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BACKGROUND: Targeting higher hemoglobin levels with erythropoietin to treat anemia in patients with chronic kidney disease
is associated with increased cardiovascular risk, including that of stroke. The risks of the subtypes of stroke, ischemic, hem-
orrhagic, and unspecified, following the administration of erythropoietin in patients with end-stage renal disease receiving
hemodialysis remain unclear.

METHODS AND RESULTS: Overall, 12 948 adult patients with end-stage renal disease treated during 1999 to 2010 who had
undergone hemodialysis were included. The study end points were the incidences of stroke and its subtypes. We used Cox
proportional hazards regression models to estimate hazard ratios (HRs) of stroke and its subtypes in erythropoietin recipients
compared with nonrecipients. Patients in the erythropoietin cohort did not have an increased risk of stroke compared with
those in the nonerythropoietin cohort (adjusted HR, 1.03; 95% Cl, 0.92-1.15). Compared with patients in the nonerythropoietin
cohort, the risks of ischemic, hemorrhagic, or unspecified stroke were not higher in patients in the erythropoietin cohort (ad-
justed HRs, 1.08 [95% ClI, 0.93-1.26], 0.96 [95% ClI, 0.78-1.18], and 1.03 [95% Cl, 0.80-1.32], respectively). Increased risks of
stroke and its subtypes were not observed with even large annual defined daily doses of erythropoietin (>201).

CONCLUSIONS: Erythropoietin in patients receiving hemodialysis is not associated with increased risk of stroke or any of its
subtypes.
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globin levels in almost all patients with anemia of

end-stage renal disease (ESRD) and has been
the mainstay of management in these patients for de-
cades."? Erythropoietin therapy renders many of these
patients free of transfusions, and a plethora of studies
(most uncontrolled) have documented the dramatic
benefits on quality of life (particularly physical capac-
ity), general well-being, and other physiological effects
of increasing hemoglobin levels from 6 g/dL to approx-
imately 11 to 12 g/dL.3=® Particularly, erythropoietin
has been demonstrated to have a positive effect on

Erythropoietin treatment increases blood hemo-

the lesion size and outcomes in various experimen-
tal stroke models.?=8 Independent of its hematopoi-
etic effects, erythropoietin has been demonstrated
to have neuroprotective effects in animal models of
ischemia or hypoxia.®'® Despite a molecular weight
of >30 000 Da, erythropoietin at high doses crosses
the bloodbrain barrier in an amount sufficient to exert
neuroprotection.5

Before 2009, there was no clear evidence of
the risk of stroke with erythropoietin in patients with
chronic kidney disease (CKD). Since 2009, however,
several large randomized trials that have evaluated

Correspondence to: Kuen-Jer Tsali, Institute of Clinical Medicine, College of Medicine, National Cheng Kung University No.138, Sheng Li Road, Tainan 704,

Taiwan. Email: kjitsai@mail.ncku.edu.tw

Supplementary Material for this article is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.019529.

*C.C. Yeh and K.J. Tsai contributed equally.
For Sources of Funding and Disclosures, see page 7.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2021;10:e019529. DOI: 10.1161/JAHA.120.019529


https://orcid.org/0000-0002-5963-6981
https://orcid.org/0000-0002-2170-9735
mailto:﻿
mailto:kjtsai@mail.ncku.edu.tw
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.019529
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Hung et al

CLINICAL PERSPECTIVE

What Is New?

e Clinical outcomes of erythropoietin in relation to
the risk of stroke and its subtypes in patients
with end-stage renal disease on hemodialysis
were evaluated.

e A well-characterized national database with
adjustments for differences in baseline demo-
graphic characteristics was used, and defined
daily dose of erythropoietin was included.

What Are the Clinical Implications?

e FErythropoietin in patients on hemodialysis is not
associated with increased risk of stroke or its
subtypes (ischemic, hemorrhagic, and unspeci-
fied stroke).

e A target hemoglobin concentration of 10 to
11 g/dL is recommended to provide the ben-
efits of erythopoietin therapy while diminishing
its potential risks.

