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Abstract
Background—Anemia management in hemodialysis patients poses significant challenges. The
present study explored the hypothesis that computerized dosing of intravenous erythropoietin (EPO)
would increase the percentage of hemoglobin (Hb) values within the target range and reduce staff
time spent on anemia management.

Study Design—Retrospective cohort

Setting and Participants—In-center hemodialysis patients who received EPO at Dialysis Clinic
Inc dialysis units for at least 3 months between Oct 1, 2005 and April 30, 2006

Quality Improvement Plan—Computerized decision support (CDS) for EPO dosing is compared
with manual physician-directed dosing.

Outcomes and Measurements—Achieved monthly Hb values, quantity of EPO administered,
and time spent by dialysis unit personnel

Measurements—Monthly Hb values and the quantity of EPO administered to 1118 patients from
18 dialysis units treated by CDS and 7823 patients from 125 dialysis units treated by manual dosing.

Results—There was no difference in the likelihood of a monthly Hb of 11–12 g/dl or 10–12 g/dl
with CDS as compared with manual dosing. The likelihood of Hb > 12 g/dL decreased and the
likelihood of Hb < 10g/dl increased with CDS. EPO use was 4% lower with CDS, although the
difference was not statistically significant. CDS was associated with a nearly 50% reduction
(p<0.001) in the time spent by dialysis unit staff on anemia management.

Limitations—Retrospective, non-randomized

© 2009 The National Kidney Foundation, Inc. Published by Elsevier Inc. All rights reserved.
Address for Correspondence: Dana Miskulin, MD, MS, Tufts Medical Center, 800 Washington St, Boston, MA 02111,
dmiskulin@tuftsmedicalcenter.org.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.
For N section:
A list of the Medical Directors of Dialysis Clinic Inc appears at the end of this article.
Because an author of this manuscript is an editor for AJKD, the peer-review and decision-making processes were handled entirely by an
Associate Editor (Michel Jadoul, MD, Cliniques Universitaires St-Luc) who served as Acting Editor-in-Chief. Details of the journal’s
procedures for potential editor conflicts are given in the Editorial Policies section of the AJKD website.

NIH Public Access
Author Manuscript
Am J Kidney Dis. Author manuscript; available in PMC 2010 December 1.

Published in final edited form as:
Am J Kidney Dis. 2009 December ; 54(6): 1081–1088. doi:10.1053/j.ajkd.2009.07.010.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusion—The number of monthly Hb values in a 11 (and 10)–12 g/dl target range and EPO
use did not differ with EPO dosing by a CDS as compared with manual dosing. The staff resources
devoted to anemia management declined significantly with CDS.

Text words
Anemia; hemoglobin; hemodialysis; ESRD; erythropoietin; quality improvement; decision support;
computer

Despite considerable time spent by nephrologists and dialysis units staff in adjusting
erythropoietin (EPO) doses, a minority of hemodialysis patients maintain hemoglobin (Hb)
values within the target range over 6 months [1]. Fluctuations in Hb despite a constant EPO
dose are common and result from a number of factors including changes in EPO responsiveness
due to illness or inflammation, changes in iron stores or its availability, blood loss, or changes
in extracellular fluid volume at the time of Hb measurement.

Decision support systems have been designed for dosing medications such as heparin, warfarin,
theophylline, and anesthetic agents [2]. Their use has been shown to reduce medication errors,
increase the number of patients in target and reduce the time practitioners spend on medication
prescribing [3]. A computerized decision support (CDS) for EPO dosing would be expected
to reduce the time spent by dialysis unit staff on anemia management but it is unclear whether
the number of patients meeting the target Hb each month would remain the same. If some of
the variability in Hb is due to overly aggressive dose changes or inadequate time for a Hb
response to be seen before the next dose change is made, a protocol that is uniform in detecting
a need or not for a dose change and that uses a uniform dose ladder, might prove better than
manual physician-directed dosing, particularly in reducing overshooting of the target. EPO use
would be hypothesized to be less as well. On the other hand, given the current state of clinical
information systems, a computer would not be able to take account of many of the clinical
events surrounding a change in Hb. To the extent that these events influence fluctuations in
Hb and decision making, CDS for EPO dosing might not perform as well as manual dosing.

