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Background: Many patients initiate renal replacement ther-
apy with suboptimal anemia management. The factors con-
tributing to this remain largely unknown. The aim of this study
was to assess the associations of race and ethnicity with ane-
mia care prior to the initiation of renal replacement therapy.
Methods: Using data from the medical evidence form
filed for patients who initiated renal replacement therapy
between 1995-2003, we assessed racial and ethnic differ-
ences in pre-end-stage renal disease hematocrit levels, the
use of erythropoiesis stimulation agents (ESAs), the propor-
tion of patients with hematocrit levels .33% and the pro-
portion of patients with hematocrit levels <33% that did not
receive ESA. We also examined secular trends in racial and
ethnic differences in these parameters.

Results: In multivariable analyses, non-Hispanic blacks had
lower hematocrit levels (A hematocrt = -0.97%, 95% Cl: -1.00-
-0.94%), and were less likely to receive ESA (OR=0.82, 95% Cl:
0.81-0.84), to initiate renal replacement therapy with hema-
tocrit .33% (OR=0.78, 95% Cl: 0.77-0.79) or to receive ESA if the
hematocrit was <33% (OR=0.79, 95% Cl: 0.77-0.80) than non-
Hispanic whites. White Hispanics also had lower hematocrit
levels (A hematocrit = -0.42%, 95% Cl:-0.47% to -0.37%), and
were less likely to receive ESA (OR=0.86, 95% Cl: 0.85-0.88),
to have hematocrit levels >33% (OR=0.91, 95% Cl: 0.89-0.93)
or to receive ESA if the hematocrit was <33% (OR=0.85, 95%
Cl: 0.83-0.87) than non-Hispanic whites. These disparties per-
sisted over the eight-year study period.

Conclusions: African-American race and Hispanic ethnicity are
associated with suboptimal pre-end-stage renal disease ane-
mia management. Efforts to improve anemia care should incor-
porate targeted interventions to decrease these disparities.
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BACKGROUND
nemia is a well-recognized complication of

A chronic kidney disease; contributes to impair-
ments in quality of life; and has been linked in

observational studies to increased health resource uti-
lization, morbidity and mortality.'`6 The introduction
of recombinant human erythropoietin (rHuEpo) into
clinical practice nearly two decades ago transformed the
management of anemia for patients with end-stage renal
disease by reducing the need for routine blood transfu-
sions and improving overall quality of life, cognition
and sexual function.2'37`9 Similar benefits have been rec-
ognized in patients with earlier stages of chronic kidney
disease.0," As a result, rHuEpo and newer bioengineered
agents, which collectively constitute erythropoietin
stimulating agents (ESAs), have become standard treat-
ment for the anemia of chronic kidney disease.

Despite the widespread clinical benefits of ESA

1218 JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION VOL. 99, NO. 1 1, NOVEMBER 2007



DISPARITIES IN ANEMIA CARE

therapy and recommendations of the National Kidney
Foundation Kidney Disease Outcomes Quality Initia-
tive Clinical Practice Guidelines to use ESA to maintain
the hematocrit of patients with chronic kidney disease
between 33-36%, studies have found that the majority of
patients who initiate renal replacement therapy (RRT),
including hemodialysis, peritoneal dialysis and renal
transplantation, have hematocrit values well below rec-
ommended target levels and do not receive ESA in the
pre-RRT period.'2"3 In epidemiological studies, Obra-
dor and colleagues demonstrated that a majority of inci-
dent dialysis patients received suboptimal management
of anemia and that white patients had higher hematocrit
levels and were more likely to receive ESA than Afri-

can Americans.2,"3 However, ethnic differences were not
examined, and these studies only included patients who
initiated RRT up through 1999, precluding a meaning-
ful assessment of the potential impact of the National
Kidney Foundation's guidelines on the management of
anemia in chronic kidney disease that were initially pub-
lished in 1997.'4 Whether racial differences in hemato-
crit and ESA use persisted beyond 1999 is unknown, and
it remains unclear whether ethnic disparities exist in this
important facet of chronic kidney disease care. The aim
of the current study was to assess racial and ethnic dif-
ferences in pre-RRT anemia and its management among
patients who initiated RRT between 1995 and 2003.

