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Impact of Race on Hyperparathyroidism, Mineral
Disarrays, Administered Vitamin D Mimetic, and
Survival in Hemodialysis Patients

Kamyar Kalantar-Zadeh,"*** Jessica E Miller,"* Csaba P Kovesdy,®> Rajnish Mehrotra,*?

Lilia R Lukowsky,'* Elani Streja,"* Joni Ricks,"* Jennie Jing,'* Allen R Nissenson,*¢

Sander Greenland,* and Keith C Norris®’

"Harold Simmons Center for Chronic Disease Research and Epidemiology, Los Angeles Biomedical Research Institute at Harbor-UCLA
Medical Center, Torrance, CA, USA

2Division of Nephrology and Hypertension, Los Angeles Biomedical Research Institute at Harbor-UCLA Medical Center,
Torrance, CA, USA

3UCLA David Geffen School of Medicine, UCLA School of Public Health, Los Angeles, CA, USA
“Department of Epidemiology, UCLA School of Public Health, Los Angeles, CA, USA

*Division of Nephrology, Salem Veterans Administration Medical Center, Salem, VA, USA
SDaVita Inc. El Segundo, CA, USA

’Department of Medicine, Charles Drew University, Los Angeles, CA, USA

ABSTRACT

Blacks have high rates of chronic kidney disease, are overrepresented among the US dialysis patients, have higher parathyroid hormone
levels, but greater survival compared to nonblacks. We hypothesized that mineral and bone disorders (MBDs) have a bearing on survival
advantages of black hemodialysis patients. In 139,328 thrice-weekly treated hemodialysis patients, including 32% blacks, in a large
dialysis organization, where most laboratory values were measured monthly for up to 60 months (July 2001 to June 2006), we examined
differences across races in measures of MBDs and survival predictabilities of these markers and administered the active vitamin D
medication paricalcitol. Across each age increment, blacks had higher serum calcium and parathyroid hormone (PTH) levels and almost
the same serum phosphorus and alkaline phosphatase levels and were more likely to receive injectable active vitamin D in the dialysis
clinic, mostly paricalcitol, at higher doses than nonblacks. Racial differences existed in mortality predictabilities of different ranges of
serum calcium, phosphorus, and PTH but not alkaline phosphatase. Blacks who received the highest dose of paricalcitol (>10 pwg/week)
had a demonstrable survival advantage over nonblacks (case-mix-adjusted death hazard ratio = 0.87, 95% confidence level 0.83-0.91)
compared with those who received lower doses (<10 wg/week) or no active vitamin D. Hence, in black hemodialysis patients,
hyperparathyroidism and hypercalcemia are more prevalent than in nonblacks, whereas hyperphosphatemia or hyperphosphatasemia
are not. Survival advantages of blacks appear restricted to those receiving higher doses of active vitamin D. Examining the effect of MBD
modulation on racial survival disparities of hemodialysis patients is warranted. © 2010 American Society for Bone and Mineral Research.

KEY WORDS: MINERALS; HYPOCALCEMIA; RACIAL DISPARITIES; MINERAL AND BONE DISORDERS; CHRONIC KIDNEY DISEASE; PARICALCITOL

Introduction patient rates in the African-American population continued to be
3.6 times greater than among non-Hispanic whites.*’ Notwith-
standing the public health implications of the CKD racial
disparities, there are some encouraging facts pertaining to race.

Whereas some two-thirds of all US dialysis patients die within

In the United States, chronic kidney disease (CKD) is common
and associated with major racial disparities." Approximately
one-third of the 400,000 US dialysis patients are African

Americans, even though they comprise 14% of the US general
population. The racial discrepancies of dialysis incidence have
persisted over the past decades. The 2006 incident dialysis

5 years of initiating dialysis therapy, a death rate currently worse
than most cancers,® African American with end-stage renal
disease (ESRD) have consistently greater survival over the past
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two decades than non-Hispanic whites, with an annual
death rate of only 187 per 1000 patient-years at risk versus
207 per 1000 patient-years at risk for non-Hispanic whites.*
The causes and consequences of these disparities remain largely
unknown.

The spectrum of kidney bone diseases,””" also known as the
mineral and bone disorders (MBDs),'? is not only common and
highly correlated with morbidity and mortality in CKD patients,
but it also is one of the disease conditions with distinct features
and severity across races.""™"® In particular, African-American
CKD patients appear to have higher levels of parathyroid
hormone (PTH) and are more likely to receive treatment for
it.1*1 A recent epidemiologic study in incident hemodialysis
patients suggested that therapy with activate vitamin D agents
may be a potential explanation for the racial differences in
survival."® It is not clear whether different doses of these
medications have a bearing on survival, in particular, among
prevalent hemodialysis patients, who comprise most of the ESRD
population in the United States.**”

Understanding these issues is time-sensitive because the so-
called bundling payment for dialysis patient care in the United
States is imminent."””~" The inclusion of MBD-specific medica-
tions such as active vitamin D compounds within a bundled
dialysis payment can have adverse unintended consequences if
the proposed case-mix adjustment does not take into account
race, which may be an important determinant of dosing
requirements and patient survival. We therefore hypothesized
that African-American hemodialysis patients are among the most
susceptible populations for potentially deleterious impacts of the
currently proposed bundling system, which does not consider
race in adjusting payments. We examined the distribution of
biochemical measures of CKD-MBD and pattern of active vitamin
D treatment across races in a large (over 100,000 subjects) and
contemporary (July 2001 to June 2006) cohort of hemodialysis
patients from a large dialysis organization (DaVita, El Segundo,
CA, USA) with monthly blood to quarterly blood tests and
treatment record over the entire 5 years. We also hypothesized
that African-American hemodialysis patients have distinct
survival associations with surrogates of MBDs and that
higher doses of active vitamin D may explain their survival
advantages.

(7.8)

Methods

Patients

We extracted, refined, and examined data from all individuals
with CKD stage 5 who underwent hemodialysis treatment from
July 2001 to June 2006, that is, for 5 consecutive years, in one of
the outpatient dialysis facilities of a US-based large dialysis
organization (LDO), that is, DaVita (prior to its acquisition of the
former Gambro dialysis facilities). The study was approved by the
Institutional Review Committees of both the Los Angeles
Biomedical Research Institute at Harbor-UCLA Medical Center
and DaVita Clinical Research. Because of the large sample size,
the anonymity of the patients, and the nonintrusive nature of the
research, the requirement for a written consent form was
exempted.

