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ABSTRACT
ANNE CHRISTINE BEAUBRUN:Intravenous Vitamin D Treatment in Hemodialysis
Patients: Patterns of Use and Association with Fracture Risk
(Under the directioof Dr. M. Alan Brookhart andDr. BetsyL. Sleath

Theadministration of intravenoustamin D therapys central to the treatment of
secondary hyperparathyroidisrvet, there is little data documenting the variations in the use
of these agents in large, representative sanapled v i t ciineal benefltd age not
clear. The objective of this dissertationvereto describe patterns in the use of vitamin D
and toexamine the association betweatamin D exposure and fracture risk among
hemodialgis patients.

We describd vitamin D-related tends among patients within thimited States Renal
Data Systenbetweer01/01/200012/31/2008 Annual percentages of patients treated with
each formulation were tabulated tfevant subgroupsA retrospectiveeohortstudy was
conductedo examine the asciation between vitamin D exposure and fracture fisident
hemodialysigatients between 01/01/2008/31/2004entered d480-daybaseline period
where vitamin D exposungasassessedTimeto the first fracture hospitalization was
assessedveroneyear using multivariable Cox proportional hazard regressitre key
measures of vitamin exposure were measured at the fdeil#y. 1) the proportion of
vitamin D users/facilityderived using mixe@ffects logistic regression); and 2) the average
vitamin D dose per patient (derived using meesfcts linear regression). Fractures were

grouped into four categories



Vitamin D use has increased sharply fré816% of patienttreated in1999 t083.9%
of patients treated in 200&aricalcitol was the pferred formulatioruringthe study years
In 2008, the average dose among black patients was 84% greater than among white patients.
No significant relation was observed between the proportion of vitamin D users or the
average vitamin D dose per patianthefacility-level andfracturerates for all fracture
types Specifically, for any fracture, the haz
proportion of vitamin D users was 1.10 (95% CI©186 42) whi |l e t he HR f or
average vamin D dose per patient was 0.99 (95% CI| a1.91D).
In summaryyitamin D use has increased and parallels the rise in usgioéleitol
and doxercalciferollncreasing vitamin useand average vitamin D dose administered per
patient within dialysisdcilities did not have an observed beneficial association with

fractures.
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CHAPTER |

INTRODUCTION

1.1 Overview

Disordered bone mineral metabolism is rampant ingade renal disease (ESRD)
patients and a considerable amount of time and resources are dedicated to its evaluation and
treatment. Intravenous (1V) vitamin D has become a mainstay in boireral disorder
managemerdand is used to treat secondary hyperparathyroidi$t®{3, a common
complicationamong patients with ESRDSHPT, characterized by increased parathyroid
hormone (PTH) levels, has been associated with abnormalities in bone metabolism, soft
tissue and vascular calcification and a range of atiserders”® Despitel V. vi t ami n D6 s
widespread use and its proven effectiveness in decreasing PTH levels, there is a lack of
evidence demonstrating that pharmacologically reducing PTH leapkctually result in
improved fractue outcomes. Themea myriad of examples from various therapeutic areas
documenting instances where medications were approved for their efficacy in manipulating a
surrogate biomarker but were eventually found to confer no clinical benefit or eveh harm.

't i s important to eval uadbeyondtnreatigher vi t an
SHPT. Patients with renal failure commonéxperience fractures, associated with significant
morbidity and mortality in this patient populatidriThe ageand sexadjusted risk of
fractureis reported to be several times greater among ESRD patients when compared to the

general populatiof. SHPT and changes in PTH leselre associated with a range of bone



morphologies that may be linked to acrieased risk of fracture Although it would be
tempting for nephrologists to use vitamin D to ameliorate the high clinical burden of
fractures observed among dialysis patients, it would {aelitised given th general lack of
valid, populatiorbased studies or clinical trials documenting any benefits or hafrias
vitamin D use for this indication

Also, studies exploringacial, gendergeographic secular variatigrendpatterns of
vitamin D useare needetb document any secular trends in overuse of the drug, provide
evidence in support of dialysigiality improvement initiativesand alleviatenyhealth
disparitiesamongpatients with ESRDTherehave been no larggcale populatiofased
observationaltsidies, thus far, examining the association between vitamin D exposure and
fracture risk among dialysis patients. Vitamin D exposure refers to vitamataizd
treatment decisionggardingdialysis patients. To address these salient deficits in the
neghrology literature, the aims and hypotheses that comprise this dissertation are described

below.

1.2 Aims and Hypotheses
Data were derived from the United States Renal Data System (USRDS), a national
registry of all renbdisease patients. The aims of this study were:

Aim 1: To describe patientlevel, facility-level, and statelevel trends in the use and

dosage of three vitamin D analogs among prevalent hemodialysis patients.

Mean vitamin D dose per patient per year facteformulation was estimated at the

patient, facility, and state level. The monthly percentages of patients treated with each type
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of vitamin D formulation were presented in longitudinal graphs comparing secular trends in

vitamin D use in each calendagar between 1999 and 2008.

Aim 2: To investigate the association between vitamin D exposure and fracture risk by

fracture type and among relevant subgroups among incident hemodialysis patients.

Null Hypotheses

H1y: There is no association between the-nasemix proportion of vitamin D users within
a dialysis facility and fracture risk.

H2,: There is no association between the gaseadjusted proportion of vitamin D users
within a dialysis facility and fracture risk.

H3o: There is no association betwethe norcasemix average vitamin D dose per patient
within a dialysis facility and fracture risk.

H4o: There is no association between the gaseadjusted average vitamin D dose per
patient within a dialysis facility and fracture risk.

H50: There is n@association between high casex adjusted average vitamin D doses per
patient at the facilifevel (the 75th percentile) and fracture risk.

Alternative Hypotheses

H1,: The noncasemix adjusted proportion of vitamin D users within a dialysis facility is
negatively associated wifiacture risk.

H2,: The caseamix adjusted proportion of vitamin D users within a dialysis facility is
negatively associated with fracture risk.

H3a: The noncasemix adjusted average vitamin D dose within a dialysis facility is

negatively associated wifiacture risk.
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H4,: The casemix adjusted average vitamin D dose within a dialysis fgasiinegatively
associated witlfracture risk.
H5,: High casemix adjusted average vitamin D doses per patient at the fdeNigy (the

75" percentile) are negatively associated with fracture risk.

We conducted a retrospective cohort, intentmireat analysis using data from
20002004 where vitamin D exposure variables were measured as ecological variables at the
facility-level while ovariates and fracture outcomes were measured at the indiesedl
The measures of vitamin D exposure for Aim 2 were ecological variables measured at the
facility-level during the 18@ay baseline period: 1) the noasemix adjusted proportion of
vitamin D users in each facility; 2) the case adjusted proportion of vitamin D users in
each facility; 3) the nogasemix adjusted average vitamin D dose per patient in each
facility; 4) the caseamix adjusted average vitamin D dose per patient in eadlityfaand 5)
whether a facility was in the highest quartile of ease adjusted average vitamin D dose
per patient in each facilit\WWe focused the presentation of results on the-caseadjusted
measures of vitamin D exposure because they accowsriations in patient characteristics
at a dialysis facility that malyave influenced éw vitamin D was delivered.

The outcome measure for Aim 2 was fracture risk. The dependent variable in Cox
proportional hazard models was the time to first fractuceth@ parameter estimates (hazard
ratios) reflected the fracture risk. Hereafter, fracture risk will be described using hazard
ratios, defined in this study as the hazard for patients in the exposure group relative to those
who were not exposed to vitanin The dependent variable wihetime to first fracture,
the time in days from the end of the baseline period to the first fracture hospitalization.

Fracture risk was assessed during theywee followrup period immediately following the
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end of the bseline period. In sum, fracture risk was used to describe our outcome and time
to first fracture was used to describe the dependmrdablein Cox proportional hazards
models.

A number of statistical techniques were employed to address the high likebhoo
confounding by indication in this analggiven that we did not have access to clinical
variables that likely mediate the association between vitamin D use and fractut&/esk
adopted a faciliypracticebased, groupetteatment approach wherebiyamin D exposure
was measured ecologically while covariates and outcomes wasired at thendividual
level. The main measures of vitamin D exposure (the-oaigeadjusted proportion of
vitamin D users and caseix adjusted average vitamin D dose patient) reflected the
facilityods |ikelihood to prescribe vitamin L
demographic and clinical characteristics of patients withinabidity. There is empirical
evidence in the nephrology literature suggestireg facility-level characteristics have a great
influence on patiertevel health outcomes. For instance, in a study of chronic hemodialysis
patients within a noprofit dialysis provider, Chan and colleagues found evidence
suggesting that the most iment determinant of achieving optimal anemia management
may be at the dialysis facilifevel® Even after adjusting for the use of facility treatment
pro¢ ocol s, a patientdés dialysis center was st
target hemoglobin valués.

Fractures in any diagnoses field myaone of four broad fracture categories were
identified: 1) vertebral; 2) pelvis/hip; 3) other [femur, lower leg (tibia, fibula, patella &
ankle), ribs/sternum, humerus, scapula & clavicle (shoulder/upper arm), or forearm/wrist];

and 4) any of the aboveatcture types. Each fracture type was an@idt in multivariable
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analyses. Crude and covariate adjusted fracture rates were estimated. Cox proportional
hazard models examined fracture risk in models with time to fracture as the dependent
variable. Adalyses adjusted for baseline patient demographic and clinical characteristics. All
analyses were conducted in the overall patient population within age, sex, and racial
subgroups, respectively
The choice of covariates and the hypothesized relationshigebnmportant
determinant®f fracture risk was guidedb A nder sends Behavi or asl Mo d e
Use’ According to themodel,predisposing, enabling and need factomprise of
population characteristithat determine health behavior, healthvex use, and health
outcomes.In all the Cox proportioal hazard regression models performadjustments
weremade fompredisposing charactetiss such as age, sex, and race, attributes inherent to
the individwal prior to the onset of diseas@/e also controlled for enabling characteristics
such as eligibility for Medicaid and organi z
profit-statusto reflect thehealthcare resourcasailable to the patieniComorbidities and
functional status markers were includeaur analysigo reflect need characteristics that
compel individuas to seek health care services. Thegmufationcharacteristics
(predisposing, enabl i segposure withmin2asth¢getl ead t o a
treatedfor renal failure and SHPWithin a hemodialysis facility Exposure to vitamin D
within a hemodialysis facilitys hypothesized to be associated wifite outcome of interest,

fracture risk.
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1.3 Significance of the Study

Surrogate endpoints are defined as symptoms, laboratory values (e.g., serum calcium
levels), symptoms (e.g., inflammation), clinical markers (e.g., body mass index) , and other
measures of treatment efficacy that are used as a proxy for clinical outdkerresibidity
and mortality® There are grave potential safety consequencesjreféitiencies, and
potential formismanagement of patient care when a surrogate endpoint is assumed to be an
appropriate subgute for clinical endpointsForinstance, sodium fluoride was shown to
effectively increase bone mineral density but it was proven to have no effect on fracture rates
among postmenopausal women in clinical trials. the nephrology community, there is a
massive dearth in the literature regarding whether the metabolic changes in PTH levels
induced by vitamin D administration actuallyrgect the bone abnormalities and increased
fracture risk observed among patients with ESRIDe prognostic value of altered PTH
levels as a surrogate endpoint for changes in fracture risk must be validated with biochemical
andepidemiological evidence fno both randomized clinical trials and observational studies
like that conducted hereif.

Additionally, data generated from this analysis will most likely be relevant for
Medicare given the casuaixi adjusted ESRD prospective payment system phiaisied2011
that changed the way in which dialysis facilities get paid for vitamin D administration.
During our study period, 1V vitamin D and other injectable drugs were billed separately from
dialysis servicewith reimbursementvased on the totainits of the drug administeréd.
This payment structure prompted large increases in vitamin D dose and expénditure.
Starting in 2011, IV vitamin D ibilled alongside dialysis services under a single, bundled

rated. With the new system, providers may be incentivized to increaseffics¢ncies by
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reducing the administration of vitamin D and injectable medicatiocRace contemporary
data of the effect of the new bundled system becomes available, understanding the potential
clinical benefit of vitamin D under the dosagagtices of the old system can be used as
evidence for task forces charged with evaluating the effect of reimbursement changes on
dialysis patient car¥.

Moreover clinicians do have good reason to suspect an association between vitamin
D and fracture even though the relation yetsto be poven. Due to its high prevalence and
observable effects on bone structure, SHPT is believed to contribute meaningfully to the
elevation in fracture risk observed in tthalysis population as a whol&SHPT, common
among dialysigpatients, hadired pathological effects on bonédmong dialysis patients,
bone mineral disorders known as renal osteodystrophy has been associated with bone pain,
muscle tendon ruptures and increased fracture-¥igie action of PTH on bone is directly
mediated through promoting osteoclast activity and bone resorption that can result in high
turnover bone disease as documenteddmethistology* *> These consequences are
believed to increase the risk of fracture, which has been estimated to be 4.4 to 14 times
higher among dialysis patients than in the general populttion.

There is a tremendous lack of studies examining the predictors of fracture risk within
the ESRD population and the few published studies have investigatex fassociated with
hip fractures, neglecting other fracture typ@$ie current body of literature describes the
association between clinical parameters and fracture risk among dialysis patients, with PTH
levels as the defining surrogate markeThere are, however, a number of other risk factors
for fracture that likely contribute to the elevated fracture rate in dialysis patients relative to

their age, race, and gendantched peers. Despite the expéon of severe clinical
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consequences for dialysis patients who fracture, the literature currently describes the effect of
surrogate serum markers on fractures and no studies to date have examined the association
between vitamin D dose and the risk of ftae among dialysis patients.

This was the firslarge, populatiorbasedstudy to examine the association between
vitamin D exposure and bone outcomes by four fradiyes and by age, sex and radée
burden of SHPT, bone diseases and fractures amacngtly, and morbid ESRD population

warrants the research conducted herein.

1.4 Summary

Vitamin D therapy helps to maintain appropriate mineral metabolism, prevents bone
disease, and minimizes loss of bone strebgttecreasing PTH level& However, the
increasing and perhaps excessive doses of vitamin D administered to dialysis patients may
confer minimal clinical benefiith respect to fracturesThe associatiobetween IV vitamin
D exposure and fracture outcomes, to date, has not been investigabeder to fill this
gap, wefirst provide descriptive data secular trends in IV vitamin D use among
hemodialysis patients in the United States to validateesgiliggesting that the use of the
drug has been increasing. Then, we examined the association between vitamin D exposure
and various fracture outcomes by different subgroups and fracture type.
The paucity of research regarding the clinical efficacy ofitsnain D and the economic
pressures likely influencing medical decisimaking among nephrologists buttresses the
significance of this studyResults from this research calsobe used to generate quality

improvement initiatives aimed at addressing tigh liracture risk observed in dialysis
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patients. Identifying disparities in vitamin D use may assist in providing evidence for
adjusting payment for vitamin D among dialysis facilities with distinct patient characteristics.
The results generated from ttveo study aims are presented in two distinct, stand
alone manuscripts. The following chapters describe the important published literature
guiding this dissertation, the methods employed to examine the research questions, the two
manuscripts produced froour investigations, and concludes with a discussion of important

findings.
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CHAPTER Il

LITERATURE REVIEW

This section presents the epidemiology of secondary hyperparathyroidism (SHPT)
and the adverse skeletal and extraskeletal health outcomes adsotiathe disease.
Mechanisms of treating SHPT are explored with an emphasis on the three most commonly
admnistered commercially available vitaminf@rmulations The gaps in the evidence
regarding the association between vitamin D, intermediate climiaekers, bone disease and
fracture riskarepresented to support the need for studies investigating the independent
association between vitamin D and fracture risk among hemodialysis patients.
PubMed and Google Scholaereused to extract relevant arésl published in
Englishanytime before the 2013 calendar ye@oogle and Google Scholaere usedo
identify conference proceedings, academic presentations, websites and ottes wathr
pertinent information A freetext search strategy usiagcomlination of Boolean operators
was employed using seadchiifstacthgrsesachimpar Ny
Afdoxercalciferol ofsikedlediatl 0i, 0lid, sikwond&& econc
Aparathyroid hor moneoc¢ a iild enfianothe semgitidity agithed r i ¢ a n

search strategy, the bibliographies of all retrieved articles were reviewed for releicted art



2.1 Secondaryhyperparathyroidism in end-stage renal disease

2.11 Pathogenesis, epidemiolggnd conseqguences

SHPT is an extremely common complication associatedahithnic kidney disease
(CKD) and ESRD.Approximately 78% of hemodialysis patients suffer from SH¥A,
diseaseharacterized by increased parathyroid hormone (PTH) I&V&3H is a
polypeptideof 84 amino acid¢hat plays a direct role imaintaining bone metabolism
homeostasis an@gulatingcalcium levels including the release of calciurnoitne blood and
intestinal absorption of calciufif.?? The primary role of PTH is treduce the excretion of
calciumfrom the kidneys, control the release of aatciand phosphorus from bomegrease
urinary ecretion of phosphorous, awdrect the synthesis of active vitamin D in the
kidneys?®

To assess bone metabolism aigkase, clinicians tragnally use the intact
parathyroid hormone assay system which measures the full length F8E ljlit also has
been found to react with large truncated fragments ofliié#4 PTH?* Although there are
newer generation assays that measure the full ler§thPITH*, current dialysis care
guidelines are based on iPTH levels, advising nephrologist to maintain the dialyzed patient at
a range of 150ra 300 pg/mL%® A full discussion of the differencestheeen PTH assays
and the implications of using one versus another is beyond the scope of this work. The
central point is that different assays, even those from the same generation can produce highly
di fferent PTH | evel s t hhbosedsdrderelassificatigt. a pat i en
Her eaf t er ,swilirBf@réthce cdn@ntrations in articles where the exact assay used

was notreferenceddifferentiating from instances where the exact assay used was identified.
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Calcium is the mosimportantparameter dictating SHPT progressidtilH secretion
is primarily regulatel by calciumsensing receptotscated on the surface of parathyroid
cells® In order to maintain homeostasis|cium concentrains must be rigorously
controlled and typically must not fluctuate above or below 2% of the normaffevel.

Figure 1 describes the pathogen@sid consequences associated with SHPT.

Figure 1. Pathogenesis and consequences of secondary hyperparathyroidism
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Source: Brown Alex J., Slatopolsky Eduardo: Vitamin d analogs: Therapeutic applications and mechani:
selectivity.Molecular Aspets of Medicin€9: 433452, 2008

In an individual withCKD, declines in kidney function engendgdrosphorous
retention”® 2’ Decreased renal phosphorous excretion causes the retention of phosphorous
in the bog.?” Traditionally,control of phosphaus levels between 4.0 to 6.0 mg/dL ideally
manages metabolic chandésHyperphospatemia, elevated phosphorous levels, has a direct
impact on parathyroid cells and plays a role in increased PTH synthesis and seEYEtion.

synthesis is additionally increased due to vitamin D deficiéhcy.
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Progressive kidney decline is also associated with decimvitamin D synthesis by
the kidney?® Reduced activation of parathyroid vitamin D receptors (VDRs) are a
consequence of vitamin D deficiency, fostering PTH mRNA transcription and inducing PTH
synthesi<® The mRNA transcription of PTH by the parathyroid gland is further increased
because of the decreased ionizattium available for binding to calcium sensigeptors
on the surface of the parathyroid glai@s.

