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ABSTRACT

CLINICAL EPIDEMIOLOGY

Contrary to most examples of disparities in health outcomes, black patients have improved survival
compared with white patients after initiating hemodialysis. Understanding potential explanations for this
observation may have important clinical implications for minorities in general. This study tested the
hypothesis that greater use of activated vitamin D therapy accounts for the survival advantage observed
in black and Hispanic patients on hemodialysis. In a prospective cohort of non-Hispanic white (n ⫽ 5110),
Hispanic white (n ⫽ 979), and black (n ⫽ 3214) incident hemodialysis patients, higher parathyroid
hormone levels at baseline were the primary determinant of prescribing activated vitamin D therapy.
Median parathyroid hormone was highest among black patients, who were most likely to receive
activated vitamin D and at the highest dosage. One-year mortality was lower in black and Hispanic
patients compared with white patients (16 and 16 versus 23%; P ⬍ 0.01), but there was significant
interaction between race and ethnicity, activated vitamin D therapy, and survival. In multivariable
analyses of patients treated with activated vitamin D, black patients had 16% lower mortality compared
with white patients, but the difference was lost when adjusted for vitamin D dosage. In contrast,
untreated black patients had 35% higher mortality compared with untreated white patients, an association that persisted in several sensitivity analyses. In conclusion, therapy with activated vitamin D may be
one potential explanation for the racial differences in survival among hemodialysis patients. Further
studies should determine whether treatment differences based on biologic differences contribute to
disparities in other conditions.
J Am Soc Nephrol 19: 1379 –1388, 2008. doi: 10.1681/ASN.2007091002

Compared with non-Hispanic white individuals,
black and Hispanic individuals more frequently
develop a variety of chronic diseases, including
diabetes and hypertension, and after their onset experience more rapid disease progression, greater
end-organ complications, and increased mortality.1–5 Although the quality of health care delivered
to racial and ethnic minorities is often inferior to
that for non-Hispanic white individuals even after
controlling for differences in health insurance,
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Table 1. Baseline characteristics at the initiation of hemodialysis according to race/ethnicitya
Characteristic
Demographic characteristics
age (yr; mean ⫾ SD)
female (%)
assigned cause of renal failure (%)
diabetes
hypertension
glomerulonephritis
polycystic kidney disease
other
systolic BP (mmHg; mean ⫾ SD)
diastolic BP (mmHg; mean ⫾ SD)
BMI (kg/m2; mean ⫾ SD)
vascular access at hemodialysis initiation (%)
arteriovenous fistula
venovenous catheter
Comorbid conditions (%)
coronary artery disease/myocardial infarction
congestive heart failure
peripheral vascular disease
stroke
hyperlipidemia
malignancy
chronic obstructive pulmonary disease
Baseline laboratory test results
albumin (g/dl; mean ⫾ SD)
creatinine (mg/dl; mean ⫾ SD)
calcium (mg/dl; mean ⫾ SD)
phosphorus (mg/dl; mean ⫾ SD)
PTH (biointact; pg/ml; mean 关IQR兴)d
alkaline phosphatase (U/L; mean ⫾ SD)
hemoglobin (g/L; mean ⫾ SD)
urea reduction ratio (%; mean ⫾ SD)

White
(n ⴝ 5110)

Hispanic
(n ⴝ 979)

Black
(n ⴝ 3214)

66.3 ⫾ 14.8
42

61.2 ⫾ 14.6b
44

57.8 ⫾ 15.4b,c
51b,c

41
32
10
3
14
141 ⫾ 23
71 ⫾ 13
27.3 ⫾ 6.9

64b
21b
8
2
5b
145 ⫾ 20b
75 ⫾ 12b
27.3 ⫾ 6.5

39
46b,c
9
1
5b
149 ⫾ 22b,c
79 ⫾ 13b,c
27.9 ⫾ 7.4b,c

25
63

28
58

24
59

14
15
8
4
14
5
4

7b
9b
3b
2b
10b
1b
1b

6b
10b
3b
3c
7b,c
1b
1b

3.5 ⫾ 0.5
5.7 ⫾ 2.4
8.5 ⫾ 0.8
4.7 ⫾ 1.6
173 (93 to 292)
97 ⫾ 67
10.5 ⫾ 1.3
69 ⫾ 11

