (DMe10) groups. Bars indicate percent change = S&nd <tatistically
significant differences (p<0.05) denotebetween*.

groupcompared to the non DM group in the BMA of the fora (p=0.026) and the femoral ne
T-score (p=0.033)data not shown). Both of these affects were lost whée all DMgroup was
stratifiedby diabetes duration. An interesting observaticulteng from the stratification was
change in BMD in the total hip and intertrochamtgions(Figure 4). Here the percent change
the DM<10 groupwas significanthygreater than the change observethie BMD ofthe non DM

and DM=10 groups. Tis result was not seen in the lumbar s or forearm.

Biochemical Markers of Bone Metabolisn

Baseline and final visit comparisons of serum CTef@vmade to examine differences betv

diabetics and nodiabetics and the effects of diabetes durationmrelyesorption and bol

46



formation. A significantiower serum CTX was observed in the all @ybup compared tthe
non DM group at theaselini (p=0.006), but not at the final visEigure 5). Following
stratification of the all DM group, a significantigwer concentration of CTX in the DM<:
group compared to the non DM group (p=0.031) waepked. tatistical significanc was not
reached when assessing percent change in CTX between tien DM and all DM group

(p=0.072) or when the all DM group was stratifigddiabetes duration (p=0.29tdata not

shown).
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Figure 5. Serum C-tlopeptide of type | collagen (CTX)concentrations at baseline
and final visits. Comparisons were made between ncdiabetic (NonDM), all
diabetic (All DM), diabetic less than 10 years duration from diagnosi¢DM<10) and
diabetic 10 years or greater pos-diagnosis (DM210) groups.Significance (p < 0.05)
denoted between n DM and DM<10 by *. Bars indicate mean * SE

Serum BAP reflectssteoblas activity, and was therefore usasd an indicator (bone formation.
Comparisons of seruBAP between diabetics and non-diabetitdaseline anfinal visits were
not different, nor did they differ following stréitiation of the all DM groujby duration of

diabetes diagnosi§igure 6). Additionally, no differences were observed wiserum BAP was

evaluated based on thercent chan¢ over time.
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Negative correlations were observed in the all DBug between CTX and forea BMD at
both time points but nsignificant relationshijin percent change betwe@&1X and BAP an(

BMD at any site was note When the all DM group was stratified biabetes duration, a sini
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Figure 6. Serum bone alkaline phosphatase (BAP) concentratis at baseline anc
final visit. Comparisons were made between nodiabetic (Non DM), all diabetic (All
DM), diabetic less than 10 years duration from diagnosiéDM<10) and diabetic 10
years or greater postdiagnosis DM210) groups. No gatistically significant
differences (p<0.05) werwobserved between groups at either time poi. Bars
indicate mean + SE.

correlation was noted amagative relationshipetween CTXand forearm BMD at baseline
the DM <10 groupThese data indicate that the only site in whichathicipated negativ
relationship between bone resorption and BMD waenked was at the least wei-bearing

skeletal site.
Cytokines and Complete BloocCount

Results of the serugytokine TNF-o (Figure 7) assessmemevealed no significant differenc

between the all DM and non DM groups, or when thBlsl group wasstratified by diabete
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Figure 7. Serum TNFw concentrations at baseline and final visit fonon diabetic
(Non DM), all diabetic (All DM), diabetic less than 10 years duration from diagnosi
(DM<10) and diabetic 10 years or greater pos-diagnosis (DM210) groups. No
statistically significant differences (p<0.05) wercobserved between groups at eithe
time point. Bars indicate mean : SE.

duration at either the baseline or final visitabifdition no observable differences in T-o. and
IL-6 were noted between groupsen results were assessed for percent chedata not
shown).When the cytokine I-6 (Figure 8) was assessergsults again reveal no significant
differences between the all DM and non DM groupsyleen the all DM group was stratified

diabetegluration at either the baseline or final vi:

Lymphocyte percenvas significantly lower in the all DM group compdri® the non DM grou
at the final visit, but this effect was lost whéwe diabetic group was stratifi (Table 5). No
other differences in lymphocyabsolute countsr percent were observed between gr.
Monocyte absolute counts and percent were notrdiffebetween any grod. It is important tc

note that all meatymphocyte and monocyte cou were within normal limits.
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Figure 8. Serum IL-6 concentrations at baselin and final visit for non-diabetic (Non
DM), all diabetic (All DM), diabetic less than 10 years duration from diagnosi
(DM<10) and diabetic 10 years or greater pos«diagnosis (DM210) groups. No
statistically significant differences (p<0.05) wercobserved between groups at eithe
time point Bars indicate mean : SE.

The proinflammatory cytokinepresent in chronic disease such as dialieesalso been
associaté with a decrease in bone formation and increabeme resorption that may ultimate
lead to bone los#\ positive correlation between Tl-a and CTX (p=0.005) was demonstrate
baseline in the non DM group but not in the all @Muf (Figure 9). No carelation betwee!
BAP and TNFe was observed in eiththe non diabetic or all diabetic groufasta not shown).
Positive correlations between BAP and CTX were chatethe non DM, all DM and DM<1
groups at baseline, however, this was not the for the DM210 group(data not shown).
Somewhat unexpectedly, no correlations betweenloktamarkers wel identified in the

DM=10 group at either visi
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Table 5.Serum Markers of Inflammation, Lymphocyte and Monocyte Counts at Baseline ahFinal Visit According to

Diabetes Status.