Increased®TH levels a uremic toxin, arenked to a myriad of serious, adverse
clinical skeletal and noskeletal effectd’ Skeletalrelatedclinical consequences of elevated
PTH levels include a series of bone abnormalities termed renal osteodystrophy while non
skeletal effects include hypertension, left ventricular hypertrophy, atherosclerosis, immune
dysfunction and renal anenffa.Renal function and PTH levels are invéyseorrelatedas
PTH levels continually increasvith decreased renal functidh.SHPTinduced variations in
bone histology anthcreased serum phosphorous and calcium, have all been implicated as
factors in part responsible for the increased morbidity and mortality obsarkiechodialysis
patients™

The hypocalcemia induced by the decrease in serum vitamin D levels and increased
phosphorous retention l@sto pathyroid gland hyperplasia, the effects of which are
clinically manifestedvith bone disease and system toxiéftyThe skeletal consequerscef
SHPT such as demineralization, bone pain and fractures are described in detail in later
sections of this chapter.

2.1.2 Disparities

Racial disparities in the incidence of ESRD are well documented and pefsist.

incidence of ESRD is greater among minority populattbas inwhite populations
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Compared to whites, the incidence of new black and Native AmdaES&D patientsin
2009was 3.5 and..9 times greater, respectively. The ESIREldence rate among Hispanics
was1.5 times thafoundin nonHispanic population$.Given thecurrentracial disparities in
ESRD incidence, fvasimportant to considguossibleracial variations in the manifestation
of SHPT and other disorders clinicaplyesenin the dialysis populatio.

Race is a major determinant of SHBTBIlack dialysis patients generally have higher
iPTH levels in comparison to other ra¢ésGupta and colleagues reported an average PTH
level of 641.7pg/mL in blackdialysis patientsnd 346.Qpg/mL in white dialysis patient$
In comparison with white patients, black patients were reported to have a higher mean PTH
levelin a cohort of 218 patientsithin an ambulatory nephrology? Wolf and colleagas
also reported that black patients are given the most vitamin D therapy when compared to
other ethnicitie¥, presumably because black patients have these reportedly higher PTH
levels.

In the general population, parathyroid gland maggeater among blacks and there
may be an increasesk of SHPT among black individuals when diagnosed with chronic
kidney diseas&’ Nearlyall non-Hispanic blacks (97%) currently suffer from vitamin D
deficiencyin the general populatioif Additionally, ©me scholars have posited that because
of their darker skin tones, black individuals synthesizedesge vitamin D25(OH)D;,
causing SHPT and greater parathyroid gland rffass.

Thus, compared to white patientsatk dialysis patients are more likely to be vitamin
D deficient and have more severe SHPHowever, black patients in the general
population, also observed to have lower levels of circulating vitangaripared to whites,

do not have an increased risk of musculoskeletal diSédsdact, blacks have a lower rate
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of fractures compared to other ethniciti@hereis some evidence that the clinical

conequences of SHPT and renal osteodystrophy may vary by race, but the studies are scant
and traditionally have focused on white subje&itevated PTH levels and SHPT of greater
severity may actually be protective in blacks, serving as a physiologicapyiaesla

mechanism to maintain bone turno¥eror instance, studies of predominantly white

patients have concluded that a PTH level of 120 to 240lpigmptimal for dialysis”

However, treating black ESRD patients using these guidelines may led tsupygession

of parathyroid gland and a greater risk of adynamic bone didkase.

There is considerable debate regarding tveturrent therapeutic guidelines are
applicable to black hemodialysis patients given documented differences in calcium balance
and bone histomorphometry between blacks anehbteacks in the general populatioh.
Differences in iPTH level between blacks and-btacks have been discussed in the
literature but there is currently no consensus on the optimal level of iPTsuibadquent
ideal vitamin D dosing for hemodialysis patiehtspatient ethnicity> Moore and
colleagues concluded thiwie published K/DOQI guideline iPTH threshold of less than 150
pg/mL may not accurately identify black hemodialysis patients with adynamic bonde disease
becausehe authors identified many black patients with adynamic bone disease above this
cutoff after grforming transiliac bone biopsiés.

Adynamic bone diseastw bornturnover, affects approximately 30% of
hemodialysisand 50% of peritoneal dialysis patiefits’’ Patients with elative
hypoparathyrodism (84 PTH, 150 pg/mL) are susceptible to adynamic bone disease while
patientswith severe hyperparathyroidisfh-84 PTH, 150 pg/mL) are susceptible to osteitis

fibrosa cystica* The applicability of current research in this af@eblack patients is
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unknown given that the relationshiptiwveen PTH levels and bone turnover has been
investigated predominantly among whités.

Higher serum iPTH thresholds may be necessary among black hemodialysis patients
to prevent adynamic bone disease, a disadsociated with fractures and increased
mortality!® Black dialysis patients are therefore at risk for eterapy wih the PTH
overestimation resulting in adynamic bone disease and subsémoéamteand death® This
analysis wasvarranted because trends over time in vitamin D dosing among different
subgroups, including race, has not bdenumentedo date More importantlythe relation
between vitamin D therapy and bone outcomes by race may contribute to our understanding
of theassociation betwedacility-levd vitamin D dosing practices arichctures among

black dialysis patients.

2.2 Vitamin D therapy

SHPT therapy attempts to maintamneral metabolism, prevent bone disease and
minimize the skeletal complications tteatentually induce loss of bone strength and
fractures® Additionally, treatmentsdr SHPT aim to prevent the numerous extraskeletal
complications such as vascular calcification that are associated with the high cardiovascular
morbidity observed in ESRpatients SHPT is currently managed with the concurrent use of
phosphate binders, psphate diet restrictions, and vitamin D therdpihese therapeutic
modalities aim to address thengeof mineral metabolism disturbances found in SHPT

These therapies aadsoinstrumental in th@revention of gperphosphatemia,
phosphate retention, and the control of serum calcium leV¥éks.consequences of

hyperphosphatemia and elevated calcium phosphorous product levels include hemodynamic
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effects such as increased cardiac stroke index, vessel calcifisatiarardiac calcificatioff.
A 1mg/d increase in phosphorous levels is associated with a 6% incremental increase in the
relative mortality isk among hemodialysis patierifs* The mortality rate among
hemodialysis patientsas been shown to increase11% for every 10nf¢dL? increase in
calciumphosphorous product

The pathogenesis of SHPT and the confluence of factors thatifaltestrate the
tremendous complexities associated with treating the dis&dtsenin D, phosphorous,
calcium, and PTH levels must be simultaneously controlled, espesiiadly the
manipulation of one parameter directly or indirectly elicits a profound influence on another.
Treatment regimens must be evaluated often and tailored to the disparate needs of a growing
ESRD population.

2.2.1 Role of vitamin D therapy

Vitamin D therapy suppresses PTH levels in both direct and indirect Wagatment
with vitamin D directly reduces PTH levels by either inhibiting the enlargement of
parathyroid glands or decreasing PTH synth&sl&hen active vitamin D is administered,
messenger RNA synthedis inducePTH prodiction by parathyroid glands is decreaddn
addition to reducing PTH synthesis and secretion by the parathyroid glands, active vitamin D
plays a role in the absorption of dietary calcium by the intestinemahkeletal bone
formation/resorption’® Indirectly, activation of the VDR increasealcium levels that
subsequently activate the calcium sensing recépthe advent of newer vitamin D agents
is driven by the need to weigh the target effectiveness endpoint of reaching the goal serum
iPTH of 156300 pg/mL while simultaneously maintaining appropriate calcium and

phosphoras levels®
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Figure 2. Structure of IV vitamin D formulations
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Figure2 depicts the structures 8f ca | ¢ i t r idibyldroxfviabhin 23 Calcijex,
Abbott Laboratories, North Chicago, IL, USA), paricalcitol{i®-1 U ,-dthgdroxyvitamin
D2; Zempl ar, Abbott L ab o-hydroxgvitamia B2, Heatoral, do x er c
Genzyme).Calcitriol, paricalttol and doxercalciferol arthe three most commonly
prescribed IV vitamin D therapies used to manage SHPT among dialysis patients. Calcitriol
is the native, endogenous form of vitamin D while paricalcitol and doxercalciferol are
considered vitamin D anags compounds of similar sicture and properti€s. All vitamin
D formulationscan be categorized as [.g, partalcitol) or D (e.g, calcitriol) contingent
on the presence of a single or double bond between carbons 22 or 23 of the vitamin D side
chain®* Paricalcitol has the vitaming3ide chain but the doubteond structure at the 19
carbon position is lacking. Like paricalcitol, doxercalciferol also contains the vitamin D
side chain but the st shydoxylgnou atfthe-tatbbner i ncor po

position?®
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Moreover, it is important to differentiate nutritional (inactive or native) from active
(vitamin D; or calcitriol) vitamin D medicationsT he generi c term Avi tami
numerous substances and variants of vitamin D with veryrdifteeffects and physical
consequenceNutritional vitamin D refers to compounds such as cholecalciferol and
ergocalciferol found in foods high in vitamin D cont&htActive vitamin D compounds
refer to agents with the ability to activate VDRsIn contrast taactive vitamin D
compounds, nutritional vitamin D is kefficacious in the suppressionRTH levels and in
improving or maintaining the status of bone hisgiglin dialysis patients® Precursors to
active vitamin Dare found in food and ultraviolet light exposétein healthy individuals, a
series of enzymatic reactions convert these preaitsdhe calcitriol/active vitamin D

molecule®!

The conversion of nutritional vitamin D (®H)Ds3) to active vitamin D
(1,25(0OH)Ds) occurs due tthe 1-U-hydrolase enzyme located in the mitochrondria of
proximal tubular cells of the kidnéy. With declining renal function, the kidney becomes
less able to peof r m-hydridxylation, the final reaction response for the synthesis of active
vitamin D, and PTH levels ris&

IV rather than oral vitamin D formulations were the predictors of intéoeshework
presented hereinV vitamin D is preferred for hemodialysis patients because these
medications can beasily administered during dialysis sessions while oral forms are
generally most appropriate for patients with CKDAlthough the route of administration
will vary with patientprovider preference, I'ddministrations advantageous for several
reasons.Foremost, higher peak blood concentnasioesult given the lack of hepatic first

pass metabolism with IV administrati®h By bypassing the gastrointestinal tract, IV dosing

may decrease the risk of hypercalcefid.astly, similar to the issues encountered with
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patient intake of most oral medications, prescribers must consider the decrease in medication
efficacy assoiated with patient nomdherence of oral vitamin D therafy.

Evidence regarding optimal treatment of bone mineral disorders in dialysis patients is
scant with guidance predominantly provided by the ophbased National Kidney
Foundati onds Kidney Di s eGlrscal Practice Guideliees forQu al i t vy
Bone Metabolism and Disease in Chronic Kidney Disease (K/D&Q@ecisions to
adminiger vitamin D sterols are guided by PTH levels, with physicians urged to concurrently
consider serum calcium and phosphorous letely. vitamin D should be given to dialysis
patients with a PTH level gager than 300pgiL in order to suppress PTH levels to the target
range of 150pg/into 300pg/ni..*" The K/DOQI dsseminateguidelinesthree opinion
based algorithms for the management of vitamin D stbeasdsd on either serum calcium,
phosphorous or intact PTH leveBsppendix 1 depicts the guideline based on dialysis patient
intact PTH leveld’

2.2.2 Calcitriol

Calcitriol administationin dialysis patients has been associated with elevated serum
calcium and phosphoroasncentrations and also low bone turnover (hypodynamic bone
diseasef* Nine chronichemodialysis patients were administered 2ug of IV calcithige
times a week forenweeks?® Following therapy, baseline PTH levels were reduced from
902 +/ 126 pg/ni. to 466 +£ 152 pg/ni. (p< 0.01)*

2.2.3 Paricalcitol

Paricalcitol, aiologically active, manufactured vitamihanalog, is used to prevent
and treat SHPT associated with ESRDV paricalcitol gained FDA approval in 1998 while

the oral form was approved in 2085Paricalcitol decreases PTH levels by supgiresPTH
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release and preventing PTH synthéSigdditionally, the drug promotes bone
mineralization andhtestinal calcium and phosphorous absorptfomn multicenter,
prospetive trials of greater than 12 months, paricalcitol reduced PTH levels by
approximately 59% to 82%. In hemodialysis patients, a 0.24mcg/lgjus IV
administration of paricalcitol has a mean elimination-litdfof 19.9 hours*®

The efficacy of paricalcitol has been evaluated in numerous clinical trials with the
majority of trialscomparing paricalcitalisers to patients receiving placebo. Three deuble
blind, placebecontrolled, dosescalating, randomizethulticenter trials of 78 hemodialysis
patients treated for 12 weeks found a significant decrease in iPTH levels from 795 + 86 to
406 + 106 pg/rh (p< 0.001)° Long-term studies of paricalcitol have confirmed these
findings.In an operabel, multicenterl3-monthstudy of 164 hemodialysis patients, IV
paricalcitol administered at a dose of 6@394ug/kg 23 times per week rapidly and
effectively suppressed iPTH levéfsMean iPTH levels reached designated target levels of
100-300 pg/mL, going from a baseline mean of 628:2¥/65 pg/nk to 295.3 +/ 25.69
pg/mL.>® Paricalcitol has been shown to suppress PTH levels even in in patients with
protracted SHPT resistant to calcitriol therapy.

2.2.4 Doxercalciferol

Doxercalciferol is a synthetic vitamin D agent that is converted to the biologically
active form of vitamin B, 1-U-hydroxy-vitamin D, through the hepatic metabqligost
administratior™® Doxercalciferol, brand name Hectorol, is available as an 4pg/2mL solution
or a 2ug/1mL solution for IV injectioP®. Although the ideal dose of doxercalciferol must be
tailored to the individual needs of each dialysis patient, the recommended starting dose is

4yug, bolus injections three times per wégk.

36



Both intermittent oral and IV doxercalciferol therapy effectively suppress iPTH levels
but IV doxercalciferol does so with less instas of hypercatnia and hypophosphatentia.

2.2.5 Clinical and economic differences of vitamin D formulations

The first available vitamin D analog, calcitrichn effectivelylower serum PTH
levels®>” However, calcitriol has also been shown to increase serum calciumbgvels
inducing intestinal calcium absorption and bone resorpfidre risk of both hypercalcemia
and coronary artery calcificaianay increase when calcitriol is used simultaneously with
calciumbased phosphorous binders or dialysate with high calciumentmations.” The
vitamin D, analogs, paricalcitol and doxercalciferate vitamin D analogs alsmnsidered
mainstream therapy among dialysis patiéhtBoth vitamin 3 analogs, like calcitriglcan
effectively lower PTH levels but do so with a smaller effect on serum calcium and
phosphorous concentrations compared to calcitfidnlike calcitriol, paricalcitol is
considered a selective VDR activator, indicating that the administration of paricalcitol results
in less activation of vitamin D receptors in thestgaintestinal tract, invaridyp leading to
reduced calcium and phosphorous absorgtion.

Several studies have denstrated equivalent or even superior PTH level suppression
with the use of thesgaricalcitol or doxercalciferalompared to calcitriol® A 2007meta-
analysis of randomized controlled trials of chronic kidney disease patients actually
demonstrated both potentially positive and detrimental effegarafalciltol and
doxercalciferol Paricalcitol and doxercalciferalere shown to significantly redead®TH
levels by about 11pmol/[100 pg/mL)but they also simultaneously increase phosphorous

levels®® Reduced PTH levels may correspond to a deserén patient mortality risk by
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approximately 5% to 10% over a 3 year span but the increase in phosphorous concentrations
may increase mortality by an equivalent amoatint.

Sprague and colleagues performed the first dehblhel, randomized, multicenter
study of 263 hemodialysis patients at 27 facilities in the UrStates The Netherlands,

Spain, and Switzerlan assess the comparative effeatiess and safety of paricalcitol

versus calcitriol>® Dosed at a 4:1 paricalcitol to calcitriol ratio, paricalcitol decreased PTH
concentrations more rapidly compared to calciftioFrom baseline, paricalcitol treated
patients achieved at leasb@% mean reduction in baseline PTH levels at week 15 compared
to week 23 for patients receiving calcitridl The authors found no statistically significant
differences in the incidence of hyperphosphatemia in paricalcitol versus calcitriol treated
stbjects, a finding contrary to previously published studies comparing the twodrugs.
However, compared to calcitriol subjects, patients receiving paricalcitol experienced lower
hypercalcemic episodes (18% versus 33%, @3&). and fewer elevated calcium
phosphorougroduct incidence¥’

Also, in a study by Dobrez and colleaguegqragimately 94% of paricalcitereated
patients remained on the therapy whereas only 58.7% of patients who initiated with calcitriol
stayed on the drug, suggesting thaigadcitol may be better toleratéd.®°

In addition to the clinical differences between the three IV vitamin D formulations,
thereremain economic and cost variations in administering the drligste are over
570,000 prevalent ESRD patients as of December 31, 2009, a 2.1% increase than in the
previous year.Although patterns of IV vitamin D formulatiaiseand dose effects ha

newer been exploredithin this growing populatioycost data fronthe 2011 USRDS annual

report provides a strong indication of potential racial and geographic disparities’in use.
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Approximately $509 million was spent on IV vitamin D therapy in 2009, accounting for

18.3% of the $2.78 billion spent on all injectable medications for dialysis patients that year.

In 2009, per person per year costs were greatest for paricalcitol ($1,926), followed by
doxercalciferol ($1,326) with calcitriol annual per person costs lowest at*$456.