3.4 ⫾ 0.6b
6.3 ⫾ 2.4b
8.3 ⫾ 0.8b
4.8 ⫾ 1.6
192 (113 to 318)b
101 ⫾ 57
10.4 ⫾ 1.3
70 ⫾ 11b

3.4 ⫾ 0.6b
7.3 ⫾ 3.1b,c
8.4 ⫾ 0.9b,c
4.7 ⫾ 1.5
279 (161 to 461)b,c
103 ⫾ 78b
10.1 ⫾ 1.4b,c
68 ⫾ 11b,c

a

BMI, body mass index; IQR, interquartile range.
Significant differences (P ⬍ 0.05) versus white.
c
Significant differences (P ⬍ 0.05) between Black and Hispanic.
d
Reference range on hemodialysis is 75 to 150 pg/ml.53
b

clinical outcomes remains controversial and incompletely
understood.
Kidney disease rates are increasing and disproportionately affect black and Hispanic individuals.7–10 The increased risk for kidney disease in minorities has been attributed to increased rates of
diabetes and hypertension exacerbated by limited access to preventive strategies.10 –12 Once patients develop kidney failure, however, racial disparities in health care delivery are at least partially
attenuated because universal access to dialysis is mandated in the
United States regardless of race, insurance, or socioeconomic status.13,14 Although narrowing disparities in care would be expected
to reduce differences in outcomes on dialysis, paradoxically, black
and Hispanic individuals demonstrate longer survival on dialysis
than non-Hispanic white individuals, a difference that was first
noted in the late 1970s but has grown since.15–24
At the initiation of dialysis, black and Hispanic patients
tend to have more favorable clinical characteristics22; however,
1380
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their survival advantage is only partially attenuated after adjustment for these factors, differences in dialysis dosage, or use
of erythropoietin and iron.16 –24 Intravenous activated vitamin
D was introduced in the middle to late 1980s to manage secondary hyperparathyroidism on dialysis, but beyond this role,
several observational studies suggested an independent survival benefit associated with its use in dialysis.25–29 Healthy
black and Hispanic individuals and those with kidney disease
have lower levels of vitamin D and consequently higher levels
of parathyroid hormone (PTH) compared with non-Hispanic
white individuals.30 –34 These differences are exaggerated further once patients reach dialysis,35 suggesting that black and
Hispanic individuals would be more likely to be treated with
intravenous activated vitamin D. We hypothesized that greater
use of activated vitamin D among black and Hispanic patients
is one factor that contributes to their survival advantage compared with non-Hispanic white patients. Moreover, we hyJ Am Soc Nephrol 19: 1379 –1388, 2008
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Table 2. Vitamin D levels at the initiation of hemodialysis before administration of any exogenous activated vitamin D
according to race/ethnicitya
Parameter

White

Hispanic

Black

25-Hydroxyvitamin D (ng/ml; mean ⫾ SD)
ⱕ10 (%)
10 to 30 (%)
⬎30 (%)
1,25-Dihydroxyvitamin D (pg/ml; mean ⫾ SD)
ⱕ10 (%)
10 to 30 (%)
⬎30 (%)

23.2 ⫾ 13.7
15
59
26
11.2 ⫾ 9.6
56
40
4

20.7 ⫾ 11.2
13
70
17
10.7 ⫾ 7.3
59
41
0

16.9 ⫾ 10.9b,c
30b,c
58
12
10.2 ⫾ 11.1b
61
36
3

a

25-Hydroxyvitamin D levels were available for 653 white, 125 Hispanic, and 372 black patients. 1,25-Dihydroxyvitamin D levels were available for 374 white, 76
Hispanic, and 219 black patients.
b
Significant differences (P ⬍ 0.05) versus White.
c
Significant differences (P ⬍ 0.05) between black and Hispanic.

Table 3. Mortality rates and crude and adjusted HR for mortality by race/ethnicitya
Parameter
Deaths (n)
Absolute mortality rate (%)
Annualized mortality rate (%)
Crude HR of death (95% CI)
Age- and gender-adjusted HR (95% CI)
Multivariable-adjusted HR (95% CI)c
Multivariable and activated vitamin D therapy–
adjusted HR (95% CI)c

All Patients
(n ⴝ 9303)

White
(n ⴝ 5110)

Hispanic
(n ⴝ 979)

1432
15.4
20.0
–
–
–
–

874
17.1
23.8
Reference
Reference
Reference
Reference

130
13.3b
16.0b
(0.57 to
(0.67 to
(0.65 to
(0.65 to

0.68
0.81
0.81
0.84

0.82)b
0.97)b
0.99)b
1.08)