All DM # P P
(n=44) (1vs2) (1vs3vs4)

Non DM?

(n=79)

Tumor Necrosis Factor
(TNF)-a

Pro-inflammatory Cytokines

Baseline (pg/mL) 1.54+0.11 1.59+0.10 1.4620.11 1.7+0.18 0.733 0.619
Final (pg/mL) 1.47+0.08 1.55+0.08 1.49+0.11 1.58+0.14 0.609 0.873
Interleukin (IL)-6
Baseline (pg/mL) 2.48+0.42 3.64+0.55 3.0+0.59 4.6+£1.02 0.102 0.088
Final (pg/mL) 2.88+0.33 3.85+0.77 3.0+0.45 4.9+1.6 0.171 0.096
Blood Count Percent
LYMPH
Baseline (%) 30.3+0.92 28.8+1.1 28.2+1.3 30+1.7 0.367 0.537
Final (%) 31.5+1.05 28.6+0.86 27.6+1.09 29.5+1.5 0.041 0.097
MONO %
Baseline (%) 7.3+0.25 7.0+0.28 7.1+0.49 6.9+0.4 0.523 0.762
Final (%) 7.4+0.26 7.5+0.39 8+0.66 7.1+0.51 0.998 0.486
Blood Count Absolute Counts
LYMPH #
Baseline (uL) 1.95+0.07 2.04+0.12 1.9+0.13 2.2+0.22 0.537 0.358
Final (uL) 1.94+0.07 2.0+0.14 1.8+0.11 2.1+0.28 0.696 0.380
MONO #
Baseline (uL) 0.47+0.02 0.4840.03 0.44+0.04 0.51+0.05 0.773 0.473
Final (uL) 0.46+0.02 0.49+0.02 0.49+0.03 0.49+0.04 0.236 0.533

Data presented as mean = SE. Non diabetic = non DM, all diabetic group = all Di1,(>Mliagnosed diabetes <10 years, BN

= diagnosed diabeted 0 years® Diabetes duration unknown in 4 participants. No statistical differences were(fexh@5s).
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Figure 9. Correlation of CTX to TNF - in the non diabetic (NonDM) group and the
all diabetic (All DM) group at baseline visit.A significant positive correlation was
observed in the Non DM group thatwasnot present in the All DM group. Linear
correlations were evaluated by Pearson’s correlatio coefficient

Vitamin D

Given vitamin D’s relationship with calcium homeasis and bone metabolism, difference
serum 283ydroxy vitamin D were examined between gro No differences in serum vitamin
between any of the groups were noted at either pionet (Figure 10). Based on the mean val
of the non DM group and the DM<10, both groupsanitn D status exceeded 50 nmol/L,
serum value recommended by the Institute of Medi¢i®@M) to sustain bone density, calcil
absorption, and to minimize risk of osteomalacidrickets (342). Howevethe DVM=10 group
in this studydid not reach recommendserum 25-hydroxy vitamin evels at either time poi

which suggests that the longer duration diabetig beaat greater risk for compromised vitar
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status Data from the ThiriNational Health and Nutrition Examination SurveyHANES I11)
demonstrate the national average seru- hydroxyvitamin D in similar age (i.e., 70.6 nmol

and diabetes (i.e., 63.4 nmol/L)43) categories exceed that of the non DM all DM groups

NonDM B Baseline
NHANES Ages 50-69
AllDM OFinal
NHANES DM
DA " connend
DM:10 by IOM
0 | EI() | 40 6|l'_) | SID

Serum 25-hydroxyvitamm D (nmol/L)

Figure 10. Serum 25hydroxyvitamin D concentrations of non diabetic (NonDM),

all diabetic (All DM), diabetic less than 10 years from diagnosiDM<10) and
diabetic 10 years or greater pos«-diagnosis (DM210) groups atbaseline and fina
visits. For visual comparison,results from the Third National Health and Nutrition
Examination Survey (NHANES lll) of adults 5069 years of age from NHANES llI
(NHANES Ages 5069) and NHANES lll adults diagnosed with diabete(NHANES
DM) are shown. The black vertical bar at 50 nmol/L 2-hydroxy vitamin D indicates
Institute of Medicine (IOM) recommended serum levelBars indicate mean : SE.
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CHAPTER V

DISCUSSION

This study was designed to examine the effects of type 2 diabetes e sliduration on bone
health in Native American women. It is important to note that thdystas part of a larger study
to examine the incidence of osteoporosis in Native American women oveetloé 30 in the
state of Oklahoma. BMD was the primary outcome variable in thiy stnd represents a means

of assessing fracture risk.