2.2.6 Factors currently associated with vitamin D use

Compared to patients receiving calcitriol, patients adminisigaedalcitolwere
more likely to be blackhave anarteriovenous fistula, and hakigher baseline serum levels
of calcium, phosphorus, and PTH. Paricalcitol treated patientsalgeriess likely to be
diabetic® Paicalcitol use has begound to be greatest in the southern region of the
country®®

Cost data suggests racial and geographic differences in vitamin DInuz@09,IVv
vitamin D per person per yelftedicare expenditurder black patients wa$1,846
compared to $1,059 for white patients, constituting a 74% differ@hégdifferencein
Medicare medication costs by rabewever, seems only to be specific to IV vitamin D with
relatively similar cost observed for other injectable medicatiansoss races.For instance,
in 2009, per person IV iroMedicare expenditurder whites and blacks were $789 and
$814, respectively, representing only a 3% differén&milar to geographic patterns
observed with ESA and IV iron costs, the USR&Bual reported showed thhae lowest per
person per year costs of IV vitaminvizerein the western portion of the country whiles

highest costs were found in the East and along the Gulf Coast fegion.
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2.3 Adjunct therapies

In addition to vitamin D, therapy for the regtibn of PTHIevelsandto maintain
mineral homeostasis also includes oral phosphate binding agents, calcimimetics and
parathyroidectomie¥ Serum concentrations of phosphorotesmduced with oral
phosphate binding agents like calcium, sevelameth#um, magnesium and aluminffm.
Phosphate binders are frequenttggeribed to dialysis patients to ¢t the deleterious
effects of elevated phosphorus levels, hyperphospaf@n@alcimimetic agents actively
reduce PTH secretions withoutrsiltaneously increasing calcium andogphorous level&
Sensipar, Cinacalcet HCthe only US. Food and Drug Administration (FDA) approved
calcimimetic agent, is available anal form as a daily treatment of hypercalcemia in ESRD
patients with SHPT orparathyroid carcinom. Sensipar increases the sensitivity of the
calciumsensing receptor on pargthid glands to extracellular calciufh.Sensipar waskde
to suppress iPTH levels inphnase 3, multicenter, randomized, placebatrolled, double
blind study of dialysis patients independent of treatment with traditional SHPT théfapies.
The subsequenlecrease inaicium levels directly decreaS&H levels®

Parathyroidectomies, the oldest SHPT treatmenpenteaps the least preferred
option. Surgery to remove the parathyroid glands, usysijormedn patients with
recalcitrant SHPT, is accompanied by numerous potential risks and compli€atlans.
additionto the traditional risks associated with anesthesia, following syrgatients may
experience severe hypocalcemia, permanent hypoparathyroidism, or require additional
surgery??

It is important to note that in the general population -astitopoosis agents such as

bisphosphonates are used to prevent bone disdrd&isphosphonates are not generally
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prescribed to dialysis patients because of safety concerns over toxicity related to impaired

renalexcretiof®%8

, and bone disease in dialysis patients is often due to SHPT and other
forms of renal osteodystrophy, including osteomalacia and adynamic bone tisdecte

effect fracture risk independent of bone density.

24 Renal osteodystrophy and fractures in End Stage Renal Disease

24.1 Epidemiology of renal osteodystrophy

Renal osteodystrophy is an overarching label for both-tughoverbonedisorders
termed osteitis fibrosa cystica and kuvnover disordersuch as osteomalcia and adynamic
bone diseas®. Specifically, renal osteodystrophy can present itself in any of five
histopathological forms including osteitis fibrosa, osteomalcia mixed lesionslesias,
and adynamic bone disedSeOften a consequence of SHPT, osteitis fribrosa, the most
common form of renal osteodystrophg characterized by increases in bone formation,
resorption and marrowitfrosis?’  On the contrary,n additbn to low bonespecific alkaline
phosphatase levels, adynamic bone disease is characterized by low iPTH lewels bel
200pg/mL and decreased bone formafidn.

At this juncture, it is important to differentiate renal osteodystrophy from
osteoporosis.The bone histology in renal osteodystrophy israbirized by bone
remodeling and is bst diagnosed with a bone biog8y Osteoporosis, contrdyi is a
systematic skeletal disease defined by low bone mass and deterioration of borfé tissue.

In sum, disturbances in the vitamin-BTH axis and disturbances in PTH, calcium,

phosphorousand vitamin D regulation lead to renal osteodystrdphgoth high and low
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bone turnover characterize renal osteodystrophy as the disease can be classified broadly into
osteitis fibrosa, osteomalcia, adynamic borseadse, and mixed osteodystrophy.

2.4.2 Clinical and economic burden of fractures

ESRD patients have been observed to be at increased risk of fractures relative to those
without renal impairment? Patients with ESRD are 4td 14times more likgJ to
experience a hip fracture compared to individuals in the general popufafidrese
estimates, however, were derived using data solefy €aucasian incident dialysis patients
within the USRDS between 1989 and 1996.The incidence ofny fracturds approximately
20 per 1000 peent years on dialysis with a thré@four fold increased risk of hip fracture
reported for ESRD patients: " Dialysis patients who have never had a kidney transplant
and those who have undergone transplantation have an observed hip fracture incidence rate
of 2.9 fractures and 3.3 fractsneer 1000 persoryears, respectivel

The average or median time to fracture following dialysis initiation is informative for
this analysis to serve as a benchmark to assess whether time to first fracture, the dependent
variable in Cox regression models, is reduced with the admaitist of vitamin D.
Published studies, however, currently do not explicitly provide this data. Although we do not
have information regarding the mean or median time to fracture since diaiyatgon, we
can infer from a few studies that time sine&ysis initiation (dialysis vintage) is associated
with an increased risk of fractufé.”” Alem and colleaguestratified patients into four
vintage categories (3 montlisyear, 12 years, 24 years, and greatétan 4 year$? The
authors found that#cture incidence rates increased byfdld when comparing patients in
the shortest versus longest vintageéegoryamong males and increased by abauatfold

among femalesFracty es dr amati cally increase-ypaneds |
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mortality rate following a hip fractureas ranged from about 15 to 40% in the general
population’® In the US, there are over a quarter of a million hip fractures every year
resulting in 14% to 36% mortality inéHirst year following fracturé® Cocoand coleagues
reported a hip fracture incidence rate of 13.9 per 1,000 pgeans among a cohort of 1,272
patients within outpatient dialysis facilities in NewrKdetween 1988 and 1993.

Mortality one year subsequent to the hip fracture event was by far greater among dialysis
patients when compared those in the generallptpn. A 64% oneyear mortality rate was
found among the dialysis cohort compared to a 20%year mortality rate in the general
population®

A population basedahort study by Mittalhenkle and colleagues found that, among
U.S. incident dialysis patientsetween 1995 and 2000, hip fractures were associated with a
2.15 time incrase in the incidence rate rafar all-cause mortality* After experiencing a
hip fracture, dialysis patnts had a ongear survival rate of approximately 56%Among
patients with no history of cardiovascular disease, the risk of cardiovascular events was 40%
greater and the risk of cardiovascular mortality was 84% greater among dialysis patients who
sustained a fracture cqrared to those who did naespectively”

The subsequent morbidity following hip fractures is also remarkably high with
surviving patients experiencing decreased functional ability even several months post
fracture’® Following a fracture, patients may need care at a skilled nursing facility and
assistance with mobility, and personal care including needing help with self dressing and
bathing’® "> 7 784 | the general population, a hip fracture is associated with permanent

disablity and admission to longerm nursing facilitie$® °
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There is a substantial economic burden assatiain the occurrence and treatment
of fractures in the USUsing a Markov stat&ransition model, Burge and colleagues
predicted the incidence and t®associated with osteoporeseated fractures in the general
population of theJS from 2005 to 2025° The investigators predicted an incidencévas
million fractures in 2005 at a cost of $17 billiofithvhip fractures accounting for 72% of
total costs but only 14% of the overall distribution of fractdfeBy 2025, the incidence of
fracturesis expected to increase by 48&tntributing to $25.3 billion in cosfs.

Furthermore, there is strong evidence that there is interstate variability in both the
incidence and economic burden of fractures in the United StAtes.using a Markov state
transition model of osteoporogislated fractures, King and ¢ehgues highlighted the
geographiand hospital fracture care pattern differences in five states2000, nean
hospital charges for hip fractures ranged from $16,700 in Massachusetts to $29,500 in
California®” The dbparity in mean charges was not explained by the length of stay
associated with hip fracture hospital admissign$he fracture incidencestimated in 2005
ranged from 199 per 10,000 in California to 266 per 10,008gissachusetf¥ In 2005,
total costs attributable to fractures varied from $270 million in Arizona to $1,434 million in
California®’

In the dialysis population neepisode of hipvertebral, and pelvic fracture was
associated with a total cost of $20,810 (SD=$16,743), $17,063 (SD=$26,201), $14,475
(SD=$19,209), respectiveli. Total costs were primarily attributable to hospitalizations and
skill nursing facility care with 65%74% of costs due to hospitalizations and 12286

caused by costs accrued during skilled nur&egity stays®®
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Althoughthis analysisdid not explore variations in the cost of fractures among
dialysis patientst doescontribute to the literature by domenting thdurden of fracture
related hospitalizations the hemodialysis population.

24.3 Factors associated with fractures

Hemodialysis patients are susceptibl¢hrisk factors for fracturebserved among
individuals in thegeneral populationdi also experience additional risk factors attributable to
their diseaseThe following section describes the risk factors for fracture observed in the
general population and then summarizes the current literature investigating the risk factors
for fractue among the dialysis population.

Fracture risk is multifactorial and rigkctors related to falling, bone strengand
clinical characteristichave been identifie®. In the general populationpproximately 90
97% ofproximal humerus fractures and greater than 95% of hip fractures are due¥b¥alls.
Approximately 40% of dialysis patients fall per year, likely contributing to the increased
fracture risk in this populatio. The relationship between low vitamin D levels, muscle
weakness, falls and subsequent fracture risk has yet to be eluéid&ieidl. patients and
thosewho are not physically active amgore likely to fall?® Certain medical conditions can
alsoi ncrease oneds r i sk o Diabtta patiests, omndtanseydres e qu e n
more likely to fall due to gait impairment, peripheral neuropathy and poor visual Zcuity.
Epileptic seizures and side effects like dizziness and sleepiness associated ‘gjbiietitt
drugsmay also increase n efadl and fracture risk°

Clinical charactestics such as age, felaaex,Asian or whiteethnicityand cigarette

smoking are also strong predictors of fracture in the general population. For instance,
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decreased bone nmeraldensity and a 50% greater lifetimsk of hip fracture has been
attributed to smoking?

Several explanations have been advanced to attempt to explain the excess risk of hip
fractures observed among ESRD patients when compared to the general population.
Concomitant conditions associated with ESRD such as metabobkcdense,
hypogonadism, avascular necrosis, and chronic acidosis may engender bone loss among this
popul ation, incread4ing oneds risk of fractur

Using USRDS data in a populatiwased cohort study, StehmBreen and
colleagues investigated thisk factors for hip fracture among ESRD patiefitg.he authors
found that Caucasiaiace femak sex lower BMI, age, angeripheral vascar disease were
all independently associated with an increased risk of frattuBpecifically, compared to
whites, black ESRD patients demonstrated a 42% lowkofihip fracture (adjusted RR
0.58 95% CI 0.370.91)% A two-fold or greater increase in the risk of hip fracture was
independently associated witleripheralvascular disease (adjusted RR4 95% CI 1.29
2.92), femalesex(adjusted RR2.26 95% CI 1.483.44) or a BMI less than 23 (adjusted RR
2.51; 95%CI 1.653.82) Interestingly, clinical parameters such as iPTH, aluminum,
calcium and phosphate were not associated with the risk of hip fractheestudy’

Disparities inincidence and mortality rates have bedserved across race and sex
with white dialysispatients experiencing the greatest incidence of hip frattutéomen
incurredthe greatest burden of hip fractures with an incidence rate of 24.1 per 1,000 patient
years compared to 11.7 per 1,000 patigrars in male dialysis patieris. Theoverall
incidence of hip fracture has been confirmed to be less among men than women in a study by

Alem and colleague¥. The authors observed an overall fracture incidence rate of 7.45 per
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1000 persotyears among men butl®.63 per 1000 perseyears rate among woméh.
White patientsthose withhigher alkaline phosphatase levatedl PTH levels less than 195
pg/dL are all significant predictors of hip fractuf8s.

Vertebral fractures are more prevalent in female, diabetic hemodialysis patients over
the age b65 (32.3%) in comparison teemodialysis patients without diabetes (13.2%) after
adjustment fomge, dialysis vintage and several laboratory param&téfe impaired bone
formation and low bone turnover observed in type 2 diabetics, including those with ESRD,
may be due to abnormalities in vascular functi@@mplications induced by microvascular
issues in thbetics may decreablood supply to bone cells which in turn may interfere with
osteoblast functiof? Other possible explanatis for the observed increase in fractures
amongdiabetic hemodialysis patients include factors that may induce falls such as impaired
sight, gait and balance from diabetic repathy and cataracté. The stuly was conducted
among a relatively homogenous population of hemodialysis patients maintained at Shirasagi
Hospital in Japan and, therefore, race was not included as a risk factor in the analyses.

This analysicontributes to the current medical literairegarding the risk factors for
fractures among dialysis patientsdpecifically examining thassociatiorbetweervitamin

D exposureandfracture risk

25 Vitamin D therapy and non-skeletal and skeletal outcomes

25.1 Vitamin D therapy and negkeletal outcomes

The relationship between vitamin D therapy and-skeletal outcomes like
hospitalization and mortality has been explored with varying results depending on the

robustness of methodologies used.
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In a retrospective stydbf 11,443 adult heodialysis patients, Dobrez and colleagues
were the first and only researchers to date to examine the relationship between specific
vitamin D therapies and several hospitalization outcdth&ompared to calcitriol users,
patients who initiated dialysis on paricalcitol were 14% less likely to be hospitalized
(HR=0.863, p<0.0001jad 6.84 fewer hospitalization days per year (p<0.paod 0.642
fewer hospital admisons per year (p<0.00033.The reduced hospitalization days from the
use of paricalcitol at the start of dialysis therapy may result in a potential cost savings of
between $7,699 to $11,000 per y&hit should be noted th#ftesestudy estimates were
rather conservative given that a greater percentagarmfatitol treated patients in the study
had abnormally high baseline iPTH and more comorbidities in comparison to calcitriol
treated patient?’

In a study of 14,967 chronic hemodialysis patients at -damgirofit dialysis facility,
Tentoriand colleagues investigated the relationship between specific vitamin D formulations
and motality.>” Compared to doxercalcifertdeated patients, individuals treated with
paricalcitol didnot demonstrate a survival advantdgdaricalcitol treated patients had a
mortality rate (deatl00 patienyears) of 15.395%Cl 13.616.9 p<0.0001), virtually
identical to the mortality rate of 15.95%Cl 13.617.1 p=0.0003) observed among patients
treated with doxercalciferdl. Contrarily, patients administered calcitriol exhibited a
significantly worse mortality rate of 19.65%Cl 18.221.1) compared to those treated with
other vitamn D analogs’ The poorer mortality outcomes associated with calcitriol were
also reflected in uriusted hazard models but the mortality differences between
doxercalciferol and paricalcitol versus calcitriol were not statistically significant in models

thatadjusted for various laboratory parameférs.
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A significant 717% adjusted risk reduction inause mortalithas been observed
among regular vitamin D users in comparison to-nsers with lte greatest reductions found
in patients where dialysis sessions were shdttén.2003, Teng and colleagues published a
historical cohort study comparing the three year survival of 67,399 long term hemodialysis
patients who were treated with either paricalcitiol or calcitriol apfofit dialysis centey
between 1999 and 2061 .Paricalcitol treated patients experienced a significantly lower
mortality rate (0.180 per persgear) compared to patients receiving calcitriol (0.223 per
personyear)®’ In adjusted Cox propotiondilazards models, paricalcitol treatment conferred
a 16% survival advantage (95% CF20%) compared to calcitriol trement®® Teng and
colleagueslsopublished a historical cohort study in 2005 of 51,937 incident hemodialysis
patients within a large, feprofit organizatior?? Patients administered any vitamin D
formulation had a 20% survival advantage compared to patients who did not receive vitamin
D, a result that was consistent am@adjents aall levels of serum calcium, phosphorus and
PTH* Mean dose per administration of paricalcitol and calcitriol has been found to be
approximately 4.3 ug and 1plg, respectively’ Consistent wittthe majority of studies of
vitamin D analogs, Teng et al. did not assess the effect of dose on mortality outcomes.

With regards to mortality, a study of dialysis patients within afoofrofit facility
found that paricalcitetreated and doxercalcifertrieated patients were identical in their risks
for all-cause and artherosclerotic cardiovascular dis€asartality risk was higher among
patients receiving calcitriol compared to paricalcitol or docercalciferol, buntgnitude of
the differences in mortality risksarieddepending on whether modéiadbeen adjusted for

important covariates likeace®’
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There is recent controversy regarding whether the use of vitamin D generally confers
a survival benefit to dialysis patientslo survival advantage was found among patients
administered vitamin D therapy when netglrigorously controlled fgoreviously
unmeasured confounding variables such as underlying health*tatus.
FurthermoreShinabergeand colleaguepresented one of the only studies suggesting
a dosageesponse association between increasing weekly doses of paricalcitol and survival.
Shinaberger and colleagues followed 23,727 dwialysis patients served at Diéd/ Inc
outpatient clinics who received only paricalcitol as vitamin D thefapds the weekly dose
of paricalcitolper unit of serum PTH increasashtients experiendeetter survivaf® The
dosageresponse association of paricalcitol with greater survival suggests that dose is an
important, yet frequently neglected factor that may have a direct impact on patient outcomes.
Confounding by indication may havéague previas studies thdbund the converse, the
association of lower survival rates with higher dosd¥ ofitamin D. Patients with elevated
PTH levds, worse SHPT, and who ultimateleremore likely to die were likely given
higher doses of vitamin .
The reduced hypercalcemic and hyperphosphatemic effects of paricalcitol have been
hypothesized to be among one of the major reasons why the drug has been observed to have
a survival benefit in dialysis patients when conewiaio other vitamin D formulatiors.

25.2 Vitamin D therapy and skeletal outcomes

Studies suggest that vitamin D therapy has an effeskeletaloutcomes.A
randomized controlled trial of 60 peritoneal, pediatric patients concluded that calcitriol and
doxercalciferol were equivalent in their ability control serum PTH levels and sisomge

bone formation rate¥. Compared to calcitriol, paricztol likely does not inhibit osteoclast
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activity at therapeutic doses, an observation that may explain the lower calcemic effects of
paricalcitol in comparison to calcitridf.

Using rat models, Jokiharaa et al. found that paricalcitol effectively treated renal
insufficiency induced bone mineral loss and bone mechanical comp@tefiogy-five rats
were either randomized a5/6 nephrectomy or &im-operation initially and then rats were
further randomized lat to either uremic control or paricalcitol treatm&htJremic control
rats were observed to have an 8.1% and 6.6% decrease in bone mineral density at the femoral
neck and midshafrespectively, but the paricalcitol treated rats did not experience similar
bone mineral density chang®s.

2.5.3 Relationship between clinical parameters, secondary hyperparathyroidism treatment

and skeletal outcomes

The exatrelationship ktween SHPTPTH, bone disease, and fracture risk remains
unclear. Although the relationship is well established in the healthy population, there are
large discrepancies in the association between bone mineral density and fracturgsig dial
patients’ For instane, bone density measured at the lumbar spine has been predictive of
fractures but no associations were found between fractures and bone density measured at the
femoral necK. Furthermore, dialysis patients are also at greatecdsipared to thgeneral
population 6r seveal metabolic bone diseases, such asonsabcia and adynamic bone
disease, that effect fracture rates independent of alterations in bone Hensity.

