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6/2007 using Cox regression models.  Results:  Poisson ad-
justed ratio of ESA dose of HD to PD was 3.6 (95% CI 3.5–3.7). 
In PD patients, adjusted all-cause death hazard ratios (HR) for 
ESA doses of 3,000–5,999, 6,000–8,999 and  6 9,000 U/week 
(reference  ! 3,000 U/week) were 0.97 (0.87–1.07), 0.85 (0.76–
0.95) and 1.08 (0.98–1.18), respectively; whereas in HD pa-
tients across commensurate ESA dose increments of 10,000–
19,999, 20,000–29,999 and  6 30,000 U/week (reference 
 ! 10,000 U/week) were 1.14 (1.11–1.17), 1.54 (1.50–1.58) and 
2.15 (2.10–2.21), respectively. In PD and HD patients, the ad-
justed death HR of the 4th to 1st quartile of ESA responsive-
ness index were 1.14 (1.04–1.26) and 2.37 (2.31–2.43), re-
spectively.  Conclusions:  Between 2001 and 2006, most PD 
patients received substantially lower ESA dose for same 
achieved hemoglobin levels, and low ESA responsiveness 
was associated with higher mortality in both HD and PD pa-
tients.  Copyright © 2012 S. Karger AG, Basel 
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 Abstract 

  Background:  Several studies have shown an association be-
tween erythropoietin-stimulating agent (ESA) responsive-
ness and mortality in chronic kidney disease (CKD) patients. 
In our present study, we examined the association between 
prescribed ESA dose and mortality in peritoneal dialysis (PD) 
and hemodialysis (HD) patients. We hypothesized that PD 
patients received lower ESA dose for the same achieved he-
moglobin compared to HD patients and that ESA dose-mor-
tality associations were different between PD and HD pa-
tients.  Methods:  We compared the prescribed doses of ESA 
between 139,103 HD and 10,527 PD patients treated in Da-
Vita dialysis clinics from 7/2001 through 6/2006 using adjust-
ed Poisson regression and examined mortality-predictabili-
ty of prescribed ESA dose and ESA responsiveness index 
(ESA/hemoglobin) in PD and HD with follow-up through 
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 Introduction 

 Anemia is present in most patients with chronic kid-
ney disease (CKD) treated with maintenance hemodi-
alysis (HD) or peritoneal dialysis (PD)  [1–3] . Observa-
tional studies have repeatedly found anemia and hemo-
globin variability to associate with adverse clinical 
outcomes in patients with various degrees of CKD  [2, 4, 
5] . Recent prospective randomized trials testing the ef-
fect of erythropoietin-stimulating agents (ESAs) in CKD 
patients  [6–10] , however, have suggested that targeting 
hemoglobin to normal or near-normal levels in CKD 
does not confer a survival benefit, nor any substantial 
improvement in health-related quality of life compared 
to delay in starting ESA when the hemoglobin level de-
clines to  ! 9 g/dl  [7] . Prior to 2007, the administered ESA 
doses for US dialysis patients were higher than is cur-
rently the case  [11, 12] . During this period, the average 
ESA doses ranged from 17,832 U/week (nonprofit facil-
ities with a mean hematocrit level of 34.6%) to 24,986 
U/week (for-profit facilities with a mean hematocrit lev-
el of 36.5%)  [11] .

  Several studies have shown an association between 
ESA responsiveness and mortality in CKD patients  [13, 
14] . A recent secondary analysis of the Trial to Reduce 
Cardiovascular Events with Aranesp therapy (TREAT) 
showed that a poor initial response to ESA therapy was 
associated with increased cardiovascular and all-cause 
mortality  [15] . It has been suggested that the received 
dose of ESA to achieve certain hemoglobin level, also 
known as the ESA hyporesponsiveness index, has a bear-
ing on ESA survival associations  [16] . In addition to the 
CKD population not yet on dialysis, poor response to 
ESA therapy is associated with increased mortality in HD 
patients as well  [17] . It is possible, although never tested 
in randomized trials, that ESA itself, rather than targeted 
hemoglobin concentration, mediates the increased risk of 
adverse vascular outcomes  [18] . The Clinical Evaluation 
of the Dose of Erythropoietins (CE-DOSE) trial is expect-
ed to more accurately assess the benefits and harms of a 
high versus a low fixed ESA dose for the management of 
anemia in patients with end-stage renal disease  [19] . 
However, to our knowledge no study has examined the 
association between ESA hyporesponsiveness and mor-
tality in PD patients, or compared it to that in HD pa-
tients.