The findings of this study demonstrate that BMD differences did occuebatdiabetics and
non-diabetics and more specifically in the hip regions. This effgetas to be biphasic as BMD
was increased in the hip region the first ten years followingndisis and decreased in the same
region, after the initial decade. Although greater rate of change in BNti2 iDM group was
anticipated, it was not expected to continue to increase. This deatmmstf both greater BMD
and increased rate of change in the DM<10 group suggests that detrimetatablic changes in
bone, specific to the hip regions, occurred at some point after thedaatle following diabetes
diagnosis. A possible explanation for this biphasic effect could beddiathe compensatory
hyperinsulinemia accompanying the onset of type 2 diabetes in an effort tloae glucose

levels (332-334). The ability of insulin to stimulate collagen pradodty osteoblasts has been
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well documented and the effect has been observed at physiological insukntcations

(133;344-346).

The increased BMD in the DM<10 group however, was characterized byangechh serum
BAP and decreased serum CTX compared to the other groups which suggédstadtfatmation
was constant while resorption was attenuated. This effect has hmeneadded in transgenic L-
SACC1 mice with liver-specific overexpression of mutant of the @aesnbryonic Antigen-
related Cell Adhesion Molecule 1 (CEACAML1). These mice have dect€3Bx that was
attributed to impaired insulin clearance. The resulting high levetssafin in this animal model
were shown to affect recruitment and differentiation of osteoclastsgairimg RANKL
signaling (319). Although insulin was not measured in the current stuntyilar smpaired

insulin clearance has been previously reported in type 2 diaf@ic848)

Over time a decline ifi cell number and function results in decreased circulating insulin. This
may explain the latter phase of this effect when BMD was reduced iMHz10 longer duration
diabetics and the rate of change returns to one more closely teldednon-diabetic group.
With diabetes duration, the bone made dense by resorption impairment in ttedade is more
likely to have structural irregularities affecting strengthisTdould be due in part to the
accumulation of AGEs that have been observed in obese mouse modpts 2 fligbetes and
resulted in reduced bone strength (349). The alterations in BMD obserthedldurrent study are
in agreement with other studies conceding that the onset of indrieastre risk (8;285) and
even fracture incidence (25;284) in type 2 diabetes occurs 19 gfenore post-diagnosis. This
has also been demonstrated specific to race in populations incAslarg (350), Hispanic (351)
and Norwegian (352;353) where results show that the risk of ltpfeawas higher among
people with diabetes than without and this risk increased with duration ofediabi@gnosis.
Differences in self-reported fracture of the hip were not deddao¢tween groups in the current

study, although participants were asked to respond to questions regaadingefhistory.
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Importantly, this study was not powered to evaluate fracture incidencauwmnthe absence of a
difference between groups could be expected. Emerging evidenoeigsgtowered to detect
differences in fracture incidence however, has shown that patights/pe 2 diabetes have
higher fracture rates (1.4-fold) in spite of the absence of a reductidWin(B0). This suggests
that BMD values in diabetics, 10 years or longer, that are similar to abatdis of a similar age

group may not adequately reflect bone fragility.

In this study, differences in BMD between groups were observed in thegigms alone and
could be attributed to this regions primary function of weight bearing. Weighnhot considered
as a covariate in the current study due to its influence on type 2 diableéslumbar spine also
has a role in weight bearing, but has been shown to respond to differenttiarcésose applied
to the hips. If differences in the hip were due to weight bearing inflsetiue would explain

why forearm BMD’s were similar between groups.

Although BMD remains a useful measurement for fracture predigtititei non-diabetic
population, these findings suggest a need to clarify the use of standard nietfasdessing

fracture risk using BMD in type 2 diabetes due to biphasic effectaloéis with duration.

At this time it remains unclear exactly why BMD is not an accunagdigtor of long-term
fracture risk in the diabetic population. Animal studies using éxgatal models of diabetes
have suggested that with diabetes duration bone structureréslattea way that increases
stiffness and compromise overall bone strength (291). Thiofdegampromised bone quality
provides a possible explanation of the paradox of an increased risictoirés in type-2 diabetics

in the presence of normal or elevated BMD (354,;355).

Examination of the current findings revealed a significantlyeloserum CTX in the DM<10
group when compared to the non-diabetic group at some time points. It could bat@dshat

the lower concentration of CTX seen in the DM<10 group was respofilile increased
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BMD in the hip regions. Consensus has yet to be reached as to the explanoeaffafcts of
diabetes on bone metabolism. Oz et al. (356) examined bone biomarkers indwamaen,
diabetic and controls and observed that the serum BAP and CTX in thealiabate
significantly lower than the non diabetic controls. When the samieensawvere evaluated
according to gender, it was discovered that only CTX was redndbd male diabetic population
whereas the diabetic women experienced a reduction in BAP only. @Qtbersshave reported
significantly elevated BAP in type 2 diabetics over non diabetic egpatts (357-359). Bone
biochemical markers have been shown to differ among ethnic groups (36%),datt is
available to determine if differences exists among Native Amepoaulations. The bone
biochemical marker data in this study suggest a decrease in bormioaseith no change in
bone formation in the DM<10 group, but further examination of bone biochemidedmman

Native American women is warranted.