Black
(n ⴝ 3214)

0.68
0.90
0.87
0.98

428
13.3b
16.1b
(0.61 to
(0.80 to
(0.76 to
(0.83 to

0.77)b
1.02)
0.99)b
1.16)

a
Absolute mortality rate was calculated as the total number of deaths divided by the total number of patients at risk at the outset of the observation period.
Annualized mortality rate was the total number of deaths per 100 patient-years of follow-up, censoring for recovery of renal function, kidney transplantation, or
loss to follow-up.
b
Significant differences (P ⬍ 0.05) versus white.
c
Adjusted for age, gender, assigned cause of renal failure, BP, BMI, vascular access at the initiation of hemodialysis, comorbidities, SMR, laboratory tests, and
urea reduction ratio.

pothesized that black and Hispanic patients who are not
treated with activated vitamin D demonstrate worse survival
compared with non-Hispanic white patients, mirroring their
worse outcomes in many nondialysis settings.
RESULTS

Crude and Adjusted 1-Yr Mortality

The annualized 1-yr mortality rate in the overall population
was 20% (Table 3). Cardiovascular disease accounted for 53%
of deaths, and 26% were attributed to infection. There was no
significant difference in crude mortality rates between black
and Hispanic patients, but each demonstrated a survival advantage compared with white patients (Table 3, Figure 1). The

Baseline Characteristics

Baseline characteristics and laboratory results at the initiation
of dialysis are presented in Table 1. Compared with white patients, black patients tended to be younger and heavier, and a
higher proportion were women and had hypertension as the
assigned cause of renal failure. A smaller proportion had cardiovascular disease, malignancy, or chronic obstructive pulmonary disease. Baseline PTH and creatinine levels were
higher for black compared with white patients, whereas calcium, albumin, hemoglobin, and urea reduction ratios were
lower. In the subset of patients who had vitamin D levels measured (Table 2), serum 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D were lowest among black patients, who were
most likely to be severely vitamin D deficient. For most baseline characteristics, including vitamin D measurements, Hispanic patients had levels that were intermediate between white
and black patients.
J Am Soc Nephrol 19: 1379 –1388, 2008

Figure 1. Kaplan-Meier survival curves for the first year on hemodialysis according to race/ethnicity (white, n ⫽ 5110; Hispanic,
n ⫽ 979; black, n ⫽ 3214). Log-rank tests comparing Hispanic
versus white, P ⬍ 0.01; black versus white, P ⬍ 0.01.
Race, Vitamin D, and Survival
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Table 4. Intravenous activated vitamin D therapy during the first year on hemodialysis according to race/ethnicity
Parameter
Treatment with activated vitamin D (%)
Dialysis day of activated vitamin D initiation (median关IQR兴)
Total activated vitamin D exposure/total follow-up (%)
Activated vitamin D dosage (g/treatment in calcitriol equivalent
units; mean ⫾ SD)
a

White
(n ⴝ 5110)

Hispanic
(n ⴝ 979)

Black
(n ⴝ 3214)

71
16 (9 to 44)
57
0.6 ⫾ 0.5

77a
21 (12 to 59)a
63a
0.7 ⫾ 0.5a

88a,b
16 (9 to 37)b
74a,b
1.0 ⫾ 0.7a,b

Significant differences (P ⬍ 0.05) versus white.
Significant differences (P ⬍ 0.05) between black and Hispanic.

b

survival advantage of black and Hispanic patients was partially
attenuated after adjustment for age and gender but retained
statistical significance in the multivariable-adjusted analyses
that did not account for activated vitamin D therapy (Table 3).
Use of Activated Vitamin D