Figure 1. Identification of study patients|
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METHODS

Study Population and Data Collection
This retrospective cohort study identified patients

who initiated RRT in the United States between Janu-
ary 1, 1995 and December 31, 2003 using data from the
End-Stage Renal Disease Medical Evidence Form from
the Centers for Medicare and Medicaid Services. This
legally required form is submitted within 90 days of the
initiation ofRRT for all end-stage renal disease patients
in the United States and contains items on demographic
characteristics, comorbid medical conditions, meta-
bolic parameters prior to the initiation of RRT and care
administered in the pre-RRT period (e.g., use of ESA).
The comorbid medical conditions contained on the form
include congestive heart failure, myocardial infarction,
ischemic heart disease, cardiac arrest, cardiac dysrhyth-
mia, pericarditis, cerebrovascular disease, hypertension,
peripheral vascular disease, chronic obstructive pulmo-
nary disease, diabetes mellitus, HIV/AIDS, malignant
neoplasm, alcohol/drug use and tobacco use. The lab-
oratory parameters on the form include serum albu-
min, hemoglobin and hematocrit, serum creatinine con-
centration and blood urea nitrogen concentration. The
reported laboratory values need to have been performed
within 45 days prior to the development of end-stage
renal disease.

Patients with more than one medical evidence form
filed during the study period were included only once
using data from the first form filed. Additionally, to
ensure that we only included patients who initiated RRT
during the target study period and for whom age was
known, we cross-referenced data from the medical evi-
dence form to the U.S. Renal Data System Patient Pro-
file. Patients with disparate dates or reported age of <0
or >100 years were not included in the analyses. We
excluded patients with race designation other than Afri-
can American or white, patients with missing race and/or
ethnicity designation, and those with missing hematocrit
values and/or missing data on the use of ESA. We clas-
sified 2,344 patients of Middle-Eastern/Arabian descent
as white. Ethnicity was further stratified by racial group
into the following categories: white non-Hispanic, white
Hispanic, non-Hispanic black and African-American
Hispanic.

Other data elements that we abstracted from the med-
ical evidence form included age at the initiation of RRT;
sex; comorbid medical conditions; serum creatinine and
albumin concentrations; and pre-RRT insurance coverage
categorized as Medicare, Medicaid, Departmnent of Vet-
erans Affairs, other insurance or no coverage. Patients'
primary cause of renal failure was categorized as diabe-
tes mellitus, hypertension, glomerulonephritis or other.
We used the four-variable Modification of Diet in Renal

Figure 2. Race/ethnicity and erythropoiesis stimulating agent use based on hematocrit level
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Disease Study equation to determine the estimated glo-
merular filtration rate at the initiation of RRT. II

Outcomes and Statistical Analyses
Our primary analyses were cross-sectional and

focused on racial and ethnic comparisons of hematocrit
level and ESA use. Because national guidelines were
released in 1997 recommending that hematocrit be main-
tained between 33-36% in patients with chronic kidney
disease, we also assessed racial and ethnic differences
in the proportion of patients with a pre-RRT hemato-
crit level .33%, and among those with hematocrit lev-
els <33%, the proportion that failed to receive pre-RRT
ESA. We used the Student's t test and Chi-squared statis-
tic to conduct univariate comparisons of continuous and
categorical variables, respectively.

To account for the potential impact of demographic
and clinical variables on the associations ofrace and eth-
nicity with anemia andESA use, we conducted multivari-
able linear and logistic regression analyses.'6 Covariates

in these analyses included demographic characteristics
(e.g., age, sex and insurance coverage), comorbid con-
ditions as well as estimated glomerular filtration rate.
Potential confounders were inclusively selected a priori
based on clinical judgment to include those factors that
might potentially impact the outcomes and have an asso-
ciation with race/ethnicity. The analyses of hematocrit
level also included an adjustment for ESA use, while
analyses of ESA use were adjusted for hematocrit level.
HIV/AIDS was not included in the multivariable models
because of the very large number of missing data points
for this variable. Transformations (e.g., categorization)
were considered for continuous predictors without any
impact on the estimates of racial and ethnic effects; lin-
ear terms were used for ease of interpretation. Based on
the recognition that race and ethnicity may be highly
correlated and that racial background could confound
the associations of ethnicity with anemia management,
we used the four ethnic-racial groups as independent
variables in the multivariable models. We assessed the