No differences between groups were observed in serum IL-6 oI MFaddition, no
correlations existed between markers of metabolism and cytokinesdialfetic groups.
Although numerous factors can influence serum levels of these cytikim@essible that the
observed outcomes were an indication that mechanisms affectingnedaieolism in non-
diabetic models may not function the same in a diabetic environmentoteisarthy that much
of the research related to the effects of TdN&Ad IL-6 have been demonstrated in non-diabetic
models. An example of thiafluence of TNFe. on increased osteoclastogenesis, has been
demonstrated im vitro models (361;362), and with TN&infusion in normal (363;364) and
nude mice (365). In addition to its effects on osteoclastogenesisg Bd6-suppresses
osteoblastogenesis as demonstratedtro (256-259) and in transgenic mouse models (366). A
similar outcome was reported with IL-6 overexpression in transgeige resulting in increased
osteoclast and decreased osteoblast number and activity (228). Hawellesf these cases, the
effects of TNFe and IL-6 were reported in the context of a non-diabetic model. These esampl
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illustrate that less is known about the relationship between infiaamgnmediators and bone
metabolic processes in the diabeBased on observations such as the biphasic response of BMD
in the hip in this study, it appears that type 2 diabetes potenpligsents a unique scenario
relative to bone metabolism. Therefore more research is requireat shetrapeutic approaches

can be developed to prevent or reduce the number of fractures in this ipopulat

Identifying potentially modifiable risk factors for fractureNative Americans with type 2
diabetes is of major importance for future diabetes health caggiirgs. Important to that task is
exploring the metabolic differences and the factors that cotertbuhese differences. It is also
important to consider outcomes from the current study in context of mib#shed reports. For
example,TNF-a has been shown to influence osteoclastogenesis, a finding supported by the
positive correlation of CTX td NF-a in the non-diabetics of the current study. However, this
does not hold true in this diabetic population. It is also plaudibtean inflammatory biomarker
such asTNF-a. may not be different between these groups due to innate differences aativag N
Americans. Reference standards, (e.g. T-scores) are often based asidDaumpulations (15;16)
making race-related deviations conceivable, a concept evidenced oy e higher average C
reactive protein (CRP) concentrations seen in this population (36ig)n®n-diagnostic test is
used for the detection of inflammation and must be compared to approgriaterstrmative
reference data to ensure relevance. In addition to the inflammaokers, low serum vitamin D
in Native Americans has been reported (33), but the mean serum catioces of the diabetic,
non-diabetic and the group as a whole in this study were within thencl@M

recommendation. Results of the self-reported calcium intake did fext loiftween groups and
should be examined as well as physical activity, specifically weightrgefar greater
understanding of the role they play specific to bone health in Native AansriPerhaps further
exploration into race-related norms is in order to determine the ussfudhetandard measures

and their role in chronic disease.
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Currently patients with type 2 diabetes represent a diagnostic amibpticgdilemma because the
value of BMD measurement in predicting osteoporotic fractures masited by decreased
bone quality. Given the prevalence of type 2 diabetes in Native Ameribangopulation is at
great risk. This necessitates exploration into underlyingagibers in bone metabolism
responsible for the biphasic response observed in this study and a gneletstanding of the
contributing risk factors. Improving understanding of the mechanismssatvalill provide
guidance toward better methods of assessment and treatment moreiafgpttogon BMD may be
discovered. It is necessary to recognize the need for not only differdradeef risk assessment
but different options of reducing risk as well. Therefore, evidence-baseeliges of fracture

risk management, especially in Native Americans with diabetesaranted.
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CHAPTER VI

CONCLUSION

Summary

Recent evidence suggests a relationship between type 2 diabetesrmmrdased risk of fracture.
Native Americans are known to have a high prevalence of type 2 didibete® times the
national average), but the availability of evidence regardirguira risk is limited in this
population. This study was designed to examine the extent to which type @2sliatfects
change in BMD and bone metabolism in Native American women. Participahtded Native
American women (n=123) 50 years of age and older, defined by thélgjidgo receive
services at aimdian Health Clinic. Of the total, 36% (n=44) reported a diagnosigef?2
diabetes to which the all DM group was stratified by years pogtid#s due to the potential for
increased risk of fracture with longer diabetes duration. Basstiddinal visits included DXA
scans to determine BMD, relevangdical history and anthropometric measures. In addition, an
optional serum sample wasllected for measures of bone metabolism indicators, 25-

hydroxyvitamin D3, and inflammatory mediators (e.g. TiN&Rd IL-6).

DXA results revealed increased BMD in the hip regions of the DMmand more specifically

theDM<10 years duration group. In fact the stratification of the dialwgtasgp by duration
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supports the possibility of a biphasic effect evidenced by increasing BMD Impthe
region the first 10 years post-diagnosis, followed by significant deg@ashe same
region after the first decade following diabetes diagno&islifferencesn BMD were
observed in the spine or forearm regions. The only difference obsefvede metabolism was
decreased CTX in the all DM group. No differences were observed legn@gs in
inflammatory mediators or vitamin D concentrations. These findingsstagmeed to clarify
the use of standard methods for assessing fracture risk using BMD in tyfe@stiae
to biphasic effects of diabetes with duration. Additionally, mechanidfasting bone
metabolism in non DM models may not function similarly in a diabetic envieahrhe
differences occurring over time between the stratified diabetegpgis a possible indication that
mechanisms are modified with disease duration. Finally, it remains témnihed if
differences in this study, or lack of differences, is due to innderelifices within the Native

American population.