  Recent data from the UK Renal Registry showed that 
the prescribed ESA dose in HD patients was 100% high-
er prescribed than in PD patients  [20] ; this observation 
was confirmed by Coronel et al.  [21] . In CKD patients, 

the ESA hyporesponsiveness may be related to chronic 
inflammation, iron deficiency and hyperparathyroid-
ism, among other conditions  [22–26] . The prevalence 
and predictors of these factors might be different be-
tween PD and HD patients, which may be reflected by 
the differences in received prescribed ESA dose between 
these two dialysis modalities  [27] . We are not aware of 
any prior study in large cohorts of dialysis patients to 
compare ESA dose and responsiveness in PD and HD 
populations. Using a large and contemporary cohort of 
all dialysis patients from a single dialysis provider in the 
United States between mid-2001 and mid-2006 with ex-
tensive clinical and laboratory data, we examined the 
hypothesis that PD patients receive lower ESA doses for 
the same achieved hemoglobin compared to HD pa-
tients and that higher ESA dose is associated with in-
creased risk of mortality in both PD and HD popula-
tion.

  Methods 

 Patients 
 We extracted, refined and examined data from all individu-

als with ESRD who underwent PD or HD treatment from July 
2001 through June 2006 in any one of the 580 outpatient dialysis 
facilities of DaVita, a large dialysis organization in the US (prior 
to its acquisition of clinics owned by Gambro). The study was 
approved by relevant Institutional Review Committees. The 
5-year (7/2001–6/2006) national database of all DaVita dialysis 
patients included 164,789 cumulative subjects; of these, 13,312 
were excluded for lack of data regarding baseline dialysis modal-
ity. Of the remaining 151,477 patients, 10,527 were treated with 
PD and 139,103 were treated with HD and the modality was un-
certain in 1,847 patients. Inclusion criteria for the study were 
patients who had been undergoing dialysis for at least 90 days 
and were treated with PD or HD at the time of entry into the 
cohort.

  Clinical and Demographic Measures 
 The creation of the cohort has been described previously  [28–

35] . To minimize measurement variability, all repeated measures 
for each patient during any given calendar quarter, i.e. over a 13-
week interval, were averaged and the summary estimate was used 
in all models. Average values were obtained from up to 20 calen-
dar quarters (q1 through q20) for each laboratory and clinical 
measure for each patient for up to 6 years of follow-up. The first 
(baseline) studied quarter for each patient was the calendar quar-
ter in which the patient’s dialysis vintage was  1 90 days. The pres-
ence or absence of diabetes at baseline was obtained from DaVita 
data and verified in the United Stated Renal Data System (USRDS). 
Histories of tobacco smoking and preexisting co-morbid condi-
tions were obtained by linking the DaVita database to the Medical 
Evidence Form 2728 of the USRDS and categorized into 10 co-
morbid conditions: ischemic heart disease, congestive heart fail-
ure, history of cardiac arrest, history of myocardial infarction, 
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pericarditis, cardiac dysrhythmia, cerebrovascular events, pe-
ripheral vascular disease, chronic obstructive pulmonary disease, 
and cancer  [36] . Patients were followed for outcomes through June 
30, 2007. The recorded causes of death were obtained from the 
USRDS, and cardiovascular death was defined as death due to 
myocardial infarction, cardiac arrest, heart failure, cerebrovascu-
lar accident, and other cardiac causes.

  Laboratory Measures 
 Blood samples were drawn using uniform techniques in all 

dialysis clinics and were transported to the DaVita Laboratory in 
Deland, Fla., USA, usually within 24 h. All laboratory values were 

measured by automated and standardized methods. Most labora-
tory values were measured monthly. The 3-month-averaged 
weekly ESA dose was used in our analyses. To examine the rela-
tionship of ESA dose increments to mortality in dialysis patients, 
we divided HD patients into four a priori categories of weekly ESA 
doses of  ! 10,000, 10,000–19,999, 20,000–29,999 and  6 30,000 U/
week, so that each group included approximately 20,000–40,000 
HD patients. Since PD patients received on average one-third of 
the ESA dose given to HD patients, we divided PD patients into 
four different but commensurate weekly ESA dose categories of 
 ! 3,000, 3,000–5,999, 6,000–8,999 and  6 9,000 U/week, which re-
sulted in 1,500 to 3,000 PD patients in each ESA group. In sensi-
tivity analyses, we also divided PD patients into the same four 
ESA groups as HD patients to assess the association of extremely 
high ESA dose and PD outcomes.