Nonstandard Abbreviations and Acronyms

ATC Anatomical Therapeutic Chemical

CHOIR Correction of Hemogloblin and
Outcomes in Renal Insufficiency

CREATE Cardiovascular Risk Reduction by
Early Anemia Treatment With Epoetin
Beta

NHI National Health Insurance

NHIRD National Health Insurance Research
Database

erythropoietin  treatment regimens in nondialysis-
dependent CKD found that the risks of cardiovascular
complications, including stroke, and early death were
significantly increased when high doses of erythropoi-
etin were used to maximize hemoglobin response.'?
These findings have raised concerns regarding the
relative benefits and risks of erythropoietin treatment
in correcting anemia in patients with ESRD on hemodi-
alysis. Additionally, these findings suggest that in some
patients with ESRD on hemodialysis, the potential risks
associated with erythropoietin may outweigh the ben-
efits, especially regarding the risk of stroke. However,
the factors that may account for the excess risk of
stroke are unclear.

The risks observed with erythropoietin treatment in
a carefully selected patient population in a randomized
clinical trial may not be generalizable to a “real-world”
ambulatory clinical care setting. Additionally, data on
erythropoietin treatment in stroke and stroke subtypes in
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patients on hemodialysis are lacking. Therefore, we con-
ducted a population-based retrospective cohort study
to investigate the clinical outcomes of erythropoietin in
terms of the risk of stroke and its subtypes in patients with
ESRD on hemodialysis. We used a well-characterized
national database with adjustments for differences in the
baseline demographic characteristics and evaluated the
defined daily dose (DDD) of erythropoietin, as well as im-
portant clinical outcomes following the policy of Taiwan’s
universal National Health Insurance (NHI).

METHODS

Data Availability Statement

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Data Collection

A universal NHI program was implemented in Taiwan
in March 1995. By the end of 2010, the Bureau of NHI
had contracts with 97% of the hospitals and 90% of
the clinics to join the NHI system.”® As of 2013, over
99.9% of Taiwan’s 23.4 million residents were en-
rolled in this program.' The National Health Research
Institutes safeguards the privacy and confidential-
ity of all beneficiaries and provides health insurance
data for research purposes only after ethical approval
has been obtained. In this study, access to the NHI
Research Database (NHIRD) was approved by the
local institutional review board of the Chia-Yi Christian
Hospital (approval number CYCH-IRB-2021033). This
retrospective observational study was using deidenti-
fied and routine diagnosis/treatment data, thus CYCH-
IRB-2021033 approved the waiver of informed consent
from all patients for being included in the studly.

Study Population

In this retrospective observational study, adult pa-
tients (aged >18 years) with newly diagnosed ESRD
on maintenance hemodialysis between January 1,
1999, and December 31, 2010 (n=39 923), were in-
cluded from the NHIRD. Patients with ESRD were
defined as those with catastrophic illness registra-
tion codes for ESRD (International Classification of
Diseases, Ninth Revision, Clinical Modification [ICD-
9-CM] code 585) who were on maintenance hemo-
dialysis.'”® We defined the index date as the first day
of erythropoietin use in our analysis. Patients with
ESRD who received a combination of hemodialysis
and peritoneal dialysis, had undergone kidney trans-
plantation, or were diagnosed with stroke before the
index date were excluded. There were 6477 patients
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without erythropoietin treatment and 33 446 patients
with erythropoietin treatment. Table S1 compares
the selected patients with erythropoietin treatment in
this study (n=6474) and all patients with erythropoi-
etin treatment (N=33 446). It was found that age and
some comorbidities were significantly different, but
there was no difference in the annual DDDs. After
frequency matching by age, sex, and year of index
date at a 1:1 ratio, 6474 patients without erythropoi-
etin treatment were included in the nonerythropoietin
cohort and 6474 patients with erythropoietin treat-
ment were included in the erythropoietin cohort.
Because not matching by suitable counterparts, 3
patients without erythropoietin treatment were ex-
cluded from this study.