Purpose

The purpose of this study is to examine the effects of type 2 diabetes artdsithbation on

bone health compared to non-diabetics in Native American women over SQofage.

Hypothesis1: Change in BMD from baseline to final visit, one year later, wilgtesater in those
women with type 2 diabetes and especially those women who have been diabetiofanbre

years compared to their non-diabetic counterparts.

No statistically significant difference in percent change in BMi3 whserved between the non
DM and all DM groups. When the all DM group was stratified by duration of DM diégnos
however, the DM<10 group demonstrated a significantly greater ircie&MD in the total hip

and intertrochanter regions compared to both the non DM and tkd @§toups. The DF10
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group demonstrated a decrease in BMD compared to the DM<10 at the @mmélsrefore we

rejected the null hypothesis based on the stratification of the DM grodialbgtes duration.

Hypothesis2: Type 2 diabetics will demonstrate alterations in bone metabolism consiste
increased bone resorption and decreased bone formation rates from hadelalevisit,
compared to non-diabetics. These alterations in bone metabolism witiregononounced in

longer duration type 2 diabetics (i.e.16 yrs).

No statistically significant difference in bone resorption or foiomatvas observed between the
non DM and all DM groups. When the all DM group was stratified by duration of Biyhdsis
no differences were observed when compared to the non DM group. We faggettdhe null

hypothesis.

Hypothesis 3: The mechanisms by which type 2 diabetics will experience acceld@tedoss
will be mediated by an increased inflammatory state and comproniiaedrvD status. The
increased inflammatory state and compromise in vitamin D status wilidoedated in longer

duration diabetics.

No statistically significant difference in the inflammatorgdiators TNFe or IL-6 was observed
between the non DM and all DM groups. No statistically significant diféerémserum 25-
hydroxy vitamin D was observed between the non DM and all DM groups. When thd all D
group was stratified by duration of DM diagnosis no differences were observaccameared
to the non DM group in either inflammatory mediator or serum 25-hydroxy witBmNe failed

to reject the null hypothesis.

Recommendations for Future Research

As the prevalence of type 2 diabetes continues to rise, acknowledgingmerous

complications and developing effective prevention and treatmetdgit'a becomes increasingly
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important. The recently discovered relationship between diabetes andtrodades the
increased risk of fracture as another complication that needs tm&elered clinically. Important
next steps will include exploration into factors affecting bone stinefidpis will require the use
of animal models as well as techniques to determine alterations in boneléomcal properties
in humans. A better understanding of the influences of insulin and glucosel confiochemical
markers of bone turnover is also needed. Impaired insulin cledraad®een observed in type 2
diabetes and recently been associated with decreased bone resorpticorifgangulin levels
with disease progression, in conjunction with bone biochemical markergroade new

insight into metabolic changes in bone over time.

Another important point to consider is that the current literature focusiedatare risk and
type2 diabetes only delineates type 2 diabetics by the number of yeadsagosisis. Other
factors such as glucose control, the role of renal function and phgstoaty may also
contribute to the ultimate effects of type 2 diabetes on bone health enddmask. Future

studies should take these factors into consideration.

Lastly, it will also be essential in this pursuit to identffferences inherent to specific
populations. Relatively little is known about Native Americans and ostesigaisk. Therefore it
is important to establish population based norms for different ethnic gnotipsly for BMD but

also biochemical markers of bone metabolism.
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Appendix A. DXA Measurements of the Hip Regions at Baseline andral Visit According to DM Status.

=]
(1vs3vs4)
Total Hip
Baseline
BMA (cm?) 33.8+0.3° 33.2+0.4( 33.0+0.7: 33.0+0.5: 0.283 0.423
BMC (o) 29.0+0.5! 30.8+0.9: 30.2+1.4¢ 30.8+1.2 0.C87 0.33¢
T-score -0.67+0.1. -0.14+0.1¢ -0.25+0.2¢ -0.10+0.2¢ 0.01¢ 0.07¢
Final
BMA (cm?) 33.9+0.3° 33.5+0.4! 33.7+0.7¢ 33.2+0.5: 0444 0.62¢
BMC (a) 29.3+0.5 31.1+0.9 31.1+1.5! 30.8+1.3¢ 0.C78 0.28¢
T-score -0.63+0.1: -0.13+0.1! -0.17+0.2! -0.13+0.2¢ 0.021 0.10¢
Intertrochanter
Baseline
BMA (cm?) 18.1+0.2! 17.6+0.3 17.5+0.7- 17.6+0.3t 0.302 0.52¢
BMC (q) 18.4+0.4( 19.7+0.6° 19.2+1.1° 19.8+0.8! 0.070 0.28E
T-score -0.51+0.1. 0.13+0.1° -0.01+0.2¢ 0.16+0.2¢ 0.00¢ 0.027"
Final
BMA (cm?) 18.3+0.2¢ 17.8+0.3¢ 17.9+0.7" 17.7+£0.3 0.326 0.60¢
BMC (q) 18.7+0.4: 20.0+0.7: 20.0+1.1¢ 19.9+0.9¢ 0.08( 0.28%
T-scor¢ -0.4 +0.1. 0.14+0.1 0.10+0.2° 0.12+0.2! 0.00¢ 0.03¢
Trochanter
Baseline
BMA (cm?) 10.7+0.14 10.6+0.2: 10.6+0.4! 104+0.2¢ 0.674 0.69¢
BMC (q) 6.910.1¢ 7.13+0.2! 7.19+0.4. 6.96+0.3! 0.44¢ 0.77¢
T-score -0.55+0.1. -0.29+0.1¢ -0.30+0.2¢ -0.32+0.3( 0.22¢ 0.54:
Final
BMA (cm?) 10.7+0.1! 10.7+0.2- 108+0.41 10.5+0.3: 0.99¢ 0.88¢
BMC (q) 6.92+0.1! 7.18+0.2 7.27+0.4. 7.01+0.3¢ 0.36< 0.65¢
T-scor¢ -0.53+0.1. -0.33+0.1¢ -0.31+0.2! -0.39+0.3: 0.35¢ 0.69¢