SHPT and changes in PTH levels may be associated with bone disease and a range of
bone morphologies collectiveknown @ renal osteodystrophy among patients with kidney
impairment'® PTH, considered a surrogate iratiar of bone turnover, predicts the

histologic bone disease type The main forms of osteodystrophy {eisis fibrosa cystica,
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adynamic bone disease, and osteania) may be linked to an increased risk of fuae in
ESRD patients due to changes in bone turnover, mineralization, and volume, but the link has
yet to be established in the literatd?®.Patients with relative hyperparathyroidisrag84
PTH less than 150 pglm are predisposed to adynamic bone disease, occurring in
approximately 30% of hemodialysis and 50%pefitoneal dialysis patient8. Contrarily,
osteitis fibrosa is associated witt84 PTH levels greater than 500pd/fit Evidence
suggests that fracture rates among dialysis patients may vary by type ofstendlystrophy.
In a study of 31 dialysis patients, Piraino and colleagues found a higher rate of 0.2
fractures/year among patients with low bone turnover osteodystrophy when compared to
osteitis fibrosis patients with a frace rate 0.1 fractures/ye&.

The exact relationship between PTH levels and underlying bone disease has yet to be
established and the ability to diagnose bone disorders is currently inadégSeteeral
studies hag been unable to find a definite link between reduced bone density and PTH
levels® In one of the few studies modeling the effect of clinical parameters on fractyre ris
Danese et al. examined the relationship between sealaim, phosphorugnd PTH levels
and the risk of hip, pelvic, and vertebral fractures among dialysis patiefite adjusted
relative hazard associated with PTH levels washdped decreasing from a maximum then
progressively increasingpr both vertebral and hip fractur®s Other researchers have
concluded that the increased PTH levels associated with vitamin D deficiency lead to high
bone turnover which in turn causes cortical bone loss and low bone density, both of which
cause hip fractur?.

It is very important to note that the relatioishetween PTH levels and bone

diseases have been derived overwhelmingly based on studies of white dialysis patjents and
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therefore associations may not necessarily hold for black dialysis subjeetewever,
previously published studies do provide researchers some insight into the potential
association of several covariates with fracture risk among all dialysis patients.

In sum, he heterogegpus pathology of bone diseasmtributes greatly to the
complexity and uncertainties associated with solidifying the causal relationship between
vitamin D deficiency, SHPT, PTH levels, bone disease, bone density, and fragitana ri
ESRD patientsIn a populatiofbased study of ESRD patients, Caucasian ethnicitgy old
age, female gender, peripheral vascular disease, and lower BMI were found to be
independent predictors of hip fracturésAlthough the aforementioned risk facschave
been established, no studies thus far have examinedsbeiation betweentamin D dose
andfracture riskamongdialysis patients Given that white patients are generally at a greater
risk for fracture in the hemodialysis populationyasimportant to discern whether the
magnitude of the association betwe¥rvitamin D and fractures variby race.

The study conducted herein attempted to address the question of whether IV vitamin
D actually affectd the hareendpoint of fracture risk outsidef t he drugds estab
influence on PTH levels and surrogate indicators of bone disease.

Clinical parameters

Clinical parametersuch asiemoglobin levels (g/dL), albumin levels (g/dL), PTH
levels (pg/mL), transferrin saturation (TSAT, %), phosphsieuels (mg/dL), calcium
levels fng/dL), and ferritin levels (ng/mlhave been documented to hareeffect on the
observed morbidity, mortality, or fracture risk found in dialysis patiefitgese clinical

parametersverenot available in the USRDSHowever, it is important to discuss these
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surrogate markers of bone histology since they play a raetating the influence of
vitamin D exposure on fractures.

Although there have been some studies indicating that thieveelsk of death and
hospitaliation among ESRD patients is inversely associated with hemoglobin 1&vels,
recent findings suggest that targeting higher hentaglievels with erythropoietin
stimulating agents may confer no benefit or actually increase the risk of harm to anemic
CKD patients:®*'°” Transferrin saturation (TSAT) levels (normal: 2@@%) and serum
ferritin levels (normal >150ng/ml) are commonly used measures of iron deficiency and renal
anemia an independent risk factor for heart disease and mortality iDEBRents-% 1°°
With regards to albumin levelsypoalbuminemidglow serum albumin levels) has been an
established marker of morbidity, mortality, nutrition, inflammation and plasma volume in
dialysis patients$®

Calcium, phosphorous, andR levels are three of the most important clinical
parameters involved in bomeineral homeostasis and overall ESRD patient heéitla
nationally representative incident dialysis cohort, Meldmued colleague®und that
elevated phosphate levels wemdependently associated with-eluse mortality but
elevated calcium and PTH levels were only associated wittaaie mortality in time
dependent modef$? No consensus has been reached reggtthie influence of PTH levels
on fracture outcomes. Using data from Ehelysis Morbidity and Mortality Study (DMMS)
Waves 1 to 4, Danese and colleagues found no association between calcium and phosphorus
concentrations and the risk of fracture and akwassociation was found between PTH
concentrations and the risk for hip and vertebral fracftfr€oco and colleagues determined

that, compared to patients witigher PTH levels, patients with lower serum PTH levels
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were more likely to experience a hip fractupe<(0.006)%° In contrast, StehmaBreen and

colleagues did ndind a statistically significant relationship between iPTH levels and the

risk of hip fractures:?

2.6 Conceptual Framework
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The mostecentversion of the modes depicted in Figur8 andincorporates macro
level factors influencing health behavidContextual characteristics represent the aggregate
heath system, organizational, communignd providerlevel determinants of health
services us&t® With this latest iteration of the model, a different set of variables are
assigned to the predisposing, enabling, and need categories, differentiatexguadrand
individual characteristicsAt the aggegate level, contextual characteristics include
predisposing factors like community structure, enabling factors like number of medical
facilities and need factors lil@mmunitydisability rates that imga individual health
services use.

At theindividualtlevel, predisposing characteristics refer to demograghg; @ge,
gender), social structure.f, race,education, occupationand health beligielatedfactors’
Enabling characteristics at this level include financial and organizational factors such as
whether an individual has a regular source of care, income, and whether an individual has
health insuranceNeed characteristics describe both perceived aaldi@ed indicators of an
individual 6s health that include factors suc

Predisposing, enabling, and need population characteristics subsequently determine
health behavior, comprising of personal practicss, of health services, and processes of
medical caré™® Personal practices include diet, tobacco use, exercise and othearself
activities that afUsed healthservicenidciudedattaranddé s heal t
emergency room visisndprocesses of medical care deschivescriptions, test ordering
and other activities that define the interaction between providers and p&fents.

Finally, the health outcomes component, similar to the needs component, measures

both perceived hand evaledthealth statusPerceived health status measures patient or a
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proxyos meas u-being, quilitypfdife, iarel functionaditf’ IEvaluated health

outcomes, contrarily are based on professional judgments and established health care
standards™* Additionally, the health outcomes component contains a measure of patient
saisfaction with the care they haveceived and is driven by, among a myriad of other
factors, a patientods assess m@roviderefionship,i t t i me
and inconveniences of travel tiré.

2.6.2 Proposed Conceptual Framework

Figure 4 presents the conceptual model wegused to guide this research. The
model , adapted from Andersends Behavioral Mo
each predictor within key model components. The adapted model is revised to include
relevant factors dictating medication use in dialysis facilities and to fit the research question
herein. Among the differ enceasedelincludetthet he | at e
omission of the feedback loops and reverse arrows that serve to illustrate the recursive nature
and simultaneity of each model component. Instead, our simplified, revised model
emphasizes the direct associations between factors thattprggimin D use and fracture
outcomes. Health beliefs, perceived health and consumer satisfaction are traditional
measures in the model, frequently measured through patient reported outcome instruments,

and are not available in our dataset but displayede conceptual model for completeness.
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Figure 4. Proposed conceptual framework
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Furthermorethe final phase f Ander sends model depicts ¢
defined as aggregate health organization, community, and provider level \sariahiée
believethat, given the limited availabilitgf community level factors in our data sources,
these contextual characteristics were best modeled as enabling characteristics under the
fi 0 r gaatniiozn oding Edo éxarle, our da@eunableto capture the effects of
governmental policies, environmental pollutants, and other general environmental factors
that may influence heahtelated outcomes and patient medication use.

The predisposing characteristimcluded in our model captudemogaphic factos
such as age and seXhe social structure subheading of the predisposing characteristics
component encompasses the myriad of factors
affect an individual 6s abphngndtvaabgl esy ah
environment. Patient race is, thusncluded inthe social structure category of the model.
Race has been included in thedabbecausblack patients have been reported to have a
62% lower fracture risk in comparison to white pati€ft8lack hemodialysigatientshave
also been observed to be more likely to be administered IV vitamin D compared to white
patients>®> Socioeconomic stas is included in the model for completeness but not included
in our dataset.

Enabling characteristics, as the name implies, represent the resources that must be
available for use of health care services to ocBath individual financing variables suels
an individual 6s Medicaid el igi bildadditgnteand or ¢
health insurance that directly affects wheth
facility-level structural features such as profit stattrginaffiliation andsizeare also

included
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Moreove, need characteristics incluttee individuaés perceived need inasmuch as
need can be altered by an individual s mut at
afford health careWe were abletooglmeasurea n i ndi vi dual 6s eval uat e
exemplified by objective measures likemorbid conditionsind not whether a patient had a
history of falls
Population characteristics (predisposing, enabling, and need) are linked to health
behaviors that ultimtely influence health outcomesklealth behaviors consist of personal
health practices, use of health services, and processes of medicdleaseirable personal
health practices of the ESRD populatsuch as exercise and healthy eating habits are not
readily avdiable inthe USRDSdataset
Andersends model effectively captures the
characteristics otV vitamin D use and thassociatiorbetweervitamin D useandfractures.
Measures of vitamin D exposuial under both the use of health services and prosedse
medical care categoriesn-center hemadlysis patients receive IV medicatiodsring in
center sessiorfsom health care providers within their dialysis faciliffhe nature of ESRD
care means thélheuse of health care services is intrinsically intertwined with processes of
dialysis care.Theuse of health care servicesi f | ect ed i n the patient
dialysis sessions while tlelministration of IV medications during dialysis esfisa process
of care.
Lastly, he health outcomes component of the synthesized modetglgpeoutcome
variablefor Aim 2, fracture risk The hypothesized relationship between the ecological level
measures of vitamin D exposure, covariates, araduira outcomes are depicted in Appendix

2.
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CHAPTER 1lI

RATIONALE FOR METHODS USED TO ASSESS FRACTURE RISK

The followingchaptermprovides a broad review of the methodological approaches
used to investigate phenomena in nephroltdgy biasesertainappraches attempt to
mitigate and presents the rationale for the statistical approach employed in this dissertation.
Aim 1 of this dissertation is purely descriptive and provides evidence of the secular patterns
of use of vitamin Damong hemodialysis patienbveradecade.Aim 2 investigates the
association between vitamin D exposure and fracture risk among incident hemodialysis
patients. This chapterservesas a precursor to the methodology chaptetprovides the
justification for our choice of a retrpsctive cohort studysing the groupetteatment
approactor Aim 2 to assess fracture riskhereby vitamin D exposure waseasured at the
facility-level andthe fracture outcome waseasured at theadividuatlevel. We begin with
a historical comparisoof randomized controlled trialfRCTs)versus norexperimental
studies in explaining the importance of our use of an observationalatddiren justify the
use of the groupetteatment approach to address concerns regarding confounding by

indication.

3.1 Justification for the use of observational studies
To begin with, #houghrandomized controlled trialare often deemed the most

robust study design when examining treatment effects, they awathout their



challenges®® As in our study, performing an RCT is likely inappropriate and unethical.
Given the known pharmacological benefits of IV vitamithBrapyin the treatment of SHPT
among dialysis patient&,would be unethical to withhold \@min D treatment in any
attempts to establish a counterfactual when investigating the assobettiervitamin D
exposureand fracture riskn a RCT. Also, studying the unintended effects of vitamin D
exposureon fractures may be inappropriate since dlntcome of interest may occur over a
relatively long time span, a potentially cgebhibitive issue for RCTs.

Additionally, RCTs are generally plagued by the presence of effect modification,
preventing study results from being generalizable to diitesebgroups or patientgho do
not fit the st alindheanadysis hgreitve wereareyableto bypass this
issue and perform subgroup anal/sénereby the association between vitamin D exposure
and fracture riskvasexamined within age, sex, @mace strataCalculating straturspecific
relative riskss furtheradvantageous as a means of controllargzonfounding*’

Results derived from observational studies have been found to be less prone to
heterogeneity whecompared to RCTS® Observational studies are more likely to include a
varied patient case mix, with a spech of comorbidities and treatmenkst are
personalized to the patieltf In contrast, RCTs may not represelinical practice due to

stringent protocols and eligibility criterfa®

3.2 Justification for the grouped-treatment approach
We performedan observational study using ttveo-level statistical(grouped
treatmentapproachcombining aspects of the individelalvel analysis with those of an

ecological study.The following section begins with a descriptidrttte confounding by
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indication issues leading the decision to measure variables at different units of analysis for
this study Then, both theoretical and empirical explanations are provided to jingtistudy
approach.

To begin with, confounding bindication arises from the general notion that medical
providers prescribe medications and perform procedures on patients with the most clinical
need fortreatment*® ?° A similar phenomenon, confounding by efise severity, arises
when sicker patients with a poor prognosis are prescribed higher doses oftioesl exad
given more treatmentWhen treatment decisions are made because of medical indications
and underlying prognoses that may not be fully accouoted a model, a purportedly
beneficial medication may appear to be positively associated with an adverse odtcome.
Confounding by indication/disease severity is an especially salient threat to the validity of
nonexperimental studies of dialysis patients where the substantial morbidity and poor
progroses in this population may thwart the benefits of a medic&tioas an illustration,
statins, prescribed to reduce the rates of cardiovascular events, are frequently prescribed to
those perceived to be in greatest clinical need of these medic&tidRather than
demonstrating a reduction in cardiovascular events, statins may appear to cause them without
adequate adjustment for cardiovascular risk factdrs.

In a RCT, confounding bindication or selection bias mitigated through the
randomization process, guaranteeingtthe balance of patients in each arm is due the
chance'!’ Throughout the years, there have been substantial advancements in the execution
of observational studies, especially in the idésdifon of confounding variables and in the

quality of secondary databases like the USRBS.
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In this particular study, bias due to confounding by indication/diseasegitywould
likely be present in amdividuallevel analysis because our data souwtoes not contain
PTH, alcium, and phosphorous levelShese clinical variables are assessed as a
nephrologist makes decisions to administer vitamin D and they anétaan®ously measures
used to assess the effect of vitamimserum makensostadministration.

There has been growing interest in the uséiftérentanalytical approaches to
mitigate the effects of confounding by indion in observational studie©f particular
interest, ecological studies have been advanced as a means of addressing the aforementioned
confounding issues with investigations into the subject publisiigdsearchers Wen and
Kramer*?! To account for confounding by indication bias due to improper control of
underlying processes influencitige association between vitamin D dosing practices and
fracturerisk, a groupeereatmentpproachwasused combiningaspects oboth the
ecological and indidual-level units of analysisSince we do not have access to clinical
variables like PTH levslinfluencing the prescription of vitamin Byeasures of vitamin D
exposure werenodeled as ecological variables at the faciltyel while covariates and
dependent variablegseremodeled at the individudével.

Theoretically, thegroupedtreatment apmachused herein consisted three variable
types: the ecological predictor (X), individdalhel covariates (x) and thedividuallevel
outcome (y):?* The main ecological predictor, X, can have a ctessl| effect on y in three
ways: 1) X @an directlyaffecty; 2) X can act as an effect modifier and modify the association
between x and y; and 3) X can have an indirect effect by affecting x, which then affécts y.
To futherjustify the use of this approach, the differences betweeetogical and individual

level analyses are described below.
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Ecologicalanalysesre characterized by studies with groups as the unit of analysis
(both independent and dependent vdealmeasured at the group leaadd where
associations between indepent and dependent variables across groups are meastired
Selection bias concerns within a particular center are not major concerns whleygiegnan
ecological analysisin contrast, individualevel studies, as the name impliesjastigate
associations between independent and dependent variables (both measured at the-ndividual
level) across individual§® Both approachs vary in the type of inferences and information
generated Although assessing informati@m group characteristics, ecologic studies are
void of data regarding the creskassification of individualevel characteristics within
groups. For instance, the association between the percentage of drinkers in different
rehabilitation groups and hosglization rates can be assessed in an ecological study but the
study will lack information regarding whether drinkers were actually more likely to be
hospitalized within specific rehabilitation centefSontrarily, individuallevel studies assess
interindividual variation but frequently without assessing the characteristics of the groups
that individuals compris&?

At the individuatlevel, treatment effects can be accurately obtained if using
observational data with adequate clinidatails and measures of disease severity and
comorbidity*?* Although ecologic studies come with their own issa@scologic analysis
is preferred for an assessment of the treatment effects of vitamin D because we believe that
their advantages (relative immunity from confounding by indication) supersedwiglote
ecological fallacy issued-urthermore, the proposed study question fits within Wen and
Kramer s description of research situations

key independent variabté' Specifically, they should be used when 1) there is limited
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evidence of treatment efficacyofn a randomized clinical trigl2) there is limited evidence
of treatment effectiveness in clinical practicgr8nfounding by indication iskely in an
individuaklevel analysis; 4) across geographic areas, large variations in the use of the
treatmengexists; and 5) variations across geographic areas are believed to be due largely to
practice style differenceslhe principal premise is that the use of the treatment is driven by a
provideros particular pract i ctegrospsof pagentsvhi c h
areof similar in prognosis?* The challenges of measuring practice style ap#ientlevel
can be overcome with the key independent vitamielBted variables measured
ecologically.

Thegroupedtreatment approadhas been usksiccessfully in epidemiological
studies Using subarachnoid hemorrhage treatment as a case study, Johnston and colleagues
compared an individudével study with all variables at tipatientlevel, and an ecological
study with all variables at an aggeggd level, and groupedtreatment approadio assess
the association betweenospital death and treatment type (endovascular therapy versus
124

surgery).“" The authors found evidence of confounding by indication in the individual

analysis giverthat trends in the individual and ecological models were in opposite
directions* To combat this, the authors employegraupedtreatment approachith the
following elements: 1) ihospital death as a binary, individdaVel dependent variable, 2)

an ecological independent variable (portion of cases treated by endovascular techniques) as
the main predictor, and 3) covariates specified at theiohdaklevel. Unlike the individual

level model, tis two-level model suggested a strong associatiowéxen institutional use of

endovascular therapy and reducedaspital death risk** Johnston successfully

demonstrated that confounding by indication weesent at the individuédvel.
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Endovascular therapy, given more to patients with a poor psxgmesulted in a higher
mortality risk and this bias was ngated by thgroupedtreatment approachrlhe ecological
treatment variable bypassed these individera¢l treatment selection bias concefs.