Table 1. Baseline characteristics by race and ethnicity*

White AA White AA
AAt White Non-Hispanic Non-Hispanic Hispanic Hispanic
(N=1 93,115) (N=427,559) (N=367,466) (N=1 90,948) (N=60,093) (N=2,167)

Demographic Characteristics
Age (Years)§ 57.2 16.0 63.6 16.0 64.4 15.7 57.2 ± 16.0 58.2 ± 16.4 57.0 ± 17.0
Gender (% Male) 48.4 56.0 56.5 48.3 52.7 53.0
Type of Insurance (%)
Veterans Affairs 1.6 1.2 1.3 1.6 1.0 2.4
Medicare 44.3 57.7 61.2 44.3 36.3 40.3
Medicaid 34.3 18.0 14.5 34.2 39.2 37.0
Other 18.0 38.9 41.9 18.0 20.5 15.5
No Insurance 11.5 5.5 4.2 11.4 13.4 13.4

Comorbid Illnesses
Heart Failure (%) 27.4 34.5 35.4 27.4 29.1 26.4
Myocardial Infarction (%) 5.1 10.8 11.7 5.1 5.6 4.7
Ischemic Heart Disease (%) 14.6 29.0 30.6 14.6 18.7 16.0
Pulmonary Disease (%) 4.2 9.2 10.1 4.2 3.2 3.9
Cerebrovascular Disease (%) 8.9 9.4 9.9 8.9 6.6 6.7
Peripheral Vascular Disease (%) 9.6 16.9 17.6 9.6 12.4 10.6
Diabetes Mellitus (%) 47.19 47.0w 44.8 47.2 60.7 45.0
Cancer (%) 3.8 6.6 7.2 3.8 2.6 3.3
HIV/AIDS (%) 5.0 2.3 2.4 5.0 1.3 8.1
Alcohol/Drug Use (%) 4.2 1.4 1.4 4.2 1.6 4.0

Clinical Characteristics
Dialysis Modality (% Hemodialysis) 93.0 87.4 86.7 93.0 91.6 92.3
Serum Albumin (g/dL)§ 3.1 ± 0.7 3.2 ± 0.7 3.2 ± 0.7 3.1 ± 0.7 3.1 ± 0.7 3.1 ± 0.7
eGFR (ml/min/1.73m2)§ 8.7 ± 5.0 9.3 ± 5.2 9.4 ± 5.2 8.7 ± 5.0 8.7 ± 5.0 8.7 ± 5.6
Primary Cause of ESRD (%)
Diabetes Mellitus 42.1 42.8 40.2 42.1 59.2 44.6
Hypertension 33.8 20.7 21.3 33.9 17.2 27.3
Glomerulonephritis 10.7 12.4 12.6 10.7 11.1 12.4

Other 13.4 24.1 25.9 13.3 12.5 15.7
* All p values for comparisons of African Americans to whites and white non-Hispanics to white Hispanics significant at the p value
<0.0001 Ilevel unless otherwise specified; t AA: African American; t Nonmutually exclusive and does not sum to 100%; § Mean ±
standard deviation; 9 p value: nonstatistically significant
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associations of race with the outcome variables in these
models by specifically comparing non-Hispanic blacks
to the referent group, white non-Hispanics. The effect
of ethnicity on the outcomes of interest was assessed
by comparing white Hispanics to the referent group,
white non-Hispanics. Additional analyses considered
the impact of potential confounders through the use of
interaction terms with race and ethnicity. Estimates of
racial and ethnic disparities under different covariate
configurations were very similar to those from the main
effects model without the interaction terms. For the ease
of interpretation, main effects models are presented.
Lastly, to assess secular trends in race/ethnic differences
in anemia and ESA use over the eight-year study period,
we examined risk-adjusted two-way interactions of race/
ethnicity group with a calendar year using similar multi-
variable regression analyses.

For univariate comparisons, Bonferroni correction
was applied to account for multiple comparisons and a p
value of<0.0025 was considered statistically significant.
For the multivariable models, 95% confidence intervals
(CIs) are described. Statistical analyses were conducted
using SAS version 8.2 (Cary, NC) and STATA® ver-
sion 9 (College Station, TX). All study procedures were
approved by the U.S. Renal Data Service and the Veter-
ans Affiars (VA) Pittsburgh Healthcare System institu-
tional review board.