Among all patients, 77% were treated with activated vitamin D
beginning at a median of day 16 (interquartile range 9 to 43 d)
after initiating dialysis and continuing for a median duration
of 270 d (interquartile range 126 to 348 d), or 77% of the total
follow-up period. Compared with white patients, black patients were more likely to be treated, spent a greater proportion
of their follow-up time receiving therapy, and received significantly greater dosages (Table 4); vitamin D use among Hispanic patients was intermediate between white and black patients. Although lower calcium levels were associated with
subsequent activated vitamin D therapy in univariate analyses,
baseline PTH was the strongest independent predictor of therapy (2.4-fold greater likelihood of therapy per 100-pg/ml increase; 95% confidence interval [CI] 2.3 to 2.5). Figure 2 presents the frequency of activated vitamin D use according to
race/ethnicity and decile of baseline PTH levels. White patients
tended to be concentrated in the lowest deciles of PTH, black
patients were skewed toward the upper deciles, and Hispanic
patients had intermediate PTH levels. Compared with white
patients, black patients were more likely to receive activated
vitamin D within each PTH decile: Up to 52% more likely than
white patients for PTH 52 to 94 pg/ml (95% CI 34 to 73%), but
among patients with baseline PTH levels ⬎206 pg/ml (deciles 6
to 10), the likelihood of therapy was only 4% greater (95% CI 2
to 7%) among black compared with white patients.
Race, Ethnicity, Activated Vitamin D, and Survival

In a univariate analysis, therapy with intravenous activated vitamin D was associated with a significant survival advantage
compared with no therapy (hazard ratio [HR] 0.48; 95% CI
0.43 to 0.54). There was significant interaction between race/
ethnicity, activated vitamin D therapy, and survival in univariate (P ⬍ 0.0001) and multivariable-adjusted (P ⫽ 0.01) analyses, indicating different relationships between race/ethnicity
and survival among treated and untreated patients. Among
patients who were treated with activated vitamin D, black and
Hispanic patients had significantly better survival compared
with white patients (Figure 3A), but among untreated patients,
1382
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black patients had significantly worse survival compared with
white patients (Figure 3B). Multivariable adjustment partially
attenuated the survival benefit of the black and Hispanic patients treated with activated vitamin D, but the higher risk for
mortality among untreated black patients compared with untreated white patients persisted in age- and gender-adjusted,
multivariable-adjusted models and in multivariable models
stratified by facility (Table 5). Furthermore, the survival benefit of black patients in the vitamin D–treated stratum was eliminated when adjusted for only age, gender, and dosage of activated vitamin D (HR 1.04; 95% CI 0.90 to 1.21).
Black patients who were not treated with activated vitamin
D were at higher risk for death in univariate, multivariableadjusted, and propensity score–adjusted analyses of the six
race/ethnicity ⫻ vitamin D groups (Figure 4). The results were
materially unchanged when further adjusted for baseline vitamin D levels (data not shown), although we acknowledge decreased power in the latter analyses. In contrast, there was no
effect modification of the relationships between race/ethnicity
and survival by iron or erythropoietin therapies; vascular access; age; gender; urea reduction ratio; or levels of albumin,
creatinine, hemoglobin, calcium, and PTH (data not shown).
Although the magnitude of the survival benefit among black
patients varied according to BP, body mass index, and phosphorus levels, in no stratum were black patients at higher risk
for mortality as was observed in the group with no vitamin D
treatment.
Black patients were less likely than white patients to receive
a kidney transplant (1.5 versus 3.8%; P ⬍ 0.01); excluding or
censoring those patients did not alter the results. To address
further the potential of confounding by indication, we examined the characteristics of patients who were not treated with
activated vitamin D during the follow-up period according to
race/ethnicity. There was no significant racial difference in the
frequency of hospitalization during the 1 yr of follow up (white
1.6 ⫾ 1.9 [median one admission]; black 1.5 ⫾ 1.6 [median
one admission]). Although untreated black patients were at a
significantly higher risk for mortality compared with white patients, their favorable baseline characteristics, including
younger age and fewer comorbidities, suggested that they
would have demonstrated lower risk (Table 6). Black patients
were 20% (95% CI 11 to 29%) more likely than white patients
to be treated at facilities with the highest (upper quartile) standardized mortality rates (SMR). Nevertheless, even after excluJ Am Soc Nephrol 19: 1379 –1388, 2008
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Figure 3. Kaplan-Meier survival curves for the first year on hemodialysis according to race/ethnicity and stratified by activated
vitamin D therapy. (A) Patients who were treated with activated
vitamin D (white, n ⫽ 3567; Hispanic, n ⫽ 745; black, n ⫽ 2821);
log-rank tests comparing Hispanic versus white, P ⬍ 0.01; black
versus white, P ⬍ 0.01. (B) Patients who remained untreated
(white, n ⫽ 1543; Hispanic, n ⫽ 234; black, n ⫽ 393); log-rank
tests comparing Hispanic versus white, P ⫽ 0.8; black versus
white, P ⬍ 0.01.

analysis in which all patients were censored at the time activated vitamin D therapy was begun, black patients remained at
a statistically significant higher risk for death compared with
white patients (HR 1.22; 95% CI 1.07 to 1.39).