  Epidemiologic and Statistical Methods 
 Data were summarized using proportions and means ( 8 SD). 

Categorical variables were analyzed with the  �  2  test and continu-
ous variables were compared using the t test or ANOVA as appro-
priate.

  Poisson regression was used to calculate ratio of prescribed 
ESA dose (as a count variable) between HD and PD after adjust-
ment for covariates. Four levels of adjustment were used as fol-
lows: (1) unadjusted or minimally adjusted models included mo-
dality categories and entry calendar quarter (q1 through q20);
(2) hemoglobin-adjusted models that included all of the above 
plus blood hemoglobin; (3) case-mix-adjusted models, and (4) 
case-mix plus malnutrition-inflammation-complex syndrome 
(MICS)-adjusted models adjusting for below mentioned co-vari-
ables.

  Survival analyses with Cox time-averaged regression were 
used to examine whether ESA dose predicted survival during up 
to 6 years of follow-up. All-cause mortality was the primary out-
come measure and cardiovascular mortality as a secondary out-
come measure. In the mortality analyses, the patients were 
followed until event (death) or censoring (transplantation, de-
parture from DaVita facilities or end of follow-up period) 
whichever happened first. For each analysis, three models were 
examined: (1) unadjusted or minimally adjusted models includ-
ed ESA dose categories and entry calendar quarter (q1 through 
q20); (2) case-mix-adjusted models that included all of the above 
plus age, gender, race/ethnicity (African-Americans and other 
self-categorized Blacks, Non-Hispanic Whites, Asians, Hispan-
ics and others), ten pre-existing co-morbid conditions, history of 
tobacco smoking, categories of dialysis vintage ( ! 6 months, 6 
months to 2 years, 2–5 years and  6 5 years), primary insurance 
(Medicare, Medicaid, private, and others), and marital status 
(married, single, divorced, widowed, and other or unknown), 
presence of diabetes, serum ferritin and iron saturation, and (3) 
case-mix plus malnutrition-inflammation-complex syndrome 
(MICS)-adjusted models included all of the covariates in the 
case-mix model as well as 9 surrogates of nutritional status and 
inflammation, including body mass index, and 8 laboratory sur-
rogates with known association with clinical outcomes in hemo-
dialysis patients [30] including serum levels of albumin, total 
iron-binding capacity, creatinine, phosphorus, calcium, bicar-
bonate, blood white blood cell count and lymphocyte percent-
age.

Table 1. B aseline data of 10,527 PD patients and 139,103 HD pa-
tients from a cohort of dialysis patients between 6/2001 and 
7/2006

All PD
patients
(10,527)

All HD
patients
(139,103)

p 

Age, years 55816 62816 < 0.001
Female sex, % 47 45 <0.001
Diabetes, % 46 44 <0.001
Race/ethnicity, %

Caucasian
Black
Hispanic
Other

54
21
14
11

44
32
14
10

<0.001

Vintage (time on dialysis), %
<6 months
6–24 months
2–5 years
>5 years

62
18
14

6

53
19
18
10

<0.001

Primary insurance: Medicare, % 58 68 <0.001
BMI, kg/m2 27.088.1 26.787.1 <0.001
Serum albumin, g/dl 3.680.5 3.780.5 <0.001
Creatinine, mg/dl 8.483.9 8.083.3 <0.001
Ferritin, ng/ml 3708446 5208501 <0.001
TIBC, �g/dl 240851 208847 <0.001
Serum iron (Fe), �g/dl 71830 57825 <0.001
TSAT (iron saturation), % 30813 28811 <0.001
Bicarbonate, mg/dl 2583 2283 <0.001
Phosphorus, mg/dl 5.381.4 5.681.5 <0.001
Calcium, mg/dl 9.280.8 9.280.7 0.12
Blood hemoglobin, g/dl 12.281.5 12.081.4 <0.001
WBC count, !103/�l 7.682.7 7.582.6 <0.001
Lymphocytes, 

% of total WBC count 2088 2088 <0.001
Death, n (%) 4,152 (39) 70,823 (51) <0.001
Cardiovascular death,

% of all cause 50 53
<0.001

Infectious death, % of all cause 22 18 <0.001
Cohort time, day 8308563 8138609 0.003

Da ta are presented as mean 8 SD unless otherwise stated.
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  Missing covariate data ( ! 1% in all covariate) were imputed by 
the mean or median of the existing values as appropriate. For all 
analysis, two-sided p values are reported and results considered 
statistically significant if p  !  0.05. All statistical analyses were 
carried out with the SAS, version 9.1 (SAS Institute, Inc., Cary, 
N.C., USA) and STATA version 11.1 (STATA Corporation, Col-
lege Station, Tex., USA).