Data presented as mean + SE. Non diabetic = non DM, all diabetic group = allNd103= diagnosed diabetes <10 years, BM = diagnosed
diabetes>10 years? Diabetes duration unknown in 4 participants. ANOVA showed a statistféetdetice across all three groups (ANOVA,
p<0.05) with significant pairwise post-hoc tests denoted between: * non DM and@M+ion DM and DM10
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Appendix B. DXA Measurements of the Lumbar Spine and Forarm at Baseline and Final Visit According to DM Status.

All DM 2
Total Spine
Baseline
BMA (cm?) 58.1+0.51 57.1+0.9 57.2+1.4¢ 57.41.52 0.287 0.687
BMC (q) 57.&1.1F 58.2+1.8! 57.1+2.0( 59.143.3¢ 0.841 0.847
T-score -0.50+0.1" -0.29+0.2( -0.44+0.2: -0.22+0.3: 0.377 0.68¢
Final
BMA (cm?) 58.1+0.5( 57.2+0.9° 56.8+1.4! 57.9+1.5: 0.404 0.62¢
BMC (q) 57.5+1.1! 58.8+1.8. 56.9+2.1- 60.7+3.2¢ 0.54¢t 0457
T-score -0.55+0.1« -0.23+0.1¢ -0.43+0.2! -0.07+0.3. 0.191 0.33¢
Forearm
Baseline
BMA (cm?) 23.5+0.2. 24.1+0.3: 23.9+0.5; 24 .4+0.52 0.138 0.257
BMC (q) 11.5+0.2: 11.840.2° 11.8+0.3 11.6+0.4F 041zc 0.761
T-score -1.47+0.1- -1.44+0.1¢ -1.35+0.2¢ -1.58+0.2! 0.91¢ 0.84¢
Final
BMA (cm?) 23.6+0.2. 23.9+0.3: 23.8+0.5( 24.1+0.5. 043¢ 0.63¢
BMC () 11.4+0.2: 11.7+0.2¢ 11.7+0.3 11.7+0.4 047¢E 0.77¢
T-score -1.57+0.1- -1.49+0.1¢ -1.36+0.2! -1.61+0.2! 0.724 0.78¢<

Data presented as mean + SE.
Non diabetic = non DM, all diabetic group = all DM, DM<10 = diagnosed diabetes <fi<€) ipd4=10 = diagnosed diabeta40 years
®Diabetes duration unknown in 4 participants.

No statistical differences were found (ANOVA, p<0.05).
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Appendix C. Consent Form.
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you will lie on an x-ray table and once you are positioned it will take a few seconds
for the machine to pass over your body and take measurements of your bone.

* receive instructions and materials for completing a 3-day food record that you will
return in the mail.

* be given some educational material about osteoporosis and how you can reduce your
chances of having osteoporosis.

s You have the option to do a blood test — we will take about 2 tablespoons (30 cc) of
your blood at each visit for a total of 6 tablespoons (90cc) over the course of the 2
year study. We will measure chemicals in your body that provide information about
the quality of your bones, the way you body handles calcium, and how much
inflammation you have. Blood samples will be labeled with your study number and
the date the sample was collected. All samples will be handled by trained study
personnel only and will be stored in very cold temperature freezers in the principal
investigators laboratory for up to 5 years. At the end of the 5 year period any
remaining samples that have not used in the analysis will be destroyed by the
principal investigator and the chairman of the Oklahoma City Area Indian Health
Service Institutional Review Board will be notified. You can still participate in the
study even if you don’t want to do this blood test.

Blood Test: Yes ~ No Initial

If you indicate that you have been diagnosed with Type 11 diabetes, we will ask your physician at
the clinic to provide us with the results of your most recent hemoglobin Alc test (if they are
available). This will provide us with important information about your glucose levels over
several months.

At your follow-up visits to the GCRC (1 year later and 2 years later) you will be asked similar
questions regarding your medical history and physical activity habits, have repeated height,
weight, and bone density scans performed, and complete another 3-day food record. You will
also be asked specific questions about use of medication for osteoporosis.