DISCUSSION

Figure 2. Distribution of baseline PTH levels and the proportion
of patients who received activated vitamin D within deciles of
baseline PTH by race/ethnicity: (A) White. (B) Hispanic. (C) Black.
The bars represent the proportion of patients in each PTH decile.
The percentage of patients treated with activated vitamin D in
each decile is provided at the top of the corresponding bars.

sion of these patients, untreated black patients demonstrated
higher risk for death compared with untreated white patients
(HR 1.51; 95% CI 1.15 to 1.97). Finally, in another sensitivity
J Am Soc Nephrol 19: 1379 –1388, 2008

Upon initiating hemodialysis, black and Hispanic patients had
significantly higher PTH levels than white patients and were
treated more often and with higher dosages of activated vitamin D, which, in turn, was independently associated with improved survival as in previous observational studies.25–29 Thus,
although black and Hispanic patients with kidney disease are at
greater risk for developing more severe secondary hyperparathyroidism,34 this disadvantage seems to translate into a potential advantage once dialysis is initiated. This hypothesis is supported by the observation that among patients who were not
treated with activated vitamin D, black patients had signifiRace, Vitamin D, and Survival
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Table 5. Crude and adjusted HR for mortality by race/ethnicity stratified by activated vitamin D therapy
Parameter

White (HR 关95% CI兴)

Activated vitamin D use
crude HR of death
age- and gender-adjusted HR of death
multivariable-adjusted HR of deathb
multivariable- and facility-adjusted HRb
No activated vitamin D use
crude HR of death
age- and gender-adjusted HR of death
multivariable-adjusted HR of deathb
multivariable- and facility-adjusted HRb

Hispanic (HR 关95% CI兴)

Black (HR 关95% CI兴)

Reference
Reference
Reference
Reference

0.59
0.69
0.72
0.65

(0.46 to 0.76)a
(0.53 to 0.88)a
(0.55 to 0.94)a
(0.47 to 0.89)a

0.66 (0.57 to 0.76)a
0.89 (0.77 to 1.03)
0.84 (0.71 to 0.98)a
0.73 (0.61 to 0.88)a

Reference
Reference
Reference
Reference

0.98
1.10
0.93
0.96

(0.74 to 1.28)
(0.83 to 1.45)
(0.68 to 1.26)
(0.64 to 1.44)

1.33 (1.08 to 1.64)a
1.65 (1.33 to 2.04)a
1.35 (1.07 to 1.69)a
1.32 (1.01 to 1.74)a

Significant differences (P ⬍ 0.05) versus white.
Adjusted for age, gender, assigned cause of renal failure, BP, BMI, vascular access at the initiation of hemodialysis, comorbidities, SMR, laboratory tests, and
urea reduction ratio.

a

b

Figure 4. Risk for death according to race/ethnicity ⫻ activated
vitamin D therapy groups in unadjusted, multivariable-adjusted,
and propensity score–adjusted models. Solid and feathered bars
refer to activated vitamin D treated and untreated groups, respectively. *P ⬍ 0.05 versus reference group (R).