Clinical and demographic measures

Creation of the cohort has been described previously.2%-2%

To minimize measurement variability, all repeated measures for
each patient during any given calendar quarter, that is, over a 13-
week or 3-month interval, were averaged, and the quarterly
means in each of the 20 calendar quarters were used in time-
dependent analyses. In addition to quarterly laboratory values,
quarterly averaged values for paricalcitol dose greater than 0 and
posthemodialysis dry weight [to calculate averaged body mass
index (BMI)] also were calculated. Dialysis vintage was defined as
the duration of time between the first day of dialysis treatment
and the first day that the patient entered the cohort. The first
(baseline) study quarter for each patient was the calendar
quarter in which patient’s vintage was more than 45 days during
at least half the time of that quarter.

Laboratory measures

Blood samples were drawn using uniform techniques in all the
DaVita dialysis clinics and were transported to the DaVita
Laboratory in Deland, Florida, typically within 24 hours. All
laboratory values were measured by automated and standar-
dized methods in the DaVita Laboratory. Most laboratory values
were measured monthly, including urea nitrogen, creatinine,
albumin, calcium, phosphorus, bicarbonate, and total iron-
binding capacity (TIBC). Serum ferritin and intact PTH were
measured at least quarterly. Hemoglobin was measured at least
monthly in essentially all patients and weekly to biweekly in most
patients. Most blood samples were collected before dialysis, with
the exception of the postdialysis serum urea nitrogen (SUN) that
was obtained to calculate urea kinetics. The Kt/V (single pool) was
calculated using urea kinetic modeling (UKM) equations, as
described elsewhere.”” Albumin-corrected calcium concentra-
tion was calculated by subtracting 0.8 mg/dL for each gram per
deciliter of serum albumin below 4.0 g/dL.?”

In-center-administered active vitamin D agents

Patients who received any injectable active vitamin D agent
(ie, calcitriol, doxercalciferol, and/or paricalcitol) in the dialysis
facility during each given calendar quarter were identified, and
the administered doses were extracted. Since over 90% of DaVita
patients who received any active vitamin D between 2001 and
2006 received paricalcitol (Zemplar, Abbott Laboratories, Abbott
Park, IL, USA), the dose of administered paricalcitol was
calculated in micrograms per week (g/week) for each calendar
quarter over the entire 5 years of the cohort for every hemodialysis
patient. Patients who received any dose of paricalcitol were
divided into groups of average dose less than 10 .g/week and
10 g/week or more. For this study, data on oral medications
including calcimimetics or phosphorus binders were not available.
The calcimimetic cinacalcet became available in the United States
during the last few months of this 5-year cohort.?*?? Hence the
cohort is virtually a precalcimimetic cohort.

Statistical and epidemiologic methods

Age-stratified analyses across two mutually exclusive racial
groups were performed to examine the role of race in the
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distribution of relevant clinical and laboratory variables
independent of age. For survival analyses, we employed
proportional hazards regression using quarterly averaged
variables, as described earlier. Patients who were transplanted,
switched to peritoneal dialysis, or left DaVita clinics were
censored at the time of the event. Plots of log[-log(survival rate)]
against log(survival time) were performed to check the
proportionality assumption. For each analysis, two levels of
multivariate adjustment models were examined:

1. Unadjusted (or minimally adjusted) models that included
mortality and censorship data, the predicting variable, and
the entry calendar quarter (Q1 through Q20).

2. Case-mix-adjusted models that included all the preceding
plus age, gender, race/ethnicity (African Americans and
other self-categorized blacks, non-Hispanic whites, Asians,
Hispanics, and others), diabetes mellitus, categories of
dialysis vintage (<6 months, 6 months to 2 years, 2 to 5 years,
and 5 years or more), primary insurance (Medicare, Medicaid,
private, and others), marital status (married, single, divorced,
widowed, and other or unknown), the standardized
mortality ratio of the dialysis clinic during entry quarter,
residual renal function during the entry quarter, and
Kt/V (single pool) to represents the administered dialysis
dose.

We did not include laboratory measures as additional
adjustors in most regression models. In our view, results from
such excessive adjustments, which we usually refer to as the
malnutrition-inflammation-cachexia syndrome (MICS) controlling,
are likely overadjusted and may introduce new sources of bias
owing to possible inclusion of intermediates in the causal
pathways of the associations under study. On the other hand,
results from the unadjusted models are likely to be profoundly
confounded owing to omission of such inherent confounders as
age and gender. We thus prefer to base inferences on the case-
mix-adjusted models.

Unadjusted and case-mix-adjusted logistic regression analyses
were used to calculate the odds ratio of receiving the highest
paricalcitol dose (>10 pg/week) versus the lowest dose (>0 to
<10 pg/week). Most analyses were carried out with SAS Version
9.1 (SAS Institute, Inc,, Cary, NC, USA).

Results

The original 5-year (July 2001 to June 2006) national database
of all DaVita hemodialysis patients included 152,058 adults.
After deleting patients who did not maintain at least 45 days of
hemodialysis treatment (9,151 patients from the first 19 calendar
quarters and 3,579 patients from the last quarter), 139,328
hemodialysis patients remained, including 18% incident patients
with a dialysis vintage of less than 6 months (see Supplemental
Table S1 for category comparisons). The cohort included 43,974
African Americans (32%) and 95,354 non-African Americans
(68%). Table 1 shows counts (in percentage) or means (£ SD) of
the relevant demographic, clinical, and laboratory variables in
the entry calendar quarter of the patients across eight 10-year

increments of age from younger than 25 years to older than
85 years of age. African Americans younger than 65 years of age
and all non-African-American hemodialysis patients included
more men than women, whereas this ratio reversed among
elderly African Americans. Diabetes mellitus proportion was
lower in younger African Americans than in non-African
Americans, whereas this relationship reversed among older
patients. Delivered Kt/V and serum concentrations of albumin
and TIBC tended to be lower in African Americans across virtually
all ages groups, whereas serum creatinine exhibited the opposite
trend. Figures 1 through 3 show the distribution of several
relevant MBD measures. Among the minerals, serum phosphorus
levels appeared essentially the same across the races, whereas
serum calcium concentrations were higher in African Americans
older than 45 years (Fig. 1). Higher PTH levels in African
Americans were persistent regardless of age, whereas serum
alkaline phosphatase levels were not different (Fig. 2). The
proportion of hemodialysis patients who received an active
vitamin D and the average weekly dose among those who
received paricalcitol (comprising 94% of administered active
vitamin D) was higher in African Americans (Fig. 3).