For all individuals in the cohort, potential risk factors
of stroke in the NHIRD were obtained from the follow-
ing diagnoses: hypertension (codes 401-405), diabe-
tes mellitus (code 250), coronary heart disease (codes
410-414 or 429.2), heart failure (code 428), atrial fibril-
lation (code 427.31), hyperlipidemia (code 272), and
anemia (code 280-285). Patients with ESRD who were
diagnosed with cancer before their first dialysis were
also excluded.

Annual Cumulative Exposure of
Erythropoietin

According to total duration (in days) and dosage of
erythropoietin, we calculated DDD of erythropoietin,
which was prescribed as epoetin a or 3 (IU), dar-
bepoetin alfa (ug), or methoxy polyethylene glycol-
epoetin beta (ug). To compare the different types of
erythropoietin, weekly prescribed dosages were con-
verted to DDD using the conversion factors provided
by the World Health Organization Drug Classification
(http:// www.whocc.no/atcddd). DDD represents the
assumed average maintenance dose per day for a
drug in adults.'® Accordingly, DDD for epoetin a and
B (Anatomical Therapeutic Chemical [ATC] code
BO3XA01) is 1000 IU, darbepoetin alfa (ATC code
BO3XA02) is 4.5 g, and methoxy polyethylene glycol-
epoetin beta (ATC code BO3XA03) DDD is 4.0 pg.
Additionally, 1000 IU of erythropoietin is equal to
8.4 pg. Therefore, to investigate the dose-related ef-
fects, the cumulative dosage of erythropoietins was
calculated as the total prescribed annual DDDs (ie, the
same as total dispensed DDD in this system). At the
time of a stroke, the cumulative erythropoietin dosage
was recorded as the total of annual DDDs since drug
initiation until the day before the diagnosis.

The follow-up period extended from the date of ini-
tiation of hemodialysis until December 31, 2011, and
the incidences of stroke and its subtypes were esti-
mated in each cohort. The subtypes of stroke included
ischemic stroke (codes 433-435), hemorrhagic stroke
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(codes 430-432), and unspecified stroke (codes 436—
438)." To investigate the effects of the dosage, the
cumulative erythropoietin dosage in the year of stroke
was estimated. The annual cumulative erythropoietin
dosage was divided into 3 groups: low (<71), median
(71-200), and high (>201).

Statistical Analysis

Unadjusted hazard ratios (HRs) along with 95% Cls
were estimated using Cox proportional hazard regres-
sion. Adjusted HRs were computed after adjusting for
age, sex, and significant demographic characteristics
and comorbidities. We further analyzed the incidence
rates of stroke and its subtypes between the cohorts. All
data analyses were performed using SAS (version 9.3)
Statistical Package for Windows (SAS Institute Inc), and
the significance level was set at 0.05 in 2-sided tests.

RESULTS

The demographic characteristics and comorbidities of
patients are summarized in Table 1. We identified 6474
patients with hemodialysis who received erythropoietin
and 6474 patients on hemodialysis who did not receive
erythropoietin during the study period. There were no
significant differences in the age, sex, and comorbidi-
ties (coronary heart disease, hypertension, diabetes
mellitus, atrial fibrillation, heart failure, and anemia)
between the cohorts. Patients in the nonerythropoi-
etin cohort were more likely to live in urban areas than
those in the erythropoietin cohort. The commonest co-
morbidities were hypertension (91.8%), anemia (67.6%),
diabetes mellitus (56.8%), and hyperlipidemia (46.6%).
Less than 5% of the patients had a history of atrial fibril-
lation, and nearly 31% were aged >60 years.

Factors Associated With Stroke Incidence
The results of our analysis examining the association
between the use of erythropoietin and the risk of stroke
are summarized in Table 2. Stratified Cox proportional
hazard regressions demonstrated that the HR for stroke
in the erythropoietin cohort was 1.04 (95% CI, 0.93-
1.16; P=0.50) in comparison with the nonerythropoietin
cohort. After adjusting the data for demographic char-
acteristics, such as age, sex, and urbanization, HR in
the erythropoietin cohort was 1.03 (95% ClI, 0.92-1.15;
P=0.55) compared with the nonerythropoietin cohort.