  Results 

 Over the 5-year period (7/2001–6/2006), 164,789 
adult subjects received dialysis treatment in clinics 
owned by DaVita, of whom 10,527 patients were under-
going PD and 139,103 HD at the time of entry into the 
cohort. There were 4,152 deaths (39%) in the PD group 
and 70,823 deaths (51%) in HD group. The median fol-
low-up time was 685 days (interquartile range: 326–
1,208 days).

   Table 1  shows baseline demographic, clinical, and lab-
oratory characteristics of the total population divided by 
baseline dialysis modality. Individuals with PD patients 
were younger, were more likely to be White, and had 
shorter dialysis vintage but lower serum albumin level. 
 Table 2  shows number of patients and crude ratios (R) of 
the prescribed ESA dose (HD compared to PD patients) 
across 12 increments ( ! 9.0,  6 14.0 and 0.5 g/dl incre-
ments) of achieved hemoglobin levels during the 2001–
2006 era. HD patients with same levels of hemoglobin 
received 3–4 times higher ESA doses than PD patients; 

however, the distribution of hemoglobin in PD and HD 
patients was the same.

  To examine the relative ratio (RR) of ESA dose be-
tween HD and PD after controlling for potential con-
founders such as age and race, we employed Poisson re-
gression models.  Table 3  shows the multivariate adjusted 
RR of prescribed dose of ESA in HD versus PD patients 
in the entire 2001–2006 cohort and across 4 mutually ex-
clusive race and gender categories. The ESA dose ratio in 
the unadjusted model was more than 3 times higher in 
HD compared to PD patients (RR 3.5, 95% CI 3.4–3.6) 
and remained similar even after case-mix and MICS ad-
justment (RR 3.6, 95% CI 3.5–3.7). African-American 
male and female HD patients received even higher doses 
than their PD counterparts, i.e. adjusted RR of ESA dose 
of 3.8 and 4.0, respectively, whereas among non-African-
Americans, the adjusted dose RR were 3.4 and 3.7, re-
spectively.  Table 4  shows the adjusted RR of prescribed 
dose of ESA in HD to PD patients across hemoglobin 
levels. HD patients with lower hemoglobin levels ( ! 11 
g/dl) received 4–5 times higher doses than PD patients, 
whereas across hemoglobin levels above 11 g/dl, the RR 
of ESA doses was 3.1–3.7.

  To examine the association of prescribed ESA dose 
with mortality in HD and PD patients after controlling 
for potential confounders in the same cohort ( fig. 1 ), we 
used Cox regression models.  Figure 1 a–d shows the 
death HR across a priori selected ESA dose increments 
in PD patients. The fully adjusted all-cause death HRs 

Table 2.   Number of patients and crude ratios (R) of the prescribed ESA dose (HD to PD patients) across 12 in-
crements of achieved hemoglobin levels in 10,380 PD patients and 121,863 HD patients between 7/2001 and 
6/2006

Hemoglobin AL L (n = 132,243)

PD, n (%) HD, n (%) crude ratios (R)

<9.0 g/dl 95 (1) 1,687 (1) 3.9
9.0 to <9.5 g/dl 108 (1) 1,541 (1) 3.7
9.5 to <10.0 g/dl 179 (2) 2,621 (2) 3.1
10.0 to <10.5 g/dl 324 (3) 4,189 (3) 3.3
10.5 to <11.0 g/dl 698 (7) 6,859 (6) 3.4
11.0 to <11.5 g/dl 1,369 (13) 12,907 (11) 3.1
11.5 to <12.0 g/dl 2,291 (22) 27,689 (23) 2.9
12.0 to <12.5 g/dl 2,313 (22) 35,144 (29) 3.1
12.5 to <13.0 g/dl 1,521 (15) 18,554 (15) 3.0
13.0 to <13.5 g/dl 767 (7) 6,759 (6) 3.0
13.5 to <14.0 g/dl 381 (4) 2,322 (2) 2.9
614 g/dl 334 (3) 1,591 (1) 2.9
All patients 10,380 121,863 3.1
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for ESA dose increments of 3,000–5,999, 6,000–8,999 
and  6 9,000 U/week, compared to  ! 3,000 U/week, were 
0.97 (0.87–1.07), 0.85 (0.76–0.95) and 1.08 (0.98–1.18), re-
spectively, indicating no increase in mortality across 
these ESA increment in PD patients ( fig. 1 a). We found 
similar ‘flat’ trends for cardiovascular death with in-
creasing ESA doses in PD patients ( fig. 1 b). Indeed, PD 
patients who received a moderate ESA dose (6,000 to 
 ! 9,000 U/week) appeared to have the greatest survival. 
After re-categorizing PD patients with 3 times higher 
ESA doses (same dosing categories as used for HD pa-
tients, see below), extremely high ESA doses were associ-
ated with somewhat higher mortality risk ( fig. 1 ). As seen 