Figures 4 and 5 show the comparison of the case-mix-adjusted
mortality predictability of the MBD surrogates in all (incident and
prevalent combined) African Americans versus non-African-
American hemodialysis patients. Most selected cutoff levels were
consistent with the Kidney Disease Outcome Quality Initiative
(KDOQI) recommended target values,®*® and the reference
group is the target range in African Americans. In African
American but no other patients, a serum calcium concentration
between 9.5 and 10.2 mg/dL was associated with the greatest
survival, whereas both hypocalcemia (<8.4mg/dL) and hyper-
calcemia (>10.2mg/dL) were associated with increased death
risk (Fig. 4, left panel). Similarly, increased mortality was observed
with extreme levels of serum phosphorus (Fig. 4, right panel).
As shown in Fig. 5 (left panel), distinct differences across the
racial groups were noticed for certain PTH levels in that in non-
African-American patients, a serum PTH above 300 pg/mL was
associated with substantial death risk (compared with the KDOQI
recommended range of 150 to 300 pg/mL), whereas for both
races, a PTH above 600 pg/mL was associated with a substantial
increase in death risk. Serum alkaline phosphatase showed
a rather linear and incremental association with death with
virtually no difference across the races (Fig. 5, right panel). The
same survival analyses but only in 24,509 incident patients
showed slightly different associations (see Supplemental Figs. S1
and S2 for comparison).

We identified 49,674 hemodialysis patients (including 19,918
African Americans) who always received some dose of
paricalcitol (>0 pg/week) during each of the 20 calendar
quarters, whereas 18,981 never received any active vitamin D
dose during the cohort. The former group then was divided into
those who received up to an average dose of 10 wg/week
(n=17,347) and those who received higher doses of paricalcitol
(n=32,327). Logistic regression was used to examine factors that
are associated with the probability of receiving the highest
paricalcitol dose (>10 pg/week) versus the lowest dose (>0 to
<10 pg/week) among those who received this medication. As
shown in Table 2, African Americans had twice the odds of
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Table 1. Comparing Relevant Demographic, Clinical, and Biochemical Characteristics in the Base Calendar Quarter in 139,328
Maintenance Hemodialysis Patients Including 43,974 African Americans (32%) and 95,354 Non-African Americans (68%)

<25 25to <35 35to <45 45to <55 55to <65 65to <75 75to <85 >85
Age groups (years)
AA N=668 N=2632 N=5681 N=9560 N=10479 N=9053 N=4908 N=993
Non-AA  N=1306 N=3733 N=7474 N=13,897 N=20421 N=23871 N=20,125 N=4,527
Age (years) AA 215+23 308427 405+28 503+28 600+28 696+28 79.0+27 882+26
Non-AA 216+22 306+28 405+28 504+28 60.1+28 701+28 794+27 880425
Gender (% female) AA 46 42 40 41 49 56 60 64
Non-AA 41 42 38 40 44 45 44 45
Diabetes mellitus (%) AA 9 19 24 38 51 54 48 38
Non-AA 5 21 33 46 55 51 39 26
Ethnicity (% Hispanic) AA <1 <1 <1 <1 <1 <1 <1 <1
Non-AA 36 30 26 26 23 19 12 8
Dialysis vintage (%)
< 6 Months AA 12 12 11 12 13 14 19 25
Non-AA 18 15 15 16 17 19 24 29
>5 Years AA 24 33 34 32 27 26 20 13
Non-AA 19 27 26 22 18 16 13 8
Primary insurance (%)
Medicare AA 52 59 58 58 58 75 76 78
Non-AA 45 49 52 50 50 70 73 77
Medicaid AA 16 11 10 8 7 1 <1 <1
Non-AA 16 12 9 8 8 2 <1 <1
Marital status (%)
Married AA 3 17 23 30 35 33 27 17
Non-AA 7 26 37 44 49 49 44 32
Divorced AA <1 2 6 9 1 8 5 3
Non-AA <1 4 8 9 9 6 3 2
Single AA 79 61 52 41 29 20 15 13
Non-AA 71 49 36 26 16 10 8 7
Widowed AA <1 <1 <1 3 9 20 33 48
Non-AA <1 <1 <1 2 7 15 26 39
BMI (kg/m2) AA 260+84 281+86 284487 285+79 283+76 271+65 250+£57 23.1+6.0
Non-AA 235469 2554+65 269+76 282+75 282+73 268+64 249451 235145
Kt/V (dialysis dose) AA 1.4+04 1.4+04 14+03 14+03 1.5+03 1.5+03 1.5+0.3 1.6+03
Non-AA  1.6+04 1.5+04 1.5+04 1.54+04 1.5+04 1.6+04 1.6+04 1.6+04
Protein catabolic rate AA 0.94+0.3 0.9+0.3 09+03 0.94+0.3 09+0.2 0.940.2 094+02 09+0.2
(g/kg/day) Non-AA 1.04+0.26 1.014+0.3 1.0+0.3 1.0+0.3 1.0£03 1.0£03 09+03 09+0.2
Biochemical measures
Albumin (g/dL) AA 38+06 38+06 38+05 3.7£05 3.7£05 3.6+05 3.6+05 34405
Non-AA 3.9+ 0.5 3.9+0.5 3.8+0.5 3.7+05 3.7+0.5 3.6+05 3.6+05 3.5+04
Creatinine (mg/dL) AA 11.84+43 1194+43 11.2+39 101+£35 89+3.1 81428 73+£25 64+23
Non-AA 108+35 103+3.8 93+35 8.2+3.1 73+28 6.7+25 6.1+23 56+20
TIBC (mg/dL) AA 195+ 41 198 £42 207 +44 211+ 46 204 + 46 196 +43 188+43 179144
Non-AA 208 43 211444 212+46 215448 214 +47 210+47 2054+46 200446
Phosphorus (mg/dL) AA 6.6+1.7 63+1.7 6.1+16 58+15 55+14 51+13 49+1.3 46+1.3
Non-AA  6.7+1.8 6.5+1.8 63+1.7 6.0+1.6 56+15 53+14 50+13 48+1.2
Calcium (mg/dL) AA 9.2+09 9.2+09 9.2+0.8 93+0.8 93+07 94+07 93+£07 92407
Non-AA  9.2+0.9 9.2+0.8 9.2+0.8 9.2+0.8 9.2+0.7 9.2+0.7 9.2+0.7 9.1+0.7
Intact PTH (ng/mL) AA 671+£604 6114+563 576+518 514+477 4494408 400+347 3724331 3424301
Non-AA 5754588 501+497 438+416 375+357 326+306 2924265 2684235 265+213
Alkaline AA 144+ 121 130+98 137115 141+£118 132+96 12177 116+ 72 110+£75
phosphatase (U/L)
(Continued)
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Table 1. (Continued)