This study compares Hb values and EPO doses in 18 dialysis units from a national dialysis
provider that adopted a CDS for EPO dosing with 125 units that continued to dose EPO
manually, using a combination of individualized physician-directed dosing and nurses’
application of paper-based treatment protocols.

METHODS
Study Population

The study population consisted of incident and prevalent patients receiving in-center
hemodialysis treatments at facilities operated by Dialysis Clinic, Inc. (DCI) The CDS was
introduced in 2005 and adopted by 18 units at the time of this analysis. This analysis includes
all patients with at least 3 monthly Hb values between November 1, 2005 and April 30, 2006
and who were treated with intravenous epoetin alfa throughout the study period. Patients less
than 18 years of age and those who had fewer than three monthly Hb levels were excluded
(n=1,851). Dialysis units with fewer than 20 patients (n=176) and units that switched to the
CDS after October 1, 2005 (n=2,043) were excluded. At the start of the study, the CDS had
been used at 18 units a median of 61 days (quartile [Q] 1 and Q3, 42 and 99 days). The ratio
of included/potential candidate patients was not different in CDS vs. manual dosing (85.6 vs.
84.4, respectively). The study was conducted on a limited dataset, i.e. a dataset containing dates
but no other personal health information, and was approved by the Tufts Medical Center
Institutional Review Board.
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Medical Information Systems
All DCI dialysis units use an electronic medical information system (Darwin) that has largely
replaced the paper medical record. Information about comorbid conditions, hospitalization
dates, oral and intravenous medications, the delivered dialysis prescription as well as physician,
nurse, dietician and social worker progress notes are entered into Darwin. Hb is measured
monthly by some facilities and twice monthly by others. When more than one Hb was available,
the first value for that month was used. Samples for Hb measurement are processed at DCI
Laboratory in Nashville, TN, a central facility accredited by the College of American
Pathologists. New Hb results populate the Darwin database as soon as they are available. The
EPO dose administered at each dialysis treatment is recorded in Darwin by the nurse
administering the medication.

Description of the Computerized EPO Dosing Algorithm
The CDS is shown in the appendix. It takes into consideration the most recent Hb value, the
change in Hb from the month prior, the most recent EPO dose and the change in EPO dose
from the prior month. The algorithm was derived from paper-based protocols that had been
used with success by individual DCI units. The interval between dose changes is no less than
4 weeks unless a) Hb exceeds 13 g/dl, in which case EPO is stopped and Hb is subsequently
measured weekly; b) Hb falls below 11 at 2 weeks following an EPO dose reduction, in which
case EPO may be increased; or c) Hb exceeds 12.5 g/dl 2 weeks after an EPO increase, in which
case EPO may be reduced. Entry of Hb results into Darwin triggers the calculation of a new
EPO prescription, which may be accepted or overridden by the physician. The new prescription
appears on the hemodialysis treatment sheet.

Units that did not use the CDS represent usual care, in which EPO was dosed by physician
decision or according to paper protocols that were devised by the dialysis unit physicians and
nurses and administered by the nurse.

Survey of Dialysis Units
A survey was sent to the nurse managers of all DCI units that asked “What is the number of
hours per month you and your staff spend managing EPO dosing?” (respondents were asked
to round off to the nearest half hour). Results were compared for facilities that adopted the
CDS with facilities that continued with MD.

Statistical Analyses
Baseline demographics, clinical characteristics and the frequency of achieving the Hb target
range were compared for patients treated by CDS and manual dosing. Student t test and Pearson
Chi-square test were used to compare continuous and categorical variables respectively. A
three-level mixed effects model with two independent normally distributed random intercepts
for patients and dialysis centers that accounts for correlated longitudinal measurements within
patient over time and between patients within the same dialysis center was used to compare
Hb values and log-transformed weekly EPO dose between patients by CDS and manual dosing
in unadjusted and adjusted models. The unadjusted models accounts for dialysis facility only.
The adjusted models account for all of the characteristics listed in Table 1 as well as time. SAS
PROC MIXED was used for the continuous Hb levels and the log-transformed weekly EPO
doses, and, SAS PROC GLIMMIX (SAS 9.1.3, Cary, NC) was used for binary variables (e.g.
Hb 10–12 g/dL). Within and between patient variability in Hb levels was estimated from the
mixed effect models. Sampling methods was used to calculate the adjusted monthly marginal
population average probabilities for the binary Hb responses for patients treated with CDS vs.
manual dosing from the above mixed random effect model. This method consists of simulating
two independent vectors of random effects of size 20,000 for the patient and dialysis centers
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intercept from a normal distribution with variance components derived from the multivariable
model. We then calculated the patient-specific probability of having the binary Hb response
through the logistic regression model. Finally, we calculated the population-average
probability of having the binary Hb response by averaging each participant-specific
probability.