in  figure 1 c, d, the fully adjusted all-cause and cardiovas-
cular death HR for ESA dose increments of 10,000–
14,999, 15,000–19,999 and  6 20,000 U/week, compared 
to  ! 10,000 U/week, were 1.04 (0.94–1.14), 1.30 (1.14–1.47) 
and 1.28 (1.12–1.47), respectively. We found similar 
trends in risk of cardiovascular death with very high ESA 
doses in PD patients. Additional sensitivity analyses 
confirmed that in PD patients who received ESA  6 15,000 
U/week (14% of all PD population), mortality in the ful-
ly adjusted model was 28% higher than the 86% of PD 
patients who received ESA  ! 15,000 U/week (HR 1.28, 
95% CI 1.16–1.41).  Figure 1  also shows death HR for HD 
patients across 4 a priori selected groups of prescribed 

Table 3.   Unadjusted and adjusted ratio of prescribed dose of ESA in HD patients compared to PD patients across 
gender and races using multivariate Poisson regression models

Unadjusted Hemoglobin-
adjusted

Case-mix-
adjusted

Case-mix- and 
MICS-adjusted

All patients 3.5 (3.4–3.6) 3.4 (3.3–3.6) 3.6 (3.4–3.7) 3.6 (3.5-3.7)
African-American men 3.7 (3.5–4.0) 3.7 (3.5–4.0) 3.8 (3.6–4.1) 3.8 (3.5-4.1)
African-American women 3.7 (3.5–4.0) 3.8 (3.6–4.0) 4.0 (3.7–4.2) 4.0 (3.7-4.3)
Non-African-American men 3.3 (3.1–3.6) 3.3 (3.0–3.5) 3.3 (3.1–3.6) 3.4 (3.2-3.6)
Non-Africa-American women 3.4 (3.3–3.6) 3.4 (3.3–3.5) 3.6 (3.4–3.7) 3.7 (3.5-3.9)

ES A doses are averaged over the entire calendar quarter (13 weeks) per patient. Data are from 10,527 PD 
patients and 139,103 HD patients between 7/2001 and 6/2006.

Table 4.  Unadjusted and adjusted ratio of prescribed dose of ESA in HD patients compared to PD patients across 
hemoglobin levels using multivariate Poisson regression models

H emoglobin Unadjusted Hemoglobin-
adjusted

Case-mix-
adjusted

Case-mix- and
MICS-adjusted

<9.0 g/dl 4.1 (3.6–4.8) 4.2 (3.6–4.8) 4.3 (3.7–4.9) 4.4 (3.8–5.1)
9.0 to <9.5 g/dl 4.6 (3.9–5.5) 4.6 (3.9–5.5) 4.8 (4.0–5.8) 5.0 (4.1–6.0)
9.5 to <10.0 g/dl 3.1 (1.9–4.9) 3.1 (1.9–4.9) 3.0 (1.9–4.9) 3.1 (1.9–4.9)
10.0 to <10.5 g/dl 3.8 (3.3–4.3) 3.8 (3.3–4.3) 3.8 (3.3–4.4) 3.8 (3.3–4.4)
10.5 to <11.0 g/dl 3.8 (3.6–4.1) 3.8 (3.6–4.2) 4.0 (3.7–4.3) 4.0 (3.7–4.3)
11.0 to <11.5 g/dl 3.6 (3.4–3.9) 3.6 (3.4–3.9) 3.8 (3.5–4.0) 3.7 (3.5–4.0)
11.5 to <12.0 g/dl 3.2 (3.1–3.4) 3.3 (3.1–3.5) 3.4 (3.2–3.7) 3.4 (3.2–3.7)
12.0 to <12.5 g/dl 3.5 (3.3–3.7) 3.5 (3.3–3.7) 3.7 (3.5–4.0) 3.7 (3.5–3.9)
12.5 to <13.0 g/dl 3.6 (3.4–3.8) 3.6 (3.4–3.8) 3.7 (3.5–3.9) 3.7 (3.5–4.0)
13.0 to <13.5 g/dl 3.4 (3.2–3.7) 3.4 (3.2–3.7) 3.5 (3.3–3.8) 3.5 (3.3–3.8)
13.5 to <14.0 g/dl 3.4 (3.1–3.8) 3.4 (3.1–3.8) 3.5 (3.1–3.84) 3.5 (3.1–3.9)
614 g/dl 3.2 (3.0–3.5) 3.2 (3.0–3.5) 3.2 (3.0–3.4) 3.1 (2.9–3.3)