RESULTS

Study Population
Of 733,257 patients with medical evidence forms

filed during the study period, 112,583 had .1 exclusion
criteria and/or missing race, ethnicity, hematocrit or
ESA data, leading to a final study population of 620,674
patients (Figure 1). There were a small number ofpatients
(N=9,413) who received pre-emptive renal transplants
rather than initiating dialysis that were included in this
population. African Americans were younger, were
more likely to be female and had less kidney function
at the initiation of RRT than whites, while white His-
panics were younger, more likely to be female and had

a higher frequency of diabetes mellitus than their white
non-Hispanic counterparts. Nearly all racial and ethnic
differences in demographic and clinical characteristics
met the level of statistical significance because of the
very large number of study patients. (Table 1).

Unadjusted Associations of Race
and Ethnicity with Anemia and Use
of Erythropoietin Stimulating Agents

In unadjusted comparisons, African Americans and
Hispanics had lower hematocrit levels and were less
likely to receive ESA than whites and non-Hispanics,
respectively (Table 2). When ethnicity was stratified by
race, the ethnic differences in mean hematocrit were
greater in whites (29.8% in non-Hispanics vs. 28.8%
in Hispanics, p<0.001) than among African Ameri-
cans (28.1% in non-Hispanics vs. 28.0% in Hispanics,
p=0.8), highlighting the confounding effect of race on
associations of ethnicity with the study outcomes. Eth-
nic differences in ESA use were also more pronounced
in whites (30.7% in non-Hispanics vs. 25.9% in His-
panics, p<0.0001) than African Americans (24.2% in
non-Hispanics vs. 22.4% in Hispanics, p=0.03). Simi-
lar patterns are present in the proportion ofpatients with
hematocrit levels <33% and in the use ofpre-RRT ESA
in such patients. For all ranges ofhematocrit, white non-
Hispanics were more likely to receive ESA than white
Hispanics and African Americans, either Hispanic or
non-Hispanic (Figure 2).

Adjusted Associations of Race and
Ethnicity with Anemia and rHuEpo Use

The results of multivariable analyses of the asso-
ciations of race and ethnicity with hematocrit and
ESA use are presented in Table 3. Compared to white
non-Hispanics, non-Hispanic blacks had lower hema-
tocrit level (A hematocrit=-0.97%, 95% CI: -1.00-
-0.94) and less pre-RRT ESA use (OR=0.82, 95% CI:
0.81-0.84). White Hispanics also had lower hema-
tocrit levels (A hematocrit=-0.42%, 95% CI: -0.47-
-0.37) and were less likely to receive ESA (OR=0.86,
95% CI: 0.85-0.88) than white non-Hispanics. Like-

Table 2. Unadjusted associations of race and ethnicity with hematocrit and use of erythropoletin
stimulating agents (ESAs) at the initiation of renal replacement therapy*

African White AA White AA
Americans Whites Non-Hispanics Non-Hispanics Hispanics Hispanics

Hematocrit (%)t 28.1 ± 5.7 29.6 ± 5.4 29.8 ± 5.3 28.1 ± 5.7 28.8 ± 5.5 28.0 ± 5.6
ESA use (%) 24.2 30.0 30.7 24.2 25.9 22.4
Hematocrit <33% (%) 81.3 74.6 73.9 81.3 78.8 82.8
ESA use if hematocrit <33% (%) 22.3 28.0 28.7 22.4 24.1 21.1
Hematocrit 33-36% (%) 10.3 14.0 14.4 10.3 11.8 8.9
Hematocrit >36% (%) 8.4 11.4 11.7 8.4 9.4 8.3
* All p values for comparisons of African Americans to whites and white non-Hispanics to white Hispanics <0.0001; t Mean ± standard
deviation
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wise, compared to white non-Hispanics, African-Ameri-
can Hispanics had lower pre-RRT hematocrit levels (A
hematocrit=- 1. 1I, 95% CI: - 1.3- -0.89). Because of the
concern that small racial differences in the proportion of
patients with near-normal hematocrit levels (>39%) and
in the prevalence of primary conditions such as polycys-
tic kidney disease-which is associated with less ane-
mia-could have driven the observed racial dispari-
ties, we performed sensitivity analyses excluding such
patients. There was no appreciable change in the results.