<25 2510 <35 35to <45 45to <55 55to <65 65to <75 75to <85 >85
Age groups (years)
AA N =668 N=2632 N=5681 N=9560 N=10479 N=9053 N=4908 N=993
Non-AA N=1306 N=3733 N=7474 N=13,897 N=20,421 N=23871 N=20,125 N=4,527
Non-AA 141+164 132+100 136+107 138+110 133488 122+81 114+66 113+59
Ferritin (ng/mL) AA 477 £486 5394654 5294561 538+507 576+547 5864518 598+555 5841488
Non-AA 399+455 434+455 4554452 492+502 501+479 521+486 512+476 4911428
Hemoglobin (g/dL) AA 115+18 116+16 11.7+15 11.8+15 11.8+14 118+14 119+14 118+14
Non-AA 119+15 119415 1194+15 119+14 120+14 120+13 120+13 121+£13
White blood count AA 71+£26 68+24 6.8+23 69+23 70+£24 69+24 69+£27 69+26
(x 10%/L)
Non-AA 7.2+24 75+24 76+26 77+£25 77+27 77+£26 78+29 79+33
Lymphocyte AA 26 +10 2549 24+8 23+8 23+8 22+8 22+8 21+8
Non-AA 2449 23+8 20+7 20+7 19+7 18+7 18+7 18+7
(% of total white blood cell count)
% active vitamin D? AA 62 63 65 67 66 69 67 67
Non-AA 46 49 51 51 51 51 50 53
Paricalcitol dose® AA 204+123 201+11.1 2004+109 188+10.1 176+95 16.0+89 147+84 136+77
(ng/ week)
Non-AA 157+105 153+92 151+£92 142492 132482 120+74 109+65 103+6.0

Note: Values are in percentage or mean + SD, as appropriate.

®Active vitamin D compounds included paricalcitol, calcitriol, and doxercalciferol.
PAmong those who had received any paricalcitol dose during each of the 20 calendar quarters.

receiving a higher paricalcitol dose than other races. We note,
however, that because the outcome (high dose) is so common,
this doubling of the odds is much larger than the increase in
probability of a high dose. Higher serum levels of calcium,
phosphorus, PTH, or alkaline phosphatase levels were associated
with the higher paricalcitol dose.

Figure 6 shows hazard ratios for death of African Americans
compared with non-African Americans across low and high
doses of paricalcitol. In the no active vitamin D group and the
low-paricalcitol-dose group, African Americans did not show any
survival advantages compared with others, whereas among
those who received a high paricalcitol dose, 12% greater survival
was noticed (Fig. 6). This association was consistent among
incident patients (data no shown) and across most age groups
(see Supplemental Fig. S3). The association of survival superiority
of African Americans and higher paricalcitol dose appeared
independent of additional adjustments in sensitivity analyses
(see Supplemental Fig. S4 for sensitivity analyses).

Discussion

Among 139,328 thrice-weekly-treated hemodialysis patients,
including 32% African Americans, in a single large dialysis
organization, where most laboratory values were measured
monthly up to 60 months (July 2001 to June 2006), we found
that African-American hemodialysis patients had higher serum
calcium and PTH levels than—but similar phosphorus and
alkaline phosphatase levels as—other races, implying that the
chemical hyperparathyroidism in African Americans may not

cause a more severe bone disease. They also were more likely to
receive injectable active vitamin D compounds, and when they
did, they tended to receive higher doses of these medications.
Survival analyses comparing the two races showed subtle but
distinct differences in mortality predictabilities of different
ranges of serum calcium, phosphorus, and PTH but not alkaline
phosphatase. African Americans who received the highest
paricalcitol dose (>10 pg/week) had a demonstrable survival
advantage compared with African Americans who received no
active vitamin D or only low doses of paricalcitol (<10 wg/week).

These findings may have important implications for the
management of dialysis patients of different races, especially
since guidelines and conditions for pay for performance might
not devote adequate attention to the role of race in the
management of CKD-MBD in hemodialysis patients. ESRD
incidence and prevalence have been rising in the United States
and in most countries around the world.®" There are currently
approximately 400,000 Americans who undergo maintenance
dialysis treatment to survive, and one-third of them are African
Americans. Racial discrepancies in CKD have persisted over
the past 20 years.®) The annual ESRD incidence for African
Americans in 2006 reached 1010 per million, which is 3.6 times
greater than non-Hispanic whites.®" Prevalence of ESRD
continues to be highest for African Americans, at 5004 per
million population in 2006, compared with 1194 among
whites.®"V In many dialysis clinics in inner-city areas, over half
to two-thirds of dialysis patients are African American.®" The
median age of the prevalent ESRD population, which is 58.8 years,
ranges from 56.9 years in the African Americans to 60.0 years
among whites.®*" As shown in Table 1, in our study across
virtually all age groups, approximately one-third of the dialysis
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Fig. 1. Comparing 3-month average serum calcium (left panel) and phosphorus (right panel) concentrations in the base calendar quarter across eight 10-
year age increments in 139,328 hemodialysis patients including 43,974 African Americans (32%) and 95,354 non-African Americans (68%) from July 2001
to June 2001.
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Fig. 2. Comparing 3-month average serum intact PTH (left panel) and alkaline phosphatase (right panel) concentrations in the base calendar quarter across
eight 10-year age increments in 139,328 hemodialysis patients including 43,974 African Americans (32%) and 95,354 non-African Americans (68%) from
July 2001 to June 2001.
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Fig. 3. Pattern of active vitamin D administration in the examined calendar quarters across eight 10-year age increments in 139,328 hemodialysis patients

from July 2001 to June 2001. (Left panel) Proportion of hemodialysis patients who received any dose of an active vitamin D compound (paricalcitol 58%,

calcitriol 2%, doxercalciferol <1%, and no active vitamin D 38%) in 43,974 African-American and 95,354 non-African-American hemodialysis patients.