ES A doses are averaged over the entire calendar quarter (13 weeks) per patient. Data are from 10,527 PD 
patients and 139,103 HD patients between 7/2001 and 6/2006.
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  Fig. 1.  Hazard ratios of mortality for association of time-averaged 
weekly ESA dose with all-cause ( a ,  c ) and cardiovascular ( b ,  d ) 
mortality in 10,527 PD patients; and all-cause ( e ) and cardiovas-
cular ( f ) mortality in 139,103 HD patients. Error bars show 95% 
CIs. Case-mix-adjusted models included weekly ESA dose, age, 
gender, race/ethnicity, ten pre-existing comorbid conditions, his-
tory of tobacco smoking, categories of dialysis vintage, primary 

insurance, marital status, presence of diabetes, serum ferritin and 
iron saturation. Case-mix plus malnutrition-inflammation-com-
plex syndrome (MICS)-adjusted models included all of the covar-
iates in the case-mix model as well as body mass index, serum 
levels of albumin, total iron-binding capacity, creatinine, phos-
phorus, calcium, bicarbonate, blood white blood cell count and 
lymphocyte percentage. 
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ESA dose. The fully adjusted all-cause death HR (and 
95% CI) for ESA dose increments of 10,000–19,999, 
20,000–29,999 and  6 30,000 U/week, compared to 
 ! 10,000 U/week, were 1.14 (1.11–1.17), 1.54 (1.50–1.58) 
and 2.15 (2.10–2.21), respectively ( fig. 1 e). We found sim-
ilar linear increases in risk of cardiovascular death with 
increasing ESA doses in HD patients ( fig. 1 f).  Figure 2  
shows juxtaposition of the cubic splines of association 
between ESA dose and mortality in PD and HD patients. 
In PD patients there was no increase in death up to ESA 
dose of 15,000 u/week, above which mortality start 
to rise ( fig.  2 a), whereas in HD patients any increase 
in ESA was linearly and incrementally associated with 
higher death risk ( fig. 2 b). Online supplementary figure 
S1 (for all online supplementary material, see www.
karger.com/doi/10.1159/000335685) compares adjusted 
death HRs between HD and PD patients across 20 mutu-
ally exclusive subgroups of hemoglobin levels (5 incre-
ments) and ESA dose (4 increments). Whereas among 
HD patients the highest hemoglobin group with the low-
est administered ESA had the greatest survival, a differ-
ent pattern was observed among PD patients. In the lat-
ter group, hemoglobin of 11–12 g/dl with a moderate ESA 
dose of 6,000–9,000 U/week appeared associated with 
the greatest survival and there was no appreciably high-
er death risk for ESA dose increments.

  We also examine the mortality-predictability of ESA 
responsiveness index, defined as the averaged adminis-
tered ESA dose divided by hemoglobin in each calendar 
quarter. As shown in online suppl. table S1, across quar-
tiles of the ESA responsiveness index the mortality risk 
increased substantially and linearly in HD patients, i.e. 
1.2-, 1.6- and 2.4-fold higher death risk in the 2nd to 4th 
quartiles compared to the 1st quartile. In PD patients, 
only the highest quartile exhibited a slight increase in 
death. These associations were confirmed in spline Cox 
models (online suppl. fig. S2).