Risk of Stroke Between Different Dosages
of Erythropoietin

Table 2 also summarizes the association between an-
nual DDDs and the risk of stroke. Analyzing the an-
nual DDDs of erythropoietin indicated that the low-,
medium-, and high-dose groups did not demonstrate
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Table 1. Demographic Characteristics and Comorbidities of the Hemodialysis Cohort in Taiwan
Total Nonerythropoietin Cohort Erythropoietin Cohort P Value
n=12 948 n=6474 n=6474
Variable No. % No. % No. %
Age,y
Median (IQR) 62.8 (20.0) 62.8 (20.0) 62.8 (20.0) 0.82
18-40 2570 19.9 1285 19.9 1285 19.9 1.00
41-50 2990 2341 1495 2341 1495 23.1
51-60 3348 259 1674 25.9 1674 25.9
61-70 3032 23.4 1516 23.4 1516 23.4
>71 1008 7.8 504 7.8 504 7.78
Sex
Men 6332 48.9 3166 48.9 3166 48.9 1.00
Women 6616 51.1 3308 51.1 3308 511
Urbanization
Urban 7150 53.8 3665 56.6 3485 53.8 0.0007
Suburban 4265 33.4 2101 325 2164 33.4
Rural 1533 12.7 708 10.9 825 12.7
Comorbidity
Coronary heart disease 6249 48.3 3117 48.2 3132 48.4 0.79
Hypertension 11 892 91.8 5920 91.4 5972 92.3 0.10
Diabetes mellitus 7350 56.8 3727 57.6 3623 56.0 0.07
Atrial fibrillation 530 4.09 275 4.25 255 3.94 0.38
Heart failure 4276 33.0 2110 32.6 2166 33.5 0.30
Hyperlipidemia 6033 46.6 3028 46.8 3005 46.4 0.69
Anemia 8749 67.6 4334 66.9 4415 68.2 013
Annual DDDs, median (IQR) 22.7 (156.1)
Days between index date and drug 12 21
use, median (IQR)
Follow-up mean (SD), y 3.07 (2.77) 2.83 (2.64) 3.31 (2.88) <0.0001
Follow-up, median (IQR), y 2.20 (3.73) 1.98 (3.40) 2.46 4.01) <0.0001
Quartile 1 0.85 0.77 0.96
Quartile 2 2.20 1.98 2.46
Quartile 3 4.58 417 4.97

DDDs indicates defined daily doses; and IQR, interquartile range.

a significantly increased incidence of stroke compared
with the nonerythropoietin cohort.

Association Between Erythropoietin and
Risk of Stroke Subtypes

The Figure illustrates HR analysis of stroke between
the cohorts according to the stroke subtypes. In
comparison with patients in the nonerythropoietin
cohort, those in the erythropoietin cohort were not
more likely to experience some type of stroke dur-
ing the follow-up period. It is noteworthy that the
adjusted HRs for ischemic, hemorrhagic, and un-
specified stroke in patients with hemodialysis were
1.08 (95% ClI, 0.93-1.26; P=0.32), 0.96 (95% Cl,
0.78-1.18; P=0.68), and 1.03 (95% ClI, 0.80-1.32;
P=0.83), respectively.
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Risk of Stroke Subtypes Between
Different Dosages of Erythropoietin

When estimating reduced risk of stroke subtypes
based on the tertiles of annual DDDs, low erythropoie-
tin dosage was associated with a significantly elevated
risk of ischemic stroke (HR, 1.29; 95% CI, 1.06-1.57
[P=0.01]) (Figure). However, the relationship between
erythropoietin and the risk of ischemic stroke was
clearly not dose-dependent (Figure).