(Right panel) The 3-month average administered paricalcitol dose (mean & SD) among 49,674 hemodialysis patients (including 19,918 African Americans)

who received any dose of paricalcitol during the calendar quarter.
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Fig. 4. Death hazard ratios (and 95% confidence intervals) of 5-year average corrected albumin-adjusted serum calcium levels in 139,328 hemodialysis
patients including 43,974 African Americans (32%) and 95,354 non-African Americans (68%) from July 2001 to June 2001 across four a priori
selected increments of serum calcium (left panel) and phosphorus (right panel) concentrations. Reference group in each analysis is African-American
hemodialysis patient population with a KDOQI-recommended target range, that is, calcium level 8.4 to 9.5 mg/dL and phosphorus level 3.5 to 5.5 mg/dL,

respectively.

patients were African Americans compared with 14% of the US
general population.®”

Among diverse CKD complications, MBDs are more prevalent
in African Americans, in whom PTH levels are elevated in
comparison with other races." ™" In a recent descriptive cohort
study in 1860 predialysis CKD patients including 227 African
Americans, the latter patients had lower levels of 25-hydro-
xyvitamin D [25(OH)D, calcidiol], almost the same levels of 1,25-
dihydroxyvitamin D3 [1.25(0OH),Ds, calcitriol] but higher levels of
calcium, phosphorus, and PTH, and were more likely to have

Risk of death by PTH Baseline
(Cox model - Case-mix in Total Population)

1.4 4 —O - Non African American Case-mix
g African American Case-mix

2
§ 1.3
B
©
5 1.2 4 _
- e
S 1.1 //
€
[<]
N !
= -
0 1 -
3 P:>—< Ty
Q
<
0.9
Q Q Q Q
L//\v; L//,,_,Q Q«‘Q’Q s
Q \@Q‘ 'bQ

Serum Intact PTH [pg/ml]

hyperphosphatemia than other races.®? In our prevalent

hemodialysis cohort we found that serum calcium and PTH
levels were higher in African Americans, but serum phosphorus
and alkaline phosphatase levels were not (Figs. 1 and 2), even
though these patients were more likely to have received active
vitamin D and at even higher doses, which should increase
gastrointestinal phosphorus absorption. These unique features
of CKD-MBD in the African-American race suggest that more
complicated mechanisms exist that deserve further investiga-
tions based on novel hypotheses.
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Fig. 5. Death hazard ratios (and 95% confidence intervals) of 5-year average corrected albumin-adjusted serum calcium levels in 139,328 hemodialysis
patients including 43,974 African Americans (32%) and 95,354 non-African Americans (68%) from July 2001 to June 2001 across four a priori
selected increments of serum intact PTH (left panel) and alkaline phosphatase (right panel) concentrations. Reference group in each analysis
is African-American hemodialysis patient population with a recommended target range, that is PTH 150 to 300 pg/mL and alkaline phosphatase

80 to 120 U/L, respectively.
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Table 2. Odds Ratio of Receiving the Highest Paricalcitol Dose (>10 pwg/Week, n =32,327) Versus the Lowest Paricalcitol Dose (>0 to
<10 ng/Week, n =17,347) in 49,674 Hemodialysis Patients Who Received Any Dose of Paricalcitol During All 20 Calendar Quarters of the

Cohort (July 2001 to June 2006)

Unadjusted Case-mix adjusted

Age (each 10-year increase) 0.8 (0.7-0.8)" 0.8 (0.8-0.9)"
Gender (women versus men) 1.0 (1.0-1.1) 1.0 (1.0-1.1)
Diabetes mellitus (versus no diabetes) 0.9 (0.8-0.9)* 0.9 (0.9-1.0)*
Race/ethnicity

Non-Hispanic whites (reference) 1 1

African Americans 2.6 (2.5-2.7)" 2.1 (2.0-2.2)"

Hispanics 1.1 (1.0-1.1)" 0.9 (0.8-1.0)"

Asians 0.7 (0.7-0.8)" 0.6 (0.6-0.7)"
Dialysis treatment vintage time

< 6 Months (reference) 1 1

6—24 Months 1.1 (1.1-1.2)" 1.0 (1.0-1.1)

2-5 Years 1.7 (1.6-1.8)" 1.5 (1.4-1.6)"

>5 Years 2.6 (24-2.7)" 2.1 (1.9-2.3)"
Primary insurance

Medicare (reference) 1 1

Medicaid 1.3 (1.1-1.4)" 0.9 (0.9-1.0)"

Private insurance 1.1 (1.0-1.1) 0.9 (0.9-1.1)
Kt/V (each 0.1-unit increase) 1.0 (0.9-1.0)" 1.0 (0.9-1.0)"
nPCR (nPNA) (each 0.1 g/kg/day increase) 1.0 (1.0-1.1)" 1.0 (1.0-1.1)*
BMI (each 1 kg/m? increase) 1.0 (1.0-1.1) 1.0 (1.0-1.1)*
Biochemical measures

Albumin (each 0.1 g/dL increase) 1.1 (1.0-1.1)* 1.0 (1.0-1.1)"

Creatinine (each 1 mg/dL increase) 1.2 (1.1-1.2)* 1.1 (1.0-1.1)*

TIBC (each 10 mg/dL increase) 1.0 (1.0-1.1)" 1.0 (1.0-1.1)"

Phosphorus (each 1 mg/dL increase) 14 (1.3-1.4)" 1.3 (1.3-14)"

Calcium® (each 1 mg/dL increase) 14 (1.3-14)" 14 (1.3-1.4)"

Ferritin (each 100 ng/mL increase) 1.0 (1.0-1.1)* 1.0 (0.9-1.0)

Hemoglobin (each 1 g/dL increase) 1.0 (0.9-1.0) 1.0 (0.9-1.0)"

WBC (each 10°/uL increase) 0.9 (0.9-1.0)* 1.0 (0.9-1.0)*

Lymphocyte (each 1% of total WBC increase) 1.0 (1.0-1.1)" 1.0 (1.0-1.1)*

Intact PTH (each 100 pg/mL increase) 14 (1.3-14)" 1.3 (1.3-1.4)"

Alkaline phosphatase (each 10 U/L increase) 1.0 (1.0-1.1)" 1.1 (1.0-1.1)"

nPCR, normalized protein catabolic rate; nPNA, normalized protein nitrogen appearance.

aSerum calcium is adjusted for serum albumin.
*p <.001.