Compared to white non-Hispanics, non-Hispanic
blacks were less likely to initiate RRT with hematocrit
levels .33% (OR=0.78, 95% CI: 0.77-0.79). Among
patients with hematocrit levels <33%, non-Hispanic
blacks were less likely than white non-Hispanics to
receive ESA (OR=0.79, 95% CI: 0.77-0.80). Similar
differences were seen in these outcomes when White
Hispanics and African-American Hispanics were com-
pared to white non-Hispanics (Table 4).

There were variables other than race and ethnicity
that were associated with hematocrit and ESA use. Most
had statistically, albeit seemingly not clinically, signifi-
cant associations with these outcomes, likely due to the
very large sample size. As expected, women and those
with cancer had lower hematocrit values and were more
likely to receive ESA. Patients without medical insur-
ance also had lower hematocrit levels than those with
insurance, yet were much less likely to receive ESA.
Alcohol/drug use was associated with higher hematocrit
values and greater use of ESA, although these associa-
tions were likely reflective of the very small proportion
of study patients in this category (<3%).

Time Trends in Hematocrit and Use
of Erythropoietin Stimulating Agents

Throughout the study period, African-American
race and Hispanic ethnicity were associated with lower
hematocrit levels and less ESA use. There was a slightly
greater increase in hematocrit levels over time among
non-Hispanic blacks than white non-Hispanics (A hema-
tocrit/year=0.07%, 95% CI: 0.06-0.08). Likewise, the
temporal rise in hematocrit among white Hispanics was
slightly greater than that seen in white non-Hispanics
(A hematocrit/year=0.03%, 95% CI: 0.0 1-0.05). Use of
ESA remained less common in non-Hispanic blacks than
white non-Hispanics throughout the eight-year study
period; however, over time, the use of ESA increased
to a slightly greater extent each year in non-Hispanic
blacks than white non-Hispanics (OR=1.01, 95% CI:
1.01-1.02). Conversely, compared to white non-Hispan-
ics, white Hispanics became less likely to receive ESA
over time (OR=0.98, 95% CI: 0.98-0.99). Time had no
statistically significant impact on the hematocrit level or
use of ESA among African Americans Hispanics com-
pared to white non-Hispanics.

Racial and ethnic disparities in the proportion of
patients with pre-RRT hematocrit levels .33% and the
use ofESA in patients with hematocrit levels <33% also
persisted throughout the eight-year study period. There
were statistically significant, albeit likely not clinically
significant, changes in the magnitude ofthese disparities
over time. The proportion of non-Hispanic blacks with
hematocrit levels .33% increased to a greater degree
over time than the proportion of white non-Hispan-
ics (OR=1.02, 95% CI: 1.01-1.03). The increase in the

Table 3. Adjusted associations of race and ethnicity with hematocrit level and use of erythropoletin
stimulating agents

Association with Hematocrit Levelt Association with rHuEpo Uset
95% Confidence Interval 95% Confidence Interval