DISCUSSION

The findings of this population-based retrospective
cohort study revealed that long-term administration
of erythropoietin was not associated with increased
risk of stroke or any of its subtypes in patients with
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Table 2. Incidence and HRs for Stroke Among the Hemodialysis Cohort Treated With Erythropoietin
Adjusted HR

Treatment No. Event PY Rate* Crude HR (95% CI) P Value (95% Clyf P Value

Erythropoietin (annual DDDs)
No 6474 584 18 303 31.91 Reference Reference
Yes 6474 703 21443 32.78 1.04 (0.93-1.16) 0.50 1.03 (0.92-1.15) 0.55
Low (<71) 2208 251 6964 36.04 1.15 (0.99-1.32) 0.07 1.16 (1.00-1.35) 0.05
Median (71-200) 2115 193 6776 28.48 0.90 (0.76-1.06) 0.19 0.88 (0.75-1.09) 0.11
High (=201) 2151 259 7703 33.62 1.07 (0.92-1.24) 0.37 1.07 (0.92-1.23) 0.40

DDDs indicates defined daily doses; and HR, hazard ratio.
*Incidence rate, per 1000 patient-years (PYs).
fAdjusted for age, sex, and urbanization level.

ESRD on hemodialysis. Additionally, although low-
dose erythropoietin was associated with a significantly
elevated risk of ischemic stroke, the relationship was
clearly not dose-dependent.

CKD anemia is a complex process that involves
relative erythropoietin deficiency, erythropoietin
resistance, and disorders of iron homeostasis.
Optimal management of CKD anemia remains a
challenge to clinicians. Several previous large ran-
domized controlled trials have demonstrated that
higher target hemoglobin levels with erythropoie-
tin therapy are associated with increased vascular
access thrombosis in patients on hemodialysis, in-
creased major cardiovascular events including non-

The increased risk of ischemic stroke at higher
target hemoglobin levels is more problematic and
could be caused by increased blood viscosity,
larger erythropoietin doses required to achieve the
levels, or a combination of the two. This, in turn,
predisposes patients to increased vascular resis-
tance and hypertension.?° In contrast, our results
demonstrated that long-term administration of
erythropoietin in patients on hemodialysis was not
associated with increased risk of stroke or any of
its subtypes. Szczech et al®’ demonstrated that
patients who achieved higher target hemoglobin
levels with low doses of erythropoietin had better
major cardiovascular event outcomes than those

fatal or fatal stroke, and increased mortality.'?181°

randomized to lower target hemoglobin

levels

Outcome Treatment N Event Rate' Crude HR (95% CI) Adjusted HR (95% C)t
Stroke EPO (annual DDDs) i
No 6474 584 3191 3 Ref. ¢ Ref.
Yes 6474 703 3278 T 1.04 (0.93-1.16) # 1.03(0.92-1.15)
Low (<71) 2208 251 36.04 [-o— 1.15(0.99-1.32) —o— 1.16 (1.00-1.35)
Median(71-200) 2115 193 2848  —®| 0.90 (0.76-1.06) o 0.88 (0.75-1.03)
High (2201) 2151 259 33.62 -9 1.07 (0.92-1.24) -{0— 1.07 (0.92-1.23)
Ischemic stroke EPO (annual DDDs) | :
No 6474 303 16.55 L] Ref. . Ref.
Yes 6474 384 17.91 o 1.09 (0.93-1.26) “o— 1.08 (0.93-1.26)
Low (<71) 2208 145 20.82 l—— 1.26 (1.04-1.54)* |—o— 1.29 (1.06-1.57)*
Median (71-200) 2115 112 1653 4?— 1.00 (0.81-1.24) —'l— 0.97 (0.78-1.20)
High (2201) 2161 127 1649 —o— 1.00 (0.81-1.23) —o— 1.00 (0.81-1.22)
Hemorrhagic stroke EPO (annual DDDs) | !
No 6474 166 9.07 f Ref. ? Ref.
Yes 6474 183 853 —— 0.96 (0.78-1.18) —o— 0.96 (0.78-1.18)
Low (<71) 2208 61 876 — 0.99 (0.74-1.32) —e 0.97 (0.72-1.30)
Median(71-200) 2115 44 649 —®—i 0.72 (0.52-1.01) —— 0.72(0.52-1.01)
High (2201) 2151 78 1013 o 1.14 (0.87-1.50) ST — 1.16 (0.89-1.52)
Unspecified stroke EPO (annual DDDs) | !
No 6474 115 628 + Ref. T Ref.
Yes 6474 136 6.34 ﬁk 1.03 (0.80-1.32) —T—e 1.03(0.80-1.32)
Low (<71) 2208 45 646 —e— 1.06 (0.75-1.49) —fo— 1.08 (0.77-1.53)
Median (71-200) 2115 37 5.46 — 0.88 (0.61-1.27) —— 0.86 (0.59-1.24)
High (2201) 21561 54  7.01 G 1.15 (0.83-1.59) I 1.13 (0.82-1.57)
oy e —— T T e——
05 10 15 20 05 10 15
Figure 1. Incidence and hazard ratios (HRs) for stroke subtypes in patients on hemodialysis treated with erythropoietin.