In the general population without overt CKD, although African
Americans have lower levels of circulating calcidiol, there is
no increased musculoskeletal disease that would be expected
owing to such a deficiency, and African Americans indeed
have lower rates of osteoporotic fractures.®® There are several
theories about the protective mechanisms of vitamin D
deficiency. A potential adaptive response may involve compen-
satory increases in functionality of circulating calcitriol, that is,
active vitamin D, that depends on Ta-hydroxylase in the kidneys
and which is tightly regulated by circulating levels of calcium,
phosphorus, and PTH. With moderately low levels of 25(0OH),Ds,
there is upregulation of PTH with subsequently increased renal
1,25(0H),D; production.®?

There is also evidence that in African Americans, intestinal
vitamin D receptors are less susceptible to the mineral absorptive
actions of 1,25(0OH),Ds. The foregoing combination may lead to
the beneficial bone effects of increased 1,25(0H),D5; without

hyperphosphatemia or only mild hypercalcemia in African
Americans, as we have observed in our national database.®*
Hence it is possible that active vitamin D supplementation is
uniquely crucial in African-American CKD patients, in whom the
foregoing protective effects wane with progressively less renal
1a-hydroxylation.

Although dialysis therapy is expected to be lifesaving, ironically,
approximately 1 of every 5 American dialysis patients dies each
year, that is a 5-year survival of only approximately 35%,"3> which
is worse than most cancers in the twenty-first century.®3>2 At any
given age, group dialysis mortality is 10 to 100 times higher than
that of nondialysis Medicare patients.“>'2” Almost half the deaths
are attributed to cardiovascular disease.®>*%*% Yet, for reasons that
are as yet unknown, African-American dialysis patients have
greater survival than their non-Hispanic white counterparts, a
finding that has persisted over the past two decades.* The
greater survival of African Americans is robust and consistent not
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Fig. 6. Death hazard ratios of African-American (AA) versus non-AA
patients across three mutually exclusive strata of no active vitamin D
(n=18,981, right section), low paricalcitol dose (>0 and <10 pug/week,
n=17,347, middle section) and high paricalcitol dose (>10 pg/week,
n=32,327, left section). Survival analyses were performed in unadjusted
and case-mix-adjusted formats (see text for list of covariates).

only irrespective of demographic or residency status but also
independent of the type of dialysis (hemodialysis [HD] versus
peritoneal dialysis), dialysis dose, or other factors related to dialysis
treatment or technique. The racial disparities persist for cause-
specific mortality: For instance, African-American dialysis patients
are 17% less likely to die of cardiovascular disease than whites.®'>”

Recent observational studies have suggested a rather
persistent mortality predictability of high serum calcium and
phosphorus levels in CKD patients, in particular, in maintenance
dialysis patients.“°~*? These associations are often attributed to
increased cardiovascular risk as a results of enhanced calcifica-
tion of the vessels, including coronary arteries, on calcium and
phosphorus load according to some***¥ but not all*>#® studies.
We found that in ranges around the KDOQI-recommended
target for calcium and phosphorus, African-American hemodia-
lysis patients had slight greater survival chances than other races
(Fig. 4). Additional subtle differences were noticed, including the
observation that a borderline high serum calcium concentration
of 9.5 to 10.2 mg/dL was associated with the greatest survival in
African Americans but not other hemodialysis patients (Fig. 4),
although in incident patients, some of these associations
appeared different. Moderately high PTH levels exhibited slightly
different mortality predictabilities in moderately high ranges,
whereas virtually no difference was observed for alkaline
phosphatase (Fig. 5). Alkaline phosphatase has been shown
both in previous studies®>***”) and in this study to be the only
BMD marker with a strictly linear and incremental mortality
predictability, whereas other MBD surrogates exhibit rather U-
shaped associations (Figs. 4 and 5).

A recent study in 9303 incident hemodialysis patients
including 3214 African Americans by Wolf and colleagues!®
suggested that therapy with activate vitamin D may be a
potential explanation for racial survival differences in incident
hemodialysis patients, especially since African-American CKD
patients, by virtue of having higher PTH levels, are more likely to
receive injectable vitamin D compounds in dialysis clinics. In our
study we found that low paricalcitol doses (<10 wg/week) were
not associated with survival differences across races, whereas

higher doses (>10 p.g/week) were so (Fig. 6). As discussed earlier,
there may be inherent constellations of PTH and active vitamin D
that are crucial to the musculoskeletal and cardiovascular
physiologies of African Americans in general and the subgroup
with CKD in particular.

A limitation of our study is that we did not have access to the
intake and types of phosphorus binders or other oral
medications related to MBDs, such as oral nutritional vitamin
D. However, it is highly unlikely that US dialysis patients,
especially during the 2001-2006 era, received nutritional
vitamin D,*® even though this practice pattern may be more
common in other countries. Although it could be argued that
minerals, PTH, and even alkaline phosphatase are significantly
affected by calcimimetics, a new group of medications,?® our
cohort belonged to the precalcimimetic era. We also lacked
detailed and updated data on comorbid states and explicit
laboratory markers of inflammation such as C-reactive protein.
However, as discussed earlier, we believe that adjustment for the
MICS may be inappropriate and introduce new sources of errors
and bias, especially if survival benefits of higher doses of active
vitamin D are exerted though modulating the MICS-related
pathways, among others. Hence we think that the case-mix-
adjusted models are the most appropriate ones.