cantly worse outcomes than white patients, a finding that remained robust to a variety of sensitivity analyses. We believe
this is the first report of a population of black dialysis patients
who demonstrated significantly worse survival compared with
their white counterparts, an observation that mirrors the myriad of clinical situations outside dialysis.
Research of racial and ethnic disparities in health care
prominently describe how minorities are less likely to receive
specific diagnostic and therapeutic procedures—and thus experience poorer health outcomes—when compared with white
individuals, even when controlling for differences in insurance
and socioeconomic status. For example, black individuals are
referred less frequently than white individuals for cardiac catheterization, coronary artery bypass grafting, renal transplantation, and curative surgical treatment of lung cancer, among
others.36 – 42 To date, most disparities research has focused on
differences in the provision of discretionary, often highly
skilled, state-of-the-art treatments that are measures of quality
of care but do not necessarily have a biologic basis. By limiting
the effects of socioeconomic inequity on health care delivery,
dialysis represents a unique setting to examine potential biologic bases for disparities in outcomes that could suggest novel
1384
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strategies to improve minority outcomes outside dialysis. Indeed, the results of this study highlight a clinical situation in
which a racial disparity in health outcomes may be explained
by biologic mechanisms and in which a significant disparity
reverses after accounting for a single common intervention.
More important, these results may have important implications for the general population outside dialysis in whom vitamin D deficiency is widespread but especially common and
severe among minorities.43
The worldwide epidemic of vitamin D deficiency has led to
a resurgence of rickets with its catastrophic musculoskeletal
complications44 – 47; however, given the ubiquitous tissue distribution of the vitamin D receptor, even mild to moderate
vitamin D deficiency has been linked to a number of extraskeletal complications that could affect survival. For example, vitamin D deficiency has been linked to insulin resistance; diabetes; hypertension; congestive heart failure; stroke; prostate,
colon, and breast cancers; multiple sclerosis; and infections
such as tuberculosis.43 Importantly, many of these conditions
are more common or more severe among minorities, groups
who tend to be more severely vitamin D deficient.43 Furthermore, recent prospective studies of patients from the general
population48 and incident dialysis patients49 demonstrated increased cardiovascular events and mortality associated with
deficiencies of 25D and 1,25D. Our results should stimulate
studies outside dialysis to test whether vitamin D deficiency
may represent a modifiable, biologic risk factor that contributes to other health care disparities such as in cardiovascular
disease and cancer, where racial differences are also
present.50 –52
Residual confounding is a potential limitation of all observational studies, and confounding by indication is a particular
concern in studies involving therapeutic interventions such as
activated vitamin D. We used several strategies to address this
limitation, including multivariable analyses that adjusted for
calcium, phosphate, PTH, and other characteristics; stratified
analyses restricted to patients who were never treated; models
that adjusted for individual patients’ propensity of receiving
treatment; and analyses that censored patients at the time
treatment began. A significantly higher risk for death among
J Am Soc Nephrol 19: 1379 –1388, 2008
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Table 6. Characteristics of patients who were never treated with activated vitamin D according to race/ethnicity
Characteristic
Age (yr; mean ⫾ SD)
Diabetes as assigned cause of renal failure (%)
Systolic BP (mmHg; mean ⫾ SD)
Diastolic BP (mmHg; mean ⫾ SD)
BMI (kg/m2; mean ⫾ SD)
Access at the initiation of hemodialysis (%)
arteriovenous fistula
venovenous catheter
Comorbid conditions (%)
coronary artery disease/myocardial infarction
congestive heart failure
peripheral vascular disease
stroke
hyperlipidemia
malignancy
chronic obstructive pulmonary disease
Baseline laboratory test results
albumin (g/dl; mean ⫾ SD)
creatinine (mg/dl; mean ⫾ SD)
calcium (mg/dl; mean ⫾ SD)
phosphorus (mg/dl; mean ⫾ SD)
PTH (biointact, pg/ml; median 关IQR兴)c
alkaline phosphatase (U/L; mean ⫾ SD)
hemoglobin (g/L; mean ⫾ SD)
urea reduction ratio (%; mean ⫾ SD)

White
(n ⴝ 1543)

Hispanic
(n ⴝ 234)

Black
(n ⴝ 393)

67.0 ⫾ 14.9
39
139 ⫾ 24
70 ⫾ 13
26.6 ⫾ 6.7

62.9 ⫾ 15.8a
65a
142 ⫾ 20
73 ⫾ 11a
26.2 ⫾ 6.3

60.3 ⫾ 16.4a
37
145 ⫾ 24a
76 ⫾ 14a,b
26.7 ⫾ 8.0

19
69

21
68

13
72

14
16
6
5
12
5
4

6a
11a
3a
1a
7a
1a
1a

7a
12a
4a
4b
5a,b
3a
1a

3.4 ⫾ 0.5
5.4 ⫾ 2.5
8.7 ⫾ 0.8
4.5 ⫾ 1.6
91 (50 to 139)
97 ⫾ 71
10.4 ⫾ 1.3
68 ⫾ 11

3.3 ⫾ 0.6a
5.8 ⫾ 2.4a
8.5 ⫾ 0.9a
4.5 ⫾ 1.7
89 (59 to 139)
94 ⫾ 43
10.4 ⫾ 1.4
70 ⫾ 11

3.3 ⫾ 0.6a
6.2 ⫾ 3.0a
8.6 ⫾ 0.9
4.5 ⫾ 1.7
102 (53 to 166)
109 ⫾ 107a
10.0 ⫾ 1.4a,b
68 ⫾ 11