Ischemic stroke (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM)] 433-435), hemorrhagic
stroke (/ICD-9-CM 430-432), unspecified stroke (ICD-9-CM 436-438). ‘Incidence rate, per 1000 patient-years (PY). TAdjusted for age,
sex, and urbanization level. DDDs indicates defined daily doses; and EPO erythropoietin.
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who required high doses of erythropoietin; how-
ever, these analyses were highly confounded by
comorbidities that may have led to both erythro-
poietin resistance and adverse outcomes. Their
findings are similar to our observations. The CHOIR
(Correction of Hemogloblin and Outcomes in Renal
Insufficiency) and CREATE (Cardiovascular Risk
Reduction by Early Anemia Treatment With Epoetin
Beta) trials, which randomized patients with non-
dialysis CKD and anemia to high and low hemo-
globin targets, did not find increased risk of stroke
with higher hemoglobin goals.'®?2 Similarly, in this
population-based retrospective cohort study, we
found that erythropoietin <71, 71 to 200, and >201
annual DDDs were not associated with increased
risk of stroke compared after controlling for poten-
tial confounders.

We did find an increased risk of stroke in the low
erythropoietin group, although this effect was not dose-
dependent. The NHIRD of Taiwan applied more restric-
tive reimbursement criteria for erythropoietin in patients
with CKD since 1996. Erythropoietin is to be initiated
when patients with nondialysis CKD have serum cre-
atinine >6 mg/dL and hematocrit <28% to maintain a
hematocrit level not exceeding 30%.%% The monthly
maximal dose of epoetin a or 3 and darbepoetin alfa
or methoxy polyethylene glycol-epoetin beta was
20 000 IU and 100 pg." The target hemoglobin range
and dose limitations of erythropoietin were the same for
patients with CKD undergoing dialysis. According to the
strategy of the NHI Bureau of Taiwan, the hemoglobin
or hematocrit values in patients on dialysis who were
prescribed low-dose erythropoietin were relatively high.
When the values of hemoglobin or hematocrit were
relatively low, these patients may be prescribed medi-
an- or high-dose erythropoietin. Therefore, in patients
in whom low-dose erythropoietin was used, the hemo-
globin values were more likely to exceed 12 g/dL, which
could have resulted in higher risk of ischemic stroke in
our study. The relationship between erythropoietin and
the risk of ischemic stroke in patients on hemodialysis
was clearly not dose-dependent (Figure). Therefore, our
conclusions with regards to the relative effects of eryth-
ropoietin dose on the risk of stroke are limited. Because
of limitations of the dose-response relationship (Figure),
specific dosing strategies and treatment goals in these
patients could not be ascertained. To the best of our
knowledge, this is the first study to focus on the clin-
ical outcomes in an investigation of the risk of stroke
in relation to erythropoietin in “real-world” patients with
hemodialysis. Further investigations are needed to elu-
cidate the relationship between erythropoietin and risk
of stroke in different independent cohorts of patients
with hemodialysis.