The strengths of our study include (1) its contemporary nature,
since all patient data were obtained from the twenty-first century
(2001-2006), (2) its uniform laboratory measurements, with all
laboratory data obtained from one single facility, (3) its large
sample size, (4) its time-averaged Kt/V and laboratory data, with
most values representing means of up to 3-monthly measure-
ments, and (5) its examination of a 5-year cohort rather than
shorter (1-to 3-year) periods of time used in previous
studies.*%°%

Conclusions

Among 139,328 thrice-weekly-treated hemodialysis patients,
including 32% African Americans, in a single large dialysis
organization, where most laboratory values were measured
monthly for up to 60 months (July 2001 to June 2006), we
found that African Americans had higher serum calcium and PTH
levels but similar concentrations of phosphorus and alkaline
phosphatase and were more likely to receive injectable active
vitamin D medications and at higher doses than their non-
African-American counterparts. Subtle but distinct differences in
mortality predictabilities of different ranges of serum calcium,
phosphorus, and PTH but not alkaline phosphatase were
observed across the two groups and among incident versus
prevalent patients. African Americans who had received higher
doses of paricalcitol (>10 .g/week) had a demonstrable survival
advantage compared with African Americans who had received
no active vitamin D or lower doses. Given both current KDOQI
guidelines and upcoming conditions for pay for performance
under the imminent bundling system that may lead to changes
in the management patterns of CKD-MBD among US dialysis
patients, our findings may have important implications and, if
verified, may suggest more attention to the inclusion of race as
an independent adjustor in the bundling equations.

H 2732

Journal of Bone and Mineral Research

KALANTAR-ZADEH ET AL.



Disclosures

ARN is an employee of DaVita. RJ is the director of peritoneal
dialysis at DaVita-UCLA Harbor Medical Center/MFI in Torrance,
CA, USA. KKZ is the medical director of DaVita-UCLA Harbor
Medical Center/MFI in Long Beach, CA. KN and KKZ have received
honoraria from Abbott, the manufacturer of paricalcitol (Zemplar.
CPK has received research grants from Abbott and Genzyme. All
the other authors state that they have no any conflicts of interest.

Acknowledgments

The abstracts of this article were presented orally during the
American Society of Nephrology (ASN) Annual Conference, on
October 27-30, 2009, in San Diego, CA. We thank Mr Robert Lehn
at DaVita Laboratories in Deland, Florida, Mr Joe Weldon, from
DaVita Informatics, for proving the national database, and Mr
Chris Rucker, Dr Mahesh Krishnan, and Ms. Beth Bennett from
DaVita Clinical Research for their continued support.

This study was supported by KKZ's research grants from the
National Institute of Diabetes, Digestive and Kidney Disease of
the National Institute of Health (RO1 DKO078106), investigator-
initiated research grants from Abbott and DaVita Clinical Research,
and a philanthropic grant from Mr Harold Simmons. KN is sup-
ported in part by the NIH Grants U54 RR026138 and P20 MD00182.

References

1. Norris KC, Agodoa LY. Unraveling the racial disparities associated
with kidney disease. Kidney Int. 2005;68:914-924.

2. Agodoa L. Racial disparities in kidney health: the puzzle to solve. Am J
Kidney Dis. 2002;40:1337-1339.

3. Agodoa L, Eggers P. Racial and ethnic disparities in end-stage kidney
failure: survival paradoxes in African-Americans. Semin Dial.
2007;20:577-585.

4. United States Renal Data System. United States Renal Data System
2006 annual data report: atlas of chronic kidney disease and end-
stage renal disease in the United States. Am J Kidney Dis. 2007;49:51-
296.

5. United States Renal Data System. Excerpts from the USRDS 2005
annual data report: atlas of end-stage renal disease in the United
States, National Institutes of Health, National Institute of Diabetes
and Digestive and Kidney Diseases. Am J Kid Dis. 2006;471:1-286.

6. Kalantar-Zadeh K, Golan E, Shohat T, Streja E, Norris KC, Kopple JD.
Survival disparities within American and Israeli dialysis populations:
Learning from similarities and distinctions across race and ethnicity.
Semin Dial 2010; November [in press], Seminars in Dialysis- 2010;
DOI: 10.1111/j.1525-139X.2010.00795.x

7. Kalantar-Zadeh K, Shah A, Duong U, Hechter RC, Dukkipati R, Kovesdy
CP. Kidney bone disease and mortality in CKD: revisiting the role of
vitamin D, calcimimetics, alkaline phosphatase, and minerals. Kidney
Int Suppl. 2010; Aug; (117):510-21.

8. Lee GH, Benner D, Regidor DL, Kalantar-Zadeh K. Impact of kidney
bone disease and its management on survival of patients on dialysis.
J Ren Nutr. 2007;17:38-44.

9. Fadem SZ, Moe SM. Management of chronic kidney disease-mineral
bone disorder. Adv Chronic Kidney Dis. 2007;14:2.

10. Moe SM, Drueke T, Lameire N, Eknoyan G. Chronic kidney disease-
mineral-bone disorder: a new paradigm. Adv Chronic Kidney Dis.
2007;14:3-12.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. De Boer IH, Gorodetskaya |, Young B, Hsu CY, Chertow GM. The

severity of secondary hyperparathyroidism in chronic renal
insufficiency is GFR-dependent, race-dependent, and associated
with cardiovascular disease. J Am Soc Nephrol. 2002;13:2762-
27609.

. Omije D, Norris K, Wang J, Pan D, Kermah D, Gupta A. Race is a major

determinant of secondary hyperparathyroidism in uremic patients:
comparative study of Blacks and Hispanics. Clin Nephrol. 2008;
70:312-318.

. Fan SL, Chan A, Raftery MJ, Yagoob MM. Race and sex: predictors of

the severity of hyperparathyroidism in peritoneal dialysis patients.
Nephrology (Carlton). 2006;11:15-20.

. Owda A, Elhwairis H, Narra S, Towery H, Osama S. Secondary

hyperparathyroidism in chronic hemodialysis patients: prevalence
and race. Ren Fail. 2003;25:595-602.

. Gupta A, Kallenbach LR, Zasuwa G, Divine GW. Race is a major

determinant of secondary hyperparathyroidism in uremic patients.
J Am Soc Nephrol. 2000;11:330-334.

. Wolf M, Betancourt J, Chang Y, et al. Impact of activated vitamin d

and race on survival among hemodialysis patients. J Am Soc Nephrol.
2008.

. Zigmond J. New dialysis payment plan. Providers worry about effects

of bundling payments. Mod Healthc. 2009;39:10-11.

. Sullivan J. Bundling and its potential impact on dialysis service

providers. Nephrol News Issues. 2008;22: 12, 14, 16-17.

. Coutts LR. Is bundling the solution for managing the cost of care?

Nephrol News Issues. 2008;22:11.

Miller JE, Kovesdy CP, Nissenson AR, et al. Association of hemodialysis
treatment time and dose with mortality: the role of race and gender.
Am J Kidney Dis. 2010;55:100-112.