The decision to use the groupgdatmenappoach in this dissertation was driven by
the knowledge thahe United States Renal Data System (USRDS) datasetosssess the
association between vitamin D exposure and fracturerrigks workdoes not contain
measures of biochemical parameters FK'H, phosphorous and calcium levels. IV vitamin
D is prescribed and indicated for tmeanipulation of these biochemical markers in the
treatment of SHPT among hemodialysis patients. Without these biochemical measures, an
investigation of the associatidetween vitamin exposure afmdcture risk in anndividuat
level analysis where BVariables are measured at thegientlevel would suffer from
confounding by indicationConfounding by indication may likely arise becattse
allocation of IV vitaminD treatment is not randomized buthetprescribedo the patient
basedprimarily ontheir PTH levels. Confounding by indication in patientlevel analysis
would be evident if the treatment, in tle@se IV vitamin D, influenced PTH levads any
othermarker of SHPT thdbsteredthe use of treatmeiaind IV vitamin D, at the same time,
increased the risk of fracture, our outcome of interégth the groupedreatment approach
employed in this dissertation, tkigamin D treatment was measured at fédality-level
while covariates and the fracture outcome were measutéd patientlevel. This approach
allowed us to take advantage of #ferementionedelative immunity of ecological studies
from confounding by indication with our ecologically meiei treatment variable.
Simultaneously,ite advantages of increased power and precisiererealized with

outcomes and covariates specified at the indivibhyesl.
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Lastly, he groupedreatment approackas employed in this dissertation because it
was wellsuited for the study of our target populatiofhe groupedreatmentapproach
allows for pseudgandomization whereby we assuhtbat patients receigddreatment
within dialysis fadities in a way that randomizetiem to different vitamin D presbing
protocols'®> Hemodialysis patients are very unique in thatignts are assigned to the
dialysisf aci | ity nearest to their home residence
administration practices does not factor into the decision to attend a particular Génger.
differs from hospitals, for instance, who may receive more patients with a cntalition
because they have arpeular expertis®r procedure driving theneputationfor superior
treatment of theondition in questionThe groupedreatment approach has been previously
employed successfully in observational studies of hemodigigsisnts> *?° lending
empirical credence tdvé methodology employed hereihe following chapter provides

details of the methods used to assess both study aims presented in this dissertation and

explains howwe operationalized the groupé@atment approach in Aim 2.
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CHAPTER IV

METHODS

The goals of this retrospective cohort stuggre 1) to describepatientlevel, facility-
level, and statdevel trends in the use and dosage of three vitamin D analogggamon
prevaknt hemodialysis patientand2) to investigate thassociation betweentamin D
exposureandfracture risk This section provides a detailed description of the data sources,
study designmeasuremeni@and statistical analysésatwereused tcexamineeach of the
two specific aims.This studywasexemptfrom review by the University of North Carolina

Institutional Review Board

4.1 Data source
Secondary data for this studsasderived from the United States Renal Data System
(USRDS). Data fom years 1992008were usedo identify the study population and
baseline covariates. The USRDS is a registry that collects, analyzes, and distributes national
data on all ESRD patients in the United Sates, irrespective of insurance coverage ot age. Al
Medicare Part A and B clasmare also included within the USRDS Standard Analytical Files
(SAFs). In the following section, theelevant files within the USRDS are described in detalil.
Institutional claims within Medicare Part A are comprised of alhtigmt, outpatient,
skilled nursing facility, home health agency, and hospice claiospitalization data
includes the admissiaource, length of stay, discharge destination, and associated diagnoses

and procedures for each patient. The Inpatient S¥WEams final action claims data



submitted by inpatient hospital providers for reimbursement of facility costs. These data
include diagnosis (ICE diagnosis), procedure (IC®procedure code), Diagnosis Related
Group (DRG), dates of service, reimbursetemount, hospital provider, and beneficiary
demographic informatianThe USRDS maintains these data in two files, an Institutional file
with records at thpatientleveland an Institutional Claims Detalil file with records at the
claim level.

Medicare Rrt B Physician/Supplreclaims include durable medical equipment
charges along with physician services and supplies. The file also contains final action claims
data submitted by neimstitutional providers. Examples of nawstitutional providers
include physicians, physiameassistants, clinical social workers, nurse practitioners,
independent clinical laboratories, ambulance providers, andtaeeing ambulatory
surgical centers. Data contained in this file includes diagnmsisedural codeslaes of
service, reimbursement amount, Fiostitutional provider numbers (e.g., UPIN, PIN, NPI),
and beneficiary demographic information. Each observation in this file is at the claim level.

The USRDS Patient File contains information describing patée, )age, date of
death, first service date, and other demographic characteri3tiath datareobtained from
the CMS2746 ESRD Death Notification Form, providing the date along with the primary
and secondary causes of death for over 99% of pafients.

TheUSRDS Payer History File documents the sequence of payers for each patient
including any change in Medicare status and dual Medicare/Mediegilaility .**” Patient
transplant events are documented in the USRDS Transplant File. The USRDS Facility File
contains dialysis facilifevel data derived from the CMS Annual Facility Sur{@ms-

2744, hereafter ARSa survey that attenters are mandated to cdetp each calendar year.
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In addition to facilitylevel characteristics such as geographic region, the file reports the
number of patients being treated at all dialysis facility or treatment center atitbéeach
calendar yeat.

The remaining sections of this chapter describe the study desigratek
population followed by a detailed descripti of the measurements and statistical analyses

employed for each aim.

4.2 Study design andcohort selectionby aims
Using USRDS data, weonductedaretrospectiveeohort, intentiorto-treat analysis.
Generally the intentiorto-treat design resulia smaller observed treatment effects
compared t@bserved estimates if all patients adhered to vitamin D therapy, thus tending to
bias estimates toward the ntfif. This sectiordescribes the study design for each aifter
describing thestudy designthe process for cohort selection is described, including a detailed
explanatiorby aim oftheinclusion and exclusion iteria.
421 Aim1

The followingsectiondetails thecohort selection processid overall study design
used for Aim 1.

Aim 1: To investigate patientlevel, facility-level, and statelevel trends in the use and

dosage of three vitamin D analogs among pwalent hemodialysis patients.

Tablel details thenclusion criteria thaivereused to define thstudypopulation.

Table 1. Summary of Aim 1 cohort selection process

Inclusion criteria

Patients with Medicare as a primary pageoughout the study ped
In-center hemodialysis patients

Patients with at least 90 days of hemodialysis following the initiation of renal replacem:
therapy
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A retrospective cohortsdy wasconducted to describe patidetel, facility-level
and statdevel secular pattens in the use and dosage of IV vitamin D formulations among
prevalent hemodialysigatients in the USRDS datasdto be eligible, patientsad tohave
Medicare as a primary payer at 90 days post hemodialysis initidfledicare is considered
the secondy payer for the first 30 consecutive months following dialysis initiation for
individuals who were not already eligible for Medicare on the basis of age or disability prior
to enrollment in the ESRD progralf. If this requirementvasnot enforced, patients with
Medicare as secondary payer would have limitednmm-existent treatment and event data.
Spurious rate calculations woluhdveresuledas these patients contriledtfollow-up time to
the denominator but limited event information to the numeratdistorically, he number of
incident hemodialysis patients WiMedicare as primary payer has decreased drastically
from 95% in 1974 in the earliest years of the ESRD program to 74% in 2009, with the
percentage of prevalent hemodialysis patients with Medicare as primary payeriat 83%
2009°

Additionally, patients must be an-genter hemodialysis patienRenal replacement
therapy consists of either kidney transplantation or dialggiseans of filtering was from
the blood in order to en&bTheeatelve maiformsyobs r e g u
dialysis, hemdialysis that uses an apparatus to filter blood outside of the body or peritoneal
dialysis that uses the lining of the abdomen teffiblood inside the body° Patients
electing home hemodialysis with the support of trained health care professionals are provided
home treatmerg to 5 times a week for a period of 3 to 10 hours per sesdionontrast, in
center heradialysis, conducted at the hospital or a{standing clinic, is administered 3

times a week on alternating dayondays, Wednesdayand Fridays or Tuesdays,
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Thursdays, and Saturdays) with dialysis sessions averaging 3.5 to 4*dsirsce patients

are administered IV medications during threspective dialysis sessions, onlycenter
hemodialysis patientsereincluded to avoid any confounding arising from differences in the
lengthof a dialysis sessioand frequency of medication administration.

Furthermorethe analysisvasrestricted to nly hemodialysis patients to account for
potential differences in clinical outcomes and patient characteristics associated with each
treatment modalityMany studies have compared a range of outcomes among patients
treated with incenter hemodialysis vars those treated with peritoneal dialysis, with
conflicting results.For instance, lthough some studies have documented a survival
advantage for peritoneal dialysis patients in the first two years of didfySis others have
documented higher mortality rates associated with peritatiggsis *** Yet still, other
studies have found no differences in the risk of death when comparing hemodialysis to
peritoneal dialysis patient# recently published studysing robust methodology and
USRDS data foundansignificant differences in mortality risk among the treatment
modalities during & year followup period:** In addition to the discrepansién the
medical literature regarding this topic, there is also evidence that diabetes, age, and
comorbidity significantly modify the association betweeratment modality and
mortality 3

Eligible patientsverefurther required to be on hemodialysis for at least 90 days.
Data obtained in the initial three months of therapyafo ESRD patient poses substantial
difficulties for an investigatorForemost, in the first 90 days, providers are exploring various
treatment modalities and therefore patients are more likely to switch from hemodialysis to

peritoneal dialysis For insance, n 2009, the number of hemodialysis patiatdgsreased by
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14% from dialysis initiatiorto day 90° However, the number of peritoneal and triast
patients increased by 2#and 21%, respectivel§rom dialysis initiation taday 90°

Most importantly, the ESRD program entitles Medicareecage to disabled patients under
the age of 65 Although peritoneal or home dialysis patients can bill Medicare immediately,
in-center hemodialysis patients under 65 years old are not able to bill Medicare for
hospitalizations or dialysis therapy until 88ys post their first dialysis service dat&o

ensure the capture of all claims for all eligible patiethiis, 90 day restrictiowasimposed.

Figure5 depids the study design for Aim 1.

Figure 5. Study design for Aim 1
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Prevalent and incidememalialysis patentsidentified inthe USRDS databa$em
Januaryl, 199 through December 320@ meeting the aforementioned eligibility
requirenentswereincluded in the analysisPatients who survived 90 days post dialysis
initiation entered the followup period where vitamin Bxposurerfionthly/yearly vitamin D

dose and formulation preference¢reassessedPatientsverecensored if onef the
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following events occued 1) death, 2) kidney transplantation, 3) Medio&esno longer the

primary payerand4) switctedto peritoneal dialysisPatientsvereadministratively

censored at the last date of available data on December 31, R@0@ts may have

undergone dialysis at multiple facilities during the folaw period. This may occur for

several reasonmcluding if a patient moved or if a patient transferf&clities because a
particular facilityds es\Waassumdthatpatients ieagise wer e n
care at the dialysis facility in closest geographical proximity to their home residence.

Therefore we assumedhat all switche®ccurredat random and waid not accountor

patient dialysis facility switches.

4.22 Aim 2

Aim 2: To investigate theassociation betweewitamin D exposureand fracture risk by

fracture type and among relevant subgroups among incident hemodialysis patients.

Table?2 details thenclusion and exclusioariteria thatwereused tadefine thefinal
study population First, eligible patientsvereidentified. Then, wedefinedeligible facilities
as thosehat servicedt least 5 eligible patients.

Table 2. Summary of Aim 2 cohort selection process

Inclusion criteria

Patients with Medicaresaa primary payer throughout the baseline and folipweriod
Patients with at least 90 days of hemodialysis following the initiation of renal
replacement therapy

Incident hemodialysis patients

In-center hemodialysis patients

Patients who survived &ast 270 days poslialysis irtiation

Patients with at least 120 days of claims during thedi80baseline period
Exclusion criteria

Patients younger thél8 years of age alialysis initiation

Patients who experienced a fracture during theds8fbaseline period
Patients without a facility identified in the dataset

Patients in a facility with <5 eligible patients
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The analysisvasrestricted to patientwho initiated dialysis betweddctobe 1, 1999
andMarch 1 2004 The oldest vitamin Dormulation, calcitriol, was released in September
1986 Paricalcitol and doxercalciferol were released over a decade later in April 1998 and
June 1999, respectively. Patientavereeligible to enter thévaseline period odanuary 1,
2000given that all three vitamin D formulations were being suisteredat that time.In
March 2004, the FDA approved the use of cinacalcet hydrochloride (Sensipar), the only FDA
approved calcimimetic for the treatment of SHPT in dialysis patients and hypercalcemia in
patients with parathyroid carcinom. In May 2004, cinacalcet became commercially
available and approximately 10% of patients dialyzed by a largarédit provider received
the drug between August to October 268/4To avoid the effect of possible confounding
due to this major therapeutic advancement in the treatment of SHPT, the effect of vitamin D
exposure on fracture outcom@asassessed solely in a pralcimimetic cohort between
January 1, 2000 ariday 31,2004. We assumed very minimal use of cinacalcet in May
2004 because of the lag that generally exists between the date a drug becomes commercially
available and its adoption into dialysis treatment practice.

Figure 6. Study design for Aim 2
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Figure6 depicts the study design for Aim Eollowing the first 90 days of renal
replacement therapy, incident;éenter hemodialysigatientswereeligible, using a new
user design.The analysisvasrestricted to incident dialysis patientseénsure better
measurement of factors that may differ systematicallyMeen groups of vitamin D users.
Identifying patients at a common tirpeint, at dialysis initiationallows researchers to
controlforevens occurring earlier i n ushadvitamnyD t hat
andvitamin D dose.Employing a newuser design with an inception cohort of incident
hemodialysis patients is advantageous to avoid the considerabéeibiagif fracture risk is
assumed to vary with time.

Time-dependent biases assaethwith the inclusion of prevalent patients can be due
to several factorsPharmacologic agents like IV vitamin D have both beneficial and
detrimental effects with differenhduction period$®® The inclusion of only incident
patients prevents the une@&scertainment of fractures that occurpeidr to therapy and
before the followup period. Also, if prevalent patients were included, there would be no
means of accounting for early attrition and mortality ofgres most susceptible to étare
events:*® During the 12 montlollow-up period, thessociation betweeritamin D
exposue andtime tofirst fracturewasassessed with patients censored oncenéthye
following eventsoccued 1) death, 2) kidney transplantation,|@s of Medicare as the
primary payeror 4) aswitch to peitoneal dialysis.Patientsvereadministrativey censored
onMay 31, 204.

A 180daybaseline period to assess covariateesand vitamin D exposuveas
considered sufficient based on analyses conducted by Teng and colldagussudy of

51,037 chronic hemodialysis patients, 83% started trenent with injectable vitamin D
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within 180 days of dialysis initiatioh’® To be eligible, patients must have surviveteast
270 days post dialysis initiation. This period includes the first 90 days of dialysis to ensure
proper ascertainment of claims and the full-t3§ baseline period. Patients were further
required to have at least 120 days of claims during thedag®aseline period in order to
ensure a sufficient number of records to assess vitamin D exposure and covariates.

Patients younger than 18 years wlereexcluded from the analysifAge was
assessed at dialysis initiation. Pediatric and adolescent pafidhtsvereexcluded
because treatment and diagnostic decisions vary substantially with the differingafauses
diseasehealth outcomesnd comorbid conditions pediatric versus adult dialysis
patients**® Among the clinical differences between the two patient populations,
approximately 45% to 65% of pediatric patients are treated with peritoneal dialysisly
about 13% to 17% of adult ESRD patients are treated with this mofalyhereas the
primary caises of ESRD in adults are hypertension and déabéte primary cause of the
disease in children are cystic, hereditary and congenital dise#sesidition to the clinical
challenges, the lackf @aephrologists with pediatric specialization may lead to differences in
treatment recommendations and outcomes webemparing adults and childréff

Hip fractures among younger individuals are extremely rare and likely to be caused
by trauma.** In children, the inidence of hip fracture is lessmmon compared to adults
Rather than due to physiological processes, pediatric fractures are likely induced by high
erergy traumas like motovehicleaccidents or falls from a substantial heitffit.

Patients who experienced a fracture during theds®30baseline periodere
excluded. The goal of this analysisas to determine the association between vitamin D

exposureand pat i ent 0 sracturesmee the end of the baselide peridtaving

78



a prior hip fracture has been associated with a 70% greater adjustedtan(&OR)of hip
fracture (AOR=1.70, p=0.02) in a cohort of 12,782 hemodialysis patients across 12
countries’”” Among the same group of patients, having experienced a hip fracture was
highly predictive of incurring a new frace (RR=4.52, p<0.001)We decided to exclude
patients with a prior history of fracture instead of controlling for this variable as a potential
confounder because, among other criteria, a potential confounder must not be an effect of the
exposure (IV viamin D in this case) and it must not be a factor in the causal pathway of
experiencing a fracturg! In thisstudy, having a previous history of fracture is likely in the
causal pathwaglescribinghe effect of IV vitamin D use and the rikk experiencing a
subsequent fracturd.astly, patients without a corresponding fagiidentified in the dataset
wereexcluded. Since vitamin D exposungasassessed at thiacility-level, an indicator dr

the corresponding facility for each patient veascial to allowfor the aggregation of the
patientlevel variables to the facilitievel.

4.2.3 Sample size

After employing all eligibilitycriteria, the cohort selectioprocessvascomplete
Thenumber of eligible patientf®r this aimvaried over time from approximately 220,000 in
1999 to over 300,000 in 2008. A flowchart diagramAon 1 is not presented because of
this variability in the number of eligible patients over time.

Figure7 presents the sample size determination flowtaiagramfor Aim 2.
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4.3 Measurements

This secton describethe operationalization dhe key measures of vitamin D

exposurdgor Aim 1 and Aim 2thefracture outcoméor Aim 2, and covariates for Aim 2

usingUSRDSdata.

4.3.1 Vitamin D formulatiors and dose

Table 3describes the chemical name, ags form, dosage rangend frequency of

administration for each IV vitamin D formulatiodccording to guidelines, calcitriol doses

should range from 0-5ug and paricalcitol dosing based on iPTH levels range from 2.5

15pg**® Specifically, calcitriol shouldhitially be dosed at-Pug, with dose increases of

0.5-1pg at 24 week intervals if necessar¥. Paricalcitol dosed at 2.5 . 0

recommended for iPTH levels of 3GD0 pg/mL, 6.01 0

pg/mL,and1015 e€g f or

PTH

€ g,

€g i s

f or i 1ALJoel

| e v e MSTheinitialaetoemmendel a n

|l evel s

10

dose of doxercalciferol is 4ug bolus administrations 3 times per week with dose increases of

1-2pg at 8week intervals ifPTH levels do not reach target ranges.