RESULTS
During the six-month period, 13,011 patients were treated with EPO and had at least one Hb
value, and 8,941 met the entry criteria. The 18 dialysis units that used CDS throughout the six
months contributed 1,118 patients, and the 125 units that used manual dosing contributed 7,823.
Patients treated in units using CDS were slightly older, less likely to be African American,
more likely to have glomerulonephritis and less likely to have hypertension as the cause of
kidney failure (Table 1). With regards to parameters reflecting quality of care, there was no
difference in the proportion of patients with albumin>3.5 g/dl and Kt/V>1.3 among facilities
that used CDS as compared with manual dosing. Facilities using the CDS had a lower
proportion of patients with serum phosphate in the targeted range but a higher arteriovenous
fistula rate. Patient case-mix, as reflected in serum albumin, hospitalization rates, or death rates,
was not different between CDS and manual dosing. The rates of transfer out of the facility did
not differ between patients treated by CDS and manual dosing. The observation time was six
months for 79.2% of the population, five months for 7.4%, four months for 6.4% and three
months for 7.0% of the study population, and there was no difference in observation time
between those treated by CDS and manual dosing (p=0.6). In the units using CDS, physicians
altered fewer than 10% of computer-generated prescriptions.

Achieved Hemoglobin Values
In the model adjusted only for center, the average Hb in patients treated by manual dosing was
11.8 (SE, 0.2) g/dL and was 0.11 (SE, 0.04) g/dL lower (p<0.001) in those treated by CDS.
After adjusting for differences in baseline characteristics shown in Table 1, the Hb in patients
treated by CDS was −0.14 (SE, 0.05) lower than patients treated by manual dosing. As shown
in Table 2, there was a trend towards an increased likelihood of a monthly Hb of 10–12 g/dl
(odds ratio (OR), 1.12; 95% confidence interval (CI), 0.97–1.28) and of 11–12 g/dl (OR, 1.03;
95% CI, 0.89–1.18) with CDS, but neither was statistically significant. As compared to manual
dosing, CDS was less frequently associated with monthly Hb values exceeding 12 g/dl (OR,
0.85; 95%CI, 0.73–0.99) or 13 g/dL, (OR, 0.67; 95% CI, 0.53–0.84) but more frequently
associated with monthly Hb values below 11 g/dL (OR, 1.25; 95% CI, 1.04–1.49) and 10 g/
dL (OR, 1.26; 95% CI, 1.01–1.56)). Figure 1 shows the number of patients each month treated
by CDS vs. manual dosing with a Hb value of 10–12g/dL, 11–12 g/dL, <10 g/dL or >12 g/dL
each month, after accounting for patient and center differences in the CDS and manual dosing
groups. As compared to patients treated by manual dosing, there is no difference in the
frequency of Hb 10–12 g/dl (p=0.1) or 11–12 g/dl (p=0.7), a decrease in Hb >13 g/dL and an
increase in Hb<10 g/dL with the CDS.