  Discussion 

 In this large and contemporary cohort of 10,527 PD 
and 139,103 HD patients from one single dialysis provid-
er with relatively uniform anemia management practice 
patterns between 7/2001 and 6/2006, i.e. during the era 
with the highest ESA dose administration in the United 
States, we found that PD patients with the same achieved 
hemoglobin levels received substantially lower dose of 
ESA than HD patients, and the difference was even larg-
er among African-Americans. We also found that in PD 
patients an ESA dose !10,000 U/week was not associated 
with higher mortality, but a 28% higher death risk in 
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  Fig. 2.  Multivariate adjusted cubic splines of death hazard ratios 
and their 95% confidence levels for all-cause mortality across the 
entire range of ESA dose in PD ( a ) and HD ( b ) patients. Models 
are adjusted for age, gender, race/ethnicity, ten pre-existing co-
morbid conditions, history of tobacco smoking, categories of di-

alysis vintage, primary insurance, marital status, presence of dia-
betes, serum ferritin and iron saturation, body mass index, serum 
levels of albumin, total iron-binding capacity, creatinine, phos-
phorus, calcium, bicarbonate, blood white blood cell count and 
lymphocyte percentage. 
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those receiving significantly higher dose ( 1 15,000 U/
week). In contrast, higher ESA dose was linearly and in-
crementally associated with higher all-cause and cardio-
vascular mortality in HD. Similar differences were found 
in the mortality predictability of ESA responsiveness in-
dex between HD and PD patients. Hence, compared to 
their HD counterparts, PD patients appear to receive low-
er ESA dosing and were seemingly less amenable to the 
toxicity and cardiovascular burden associated with high-
er doses of ESA.

  Patients with advanced CKD who undergo PD usu-
ally receive lower ESA doses compared to HD modality. 
Similar results have been reported in the UK Renal Reg-
istry by Richardson et al.  [20] , who reported that the me-
dian dose of ESA in PD was 4,000 versus 8,000 U/week 
in HD patients. These findings were corroborated by 
Coronel et al.  [21]  who similarly analyzed data from 132 
patients. Several observational studies have shown a 
slower rate of decline of residual renal function in PD 
patients, compared to those treated with HD  [37] . It is, 
thus, possible that the endogenous erythropoietin pro-
duction in PD patients is higher leading to a lower exog-
enous ESA requirement for the same achieved hemoglo-
bin level. Whereas in our national administrative data-
base we do have reliable information on residual renal 
function and its changes over time, we doubt that this per 
se can account for such a large ESA dose difference be-
tween dialysis modalities. The inherent differences in di-
alysis modality (3 times per week exposure to health care 
providers in HD patients vs. once a month in PD and its 
effect on patient health) and the frequency and route of 
ESA administration (intravenous in most HD patients 
vs. subcutaneous in virtually all PD patients) may con-
tribute to prescribed ESA dose differences. Moreover in 
HD patients, the frequent phlebotomy for blood testing, 
the blood loss to the extracorporeal circuit, oozing from 
vascular access sites post-HD, and vascular access pro-
cedures result in iron deficiency and ESA dose differ-
ence. Another potential explanation is that HD patients 
may have a higher prevalence or greater severity of pro-
tein-energy wasting as evidenced by higher serum fer-
ritin or C-reactive protein levels  [20]  and lower BMI and 
creatinine level ( table 1 ). It is well established that pro-
tein-energy wasting contributes to the ESA hypo-re-
sponsiveness in CKD patients  [23] . In contrast, PD pa-
tients have lower serum albumin levels; this is more like-
ly to be secondary to peritoneal protein losses and not 
protein-energy wasting  [38] . Another important finding 
was that the HD:PD ratio of ESA dose was even larger in 
African-Americans, who are known to have greater sur-

vival than other racial groups. Whereas racial and ethnic 
disparities may have a major bearing on CKD patient 
outcomes, their role in ESA dose difference across mo-
dality needs additional studies  [39] .