How Long Will I Be In The Study?

We think that you will be in the study for about 2 years and during that time you will be asked to
come to the GCRC on the OUHSC campus three times. You can stop participating in this study
at any time. If you do decide to stop participating in the study, we encourage you to talk to the
researchers and your regular doctor first. There may be anticipated circumstances under which
your participation may be terminated by the investigator without regard to your consent.

What Are The Risks of The Study?

The procedures may involve risks that are currently unforeseeable. You will undergo a bone
density scan of your entire body, and specific sites including your hip, spine and forearm. If you
agree to participate in this research, you will receive radiation exposure from 12 DEXA scans (a
type of x-ray) that you will not receive if you choose not to participate. The radiation exposure
that you will receive from these DEXA scans is approximately 2% of the amount of radiation
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exposure that an x-ray technologist is permitted to receive in one year. If you agree to participate
in the blood tests, the risks of drawing blood include pain at the needle site, bruising, feeling
faint, and a slight risk of infection. As with any research study, there may be additional risks that
we don’t know about yet. You will be informed of any such risks if we learn about any.

You must not be pregnant while participating in this study. Due to the radiation exposure from
the bone density scans, there may be some risks to an embryo or fetus, including birth defects. If
you are considered of childbearing age (less than two years since your last period) you will be
asked to do a pregnancy test (urine test) prior to entrance into the study and each of the follow-up
visits. If you become pregnant during this study, you will be withdrawn from the study. The
study physician will assist you in getting obstetrical care. Payment for all aspects of obstetrical,
child, or related care will be your responsibility.

Are There Benefits to Taking Part in The Study?

If you agree to take part in this study, there may or may not be direct medical benefit to you. If
you are in the study, you will have the opportunity to have several bone density scans at no
charge, a test that is not currently available at your clinic. You will also get all of the study’s
dietary and clinical tests at no cost. We hope that the information learned from this study will
benefit other patients with this disease in the future.

What Other Options Are There?

You may choose not to participate in the study. If so, you can get a bone density scan at
some local hospitals and clinics for a fee. Please talk to your regular doctor about this
option.

‘What About Confidentiality?

Efforts will be made to keep your personal information confidential. All of your private health
information will be kept in locked file cabinets. Data will be entered into a password protected
database and files managed by the principal investigator. All records will be kept confidential
and participants assigned a study number. The master list of study participants and their study
number will be kept in a locked file cabinet in the principal investigator’s office with limited
access. You will not be identifiable by name or description in any reports or publications about
this study. We cannot guarantee absolute confidentiality. Your personal information may be
disclosed if required by law. You will be asked to sign a separate authorization form for use or
sharing of your protected health information.

There are organizations that may inspect and/or copy your research records for quality assurance
and data analysis. These organizations include the US Food & Drug Administration, the National
Institutes of Health and the OUHSC Institutional Review Board.

To help us protect your privacy, we have obtained a Certificate of Confidentiality from the
National Institutes of Health. With this Certificate, the researchers cannot be forced to disclose
information that may identify you, even by a court subpoena, in any federal, state, or local civil,
criminal, administrative, legislative, or other proceedings. The researchers will use the
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Certificate to resist any demands for information that would identify you, except as explained
below.

Y ou should understand that a Certificate of Confidentiality does not prevent you or a member of
your family from voluntarily releasing information about yourself or your involvement in this
research. If an insurer, employer, or other person obtains your written consent to receive research
information, then the researchers may not use the Certificate to withhold that information.

The Certificate of Confidentiality does not prevent the researchers from disclosing voluntarily,
without your consent, information that would identify you as a participant in the research project
under the following circumstances: child abuse, intent to hurt self or others.

What Are the Costs?

You can participate in this study with no cost to you. All study procedures including the bone
density scans, dietary evaluation, physical activity assessment, educational materials and
optional blood tests will be provided at no cost to you.

Will I Be Paid For Participating in This Study?

We will give you $25 after you complete the first visit and at each of the 1 year and 2 year
follow-up visits to help make up for your time and travel expenses. Also, if you agree to have
your blood drawn for the optional blood tests you will receive an additional $25 dollars after
each visit. There is a total of up to $150.

What if I am Injured or Become Il While Participating in this Study?

In the case of injury or illness resulting from this study, emergency medical treatment is
available. OUHSC, GCRC, Proctor and Gamble, and the Indian Health Service have no policy
ot plan to pay for any injuries you might receive as a result of participating in this research
protocol.

What Are My Rights As a Participant?

Taking part in this study is voluntary. You may choose not to take part or may leave the study at
any time. If you agree to take part and then decide against it, you can withdraw for any reason;
however, please be sure to discuss leaving the study with the principal investigator or your
regular physician. Leaving the study will not result in any penalty or loss of benefits that you
would otherwise receive.

We will tell you about any new information that may affect your health, welfare or willingness to
stay in this study.

You have the right to access the medical information that has been collected about you as a part
of this research study. However, you agree that you may not have access to this medical
information until the entire research study has completely finished and you consent to this
temporary restriction.
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Whom Do I Call If I have Questions or Problems?
If you have questions, concerns or complaints about the study or have a research-related injury,
contact Dr. Brenda Smith at 405-744-3866 or 405-878-6364 after hours.