Factors A Hematocrit (%) Lower Upper Odds Ratio Lower Upper
African-American non-Hispanic* -0.97 -1.00 -0.94 0.82 0.81 0.84
White Hispanic* -0.42 -0.47 -0.37 0.86 0.85 0.88
African-American Hispanic* -1.11 -1.34 -0.89 0.77 0.69 0.85
ESA use 1.06 1.03 1.09 - - -
Hematocritt - - - 1.04 1.04 1.04
Aget 0.30 0.29 0.31 0.98 0.98 0.99
Female gender -0.19 -0.21 -0.16 1.18 1.16 1.19
Estimated GFRI 0.81 0.79 0.82 0.93 0.93 0.94
Heart failure -0.26 -0.29 -0.23 0.97 0.96 0.98
Myocardial infarction 0.24 0.19 0.29 0.91 0.89 0.93
Ischemic heart disease 0.25 0.21 0.28 1.05 1.03 1.07
Cancer -0.33 -0.38 -0.27 1.20 1.18 1.23
Alcohol/drug use 0.34 0.25 0.43 1.43 1.37 1.50
No insurance§ -0.62 -0.68 -0.56 0.52 0.51 0.54
* Referent category is white non-Hispanic; t For ease of interpretation, linear terms for hematocrit, age, and eGFR are presented. Use
of detailed categorical strata for these variables did not impact other estimates (age is centered around its median and scaled by
10 years, eGFR is centered around its median and scaled by 5 ml/min); § Referent category is employer group health insurance; t
Additional adjustments for pulmonary disease, cerebrovascular disease, peripheral vascular disease, diabetes, Medicare insurance,
Medicaid insurance and other insurance not shown in table.
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number ofwhite Hispanics who achieved this benchmark
was also slightly greater than among white non-Hispan-
ics (OR=1.01, 95% CI: 1.00-1.02). Among patients with
hematocrit levels <33%, ESA use increased slightly
more in non-Hispanic blacks than in white non-His-
panics over time (OR=1.02, 95% CI: 1.01-1.02), while
white Hispanics with this degree of anemia became less
likely to receive ESA over time than white non-Hispan-
ics (OR=0.98, 95% CI: 0.97-0.99). No statistically sig-
nificant temporal changes in either of these outcomes
were seen when comparing African-American Hispan-
ics to white non-Hispanics.

DISCUSSION
In this cohort of patients initiating RRT in the United

States, African-American race and Hispanic ethnicity
were associated with lower pre-RRT hematocrit levels,
lower rates of pre-RRT ESA use, a decreased likelihood
of initiating RRT with a hematocrit .33% and lower
probability of receiving ESA therapy despite a hema-
tocrit <33%. Overall, anemia management improved
between 1995 and 2003, yet racial and ethnic disparities
persisted throughout this time frame.

Our result built upon prior analyses by examining
disparities in the attainment of target anemia param-
eters; assessing the association of ethnicity with ane-
mia care; and determining secular trends in disparities,
which allowed for an evaluation ofthe impact ofnational
guidelines on attenuating disparate care. While our find-
ings raise the specter of clinician prejudice and/or sys-
tematic racial/ethnic bias, there are potential explana-
tions for the observed disparities in hematocrit levels.

The possibility that unmeasured differences in under-
lying levels of inflammation, iron stores, prevalence of
conditions such as congential hemoglobinopathies, and/
or dose of ESA account for the observed differences in
hematocrit is suggested by our observation that even
after adjusting for ESA use, African Americans and His-
panics had lower hematocrit levels and were significantly
less likely to achieve a hematocrit .33%. Studies in the
general population have shown that African Americans
have slightly lower hematocrit levels than whites.'7 Vari-
able compliance with prescribed ESA could also have
contributed to the differences in the achieved hemato-
crit level as studies in populations of patients with dia-
betes, rheumatologic conditions and cardiovascular dis-
ease have shown that African Americans are less likely
to adhere to prescribed medications than whites.'820
Lastly, cultural differences in trust in the medical sys-
tem and varying levels of health education could con-
tribute to these disparities.2' Given the data limitations
of the medical evidence form, we were unable to exam-
ine such variables in this analysis.

Differences in access to care and medical insurance
coverage could also explain our findings.2224 Access to
nephrology care in the pre-ESRD period may vary by
race and ethnicity. Moreover, presence and type of insur-
ance can have an impact on patients' eligibility for and
means to afford ESA.25 There was substantial racial and
ethnic variation in medical coverage, with Medicaid
and lack of coverage being significantly more common
among African Americans and Hispanics. In fact, Med-
icaid and lack of insurance were associated with subop-
timal anemia care. However, adjustment for insurance

Table 4. Adjusted associations of race and ethnicity with hematocrit level 233% and use of erythropoietin
stimulating agents (ESAs) among patients with hematocrit <33%

Association with rHuEpo Use
Association with Hematocrit 233%fl if Hematocrit <33%f