Hemoglobin Variability
The within-patient variability in Hb values was similar among patients treated by computerized
protocol (σ2 = 1.30) and manual dosing (σ2 =1.30). The frequencies of larger Hb excursions
(defined by a change in Hb level ≥1.5 g/dL) over 2-, 3- and 6-month intervals were 16% versus
17% (p=0.08), 33% versus 37% (p<0.001), and 67% versus 72% (p=0.003) for patients dosed
using computerized and manual dosing, respectively.
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EPO Use
The median weekly EPO dose was higher for patients treated by manual dosing [11,400 (Q1–
Q3, 4,500–23,400) units] as compared with patients treated by the CDS [9,600 (Q1–Q3, 4,200–
19,200) units]. After adjustment for center and baseline differences, the average log weekly
EPO dose in patients treated by CDS was 4% less than those dosed manually (RR, 0.96; 95%
CI, 0.77–1.18 ) but the difference was not statistically significant. The frequency of extreme
EPO dose changes, defined as a dose change of ≥10,000 units per treatment from one 2-week
period to the next, was 3.1 per 1,000 EPO doses administered by computerized protocol and
7.0 per 1000 EPO doses (p<0.001) with manual prescribing. The mean +/− SD cumulative
intravenous iron administered during the study period to patients treated by CDS was less than
to patients treated by manual dosing (892 +/−772 vs. 1173 +/− 899 mg, respectively p<0.001).

Time Spent on Anemia Management as Reported by the Dialysis Unit Nurse Manager
Nurse managers of 92% of dialysis units responded to the survey question. Units using the
computerized protocol reported spending a median of 3 hours monthly on anemia management
(Q1–Q3, 2.0–4.5), whereas units using manual dosing reported spending a median 6.5 hours
(Q1–Q3, 4.0–9.5). The difference was statistically significant (p<0.001).

DISCUSSION
When compared to manual dosing, whether based on the physician’s decision or on paper-
based protocols, EPO dosing using an algorithm integrated into a medical information system
was associated with the same proportion of Hb values between 10 and 12 g/dL and 11 and 12
g/dL, while the time spent by dialysis unit staff on anemia management was reduced by nearly
one half. The computerized protocol was associated with a smaller proportion of monthly
values exceeding 12 g/dL, and with a modest increase in the proportion of Hb values below
10 g/dL. There was no difference in EPO doses or Hb variability in patients treated with the
CDS as compared with manual dosing.

Several smaller, single center studies have shown benefits of protocol-based anemia
management in the dialysis unit. Patterson et al. reported an increase from 27 to 61% of patients
meeting the targeted hematocrit (Hct) range (of 31 to 36%) with use of a nurse-administered
EPO and iron dosing protocol in 30 patients [4]. Iron use increased and there was a significant
reduction in the average weekly EPO dose from 11,200 ± 1,400 to 9,400 ± 1,200 units (p =0.06).
The average Hct among 49 patients treated by a pharmacist-administered anemia management
protocol was not different than a physician-directed dosing [5]. In this same study iron use
increased and there was a trend towards a reduction in EPO use although it was not significant.
In another study of 278 incident dialysis patients (86% African American) a pharmacist-
managed EPO and iron dosing protocol maintained Hb, while the average weekly EPO dose
was 46% less [6]. In the only randomized clinical trial to compare protocolized EPO dosing
vs. physician-directed dosing, more Hb values were within the targeted range by protocol, but
the difference was not significant [7]. In this trial, however, study arms may have been cross-
contaminated as dialysis staff at the same unit treated both groups. Together, these studies are
smaller, single center studies that predate the global improvements in anemia management and
increased attention that has been paid to quality monitoring within recent years [8,9]. Our
contemporary results show that, even present day where anemia is a major focus of care in the
dialysis unit, protocolized EPO dosing performs as well as individual physician decision or by
paper-based protocol and significantly reduces time devoted by dialysis unit staff to anemia
management.

Experience with computerized anemia management decision support is limited. A
computerized dosing algorithm similar to the one described in this study, with a direct interface
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between the laboratory and the electronic medical record in conjunction with an electronic
order entry system, has been used at a dialysis center in Leeds, UK for more than 8 years and,
has recently been adopted by other units [10]. EPO dosing is considerably more complicated
than dosing most medications, such as antibiotics or antihypertensive agents, where dose
adjustments are based on one or two factors such as creatinine clearance or blood pressure. A
number of factors, including the current Hb value, the trend in Hb over the past 30 days, whether
there was a recent EPO dose change and is so, the response to it, whether iron stores are
adequate, and whether the patient is inflamed, among others, weigh in to deciding which EPO
dose to administer. Because of the economic and regulatory importance of EPO, the role of
“anemia manager” often falls to one of the most experienced nurses in a dialysis facility,
competing with other aspects of quality improvement and patient care. Computerized decision
support seems particularly well suited to EPO prescribing given the large amount of
information that must be retrieved and processed and the time that is being spent by highly
trained staff on anemia management present day.