Table 3. Description of IV vitamin D formulations

Drug Chemical Name Dosage ferm Dosage Frequency of
Rangé  Administration ”

Calcitriol 1,25 1 and 2 0.55 & ( 3times/wk
(Calcijex) dihydroxyvitamin 1 mL ampuls

D3
Paricalcitol 19-nor-1,25 5 e€g/ mL 2515 ¢ 3times/wk
(Zemplar) dihydroxyvitamin 2 mL vials

D>
Doxercalciferol 1 thydroxyvitamin 2 € g/ mL 2-8 ¢ g 3times/wk
(Hectorol) D, 2 mL ampuls

Sour@: Hudson JQ: Secondary hyperparathyroidism in chronic kidney disease: Focus on clinical conset

and vitamin d therapie&nn Pharmacothe40: 15841593, 200&"
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Table 4presents theélealthcare Common Procedure Coding Systid@PCS codes
thatwereusedto identify each formulation within the USRD®:alcitriol usewasidentified
using HCPCS codes J0635 (1pg) and JO636 (0.1 iag. codes J2500 (5ug) and J2501
(1pg) wereused to identify paricalcitol and J1270 (1j@gntified doxercalciferol use.

Thesecodeswerederived from Medicare Part A institutional claims.

Table 4 HCPCS codes to identify IV vitamin D formulations

HCPCS Code Formulation Dose
J0635 Calcitriol 1ug
JO636 Calcitriol Aug
J2500 Paricalcitol 5ug
J2501 Paricalcitol 1lpg
J1270 Doxercalciferol lug

Source:St. Peter WL, Li S, Liu J, Gilbertson DT, Arneson TJ, Collins AJ: Effects of monthly dose and reg
dosing of intravenous active vitamin d use on mortality among patients undergoing hemodialysis.
Pharmacotherapg9: 154164, 2009

A dose ratio of 1:4 for calcitriol to paricalcitol has been shtavneeffective in
treating SHPT without significant variations in phosphorous or calcium [&7efs dosing
conversion factor of 0.57:1 for doxercalciferol to paricalcitol was found to maintain
equivalent suppression of iPTH levels among a cohort of 27 chronic hemodialysis patients.
Using these dosing conversions established in clinical practice, the cakgmivblent
dosing conversion factor for calcitriol to dencalciferol was determined to be 1:2.28
(4*calcitriol=paricalcitol; paricalcitol=doxercalciferol/0.57; therefore
4*calcitriol=doxercalciferol/.57).

4.3.2 Vitamin D exposure by aims

Aim 1: Vitamin D exposure measured at the individual, facility and kae
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At theindividuatlevel, the following vitamin D exposure variablegreassessed:
vitamin D use (yes/no) and average vitamidd3e pemonth Vitamin D usevasmeasured
as a dichotomous variable indicating whether a patient was administeredsanygfditamin
D in the respective month of measuremevitamin D administration is not accurately
captured during hospital stayBecause of thignpatient days wersubtractedrom patient
time at risk during the month of interefRatients with zer vitamin D administered during
themonth or year of interest wectassified as a newitamin D useffor that respective time
period Average vitamirD doserepresergdthe mean dose of any vitamin D formulation
administered to patients during the respecinonthor yearof interest. Vitamin D use and
average vitamin D doseeremeasured monthlgnd yearlyfor all eligible patientbetween
January 12000andDecember 312008.

At thefacility-level, the followingvitamin D-related variablesereassesed:the
percentagef vitamin D users per facility per month and average vitamin D dose per patient
per month in each facility in the months betwdanuary 12000andDecember 312008.
Thepercentagef vitamin D users per month within each faciiitglicatedthe percentage of
patients within a facility administered any dose of vitamin D, irrespective of formulation, in
the respective month of analysiShe average vitamin D dose per patient per month in each
facility indicatedthe mean dose of any &min D agent, irrespective of formulation,
administered to patients in each facility during the respective month of intEeaslity-
level vitamin D formulation preference by calengiaarwas also tabulated (Appendix 4t
the state level, the followg measures of vitamin D exposwereassessed: th@ercentage
of vitamin D users per state per year and average vitamin D dose per patient per year within

the respective stateAnalogous to théacility-level analysis, the unadjusted proportion of
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vitamin D users per yeavasdefined as the number of vitamin D users per year in each state
divided by the number of eligible dialysis patients in the state of intéféstaverage

vitamin D dose per patient per year in eatdteindicatal the mean dose @iny vitamin D
formulation administered to all patients per year in the state of interest.

Aim 2: Vitamin D exposure measured as ecological variables dadilgy-level

The keymeasures of vitamin D exposure fam 2 wereecological variables
measuredat thefacility-level during thel80-daybaseline period: 1) th@on-casemix
adjustedproportion of vitamin D users in each facility; 2) the case adjusted proportion of
vitamin D users in each facility; 3) tim®n-casemix adjustedaverage vitamin DRlose per
patientin each facility 4) the casamix adjusted average vitamin D dose per patient in each
facility; and 5)whether a facility was in the highest quartile of easr adjusted average
vitamin D dose per patient in each facilitfhe ficasemix adjusted proportion of vitamin D
user® variable and thécasemix adjusted average vitamin D dose per pabigatiable
required the use of statisticahodeling techniques to creat&€herefore, dtailed descriptions
of both variables are provided in thection entitlediAnalyses used to creatasemix
adjustedmeasures of vitamin D exposureEachmeasure of vitamin D exposunes
modeled separately in regression analygedetailed description of each vitaminmBlated
variable follows.

Foremostat theindividuallevel, vitamin D usewvasa dichotomous variable
indicating whether the patient received any dose of vitamin D during the baseline period.
When aggregated to tiacility-level, the noncasemix adjustedproportion of vitamin D
users withn each facilitywasmodeled as a continuous variable measuringptbportionof

patients within a facility administered any dose of vitamin D, irrespective of formulation,
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during thel80-daybaseline periodlt is important to emphasize that while vitani) use
(yes/no) at thendividuallevelis a dichotomous variable, when aggregated tdattiéty-
level, the percentage of vitamin D users within each facility was a continuous variable.

Although this variable measures the number of vitamin D usettsveeto number of
patients in each facility, the variabl e does
vitamin D. Employing a strategy reported by Tentori and colleagues, thenuasadjusted
proportion ofvitamin D userat a facilitywases t i mat ed t o refl ect a f ac
prescribe vitamin B° The creation of this variableisdedce d i n t he fAAnal yse:
create casenix adjustedneasures of vitamin D exposore s e lmelow. o n

Furthermore, theon-casemix adjustechverage vitamin D dose per gtt in each
facility indicatedthe mean vitamin D dose administered per patientdh &kility during the
180-daybaseline period, irrespective of vitamin D formulatigknalogous to the casaix
adjusted proportion of vitamin D users, the easr adjusted average vitamin D dose per
patientin each facilityy s de s cr i b e & usedto crehtecasiadjasied s e
measures of vitamin D exposaore sect i on.

The lastmeasure of vitamin D exposuralicatedwhether a facilitywas in the
highest quartile (7Bpercentile) of average vitamin D dose per patidittis wasbased on
the didribution of the average vitamin D dose patientamong all eligible facilities.To
ameliorate potential multicollinearity issues, eawtasure of vitamin D exposure was
model ed separately in statisticabyaaiamysges (

section).
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4.3.3 Fracture outcomes

Table Sliststhe ICD-9 codes thatvere used to identify fractures lsjte Fractures in
any diagnoses field in any onéfour broad fracture categoriegereidentified: 1) vertebral;
2) pelvis/hip; 3) otheffemur, lower leg (tibia, fibula, patella & ankle), ribs/sternum,
humerus, scapula & clavicle (shoulder/upper arm), or forearm/wrist]; and 4) any of the above
fracture types.

Table 5. Diagnostic codes used to identify fractures

Fracture Category ICD-9 Codes

1 Vertebral 733.13, 805.xx, 806.xx

2 Pelvis/hip (femoral neck) 733.14, 808.xx, 820.xx

3 Other Femur:733.15, 821.xx
Lower leg 733.16, 822.x, 823.xx, 824.xx
Ribs/sternum807.0x807.1x, 807.2807.3
Shoulder/upper arn¥33.11, 810.xx, 811.xx, 81
Forearm/wrist813.xx, 814.xx

4 Any Any of the above ICED codes

Thefour broad categories dfactures delineated in Table&present the most
common and most economically burdensome fracture typésote, this classification,
therefore, excludethe following fractures in the 8@29 fracture serie$ractures of the
skull and facial bones (800.%x804.xx), ill-defined bones of trunk (809.xx), fractures of the
metacarpals & phalanges (fingers) (8158&7.xx), ill-defined fractures of upper lim
(818.xx), multiple fractures of upper limb (819.xx), fractures of tarsal, metatarsals, phalanges
(toes) (825.x% 826.xx), multiple, iltdefined fractures of lower limb (827.xx), multiple
fractures of upper and lower limb (828.xx), and unspecified frast{829.xx).
Some studies afsteoporotic fractures have excluded pathologic fractures under the

presumption that these fractures are caused by localized processes such as malignancy or
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infection that are not related to the bone disorder of int&fegtathologic fractureserenot
excluded in this analysisA study of US. Medicare beneficiaries repudiated the rationale for
the exclusion of pathologic fractures by demonstrating that epidegical analyses using
administrative data substantially underestimate the burden of fractures with the exéfusion.

In contrast to a closed fracture, an open fracture is where the bone bre plereesl
through the ski*® Open fractures, classified with IG®codes like 821, 820.3x 820.9,
821.1x, 821.3x, 822.1, and 805.3, have sometimes been eadhadn epidemiological
analyses because these fractures are generally associated with majot4tddfieor the
purposes of this analysis, both open and closed fraciesassessed because of the
difficulty in determining whether a fracture in claims data was induced by disease (or a
traumatic fall subsequent to bone disease) or due to a traumatic event like a motor vehicle
accident.

Theoutcomefor Aim 2 wasfracture risk. To assess fracture risk, tdepadent
variable time to first fracturewasmeasurediuring the ongyear followup period
i mmedi ately following a hospitalization for
criteria by aiAudstailedsescriptionathe obtaxie vangblgollows.

As delineated in detail in the section below, patient time abegjarat the181™ day
following the end of the 18@ay baseline period and endeith the occurrence of a
censoring eventTo assesfacture risk time-to first fracturewasthe dependent variable and
defined as a continuounseasuren Cox proportional hazards models representing the time in
days from the end of the baseline perioth®date of hospitalization for the first fracture

event.

87



Table6 presents an oveiew of the key independewmariables and outcome measure

for Aim 2.

Table 6. Overview of key independent andutcomevariables for Aim 2

Variable

Description Type Unit of
Analysis

Independent variables measured durit@p-daybaseline period

Non-casemix adjusted
proportion of vitamin D
users

Casemixed adjusted
proportion of vitamin D
users

Average vitamin D dose
per patient

Whether adcility is in
thehighest quartile of
cae-mix adjusted
average vitamin D dose

Proportionof patients within a Continuous  Facility-level
facility administered any dose of
vitamin D

Patient and facility casmix Continuous  Facility-level
adjustedproportionof patients at

a facility prescribed any dose of

vitamin D

Mean vitamin D dose Continuous  Facility-level
administered per patient in each
facility

Whether a facility is in the 75th  Dichotomous Facility-level
percentile otcasemix adjusted

average vitamin D dose per

patient

Dependent variable measured durirngydar followup period posfracture hospitalization

Time to first fracture

Time in days fronthe end of the Continuous Patientlevel
baseline period to the date of the
first fracture eventTime to first
fracture is the dependent variabl
and fracture risk (the probability
of fracture among patienis the
exposure group relatvto those
who were not exposed to the ke!
vitamin D variable) is the
parameter estimate that result
after performingCox regression
analyses

4.34 Covariates

Covariatesnveredefined a priori and 6 vectors of variablesre clineated

demographic characteristics, comorbidities, disease history characteristics, facility
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characteristics, functional status markers, and treatment characteiisiesls regardinghe
coding definition and source file for each vareabln bedundin Appendix 3 The choice
of covariatesvasbased on published literature describing predictors of fractures in both the
general and dialysis populatiofor instance, Jadoul and colleagues substantiated that risk
factors for fractures in dialysis fi@nts include female sex, older age, #iack raceand
having a prior kidney transplaft
Demogaphic characteristics

Age, sex, and racdescribé patient demographic characteristicAge at dialysis
initiation, sex, and racaerederived from the USRDS Patient FilPatientsvereassigned
to one of four age categories:-48, 4564, 657 4 ,  @Snyears Old.As themodal group,
patients 6574 years oldverechosen as the reference categd®gveral studies have
documented an increased incidence of hip fracture with increasing age in both the dialysis
and general populatioft: ®

With regards to sex, women have an estimated 64#teyrrisk of hip fracture when
compared to men and black patients have been reported to have a 62% lower risk in
comparison to white patientd.In fact, Mitterbauer and colleagues developed a predictive
model positing thathe independent variables of age and sex sufficiently @rédctures
occurring within 1 year of hemodialysis treatméht.

Black individuals in the general population have been shown to have increased bone
mass in comparison to whitedividualsand SHPT may actually be a causal fattbrThe
increased bone mass may be attributed to changes in the vitamiddorine system

including greater tubular reabsorption of calcium and greater circulating levels of
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1,25(0OH)D.** Possibly in part due to the increased bone mass observed among blacks,
whites have been observed to have the greatest incidence of hip fr&ltures.

Medicaid eligibility at dialysis initiationvascategorized as a binary variable.
Approximately 22% of new dialysis patients are eligible for Medicaid services; with the rate
of eligibility increasing to 32% as the high costsmedical care depletgmtient financial
resources>? It is important to control for Medida eligibility given that systematic
differences have been documented when Medieardlled and nofMedicaid incident
dialysis patients are comparelhcident ESRD patients with Medicaid coverage are
generally younger, female, minority, have functiomaitiations, or are prone to risk factors
associated with adverse health outcomiés.

Comorbidties

The presence of comorbid conditions within the ESRD population presents a major
therapeutic challenge for nephrologists and they must be controlled for because these
conditions independently predict poor patient health outcorfiles.analysesontroled for
the presence of any of the following comorbid conditions or procedures during the baseline
period acute myocardial infarction (M), anemia, autoimmune disQrEonary artery
bypass graft (CABG) performédtent/ percutaneous transluminal comyrengioplasty
(PTCA) placement, cancer, chronic obstructive pulmonary disease (C&#ina, diabetes
mellitus, gastrointestinal bleekdyman immunodeficiency viry$éllV)/ acquired
immunodeficiency syndrome (AIDS), hypertension, hyperthyroidism, ischiegait disease,
liver disease, neurologic disordehesity other heart disorder, peptic ulcer disease,
peripheral vascular disease, pneumonia, psychiatric disorder, pulmonary circulation disorder,

stroke,andsubstance use disorddPatients were categned as having an autoimmune
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disorder at baseline if they had any claim with the diagnoses of inflammatory bowel disease,

psoriasis, lupur rheumatoid arthritis/collagen vascular diseaSasdiovascular

abnormalities, includingschemic heart diseadeypertension, and peripheral vascular

disease, arguably, present the tgstaclinical challenge. Tablglists the diagnostic codes

thatwereused to identify each type of comorbid cortit

Table 7. Diagnostic codes used to identify comorbidities

Diagnosis ICD-9 codes
Acute Ml 410

HIV/AIDS 042-044

Anemia 280.0281.9, 385.9

Autoimmune disorder

Cance?

COPD/Asthma
Diabetes mellitus
Gastrointestinal bleed
Heartrelated procedure

Hypertension

Hyperthyroidism
Ischemic heart disease
Liver disease

Neurologic disorder

564.1, 695.4, 696-696.1, 710, 710.0, 714,
720,725

140-172,1733,1739-175.9 179199, 200
201, 202.6202.3, 202.5€203.01,2329,
2330, 2331, 3383, 7994, 2038, 2386,
2733,30029,78951,79582, V10,V67.2

490496, 505, 506.4
250

578

CABG/stent/PTCA placement

ICD-9 Codes:

00.66, 36.06, 36.07

HCPCS Codes

3351033519 (excluding 33515), 92982,
92985, 92980

401-405 (excluding
40211,402.91,404.11,404.13,404.91,404°9:
242

411-414

070.32,070.33,070.54, 456.0, 456.1456.20,
45621, 5710,5712,5713,5714,5715,
5716,5718,571.9,5723,5728,V42.7

331.9332.0, 333.4, 333.5, 334, 335, 340, 3
345.0, 345.1, 345.4, 345.5, 345.8, 345.9,
348.1, 348.3, 780.3, 784.3
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Table 7. Diagnostic codes used to identify comorbidities

Diagnosis ICD-9 codes
Obese 27800-278.01
Other heart disorder 40211, 402.91, 404.11, 404.13, 404.91,

404.93, 426429,7850,V45.0,V53.3,0932,
7463,7464 7465 7466,V422,V433

Peptic ulcer disease 530.2, 531534, V12.71

Peripheral vascular disease 440443,447.1,557.1,557.9,V43.4
Pneumonia 481-486

Psychatric disorder 295298

Pulmonary circulation disorder 415417

Stroke 434.01, 434.11, 434.91, 43838,V12.54
Substance use disorder 303305

Source:Brookhart, Freburger, et al. paper that is currently under review

2The listediCD-9 codes identify théollowing broad types of cancer€odes 140172= malignant neoplasms o
the lip, oral cavity, pharynx, digestive organs, peritoneum, respiratory organs, intrathoracic organs, bone
articular cartilageCode173.3= malignant neoplasm of skin of otherdamnspecified parts of fac€odes
173.9175.9= malignant neoplasm of the skin (unspecified), female breast and male Qedat 179199
malignant neoplasm of genitourinary organs and other/unspecifiedGitdses200-201= lymphosarcoma,
reticulosarcom, ot her specified malignant t umd&odss?2e2f0 |
2023 nodul ar | ymphoma, myc os i Godes 208.5203.0d-¢ eftererSiwed <
disease, malignant mast cell tumors, peripheral T cell lymphothar lymphomas, other and unspecified
malignant neoplasms of lymphoid and histiocytic tissLrede2329=carcinoma in situ (unspecifiedyode
2330= carcinoma in situ of the brea§tode2331= carcinoma in situ of the cervix ute€@ode3383=

neoplas related painCode7994= cachexiaCode2038= other immunoproliferative neoplasntSode

2386= neoplasms of plasma celfSode273.3= MacroglobulinemiaCode30029=0ther isolated or specific
phobias Code78951= malignant ascitesCode795.82=elevatel cancer antigen 125CodeV10= personal
history of malignant neoplasn©odeV67.2= cancer chemotherapy folleup.