This study had certain limitations. First, the NHIRD
does not provide patient details that might have been
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risk factors for stroke, such as body mass index, lifestyle
factors (eg, physical activity, smoking, and alcohol con-
sumption), environmental exposure, and family history of
stroke; therefore, these data were not available for anal-
ysis. Some observational and prospective studies of the
general population,?26 and in patients undergoing he-
modialysis,?” have shown an association between low
hemoglobin concentrations and a high incidence of com-
posite stroke. However, there was no information on the
hemoglobin or hematocrit values in the database. These
values could potentially be confounding factors, and
these were metrics used in the major randomized trials
referenced. Second, the therapeutic effects of erythro-
poietin could not be directly evaluated. However, in clin-
ical practice of erythropoietin prescription in patients on
hemodialysis, physicians in Taiwan should follow the NHI
reimbursement criteria to achieve a hemoglobin level of
10 to 11 g/dL during erythropoietin therapy.?® The target
hemoglobin range and dose limitation for erythropoie-
tin are the same for patients undergoing hemodialysis.
Third, we relied exclusively on claims data, which may
have resulted in potential bias in terms of disease classi-
fication. Fourth, this study was restricted to a Taiwanese
cohort and, therefore, the findings may not be generaliz-
able to other populations. In terms of economic consid-
erations, Taiwan is the first country in the world to use a
bundled payment system for hemodialysis.?® Thus, the
management strategy for anemia in patients with CKD
is different from that in many other parts of the world.
Additionally, this study may be limited by 2 local factors:
(1) the relatively low permitted erythropoietin dose, and
(2) the tight hemoglobin targets with a maximum value of
11 g/dL. Therefore, based on previous studies and our
results, erythropoietin treatment in patients with CKD
provides clear benefits for patients with baseline hemo-
globin concentrations <11 g/dL and moderate treatment
goals. In contrast, there are risks associated with ex-
tended treatment with target hemoglobin values >13 g/
dL. Itis likely that as hemoglobin concentration exceeds
11 g/dL and approaches 13 g/dL, the potential benefits
of the treatment diminish and the risks increase.

In Taiwan, long-term administration of erythropoie-
tin in patients on hemodialysis was not associated with
the risk of stroke or its subtypes. Our recommendation
is to target hemoglobin concentration in accordance
with the strategy of the NHI Bureau of Taiwan, which is
different from the targets in other parts of the world, in
order to provide the benefits of therapy while diminish-
ing its potential risks.
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Table S1. Demographic characteristics and comorbidities of the

hemodialysis cohort treated with EPO

EPO patients

All EPO patients

selected in study

N=6474 N=33446
Variable n % n % p-value
Age (y) <0.0001
Median (IQR) 62.8 (20.0) 59.9 (19.7)
18-40 1285 19.9 8434 25.2
41-50 1495 23.1 8365 25.0
51-60 1674 25.9 8606 25.7
61-70 1516 23.4 6258 18.7
271 504 7.78 1783 5.33
Sex 0.14
Male 3308 51.1 16756 50.1
Female 3166 48.9 16690 49.9
Urbanization 0.20
Urban 3485 53.8 18262 54.6
Suburban 2164 334 11179 334
Rural 825 12.7 4005 12.0
Comorbidity
Coronary heart disease 3132 48.4 15270 45.7 <0.0001
Hypertension 5972 92.3 30463 91.1 0.002
Diabetes 3623 56.0 17959 53.7 0.0008
Atrial fibrillation 255 3.94 1122 3.35 0.02
Heart failure 2166 33,5 10513 314 0.001
Hyperlipidemia 3005 46.4 15042 45.0 0.03
Anemia 4415 68.2 22993 68.8 0.38
Annual DDDs, median (IQR) 23.6 (15.8) 23.7 (16.00 0.64

DDDs, defined daily doses; EPO, erythropoietin; IQR, interquartile range.



	jah36404-sup-0001-Supinfo.pdf
	Blank Page