Kalantar-Zadeh K, Lee GH, Miller JE, et al. Predictors of hyporespon-
siveness to erythropoiesis-stimulating agents in hemodialysis
patients. Am J Kidney Dis. 2009;53:823-34.

Kalantar-Zadeh K, Regidor DL, Kovesdy CP, et al. Fluid retention is
associated with cardiovascular mortality in patients undergoing
long-term hemodialysis. Circulation. 2009;119:671-679.

Regidor DL, Kovesdy CP, Mehrotra R, et al. Serum alkaline phospha-
tase predicts mortality among maintenance hemodialysis patients. J
Am Soc Nephrol. 2008;19:2193-2203.

Shinaberger CS, Greenland S, Kopple JD, et al. Is controlling phos-
phorus by decreasing dietary protein intake beneficial or harmful in
persons with chronic kidney disease? Am J Clin Nutr. 2008;88:1511-
1518.

Shinaberger CS, Kopple JD, Kovesdy CP, et al. Ratio of paricalcitol
dosage to serum parathyroid hormone level and survival in main-
tenance hemodialysis patients. Clin J Am Soc Nephrol. 2008;3:1769-
1776.

Streja E, Kovesdy CP, Greenland S, et al. Erythropoietin, iron deple-
tion, and relative thrombocytosis: a possible explanation for hemo-
globin-survival paradox in hemodialysis. Am J Kidney Dis. 2008;
52:727-736.

Kalantar-Zadeh K, Kilpatrick RD, Kuwae N, et al. Revisiting mortality
predictability of serum albumin in the dialysis population: time
dependency, longitudinal changes and population-attributable frac-
tion. Nephrol Dial Transplant. 2005;20:1880-1888.

Kalantar-Zadeh K, Kovesdy CP. Is it worth correcting hyperparathyr-
oidism if hyperphosphatemia and hypocalcemia worsen? A cinacal-
cet story. Am J Kidney Dis. 2009;53:183-188.

Belozeroff V, Goodman WG, Ren L, Kalantar-Zadeh K. Cinacalcet
lowers serum alkaline phosphatase in maintenance hemodialysis
patients. Clin J Am Soc Nephrol. 2009;4:673-679.

National Kidney Foundation |, Kidney Disease-Dialysis Outcome
Quality Initiative 2003K/DOQI Clinical Practice Guidelines for bone

RACE AND SHPT

2733 W

Journal of Bone and Mineral Research



31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

metabolism and disease in chronic kidney disease. Am J Kidney Dis
42(suppl 2): S1-S202.

U.S. Renal Data System 2008 USRDS 2006 Annual Data Report: Atlas
of End-Stage Renal Disease in the United States. In: National Institutes
of Health NloDaDaKD (ed.) USRDS Annual Report. NIH/NIDDK,
Bethesda, MD.

Gutierrez OM, Isakova T, Andress DL, Levin A, Wolf M. Prevalence and
severity of disordered mineral metabolism in Blacks with chronic
kidney disease. Kidney Int. 2008;73:956-962.

Harris SS. Vitamin D and African Americans. J Nutr. 2006;136:1126—
1129.

Aloia JF, Talwar SA, Pollack S, Feuerman M, Yeh JK. Optimal vitamin D
status and serum parathyroid hormone concentrations in African
American women. Am J Clin Nutr. 2006;84:602-609.

United States Renal Data System 2005 Excerpts from the USRDS.
Annual data report. Am J Kid Dis. 2004;45:51-5280.

Kalantar-Zadeh K, Abbott KC, Kronenberg F, Anker SD, Horwich TB,
Fonarow GC. Epidemiology of dialysis patients and heart failure
patients. Semin Nephrol. 2006;26:118-133.

United States Renal Data System. Annual report and atlas of
chronic kidnye disease & end-stage renal disease. USRDS Report.
2009.

United States Renal Data System. US department of public health and
human services. Public Health Service, National Institutes of Health,
Bethesda. 2002.

[1993] Morbidity and mortality of dialysis. NIH Consens Statement
11(2) 1-33.

Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG, Chertow GM.
Mineral metabolism, mortality, and morbidity in maintenance hemo-
dialysis. J Am Soc Nephrol. 2004;15:2208-2218.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

Kalantar-Zadeh K, Kuwae N, Regidor DL, et al. Survival predictability
of time-varying indicators of bone disease in maintenance hemo-
dialysis patients. Kidney Int. 2006;70:771-780.

Schwarz S, Trivedi BK, Kalantar-Zadeh K, Kovesdy CP. Association of
disorders in mineral metabolism with progression of chronic kidney
disease clin. J Am Soc Neph. 2006;1:825-831.

Goodman WG, Goldin J, Kuizon BD, et al. Coronary-artery calcification
in young adults with end-stage renal disease who are undergoing
dialysis. N Engl J Med. 2000;342:1478-1483.

Raggi P, Boulay A, Chasan-Taber S, et al. Cardiac calcification in adult
hemodialysis patients. A link between end-stage renal disease and
cardiovascular disease? J Am Coll Cardiol. 2002;39:695-701.

McCullough PA, Agarwal M, Agrawal V. Review article: Risks of
coronary artery calcification in chronic kidney disease: do the same
rules apply? Nephrology (Carlton). 2009;14:428-436.

Shantouf R, Kovesdy CP, Kim Y, et al. Association of serum alkaline
phosphatase with coronary artery calcification in maintenance
hemodialysis patients. Clin J Am Soc Nephrol. 2009;4:1106-1114.

Blayney MJ, Pisoni RL, Bragg-Gresham JL, et al. High alkaline phos-
phatase levels in hemodialysis patients are associated with higher
risk of hospitalization and death. Kidney Int. 2008;74:655-663.

Kalantar-Zadeh K, Kovesdy CP. Clinical outcomes with active versus
nutritional vitamin D compounds in chronic kidney disease. Clin J Am
Soc Nephrol. 2009;4:1529-1539.

Wolfe RA, Ashby VB, Daugirdas JT, Agodoa LY, Jones CA, Port FK, Body
size, dose of hemodialysis, and mortality. Am J Kidney Dis.
2000;35:80-88.

Port FK, Ashby VB, Dhingra RK, Roys EC, Wolfe RA. Dialysis dose and
body mass index are strongly associated with survival in hemodia-
lysis patients. J Am Soc Nephrol. 2002;13:1061-1066.

2734

Journal of Bone and Mineral Research

KALANTAR-ZADEH ET AL.