® These codes are excluded from the definition of hypertension because they define hypertensive heart
Because of this, thesecodes e a part of the fAother heart di sc¢

Many of the comorbidities associated with older age are clinically manifested in the
ESRDpopulation™® The frailty, loss of musle mass, inactivity, and other indicators of
physical decline found in ESRD patients but traditionally intrinsic to older patients, may lead
to the 5% to 8% of falls that result in fractuf@s The prevalence of cardiovascular,
pulmonary, gastrointestinal, and other disorders caritrifj to polymorbidity have been

associated with a high incidence of falls and subsequent severe femoral fraétdaste

illnesses like pneumonia have been associated with an increased risk of falls, especially
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among older adults™ **® We controlled for psychiatric disorders because conditions such as
dementia, depression, and schizophrenia have been associated with an increased risk of
fracture®®’

Disease history characteristics

Primary cause of ESRandprior history of parathyroidectomyere controlled for as
disease history characteristics

Each patient 6s pwascategoriged nta o groupsf diaie@®@R D
mellitus, hypertension, glomerulonephritis, and ath@rabetes, hypertension,
glomeaulonephritis and all other causes of ESRD are coded as separate identdfigirssn
found inthe USRDS Patient FileDiabetesservedas the reference category as the most
frequent cause of renal failur@. h e i ot h eaapiuredoatients gviooseyral failure
was caused by polycystic kidney disease or another genetic or urologic disease.

The leading cause of ESRD in the United States is diabetic nephropathy due to type 2
diabetes followed by hypertensidif. The cause of ESRD in administrative claims data
within the USRDS is a reflection of the phys
pat hophysiology of a patientds renal diseasete
administrative forms may not earately represent the true underlying cause of the
progression of renal insufficiendy® Establishing the true cause of ESRD is a difficult
endeavor given the complexity thfe disease. For instance, hypertension is a proven cause
of ESRD but hypertension can be a complication of kidney disease @§%lignant
hypertension can induce renal failure while primary renal diseases may cause
hypertensiont®® Also, the cause of ESRD may be a seriesrof@sses occurring

simultaneously including repeated kidney infection, hypertension, and diabetes nllitus.
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For this patient, compelling a nephrologist to choose oneesinglerlying cause of disease
may |l ead to errors and may simpl ywkilél ect t h
the validity of the cause of ESRD variable meritgtfar research, it has been shown to be a
clinically relevant measurelhe pimary cause of ESRD has been observed to indicate
discrepancies in ESRD mortality ratedsor example, compared to patients without diabetes
as the primary cause of ESRD, diabetes cause of renal failure has been associated with a
higher relative risk of mortality (RR 1.595% CI| 1.361.80;p<0.001)®*
A parathyroidectomy is often the therapeutic modality of last resort among patients
whose SHPT is unable to be managed with pharmaicalogptions?® Because of this,
having had a parathyroidectomy performed provides an important indication of SHPT
severity?® When compared to matched control subjects, a parathyroidgdtochronic
hemodialysis patients has been associated with a 32% lowéorrisip fracture (95% CI
0.540.86; p=0.001) and a 31% lower risk for any fracture (95% CI| @BB;p<0.001)**
Among other pssible mechanisms, a parathyroidectomy can act to lower fracture risks in
three main ways: 1) a parathyroidectomy can mitigate the effects ofurigbver bone
lesions, thereby deaising long term fracture risk by improving bone quality; 2) a
parathyroiéctomy induces a swift uptake of phosphorous and calcium by the skeleton which
may have a protective effect on fractures; and 3) a parathyroidectomy may lower fracture risk
byimprovhg a pati ent6s bone st'f EableBddscrizentde bone m

diagnostic and procedural codes tiwateused to identfy parathyroidectomies.
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Table 8. Diagnostic and procedural codes used to identify parathyroidectomies

Diagnosis or procedure description ICD-9 or CPT code
Complete parathyroidectomy 6.81 (ICD9)

Other parathyroidectomy 6.89 (ICD9)
Parathyroidetomy or exploration of 60500 (CPT)
parathyroid(s)

Parathyroidectomy or exploration of 60502 (CPT)

parathyroid(s); reexploration

Parathyroidectomy or exploration of 60505 (CPT)
parathyroid(s); with mediastinal exploration
sternal split or transthoracic approach

Yost Engineering, Inc.: Epicoder. http://healthcare.yostengineering.com/epicoder. Acce
November 15 2011

Facility characteristics
Data regarding alllialysis facilitieswerederived from the USRDS Facility File and
measured during the badise period. The analysisontrolled forthe following facility-level
covariates: profit status, practice setting, chain affiliation, size, and region.
Facilitieswerecategorized into two groups based on prsifttus: forprofit and not
for-profit. There is conflicting evidence regarding the potential effect of facility profit status
on patient outcomedNumerous studies have been conducted under the hypothesis-that for
profit dialysis facilities put their patients at risk because they may have aoreico
incentive to use fewer resourc&8.For instanceDevereauxand colleaguesoncluded that
private forprofit dialysis centers were associated with an increased risk of death (RR 1.08;
95% Cl, 1.041.13;p<0.001)**® Contrarly, Frankenfield et al. found that facility profit
status did not have an effect on intermediate outcomes like hematocrit levels and Brooks and

colleagues found no relationship between dialysis center profit status and patient Strvival.
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164 Although the evidence may be conflictingwiasimportant to control for the potential
impact of facility profitstatus on patient outcomes.

Facility practice settingvascategorized ageestanding or hospitdlased facilies.
Hospitatbased facilities are located within or are associated with a hospital while
freestanding facilities function independently of hospit@dlkhough providing a greater
variety of dialysis services compared to fetanding facilities, hospitdased dialysis
facilities tend to be less efficient providers of care given the complex salary and benefit
structures associated with hospit&fs.

According to the USRDS, a chain is defined as a corporation operating 20 or more
dialysisfacilities in two or more statéd’ The exact number of chains in the USRDS
database can thus vary annually with the addition of new facilities and due to chain mergers
and acquisitionsEach patientvascategorized into one of the top six largest dialysis chains
during the study periodThe top3 largest chaingveredetermined based on the number of
dialysis facilities affiliated with eacthain Compared to smaller chains and independent
facilities, larger dialysis chains may benefit from lower costs due to eteamf scale.

Dialysis chains may also differ in the quality of care provided to patients, their use of inputs
(e.g., number of staff and available dialysis machines), patéesg mix if one chain tends to
treat sicker patients, and chains may diffenriganizational maturation (learning by doing
effects)'®® Facilities were categorized into three groups of small, medium and large based on
the number of patients eafdcility served.

Facilities in the | owest quartile after

considered small (18 or fewer patients), facilities in the highest quartile of patient volume (44

or more patients) were considered large, and fi&slin between serving 343 patients were
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considered medium. Compared to hemodialysis patients in smaller facilities, patients in
larger dialysis facilitiegsre mordikely black, elderly, dialysis patients for greater than 2
years, and more likely to f1@ adequacy measures (e.g., urea reduction ratio) perfdffned.
Both large and small facilityize have also been associated with negative health outcomes,
however. Adherence to hemodialysis regimens are vital to patient health with skipping
dialysis sessions associated with higher hospitalization rates and greater phosphafé levels.
Small dialysis units, defined in one study as less than 30 patientsit, have been found to
generally have higher patient mortality rates compared to larger facilities, suggesting that
small dialysis providers may cater to a disproportionate number of high risk p&tfents.
Fourgeographical regions (Northeast, Midwesiu®, and West) of the USere
delineated baseddnh e | ocati on of each QeasusiBereat 6 s di al y

Regions and Divisios'®°

Differential rates of fracturedve been observed to vary by
fracture type and geographical regidtip fracture rates are generally higher in the southern
portion of the US and lower in the notth!’® The reason for the observed regional
differences in fracture rates remains unclear but some suggested hypotheses include risk
factors that are more prevalent in the soutien compared tthe north. Some hypotheses
include geographical variatiomsthe presence of nutritional deficiencies, lgght exposure,
dietary fluoride consumptiomnd factors like poverty and rural location that are strongly
associated with diét’

TheNortheast regiogonsistedf theNew England and Midtlantic states of
Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania,

Rhode Island, and Vermonthe Mid-West region consisted of lllingj Indiana, lowa,

Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota and
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Wisconsin.The Southen regionconsistedf Alabama, Arkansaf)elaware, the District of
Columbia,Florida, Georgia, Kentucky, Louisiandaryland,Mississippi, North Carolina,
OklahomaSouth Carolina, Tennessdexas,Virginia, and West Virginia The Western
region consisted dklaska,Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada,
New Mexico, OklahomaDregon,Texas Utah, Washingtomnd Wyoming.
Functional status markers

The analysisiccountedor the presence of a personal assistaitas a mar&r of
functional status.Table9 details the procedural codes used to identify claims for
wheelchairs, walkers/canes, and modified bathr@quipment including claims for
replacement parts for all three technologiBatients with any claim during the baseline
period for any of the three personal assistance technolwgies o ded as fA106 f or

binary variable

Table 9. Procedurd codes used to identify personal assistance aids

Personal assistance aid Healthcare Common Procedure Coding
System (HCPCS) codes

Use of wheelchair E0950i E1228, E1230, E1240E1298

Use of walker/cane E0130, E0135, E0140, E0141, E0143, EO014

E0147, ©148, E0149, E0105, E0100
Use of modified bathroom equipment E0240i E0248

A study of 4,952 dialysis patients within the USRDS found an independent
association between the inability to ambulate and the relative risk of hip fracture (RR 1.84
95% C1 1.163.06p=0.019) but this relationship was not statisticaigyhgicant in age,
gender, and race adjusted analy2&sThe ability to transfer was independently associated
with an increased risk of hip fractures (BHR3.0, 95% CI = 1.27.2) in a study of community

dwelling, disabled, older adults
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Treatment characteristics

Thepresence of a fistulasincluded asatreatment characteristicComplications
arising from vascular access issues are a leading cause of the morbidity observed in dialysis
patients:’? The vascular access variablecountedor whether a dialysis patient had an
arteriovenous fistula (hereafter fistula) placed duringl®8@daybaseline periodThe three
primary forms of vascular access are the native arteriovenous fistula, arteriovenous fistula

graft and centralein cathetet’?

The pesence of a fistulwasassessed using the
Institutional Claims File and the HCPC8des in Tabld.0 below.

Table 10. Procedural codes used to identify fistula creation

Fistula creation Healthcare Common
Procedure Coding System
(HCPCS) codes

Arteriovenous anastomosis, open; by upper arm ceph; 36818
vein transposition

Arteriovenous anastomosis, open; by upper arm basil 36819
vein transposition

Arteriovenous anastomosis, open; by forearm vein 36820
transposition

Arteriovenous anastomosis, opeirgedt, any site (e.g., 36821
Cimino type) (separate procedure)

Creation of arteriovenous fistula by other than direct 36825
arteriovenous anastomosis (separate procedure);
autogenous graft

Creation of arteriovenous fistula by other than direct 36830
arteriovemmus anastomosis (separate procedure);

nonautogenous graft (e.g., biological collagen,

thermoplastic graft)

Vascular access important because early fistula placement is indicative of early
nephrology careEarly nephrology care has in turn besociated with better management

of comorbid conditions and adequate treatment of disturbances likebaesea anemit>
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In comparison to other access types, catheter use is least favorable and has been associated
with an increased risk of central venous stenosis, thrombosis, inadequate dialysis, and
infections like bacteremia, osteomyelitis, and endocarditiémong prevalent dialysis

patients in Georgia, North Carolina and South Carolina, the adjusted odds of mortality were
greater among patients dialyzed with a catheter compared to those dialyzed with a fistula
(OR 1.4; 95% CI 1.11.9)}"* Fistula use, thepreferred access type, compared to grafts, have

a higher patency rate, lower rate of infection, and lower'¢dst.

4.4 Statistical analyses by aims

This section begins with a description of the statistical anathstwasused to
create the casadjusted vitamin D ecological variables introduced in the previous se&ion.
description of all statical analyssused by study aim followsAll statistical analysewere

performed using SAS version2dSAS Institute, Inc., Cary, NC).

4.4.1 Analyses used to creatasemix adjustedneasures of vitamin D exposure

Mixed-effects modelsvere used t@reate the two casmixed adjusted key vitamin D
exposure variables. The general equation of the rexiedts modeWas

Vi =% t3X + (ug + ey)

In this equationi indicates the patiedevel units of observatign indicates the
facility-level units of observation, and thebscript O indicates a constaatmfor the
corresponding units”> The within facility correlation among the patidavel units is

indicated by g, the random effect.
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To estimate the casuix adjusted proportion of vitamin D es within each facility,
we useda mixedeffect logisticregression model, an advantageous method when attempting
to account forandom variation.The outcome of the mixeeffectlogistic regression model
wasa dichotomous variable indicatinghether eda patient received any dose of vitamin D
during thel80-daybaseline periofyes/ng. The modebdjustedor age(18-44, 4564, 65
74, and O, seh racgehite; dackpandiotherand primary cause of ESRD
(diabetes mellitus, hypertension, glomerulonephritis, and odisdixed effects. Indicators
foreach pat i weneindusled isarandom fekttsy

The casanix adjusted proportion of vitamin D users at a facility (i.e., the percentage
of patients at a facility prescribed vitamin Wasmodeled as a normally distributemhdom
interceptthat representetthe expectedevel of vitamin D treatmerdt each facility.In other
words, an interceptasgenerated for each facility and that interoeguresentethe facility-
specific vitamin D prescribing rate (the facitigpecific casemix adjusted proportion of
vitamin D use) The distributions of tl variables were graphed and tioerelation between
thenon-casemix and casenix adjusted variables measuring the proportion of vitamin D
users within each facilitwereassessedsing a Pearson correlation coefficiéappendix 5.
The distribution ovalues for the intercept produced from the miedfeicts logistic
regression model prior to additional adjustment is depicted in App&ndike number of
patients in a facility with each casgix adjusted measure of vitamin D exposure was
graphed (Appensd 6).

To estimate the casaix adjustecaverage vitamin D dose per patient in each fagility
we useda mixedeffect linear regression moderhe outcome of thimixed-effect linear

regressionmodetase ach pati ent s aver algedaybaselinemi n
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period. The modebdjustedor age, sex, race, and primary cause of ESRD as fixed effects.
|l ndi cators f or wemiochudegpastandemedffécts. f aci | ity

The casamnix adjustedaverage vitamin D dose per patient in each faciag
modeled as a normally distributed random interceptrapresentethe expectedgverage
vitamin D doseper patientat each facilityduring thel80-daybaseline periodin other
words, an interceptasgenerated for each facility and that interceguresentedhe facility-
specific vitamin Ddosageatefor each patientThe distributions of the variables were
graphed and the correlation between the-cesemix and casenix adjusted variables
measuring thaverage vitamin D dose per patienthin eachfacility were assessed using a
Pearson correlation coefficiefhppendix 5.

A detailed description of all case mix ct
section. Specifically, bothmodek adjusedfor age, sex, raceMedicaid eligibility, the
presence of various comorbiditiesteriosclerosis heart diseasancer, cardiac
dysrhythmia, erelrovascular accident/TIA, COPDoggestive heart failure, diabetes,
gastrontestinal bleeding, HIV/AIDS, hypertension, liver diseagbeocardiac disosts, and
peripheral vascular diseasejinpary cause oESRD, pior history of parathyroidectomy,
facility characteistics (profit status, practice setting, chain affiliation, size and regisa)oti
personal asstance aids, the presence distula, and calendayear.
4.4.2 Aim1

This section presents an overview of all statistical analyses to be used for Aim 1.

Aim 1: To describepatient-level, facility-level and statelevel trends in the use and

dosage of three vitamin D analogs among prevalent hamdialysis patients.
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Descriptive statistics, stratified by yeaitamin D use, andveragevitamin D dose
werepresented for each major demographic characteristic (e.g.aageand sex) Annual
percentages of patients treated wilamin Dwerechartel. The monthly and yearly
percentage of patientseited withvitamin Dwastabulated bykeybaseline covariates
includingage, race, seand primary cause of ESRD.

Average vitamin D dose peatientat baseline wasstimated by dividing the total
doseadnministeredio each patient by the total number of eligip&ients. For the purposes
of this analysis, wécused onlyon outpatient days at risk. Since we focused on facility
practice patterns and to account for missing information during hospitatigatnpatient
hospital daysveresubtracted from total days at risk for each calendar marttke.average
annual vitamin Ddose per users of each formulation wewenputed for alstudy years.
Facility vitamin D formulation preference by year was tatadand the results are presented
in Appendix4. Geographical trends in vitamin D useredescribed using the SARR®C
GMAP feature to depict th@veragevitamin D dose administered per patipst yeamt the
state level. The PROC GMAP feature allows SASers to graph two or three dimensional

color maps by combining map and response Hata.

443 Aim 2

This section describes the hypotheses for Aim 2, presents an overview of the main
statistical approach useahd explains the statistical analyses thateused to examinthe
association between vitamin D exposure and fracture risk.

Aim 2: To investigate the association between vitamin D exposure and fracture risk by

fracture type and among relevant subgroups among incident hemodialysis patients.

103



Null Hypotheses

H1o: There is no association between the-nasemix proportion of vitamin D users within
a dilysis facility and fracture risk.

H2,: There is no association between the g@apeadjusted proportion of vitamin D users
within a dialysis facility and fracture risk.

H3,: There is no association between the-nasemix average vitamin D dose per patie
within a dialysis facility and fracture risk.

H4,: There is no association between the gapeadjusted average vitamin D dose per
patient within a dialysis facility and fracture risk.

H5¢: There is no association between high easeadjusted averagatamin D doses per
patient at the faciliyevel (the 75th percentile) and fracture risk.

Alternative Hypotheses

H1,: The noncasemix adjusted proportion of vitamin D users within a dialysis facifity
negatively associated wifracture risk.

H2,: Thecasemix adjusted proportion of vitamin D users within a dialysis facility is
negatively associated with fracture risk.

H3.: The noncasemix adjusted average vitamin D dose within a dialysis faagity
negatively associated withacture risk.

H4,: Thecasemix adjusted average vitamin D dose within a dialysis fadsityegatively
associated witlfracture risk.

H5,: High casemix adjusted average vitamin D doses per patient at the fdeNigy (the

75" percentile) are negatively associated withtfiee risk.
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The absolutastandardized difference was used to compare baseline characteristics
between vitamin D users and nreitlamin D users. Significant imbalance of baseline
characteristics between groups was indicated by an absolute standardizedaf{&SD)
greater than 18 Descriptive statistics were used to describe patearl demographic and
clinical characteristics bguartiles of the casmix adjusted proportion of vitamin D users
measurdAppendces 7 and B8
Assessindracture risk

Cox poportional hazards modelingasused to assess the independesiociation of
each vitamin Brelated predictoandfracture riskfor fracture type and for any fracture.
Separate cox proportional hazarmedelswereconstructed to assess the association of-each
vitamin D exposure with fracture rigky subgroups oige € 6 5 v e b yearssold)Osex6
and racelglackversus norblacK (Appendix ). Thedependent variable for all the Cox
proportional hazals modelsvastime to first fracture. Thgeneral form of the regression

equationusedwas

hqt = hg t + exp(} , demographiccharactertistics Xxq + } , comorbidities X +
} 5 diseasehistory characteristics xq + } , facility characteristics xq +

} ¢ functional statusmarker xg + } , treament history characteristics xq + G )

where i=individual observation, x=covariate, t=time, k=number of covaffate

The Cox proportional hazards model, also known as Cox regression, is a
semiparametric model that is among the most widely used methausiltorariablesurvival
analysis. It has several advantages in conigam to other approaches including its

predecessor, the parametric mod&lForemost, Cox regression does not require information
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regarding theinderlying distribution of survival times such that the same regression model
can be used to analyze standard gamma, Weibuihdogpal or any of a range of survival
distributions'”® Secondly, the model alles for the inclusion of timearying factors within

the regressioh’> Moreover, as the name indicates, the hazard function for any two
individuals is assumed to be constant, allowing the investigator tca¢stimacessary
parameters without the need to specify a baseline hazard fuhCtion.

