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Abstract

Background: The change in the reimbursement policy of erythropoietin administration to patients receiving peritoneal dialysis
by the Taiwan National Health Insurance (NHI) system provided a natural experimental venue to examine whether cardiovascular
risk differs when maintaining the hematocrit (Hct) level below or above 30%.

Objective: The aim of this study was to analyze the impact of loosening the erythropoietin payment criteria for peritoneal
dialysis patients on their cardiovascular outcomes.

Methods: Two cohorts of incident peritoneal dialysis patients were identified according to the time before and after relaxation
of the NHI’s erythropoietin payment criteria, designated cohort 1 (n=1759) and cohort 2 (n=2981), respectively. The cohorts
were matched according to propensity scores (1754 patients in each cohort) and then followed up for cardiovascular events, which
were analyzed with Cox regressions.

Results: For the composite cardiovascular endpoint, patients in cohort 2 had a significantly lower risk than those in cohort 1.
However, subgroup analysis showed that this risk reduction was observed only in patients with diabetes.

Conclusions: After loosening erythropoietin payment criteria, reduced cardiovascular risks were observed, particularly for
patients with diabetes. These results indicate that it is crucial to maintain an Hct level above 30% to reduce the cardiovascular
risk in patients with diabetes undergoing peritoneal dialysis.

(JMIR Med Inform 2020;8(12):e18716) doi: 10.2196/18716
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Introduction

Erythropoietin is a major regulatory hormone of erythrocyte
production that is produced from the kidney, and its levels are

decreased in patients with chronic kidney disease (CKD). A
reduction in erythropoietin further decreases erythrocyte survival
and leads to a chronic inflammatory status that contribute to
anemia. Administration of exogenous erythropoietin for CKD
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patients, especially those receiving dialysis, is the standard
treatment for anemia.

Early studies showed that the use of erythropoietin tended to
increase the hematocrit (Hct) target to the normal level (ie,
40.5% for men and 36% for women). However, more recent
large, randomized outcome trials [1-3] showed that elevating
the Hct level above 36% compared to maintaining Hct in the
range of 30%-36% was associated with a higher risk of
cardiovascular events for patients with CKD. These findings
led to establishing the limitation of the Hct upper bound;
however, the optimal Hct target remains debatable. The
recommendations from the National Kidney Foundation-Kidney
Disease Outcomes and Quality Initiative [4] and Taiwan’s
nephrology professionals [5] suggest maintaining the level of
Hct between 33% and 36%.

The public statement of the European Medical Agency in 2007
concluded that the target Hct range should be 30%-36% [6].
The 2011 safety announcement of the US Food and Drug
Administration recommended reducing or interrupting
erythropoietin administration if the Hct level approaches or
exceeds 33% for patients undergoing dialysis [7]. The
recommendation from the Kidney Disease Improving Global
Outcome in 2012 Clinical Practice Guideline was to maintain
Hct below 34.5% [8]. Accordingly, an Hct range of 30%-36%
might be considered the minimal bandwidth to accommodate
all of these recommendations.

To reduce the cost of providing end-stage renal disease (ESRD)
treatments while maintaining, or preferably improving, patient
care, the US Center for Medicare and Medicaid (CMS)
implemented the ESRD Prospective Payment System, known
as the “expanded ESRD bundle,” on January 1, 2011 [9].
Moreover, in response to a quality incentive program (QIP)
required by US congress, two quality measures of anemia
management were established to identify poor performance:
patients with a hemoglobin (Hb) level less than 10 g/dL and
those with an Hb level greater than 12 g/dL [9]. These Hb levels
are equivalent to an Hct level less than 30% and above 36%,
respectively, since 1 g/dL of Hb is equal to 3% Hct. However,
the CMS retired the measure of an Hb level less than 10 g/dL
in its later QIP requirements [10,11]; that is, dialysis facilities
would receive no penalties for patients with Hb levels lower
than 10g/dL, who might be spotted more often in the future.
The elimination of penalties for the lower bound of Hb levels
has indeed removed the financial incentives to provide costly
erythropoietin treatment, while raising some concerns about
patient care [12]. Nevertheless, it remains unclear whether
patients with an Hb level lower than 10 g/dL or an Hct level
lower than 30% have a higher risk of adverse events, which is
a logical inquiry that warrants further investigation.

Limited studies have reported cardiovascular events or mortality
associated with Hct levels lower than 30%. Studies comparing
dialysis patients with an Hct level maintained below 30% to
those with Hct levels maintained in the range of 30%-36%
showed no significant difference in adverse outcomes [13-15].
However, more recent studies [1-3] comparing the risk of
pushing Hct levels above 36% with those maintained between
30%-36% included a larger sample size of more than 1200

patients with a follow-up period of more than 14 months, in
contrast to the early studies with a relatively small sample size
of 152 patients or less and a short follow-up period of 6-9
months. Moreover, the design of these studies was not
specifically focused on assessing this question. Recently, the
change in the reimbursement policy of erythropoietin
administration to patients undergoing peritoneal dialysis by the
Taiwan National Health Insurance (NHI) system provides a
natural experimental venue for directly examining this clinical
research issue.