95% Confidence Interval 95% Confidence Interval
Variable Odds Ratio Lower Upper Odds Ratio Lower Upper
African-American non-Hispanic* 0.78 0.77 0.79 0.79 0.77 0.80
White Hispanic* 0.91 0.89 0.93 0.85 0.83 0.87
African-American Hispanic* 0.71 0.63 0.79 0.74 0.66 0.83
ESA 1.45 1.44 1.47 - - -
Aget 1.07 1.06 1.08 0.99 0.98 0.99
Female gender 0.93 0.92 0.94 1.14 1.12 1.15
Estimated GFR 1.24 1.23 1.24 1.0Qt 0.99 1.00
Heart failure 0.89 0.88 0.90 1.01t 0.99 1.02
Myocardial infarction 1.06 1.03 1.08 0.94 0.92 0.96
Ischemic heart disease 1.05 1.04 1.07 1.06 1.04 1.08
Cancer 0.89 0.87 0.91 1.18 1.14 1.21
Alcohol/drug use 1.11 1.07 1.17 1.39 1.32 1.46
No insurance§ 0.85 0.83 0.87 0.53 0.51 0.54
* Referent category is white non-Hispanic; t Denotes nonstatistically significant association; t Age is centered around its median and
is scaled by 10 years, eGFR is centered around its median and is scaled by 5 ml/min; § Referent category is employer group health
insurance; n Additional adjustments for pulmonary disease, cerebrovascular disease, peripheral vascular disease, diabetes, Medicare
insurance, Medicaid insurance and other insurance not shown in table.
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failed to eliminate the observed disparities. It is possible
that such adjustments may not adequately account for
broad socioeconomic differences.2627

There were statistically significant, albeit not clini-
cally significant, reductions in some disparities over
time. While the publication and dissemination of the
National Kidney Foundation guidelines likely explain
the overall improvements in anemia management, these
guidelines do not appear to have attenuated racial or eth-
nic inequities in care. The secular constancy of these
disparities should prompt efforts to determine if physi-
ologic differences in the response to ESA among racial
and ethnic groups underlie this phenomenon.

This study also highlights important issues in the
overall quality of anemia care. As recently as 2003, 71%
of patients began RRT with hematocrit levels <33%, yet
only 32% received ESA. A key question that stems from
this study is whether disparate and suboptimal manage-
ment of anemia exists in patients with less-advanced
chronic kidney disease. The optimal target hematocrit
for patients with chronic kidney disease remains a mat-
ter of ongoing debate, with recently studies suggesting
that targeting near-normal hemoglobin levels in patients
with moderate levels of chronic kidney disease may be
associated with increased cardiovascular morbidity and
mortality.28'29 However, the mean hematocrit values in
the present study (28.1-29.6%) were substantially lower
than the levels targeted in these trials and far below the
lower threshold (33%) established by national guide-
lines for ESA treatment. While future studies will cer-
tainly aim to clarify the optimal target hematocrit, the
importance of racial and ethnic disparities in achieved
hematocrit in the present study should not be down-
played. Our findings should prompt efforts to examine
the equity of anemia management in patients with less-
advanced stages of chronic kidney disease.

There are certain limitations to this study. First,
although the racial and ethnic differences in hemato-
crit levels were highly statistically significant due to
the large sample size, the clinical significance of these
differences would seem to be less robust. Second, our
analyses emanate from administrative data and our abil-
ity to confirm racial and ethnic designations and ver-
ify the hematocrit level and ESA prescription against
source documents was not possible. Third, duration
and dose of ESA therapy, inflammatory markers and
iron status could not be ascertained from the medical
evidence form. Fourth, we were not able to determine
temporal associations between the reported hematocrit
level and the use of ESA, which limited the formula-
tion of conclusions on causality between these two inter-
related variables. Lastly, approximately 15% of patients
initially identified met exclusion criteria and were not
included in our analyses. However, post hoc analyses
revealed that the racial and ethnic make-up of patients
with missing hematocrit values closely mirrored that of

our study population. Moreover, among patients without
hematocrit values but with hemoglobin reported, hemo-
globin values were similar to those reported for patients
included in the study.

In summary, this study demonstrates the presence of
significant racial and ethnic disparities in pre-RRT ane-
mia management that persist over time. A large major-
ity of all patients initiate RRT with hematocrit levels that
fall substantially below recommended targets and do not
received ESA, even when the use ofthese agents is seem-
ingly clinically indicated. Concerted efforts to address
these issues of equity and quality of care will require sys-
tematic attempts to identify the root causes of disparate
and suboptimal care and, subsequently, the development
of interventions targeted at the underlying etiologies.
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