The Bron methodwvasused to handle ties. Ties are defined as instances where two
or more patients have the same study tialee’’ Like the Breslow and Exact method, the
Efron method assesses the true time ordering of patients with equal study tifies.

Efron method differs int$ use of a numeric approximation to simply derive an estimate
rather than assuming ties occurred sequentially or considering all possible ortiérings.
The proportional hazards assumption was verified usiagblmogorovtype supremum
tests based on 1,000 simulatigAppendix10).

KaplanMeier methods were used terietime to fracture curvedepicting
interaction betweerace and vitamin D user stat{fppendix11), sex and vitamin D user
statug(Appendx 12), andage and vitamin D user stat{fppendix B) attheindividuak
level. Moreover, it is extremely important to correct for autocorrelated data within a Cox
regression.The Cox regression model assumes that independent observations, and,
therefoe, data from the same ungatientlevel data from individuals grouped within
facilities) violates this assumption and engenders several major consequsintbesfirst
level is patientime data, nested in the patients who in turn are nested withysidia

providers at the third level (Figug.'®°
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Patient-time refers to the very common repeated measures issue found in longitudinal
data where outcome values measured repeatedly over time within the same patient will likely
be correlated® A practical example of this phenomenon can be seen in@gtpostest
experiment where the ptest and postest data are very mucbrcelated because they are
being collected from the same individual. With regards toah@édysis a pati ent 6s |
of experiencing an initial fracture is |ikel

likelihood of experiencing a second fra at a later point in time.

Figure 8. Levels of analysis when studying ESRD population
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These {fipatioents s ues paiendevehchasatteristics that have an
influence on the outcome of interes$t this caseindividuallevelfactors such as patient

frailty, demographic characteristics, and disease history, for instance, all impact that
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particular patient s | i Radentsthen regularty itterelx per i enc
dialysis facilities. Characteristics assocgat with the dialysis provider such as their profit
status, number of patients served, and geographic locatititionallyinteract with these
patientlevel characteristce n predi cting oneds | i klgtheshood of
auto-correlateddataissueswithin a Coc proportional hazards model agmored, tests of
statistical significance may be inaccurate as standard errors would be biased downward while
test statistics produced by the model would be biased upg\Ward.
In orderto avoid theeffect of possible clusteringve useda robust sandwich estimate
of the covariance matri¥? Separatenodelswereconstructed to independently model the
association between eagteasure of vitamin D exposuaedfracture risk Each fracture
typewasa separate outcome
Results fronCox regression modeisereexpressed as hazard ratios (HR) with their
corresponding 95% confidence intervals (C}atistical significancevasassigned top

values less than 0.05.

4.5 Sensitivity Analyses

To determine the robustness of our resgksisitivity analysewereperformed to
assess the effect varyingthe value of certain key parameteFremost, wassessed
results after varying the length of the study period from January- @004 to dnuary
2000 December 2008Appendix16). Secondly for the fractureelated outcomes of Airg,
the effect of varying the length of thaseline periodvasexamined.We reviewed the length
of the exposure period among observational studies investigaéragsociation between 1V

vitamin D and outcomes among hemodialysis patients (Appd®lixThis provided the
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rationale for comparingemographic and clinical characteristics by facility quartile of the
casemix adjusted proportion of vitamin D users (Agnglices 2-21). We also assesselaket
association between IV vitamin &posureand fracture risk when the length of the baseline

period has been changed to 30 days, 90 days, and 365 days, resp@gipehdk 22).
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CHAPTER V

STUDY 1 RESULTS: TRENDS AND VARIATIONS IN INTRAVENOUS VITAMIN D

USE AMONG HEMODIALYSIS PATIENTS IN THE UNITED STATES
5.1 Overview

Injectable vitamin D agents are commouoBed to manage secondary
hyperparathyroidism in dialysis patientget, therearelittle data documenting the trends
and geographic variations in the use of these agefdey|, representative sampléd/e
sought tadescribe patterns and variationghe use of vitamin D formulations (calcitriol,
paricalcitol, doxercalciferol) in hemodialysis patieM& studied patients in the United
States Renal Data System (USRDS) between January1999 and December 2008 with
Medicare as a primary payénnual percetages of patients treated with each type of
formulation were tabulated by race, sard age at dialysis initiationfhe geographical
distribution of vitamin D dose per patient was mapped at the state latr@lvenous vitamin
D use has increased shagrfriom 1999 to 2008 with 83.9% of patients treated with any
vitamin D formulation in 2008.The wse of calcitriol has declined since 1999, going from

being administered in 58.6% of patients in 1999 to 1.8% in 2008.

This chapter presents the results in manuscript form for Aimverview introduction,

methods, results and discussion of the studpereided This dudy sought to describe patient
level, facility-level, and statéevel trends in the use and dosage of three vitamin D anlayogs
relevant patient subgroupStudy 1 was published in the joatrRenal Failure in 2(L

(Beaubrun AC, Brookhart MA, Sleath B, Wang L, Kshirsagar AV. Trends and Variations in
Intravenous Vitamin D Use among Hemodialysis Patients in the United States. Renal Failure.
2013;35(1):18).



Paricalcitol was found to be the overwméigly preferred formiation during the study

years. In 2008, the average dose among black patients was 84% greater than among white
patients (136 mcg versus 73.6 mcddigher doses of vitamin D were administered to

patients in the southern region of gwuntry. Vitamin D use has increased and parallels the
rise in use of paricalcitol and doxercalcifer@iven the variations in use and known
pharmacologic differences in vitamin D formulations, future research should focus on

whether the formulationsfterentially affect patient outcomes.

5.2 Introduction

Secondary hyperparathyroidism (SHPGharacterized by elevated parathyroid
hormone (PTH) levels, is a common complication found in hemodigigsients SHPT
induced changes in bone histology coupled with increased serum phmsphand calcium
levels, have all beemiplicated as factors partially responsible forititeased morbidity
and mortality observed in hemodialysis patients in comparison to individuals in the general
population®® The suppression of PTH levels through activated vitamihePapy has been
central to the treatment of SHPT in the dialysis populdti¥itamin D therapy helps to
maintain appropriate mineral nadélism, prevents bone disease, and minimizes loss of bone
strength and fracturé8. Additionally, treatments for SHPT aim to prevent the numgrou
extraskeletal complications that may be associated with the high cardiovascular morbidity

observed in endtage renalidease (ESRD).
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Currently there are three commonly scabed intravenous (1V) vitamin D therapies:
cal ci t r-dihgdroxyyitaniinD2; Balcijex, Abbott Laboratories, North Chicago, IL,
USA), paricalcitol (19nor-1 U ,-dthgdroxyvitamin D2; Zemplar, Abbott Laboratories) and
d o x er c al -bhydroxgitamih D2( Hediorol, Genzyme)There have been several
studies describingatientlevel predictors of vitamin D use in the dialysis populafibfi*
These studies have found that dialysis patients administeredrvitaare generally
younger, more likely to be black, and were more likely to have a fistula o Yytdétweve,
to date, studies reporting temporal trends in the use of IV vitamin D formulations have been
conducted using small sample sizes and none have graphically depicted geographic patterns
of vitamin D use'®

In the present study, we address this gap in the literature. Using data on US
hemodi al ysis patients in Juaylcl®99aOectntDbé&dD pr o
31, 2008, we report patterns in 1V vitamin Dsthg and formulation choice over time and

across geographic regions.

5.3 Methods

5.3.1 Data souce

Data were extracted from the Unitecites Renal Data System (USRDShe
USRDS contains detailed demographic and treatment information including¢hef da
dialysis initiation for all patients beginning renal replacement therAgyMedicare Part A
and B claims are also included within the USRDS dataset, including diagnosis and procedure

codes for inpatient and outpatient visits.
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5.3.2 Study desigrand patient population

The study cohort consisted of prevalent hemodialysis patients of all ages between
January 1, 1999 and December 31, 20P8tients were required to have Medicare as a
primary payer for the dation of the followup period. Patiens were eligible if hemodialysis
was their initial mode of renal replacement therapy and no adjustments were made to account
for any later switches in treatment modality.

5.3.3 Patterns of vitamin D use assessment

Medicare Part A outpatient revenue filesre used to identify IV vitamin D
administered to hemodialysis patienk$ealthcare Common procedure Coding System
(HCPCS J codes were uddo identify vitamin D claims Calcitriol use was identified using
HCPCS codes J0635 (1mcg) and JO636 (0.1mthe codes J2500 (5mcg) and J2501
(Imcg) were used to identify paricalcitol and J1270 (1mcg) identified doxercalciferol use.
The mean annual vitamin D dose of each formulation per patient was computed for
all study years for all patients and by raéepatient was defined as a vitamin D user during
each study year if they were administered any dose of any of the three formulations.
Variations in IV vitamin D use were assessed according to the annual percentage of patients
treated with any vitamin D formation by race, sex and age at dialysis initiation (<1834.,8
3544,4554,556 4, @®@% k. was classified as fAwhiteodo or
To obtain the total and mean annual doses of vitamin D administered to each patient,
annual doses of paricalcitol and @osalciferol administered to each patient were converted
to calcitriokequivalent doses according to conversion ratios debyest.Peter and
colleagues. (4.6:1 for pasitzitol:calcitriol and 3.1:1 for doxercalciferol:calcitrid).Since

the administration of vitamin D to hemodialysis patients may not be accurately captured
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durnng hospital stays, annual vitamin D daduring the total number of outpatient days
during the year was tabulate@he number of hospitalization days per year per patient
remained constant from 1999 to 2008 and, therefore, restricting our exposuregenbd
outpatient days should not impact our results.

5.34 Statistical analyses

All statistical analyses wegerformed using SAS version 92AS Institute, Inc.,
Cary, NC). Descriptive statistics were used to tabulate the percentage of vitamarpes
year by subgroup, total, and mean annual doses of vitam@ebgraphical trends in vitamin
D were described using the SAS PROC GMAP option to depict the mean vitamin D dose
administereger patient at the state levdlhe PROC GMAP feature all@SAS users to
graph two or three dimensional color maps by combining map and respon$& data.
Geographicatrends were presented among the whole eligible patient populatiacks
and whites and also among only black patients to elucidate any racial influences on
geographical variations in annual vitamin D dose per patient.

This study was exempt from reww by the University of North Carolina at Chapel

Hill Institutional Review Board.

5.4 Results

Table 11 describes the baseline characteristics of the prevalent hemodialysis cohort in
years 1992008. The study population consisted of 225,022 patien1®89 and 315,608
patients in 2008 The mean patient age was consistently 59 years old (SD=17) throughout
the 10year study period. There were 52.0% males in 1999, increasing to 54.3% in 2008.

The percentage of white and black patients remained corisisteng the 10 year study
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period at approxintaly 57% and 37%, respectivel{piabetes as the primary cause of renal
failure increased from 41.1% of the study population in 1999 to 44.7% in 2008 while
glomerulonephritis as the primary cause of renal faitiecreased from 14.1% of patierds t
11.4%. Approximately 29% of all patients reported hypertensiothagprimary cause of
renal failure in all study years.

Table 11.Baseline characteristics of patients between 199908

Cause of ESRD

Year N Mean Male White Black Hypertension Diabetes GN°
Age® (%) (%) (%) (%) (%) (%)
(SD)
1099 225022 59.0 520 565 378 29.9 411 141
2000 235,917 So1)  s22 567 376 295 417 138
2001 250,940 (5197.50) 523 57.0 372 294 425 133
2002 268,680 é197.éo) 528 574 369 294 429 130
2003 278,938 é197.éo) 530 573 369 294 434 126
2004 291,255 5519%9) 534 572 369 295 437 123
2005 301,534 5(519%9) 537 572 367 294 441 121
2006 304,273 5(519(?219) 539 571 369 293 444 118
2007 307,919 élgé'zg) 542 570 370 29.2 445 116
2008 315,608 %Zi: 543 570 370 29.2 447 114

®Age at dialysis initiation
PPrimary or secondary glomerulonephritis

Figure9 depicts the annual percentage of pati¢m@atedwith each vitamin D
formulation from January 1999 to December 20D8vitamin D use has increased sharply
from 1999 to 2008 with 58.6% of patients treated with any vitamin D formulation in 1999 to

approximately 84% treateslith any vitamin D formiationin 2008. The use of calcitriol has
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declined since 1999, going from being administered in 58.6% of patients in 1999 to 1.8% in
2008. Paricalcitol was the overvefmingly preferred formulationBetwesn 2000 and 2008,

the annual percentage of pateatiministered paricalcitol increased from 35.6% to 66.3%.
Paricalcitol use peaked at 65.2% of patients in 2003, declined slightly to 59.7% of patients,
then again increased to 66.3% in 20@8xercalcifeol use in the hemodialysis cohort began

in 2002 wth 10% of patients administered the drug, steadily increased to a peak of 28.8% of
patients treated with doxercalciferol in 2006 and has begun to slightly decline to 23.7% of

patients treated in 2008.

Figure 9. Annual percentage of patientsreated with intravenous vitamin D by
formulation
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The annual percentage of patients treated with vitanby Bce is presented in
FigurelO. In 1999, approximately 26% of the total patient population was black vitamin D
users while 29% of vitamin D users wavhite. Both the percentage of white and black
vitamin D users increased steadily from 1999 to 2088proximately 34% of the prevalent
patient population was black vitamin D users in 2008 and the percentage of white vitamin D

users increased to 45%.

Figure 10. Annual percentage ofintravenous vitamin D users by race
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Racial variations in vitamin D dose are shown in Tdleln 1999, when calcitriol
was the only IV formulation administered, white patients received an average dose of 47.7
mcg while black patients received approximately 46% more vitamin D at an average dose of

70 mcg. Black patients were administered nearlydsvas much vitamin D than white
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patients annually between 2000 and 20062007, black patients received 88% more
vitamin D than white patients (average dose 129.7 mcg for blacks versus 69.1 mcg for whites)
and in 2008, black patients received 84% matawn D than white patients (average dose

136 mcg versus 73.6 mcg).

Table 12. Mean annual IV vitamin D dose
(mcg) admiistered per patient by race

Year Race

White Black
1999 47.7 69.6
2000 45.1 92.8
2001 530 104.3
2002 59.0 117.7
2003 51.9 1130
2004 55.6 117.9
2005 61.1 121.4
2006 65.9 127.9
2007 69.1 129.7
2008 73.6 1360

Figurell depicts the annual percentage of patients administered vitamin D by sex.
Approximately 30% percent of all patients were male vitamin D users in 1829008,

about 45% of all patients were male vitamin D users.
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Figure 11. Annual percentage of intravenais vitamin D users by sex
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Approximately 1% of all patients were vitamin D users under 18 years old and this
remained constant between 1999 and 208&8roximately 5% of all patients and 7% were
between 18 and 34 years old in 1999 and 2008, respgctikpproximately 12% of patients
were vitamin D users between 55 and 64 years old in 1999 and increased to 18% in 2008
while approximately 25% of patients were vitamin D users at least 65 years old in 1999,
increasing to 33% in 2008.

Annual trends inite mean dose administered of each vitamin D formulation among
the users of that respective formulateme listed in Tablé3. The average annual calcitriol
dose per calcitriol user has declined over the past decade, reflecting the decreased
administratio of the formulation.In 1999,0n average, 94.9 mcg (SD=3,458) of calcitriol
was administered per calcitriol user. In 2008, the average calcitriol dose per calcitriol user
was 69.8 mcg (SD=87.6With regards to paricalcitol, the average annual dose per

paricalcitol user increased from 7.97 mcg (SD=4.49) in 1999 to 105 mcg (SD=118) in 2008.
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The average annual dose of doxercalciferol per doxercalciferol user also increased steadily

from 1999 to 2008.

Table 13.Mean annual 1V vitamin D dose (mcg) administeed per patient by
formulation

Calcitriol Paricalcitol Doxercalciferol
Year Mean Dose (SD Mean Dose (SD! Mean Dose (SD!
1999 94.9 (3,458) 7.8(4.49) 0.0 (0.0)
2000 74.8 (320.3) 79.5 (431) 0.0 (0.0)
2001 70.6 (216.0) 99.4 (389) 0.0 (0.1)
2002 74.3 (150.3) 1080 (552) 6.3 (42.9)
2003 81.2 (1,802) 90.6 (144) 8.4 (32.1)
2004 72.6 (146.1) 91.6 (124.8) 89.3 (158)
2005 73.4 (93.2) 95.8 (195) 95.5 (85.7)
2006 78.4 (92.7) 97.0 (110) 1030 (137)
2007 78.2 (972) 96.6 (103) 107.0(120)
2008 69.8 (87.6) 1050(118) 1120(111)

Geographical trends in the average annual dose of vitamin D administered per patient
among all eligible patientre depicted ifrigure 12 In 1999, only 7 states had a mean
annual dose of vitamin D per patient greater than 60mcg (South Dakota, Minnesota, lowa,
Kentucky, Delaware, Mississippi, and South Carolina) with patients administered the highest
vitamin D dosesn South Dakat and KentuckyIn contrast, 18 states had an average annual
vitamin D dose per patient greater than 60mcg in 2000 with 4 of the 6 states with average
doses between 80mcg and 100mcg clustered in the south (Louisiana, Mississippi, Alabama
ard South Carolia). The highest doses of vitamin D per patient were administered in
California, northeast, and southern region of the country in 2002. In 2002, Delaware, South
Carolina, Mississippi and Kansas had an average annual vitamin D dose per patient greater
than100mcg. In 2008, 14 states had a mean yearly vitamin D dose per patient greater than
100 mcg (Connecticut, New Jersey, Delasyaaryland, Virginia, North Carolina, South

Carolina, Tennessee, Georgia, Alabama, Mississippi, Louisiana, Texas, and lllixgise
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13 depicts geographical trends in the average annual vitamin D dose per patient among only
black patientsWhen the population was restricted to only black patients, in 2008, only 5
states (Idaho, Montana, Utah, Colorado, and South Dakota) lacege annual vitamin D

dose per patient less than 100 mcg.
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