Significant differences (P ⬍ 0.05) versus white.
Significant differences (P ⬍ 0.05) between black and Hispanic.
Reference range on hemodialysis is 75 to 150 pg/ml.53

a

b
c

untreated black patients was detected using each of these approaches. The stratified analyses are especially noteworthy because untreated black patients had otherwise favorable baseline characteristics compared with white patients. Whereas
adjusting for baseline characteristics in the overall population
partially attenuated the survival benefit among black patients,
these factors acted as negative confounders in the analyses of
untreated patients in which the significantly increased univariate risk among black patients was magnified with multivariable adjustment. It is interesting that a significant survival benefit persisted in black and Hispanic patients in the stratum that
was treated with activated vitamin D. Although this could be
due to additional, unknown factors, adjusting for the higher
dosage of activated vitamin D administered to black patients
essentially eliminated the difference in age- and gender-adjusted models (HR 1.04). This contrasts with most previous
studies in which adjustment for a variety of factors diminished
the statistical significance between black and white patients but
did not completely eliminate the trend toward improved survival among black patients,16 –24 lending further support to the
hypothesis that differential vitamin D use at least partially explains the racial difference in hemodialysis survival.
Only a randomized, controlled trial could provide definitive evidence of a benefit for treating all vitamin D– deficient
patients or those of specific races and ethnicities. Given the
J Am Soc Nephrol 19: 1379 –1388, 2008

known complications of vitamin D deficiency, however, performing such a trial may be a challenge. ESRD would otherwise
be the ideal setting for such a trial because of the high “event”
rates, the pervasiveness and severity of vitamin D deficiency,49
and the lack of consensus on how best to manage it. However,
current national practice guidelines for dialysis advocate vitamin D therapy only for certain PTH levels,53 and the widespread reliance on these guidelines may preclude the possibility of randomly assigning dialysis patients with intact PTH
⬎300 pg/ml to placebo just as fears of adynamic bone disease
may limit the feasibility of randomly assigning patients with
intact PTH ⬍150 to therapy. Thus, as poignantly highlighted
by Himmelfarb,54 opinion-based practice guidelines may actually hinder the development of critically needed randomized
trials. Despite these difficulties, our results support the urgent
need for randomized studies to determine whether treatment
differences based on biologic differences, such as in the vitamin
D axis, may contribute to disparities in health outcomes in a
variety of clinical settings, including the various stages of
chronic kidney disease.

CONCISE METHODS
Accelerated Mortality on Renal Replacement (ArMORR) is a nationally representative prospective cohort study of patients who initiated
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long-term hemodialysis at US dialysis centers operated by Fresenius
Medical Care, North America (FMC, Lexington, MA). Information
collected prospectively included patient demographics, comorbidities
at the initiation of hemodialysis, laboratory tests, intravenous therapies, and clinical outcomes. Data were entered into a central database
by physicians and nurses at the point of care, with rigorous quality assurance/quality control auditing mandated by FMC.26,27 Routine laboratory
tests were performed by Spectra East (Rockland, NJ). This study was
approved by the institutional review board of the Massachusetts General Hospital, which waived the need for informed consent.

Study Population
Between July 1, 2004, and June 30, 2005, 10,044 incident hemodialysis
patients representing 1056 US dialysis units were prospectively enrolled in ArMORR. All incident hemodialysis patients who initiated
therapy at a US-based FMC unit were eligible for inclusion in the
overall ArMORR cohort. The self-identified racial composition of the
cohort was 6115 white and 3235 black; 694 patients were of “other”
races and were excluded from this study. The 47 patients (26 white, 21
black) who enrolled in ArMORR after having already spent ⬎30 d on
hemodialysis as inpatients were also excluded. Among 1007 patients
who reported Hispanic ethnicity, 979 described themselves as white
and 28 as black. For this study, the 28 black Hispanic patients were
included in the black group, and white Hispanic patients were analyzed separately (hereafter called Hispanic) from non-Hispanic white
patients (hereafter called white). The final study population included
9303 patients: 5110 white (55%), 979 Hispanic (11%), and 3214 black
(35%). Given the requirement of dialysis providers to record detailed
race/ethnicity data for reporting purposes, the potential for misclassification of race and ethnicity was likely small.