The protocols used in this and past studies are based on a finite number of rules (20 in this
study) and give ‘one-size fits all’ recommendations. Individualized models that describe Hb
and/or EPO responsiveness on a continuous scale and incorporate parameters that predict a
change in EPO responsiveness before it occurs, may further increase the proportion of patients
that are within the target each month. Our observation that computerized dosing was equivalent
to manual EPO dosing in achieving a Hb target might be taken to suggest that the clinical
circumstances which can influence physicians and nurses in adjusting EPO doses do not convey
information beyond that summarized in the hemoglobin value itself. Alternatively, it is possible
that if the computerized algorithm took account of clinical factors, such as the occurrence of
infection, or changes in serum albumin, it might do even better. Models developed to date
[11–14] have been tested in small, relatively stable populations and results are promising, but
their accuracy in larger populations, including unstable patients, needs to be demonstrated
before they can be used in practice.

The lack of incorporating iron administration in conjunction with EPO is a weakness of the
CDS used in this study. Indeed a negative effect of using the CDS was lower intravenous iron
use than units dosing EPO manually. It is plausible that clinicians using the CDS may have
been less aware of iron stores. However, there was a trend towards less EPO use, despite the
lower iron use. This raises the possibility that a CDS that incorporates both iron and EPO dosing
may increase the numbers achieving the targeted Hb range and use less EPO.

The strength of this study is the use of the computerized decision support in a large,
representative hemodialysis population. There was no possibility for cross-contamination of
the two different methods of EPO prescribing, because CDS was adopted at the dialysis unit
level. The main limitation is that the use of CDS was neither blinded nor randomized by dialysis
unit. While it is possible that patients from the units that voluntarily adopted the computerized
protocol had less EPO resistance and more stable Hb values than those that were dosed
manually, there are no data to support this hypothesis. Case-mix, as reflected in serum albumin,
hospitalization and death rates was the same. CDS units had a higher rate of arteriovenous
fistulas (AVF) and serum phosphates in range, but more patients were iron deficient and less
iron was administered, which would argue that CDS units were not more likely to have
processes in place (other than the CDS) promoting anemia management. Spolter et al has also
shown a lack of concordance between a unit’s performance on one quality indicator and another
[15]. We believe there is no strong evidence to suggest that CDS units were biased towards
achieving better results in anemia management. Nonetheless, these analyses are adjusted for
center, which should reduces the potential for bias if there were differences in patient factors
or practices across facilities.
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In summary, a computerized EPO dosing protocol was associated with no difference in the
proportion of monthly Hb values between 10 and 12 g/dL and 11 and 12 g/dL, fewer Hb values
exceeding 12 g/dL, and more Hb values below 10 mg/dL. The CDS was associated with a
nearly 50% reduction in nursing staff time spent on anemia management. We conclude that
computerized decision support maintains anemia management and reduces its burden on
dialysis staff.
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APPENDIX

DCI EPO Management Protocol (pre-May 2006)
Note: This protocol is expressed in terms of calculated Hct, a value equal to three times the
measured Hb concentration.

1. EPO doses are based on estimated dry weight.

2. The protocol will change the EPO dose no more often than every 4 weeks, except in
the following cases:

a. Discontinue EPO when the calculated Hct is greater than or equal to 39%.

b. Increase the EPO dose when the calculated Hct is less than 33% and the
previous dose change was a reduction in EPO.

c. Decrease the EPO dose when the calculated Hct is greater than 37.4% and
the previous dose change was an increase in EPO.

3. If the calculated Hct is greater than or equal to 39%, then discontinue EPO and check
the calculated Hct weekly. Resume EPO at 25% less than the previous dose as soon
as the calculated Hct is less than or equal to 37.4%.

4. For established patients who have had no EPO order within the last 3 months and
have calculated Hct < 33%, start EPO 375 units/kg/week; for Hct 33–35.9%, start
EPO 225 units/kg/week; for Hct 36–37.4%, start EPO 150 units/kg/week.