  In addition to the large discrepancy in ESA require-
ments by modality, we found that high ESA doses were 
associated with mortality in HD patients, but in PD pa-
tients this association was substantially blunted. Recent 
reports of prospective randomized trials testing the ef-
fect of ESA in patients with CKD including the ‘Correc-
tion of Hemoglobin and Outcomes in Renal Insufficien-
cy’ (CHOIR), ‘Cardiovascular Risk Reduction by Early 
Anemia Treatment with Epoetin Beta’ (CREATE) and 
TREAT studies  [7–9]  have suggested that using ESA to 
target normal or near normal hemoglobin level does not 
confer a survival benefit. Concern has been raised about 
these treatment strategies as there may potentially be a 
causal association between higher ESA use and increased 
risk of serious cardiovascular and thromboembolic 
events such as hypertension  [40]  and stroke in CKD  [7, 
41] , and in cancer patients  [42] . Whereas it has been sug-
gested that the ESA hyporesponsiveness is a true con-
founder for the association between hemoglobin and 
mortality in randomized trials and that the variable ESA 
requirements may generate confounding by indication 
 [16] , it is possible that ESA activates or increases the 
number of platelets, probably via both relative iron de-
pletion and its inherent pro-poikilosis effect, leading to 
a higher risk of thromboembolic events  [18] . To this end, 
any renal replacement therapy modality that can lower 
ESA requirement is potentially more favorable. This, of 
course, comes with the added advantage of potential 
cost-savings.

  Whereas the association of ESA dose with mortality 
was linear across all dose ranges in HD patients, in PD 
patients, only doses higher than 15,000 U/week were as-
sociated with slightly higher mortality risk. Interestingly, 
the usual doses of ESA used in everyday clinical practice 
for the care of each dialysis modality was not associated 
with higher mortality in PD, but it was associated with 
excess death risk in HD patients. In our study we found 
that there was some increased risk when the ESA doses 
exceeded 15,000 U/week in PD patients but in HD pa-
tients, the dose-mortality association was linear, robust 
and incremental. Further comparative effectiveness stud-
ies and controlled trials are needed to examine these 
questions  [19] .

  There are additional and potentially plausible expla-
nations of the association between higher ESA dose and 
mortality. Patients with higher ESA requirements may be 
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at higher risk for adverse outcomes due to the underlying 
reasons for their ESA hyporesponsiveness such as pro-
tein-energy wasting, inflammation  [23] , comorbidities 
 [43]  and additional yet-unmeasured factors due to poten-
tial ‘off-target’, nonerythropoietic effects of the higher 
administered ESA doses or conditions precipitated by the 
higher doses of ESA such as iron depletion and platelet 
activation  [18, 44] , or due to a combination of these. A 
recent secondary analysis of the TREAT showed that a 
poor initial response to ESA therapy was associated with 
increased cardiovascular and all-cause mortality  [15] . In-
deed, a re-analysis of the CHOIR trial led to a similar 
conclusion that the severity of comorbidities may have 
confounded the associations between ESA use and out-
comes  [6] .

  Our study is notable for its large sample size and cap-
turing the anemia management practice pattern during 
a contemporary period of time (2001–2006) where ESA 
administration to US dialysis patients was at an all-time 
high  [11] . The detailed and rich information on clinical 
and laboratory data allowed us to control for an extensive 
range of confounders related to the mortality of PD or 
HD patients. There are also certain limitations of our 
study that need to be emphasized. Observational studies, 
such as ours, cannot examine the causality. The informa-
tion on comorbidities in our study was limited to that 
obtained from Medical Evidence Form 2728, a form in 
which comorbid conditions are significantly underre-
ported  [45] . Only baseline comorbidities were included 
in the statistical models and it is quite conceivable that 
patients can develop additional illnesses over time that 
were not accounted for in the analyses. Another poten-
tial limitation is the lack of explicit laboratory markers 
of inflammation such as C-reactive protein. However, we 
used such data as serum albumin, total iron-binding ca-
pacity, blood white blood cell count and lymphocyte per-
centage, which have significant associations with in-
flammation and malnutrition in dialysis patients  [30] . 
Similarly to other observational studies, unmeasured 
confounding was not addressed. Finally, data on access 
thrombosis and stroke were not available and were not 
studied herein.

  Conclusions 

 In a large and contemporary cohort of over 100,000 
HD and PD patients in the United States between 2001 
and 2006, we found that PD patients with the same lev-
el of hemoglobin received a substantially lower dose of 

ESA than HD patients. Racial disparities in ESA dose 
ratio between HD and PD were observed. Increasing 
ESA dose and higher ESA responsiveness index were as-
sociated with higher mortality risk in HD patients. 
However, the associations of ESA dose or responsive-
ness with death were substantially mitigated in PD pa-
tients, where doses significantly higher than used in 
clinical practice or the highest ESA responsiveness in-
dex were associated with only slight increase in mortal-
ity risk. Additional comparative effectiveness studies 
and prospective controlled trials are needed to obtain 
the target hemoglobin level and the effect of anemia 
therapy as a function of ESA responsiveness in PD and 
HD patients.
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