Exposures, Outcomes, and Covariates
The primary exposure was race/ethnicity, and the primary outcome
was all-cause mortality within the first year after initiating long-term
hemodialysis. Death was confirmed by discharge diagnosis reports
from the individual dialysis centers. The primary covariate of interest
was treatment with intravenous activated vitamin D analyzed as a
time-dependent covariate given differential start times. We analyzed
mean dosage of activated vitamin D therapy by expressing it in calcitriol equivalent units as mean paricalcitol dosage/455 and mean doxercalciferol dosage/256 calculated from the average dosage over each
calendar quarter standardized to the total number of calendar quarters of follow-up. We did not examine the effect of specific vitamin D
compounds on outcomes because of limited power for these analyses.
Other covariates included age, gender, assigned cause of renal failure
(diabetes, hypertension, glomerulonephritis, polycystic kidney disease, or other), BP, body mass index, vascular access at initiation
(arteriovenous fistula, graft, or venovenous catheter), urea reduction
ratio, facility-specific SMR,26 and comorbidities (coronary artery disease/myocardial infarction, congestive heart failure, peripheral vascular disease, stroke, hyperlipidemia, noncutaneous malignancy, and
chronic obstructive pulmonary disease). Comorbidities were ascertained at the initiation of dialysis by the individual patients’ practitioners and derived from the initial intake history, physical examination,
and medical chart review performed by the dialysis centers. These
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results differ somewhat from comorbidity rates reported by the US
Renal Data System because the latter are ascertained from data collected approximately 90 d after initiation of dialysis and are supplemented by hospital diagnostic codes reported to Medicare but not
available to FMC. We analyzed baseline blood levels of albumin, creatinine, calcium, phosphorus, PTH, alkaline phosphatase, hemoglobin, potassium, and bicarbonate. PTH was measured using the Nichols Bio-intact PTH assay that detects amino acids 1 to 84 (target
range on hemodialysis 75 to 150 pg/ml53). RIA (DiaSorin, Stillwater,
MN) measurements of 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D levels in baseline samples before any therapy with activated
vitamin D were available in a nested subset of consecutive patients
from a previous study.49

Statistical Analysis
We used one-way ANOVA, Kruskal-Wallis, and 2 tests to compare
demographics, laboratory tests, crude mortality rates, and vitamin D
use among the three race/ethnicity groups. When overall significant
differences were detected, pairwise differences were tested with the
Sidak adjustment for multiple comparisons. Because PTH levels guide
activated vitamin D treatment,53 we examined the frequency of treatment across deciles of baseline PTH levels within each race/ethnicity
group.
We used Kaplan-Meier curves with log-rank tests to examine survival after initiation of hemodialysis by race/ethnicity groups. Patients
were censored when they discontinued dialysis as a result of recovery
of renal function (4.4%) or kidney transplantation (2.9%) or were lost
to follow-up because they transferred their care to a non-FMC center
(12.4%); there were no differences in transfer rates according to race/
ethnicity. We used multivariable Cox models to adjust for potential
confounding after ensuring that the proportional hazards assumption
was not violated. We included covariates in the multivariable models
that have been associated with mortality on dialysis in previous studies and those that were significantly different among the race/ethnicity
groups in this study. For the multivariable analyses, variables with
missing data points were analyzed as categorical predictors with an
additional category for missing (⬍8% missing for any covariate);
missing data points were not imputed. Otherwise, continuous variables were analyzed on a continuous scale. We first assessed survival
by race/ethnicity without considering activated vitamin D therapy.
Next, we formally tested the interaction between race/ethnicity and
activated vitamin D therapy where vitamin D therapy was treated as a
time-dependent covariate. When significant interaction was detected
(P ⬍ 0.05) in univariate and multivariable-adjusted analyses, we examined results from models stratified by activated vitamin D therapy
(ever versus never treated) and models that incorporated race/ethnicity ⫻ activated vitamin D therapy groups. We also tested but did not
find an interaction between race/ethnicity and iron and erythropoietin therapies and other clinical factors that may have been associated
with dialysis mortality.
We used several approaches to address confounding by indication.
We calculated a propensity score of the likelihood of receiving activated vitamin D and adjusted for it in multivariable models. We compared the baseline characteristics and frequency of hospitalization
among untreated patients by race/ethnicity. To assess the impact of
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overall quality of care, we examined models stratified by facility-specific SMR. Finally, we performed an additional survival analysis of all
patients who had any untreated period with censoring at the time
activated vitamin D was initiated. Analyses were performed using
Intercooled Stata 7.0 (Stata Corp., College Station, TX) and two-sided
P ⬍ 0.05 was considered statistically significant.
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