For questions about your rights as a research subject, contact the OUHSC Director, Human
Research Participant Protection Program at 405-271-2045 or Dr. Travis Watts, Chairman of the
Oklahoma City Area Indian Health Service Institutional Review Board at 405-951-3829.

Signature:

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

I agree to participate in this stucy:

Research Subject:
Date:

Subject's Printed Name

Person Oblaining Informed Consent:

Date: o
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Appendix D. Medical History Form.

IRB No: 13281
Oklahoma Native American Women’s Osteoporosis Screening Study

Study ID: Date: Primary Care Physician:
Date of Birth: Bloodline: (indicate tribe & percentage)

Social History: (Circle Y for yes and N for no)
Do you currently smoke? Y N  If yes, packs/day Do you use other forms of tobacco? Y N
Doyoudrinkalcohol? Y N  If yes, how often/how much: !

Do you have any special needs related to your culture?

Education: (Circle the highestlevel) Grade:1 2 3 4 5 6 7 8 9 10 11 12 College: 1 2 3 4 5+

Allergies: (List any drug, food, contact, or environmental substance you have had an allergic reaction)

Medications & Supplements: (List any prescription, over-the-counter, herbal, vitamin, or nutritional supplement you are
currently taking and the approximate amounts.)

] 4) 7
2) 5) 8)
3) 8) 9)

Past Hospitalizations or Surgeries: (List all illnesses/surgeries for which you have been hospitalized and the
approximate date.)

1) 4)
2) 5)
3) 6)

Reproductive History: (Circle Y for yes and N for no)
Have you ever been pregnant: Y N If so, how many times?

How many children? What are your children's’ ages?

What was your age at the time of delivery of your first child?

Did you breastfeed your children? Y N

Did you use oral contraceptives? ¥ N If so, for approximately how many years?
Do you currently have regular menstrual period? ¥ N

What was the date of your most recent menstrual period?

Have you ever taken (female) hormone replacement? Y N  How long did you take hormones?
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Medical History: (For each illness or condition that you have had diagnosed by a physician, indicate how long ago you

were diagnosed in the box to the right.)

Osteoporosis Asthma

Vertebral fracture, x-ray confirmed Emphysma

Hip replacement Chronic bronchitis

Wrist Fracture Tuberculosis

Hip fracture Depression, clinician diagnosed

Bone loss of the jaw

Osteoarthritis

Diabetes Mellitus (Type |

Breast cancer

Diabetes Mellitus (Type Il)

Cancer of the uterus (endometrium)

Elevated cholesterol

High blood pressure

Cancer of the ovary

Cancer of the colon

Myocardial infarction (heart attack)

Cancer of the lung

| Angina pectoris Melanoma
Coronary bypass or angioplasty Basal cell skin cancer
Congestive heart failure Squamous cell skin cancer
Stroke (CVA) Other cancer (specify)
Peripheral artery disease or claudication Rheumatoid Arthritis
of legs (not varicose veins)
Carotid surgery SLE (systemic lupus)
Pulmonary embolus Lactose intolerance
Cholecystectomy Irritable Bowel Syndrome
Glaucoma Ulcerative colitis/Crohn’s
Macular degeneration Kidney stones )
Cataract Renal disease
Liver disease (such as cirrhosis) i )

Participant’s Signature: RN Signature:

Relevant Medical History Form Participant ID

GCRC -
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Appendix E. Tribal Representation Form.

Tribal representation: Please circle all that apply and write in the percent blood

you have for each tribe.
example:

Oklahoma Based Tribes:

Absentee Shawnee Tribe:

Apache Tribe:

Cherokee Nation:

Chickasaw Nation:

Citizen Potawatomi Nation:

Delaware Nation:

Fort Sill Apache Tribe:

Kaw Nation of Oklahoma:

Kickapoo Tribe of Oklahoma:
| Miami Nation:

Muscogee Creek Nation:

Otoe-Missouria Tribe:

Pawnee Nation of Oklahoma:

Ponca Nation:

Sac & Fox Nation:

Shawnee Tribe:

Thlopthlocco Tribal Town:

Wichita & Affiliated Tribes:

Wryandotte Nation:

Alabama Quassarte Tribal Town:
Caddo Triﬁe:
Cheyenne-Arapaho Tribes:
Choctaw Nation:
Comanche Nation:
Eastern Shawnee Tribe:
Iowa Tribe of Qklahoma:
Kia.legeg Tribal Town:
Kiowa Tribe: __

Modoc Tribe:

Osage Nation:

Ottawa Tribe:

Peoria Tribe of Indians of Oklahoma:

Quapaw Tribe of Oklahoma:

Seminole Nation:

Seneca-Cayuga Tribe of Oklahoma:

Tonkawa Tribe:

United Keetoowah Band of Cherokees:

Euchee Tribe of Indians:

Please list any other tribes you represent and blood quantum (example: Navajo %):
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Please circle what best describes your total Indian blood guantums:

Less than %4
% to less than 4

5 to less (han %

i to Full Blood

Please list the ona tribe which you are enrolled in:
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