5. For new patients without EPO orders who have calculated Hct < 33%, start EPO 375
units/kg/week; for Hct 33–35.9%, start EPO 225 units/kg/week; for Hct > 35.9%, start
no EPO, but check calculated Hct every two weeks.

6. The weekly doses described in (4) and (5) will be equally divided into IV dosing for
each hemodialysis treatment.

7. Increase EPO dose by protocol no higher than 900 units/kg/week.

8. For patients who have an EPO order and the order was not changed with the last 4
weeks or cases described in (2):

a. If calculated Hct < 28%, then increase EPO 50% but not less then 375 units/
kg/week.

b. If calculated Hct between 28 – 29.9%, then increase EPO 50%.

c. If calculated Hct between 30 – 32.9%, then increase EPO 20%.

d. If calculated Hct between 33 – 35.9% and Hct decreased 1.5 or more since
last dose change, then increase EPO 10%.

e. If calculated Hct between 33 – 35.9% and Hct increased/decreased less than
1.5 since last dose change, then do not change EPO dose.

f. If calculated Hct between 33 – 35.4% and Hct increased 1.5 or more since
last dose change, then do not change EPO dose.
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g. If calculated Hct between 35.5 – 35.9% and Hct increased 1.5 or more since
last dose change, then decrease EPO 10%.

h. If calculated Hct between 36 – 37.4% and Hct decreased 1.5 or more since
last dose change, then do not change EPO dose.

i. If calculated Hct between 36 – 37.4% and Hct increased/decreased less than
1.5 since last dose change, then decrease EPO 10%.

j. If calculated Hct between 36 – 37.4% and Hct increased 1.5 or more since
last dose change, then decrease EPO 20%.

k. If calculated Hct between 37.5 – 38.9% and Hct decreased 1.5 or more since
last dose change, then decrease EPO 10%.

l. If calculated Hct between 37.5 – 38.9% and Hct increased/decreased less
than 1.5 since last dose change, then decrease EPO 20%.

m. If calculated Hct between 37.5 – 38.9% and Hct increased 1.5 or more since
last dose change then, decrease EPO 20%.

n. If calculated Hct is greater than or equal to 39%, then stop EPO and check
calculated Hct weekly.
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Figures 1.
The frequency of Hemoglobin (Hb) measurements within the listed ranges over a 6-month
period in patients treated by computerized decision support (CDS) and as per manual physician-
directed dosing (manual dosing). A: (Hb)<10 g/dL; B: Hb 10–12 g/dL; C: Hb 11–12 g/dL; D:
>12 g/dL. Statistically significant differences between patients treated by CDS and manual
dosing were found for Hb<10 (P = 0.03) and Hb >12 g/dL (P=0.04). There were no differences
for 10–12 g/dL (P=0.1) and 11–12 g/dL (P=0.7).
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Table 2

Likelihood of an achieved hemoglobin value within, below or above target with computerized decision support
versus manual dosing of EPO

Achieved
Hemoglobin

Unadjusted Odds p
value

Adjusted#
Odds

P
value

<10 g/dL 1.14 (0.92–1.40) 0.2 1.23 (1.06–1.42)
1.26 (1.01–1.56)

0.03

<11 g/dL 1.19 (1.00–1.41) 0.05 1.25 (1.04–1.49) 0.01
10–12 g/dL 1.11 (0.97–1.28) 0.1 1.12 (0.97–1.28) 0.1
11–12 g/dL 1.03 (0.90–1.18) 0.7 1.03 (0.89–1.18) 0.7
>12 g/dL 0.87 (0.84–1.02) 0.08 0.85 (0.73–0.99) 0.04
>13 g/dL 0.68 (0.54–0.86) 0.001 0.67 (0.53–0.84) 0.001

Note: Conversion factor for hemoglobin in g/dL to g/L, x10.

Results are presented as odds ratio (95% confidence interval). Each result represents separate models. hemoglobin values falling outside the selected range
serve as the reference group for the model.

#
Models are adjusted for age, race, cause of Eend-stage renal disease, sex, dialysis vintage, Kt/v, serum phosphate, albumin and ferritin, hospitalization

count, and arteriovenous fistula use during the observation period.
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