The incidence and prevalence rates of ESRD in Taiwan have
been ranked at the top internationally since 2001 [16], placing
an immense burden of caring and funding for ESRD patients
on the Taiwan NHI system. The low renal transplant rate, at
less than 1% annually [17], results in nearly all of Taiwan’s
ESRD patients relying on dialysis treatments to prolong their
lives, with more than 93.5% of ESRD patients receiving
hemodialysis treatments in 2004 [18]. To increase peritoneal
dialysis utilization, Taiwan’s NHI has introduced a series of
encouragement policies since 2005, including loosening the
reimbursement criteria. Before November 1, 2006, the treatment
of erythropoietin to a patient undergoing peritoneal dialysis
could only be reimbursed by the NHI if the patient’s Hct level
was ≤30% and they were receiving a maximal monthly
erythropoietin dosage of 20,000 U epoetin alfa/beta or 100 μg
darbepoetin alfa. After November 1, 2006, the Hct level at which
erythropoietin administration could be reimbursed was relaxed
to ≤36% with the same maximal monthly erythropoietin dosage
requirements. Subsequent to this relaxation of erythropoietin
administration criteria, the Hct levels for both prevalent and
incident peritoneal dialysis patients increased from 28%-29%
to 30%-31% [19-21].

The main purpose of this study was to analyze the impact of
loosening the erythropoietin administration criteria for patients
undergoing peritoneal dialysis in Taiwan with a focus on
exploring the risk of cardiovascular events when maintaining
Hct at 30%-31% as compared to 28%-29%.

Methods

Ethics Statement
Data were obtained from the National Health Insurance Research
Database [22], which are accessible to researchers after ethical
and scientific review processes. Prior to applying for this access,
this study was approved by the ethical review board of National
Taiwan University Hospital (NTUH-REC No. 201406018W).
There are 27 institutional review boards capable of issuing
approvals, and all are supervised and regulated by the Taiwan
Ministry of Health and Welfare. To protect individuals’
confidentiality, all datasets in the Data Science Centre are
pseudonymized. Personal ID, birth date, and names are
encrypted, and this deidentification process was approved by
an independent third party. We performed data analysis in the
branches of the Data Science Centre. The analyzed results were
also examined by the Data Science Centre before exporting.
The Institutional Review Board verified the anonymity of data
analysis performed in this study. All research procedures
followed the directives of the Declaration of Helsinki.
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Study Design
This was an observational study designed to compare the
cardiovascular events of two cohorts of newly treated (incident)
patients undergoing peritoneal dialysis before and after
relaxation of the NHI’s erythropoietin payment criteria. Cohort
1 included dialysis patients who started to receive maintenance
peritoneal dialysis treatments during a specified period of 28
months before relaxation of the NHI’s erythropoietin payment
criteria. To ensure an adequate observation period, this cohort
was followed up for an additional 14 months after the month
in which the last patient was enrolled in the study. Cohort 2
included incident dialysis patients who started to receive
maintenance peritoneal dialysis treatments within a 28-month
time interval after relaxation of the NHI’s erythropoietin
payment criteria. Additional 14-month follow-up observations
were also made after the month in which the last patient of this
cohort was enrolled in the study. We set a 6-month time lag
between the initiation of relaxing the erythropoietin payment
criteria and the time that the first patient was enrolled in cohort
2 to accommodate possible adaptations of the physician
prescribing practices to the new policy.

Because of potential imbalances in the distributions of many
measured and unmeasured baseline covariates between the two
cohorts, propensity score (PS) analysis, which was developed
by Rosenbaum et al [23], was used in this study. Thus, the
influence of any potential enrollment biases between these two
cohorts was attenuated through a PS-matching approach and
identification of patients with comparable characteristics in the
two cohorts. This study defined PS as the probability of a patient
having experienced a cardiovascular event. Patients in cohorts
1 and 2 were matched with PS scores estimated by age, sex,
and the comorbidity index with the Greedy nearest neighbor
algorithm [24]. The comorbidity index was developed by Liu
et al [25] specifically for the US Medicare dialysis population
and was subsequently validated for Taiwanese dialysis patients
[26].

After matching with the PS, patients were followed up until
experiencing either one of the following three events: (1) the
occurrence of cardiovascular endpoints, (2) change to
hemodialysis, or (3) the data cutoff point (October 31, 2006 for
cohort 1 and October 31, 2010 for cohort 2), whichever occurred
earlier. Survival analysis models were then employed to
investigate the differences in the risk of cardiovascular events
between the two cohorts of incident peritoneal dialysis patients.
Baseline demographics and comorbid conditions were used as
covariates in the statistical analyses. Monthly erythropoietin
doses administered to patients of cohort 1 and cohort 2 during
the follow-up period were compared to examine a difference
between the two cohorts of incident peritoneal dialysis patients.
In calculation of erythropoietin dosage, epoetin alfa and epoetin
beta were considered to be equivalent, whereas darbepoetin alfa
was converted to epoetin alfa based on the equivalence of 1 μg
of darbepoetin alfa to 200 U of epoetin alfa [27].

Cardiovascular risk could be affected by treatments with
concomitant medications related to cardiovascular comorbidities.
Therefore, patients taking medications related to cardiovascular
comorbidities during the follow-up period in the two cohorts

were also examined. The concomitant medications related to
cardiovascular comorbidities were identified by corresponding
Anatomical Therapeutic Chemical classification codes, including
acetylsalicylic acid (B01AC06) or clopidogrel (B01AC04),
angiotensin-converting enzyme inhibitors (C09A) or angiotensin
receptor blockers (C09C), beta blockers (C07), calcium channel
blockers (C08), and statins (C10AA). A patient who received
such medication for any of the 3 months during the follow-up
period would be considered to be under treatment of concomitant
medications related to cardiovascular comorbidities.

Finally, in addition to administering erythropoietin, because the
patient’s Hct level could also be affected by the use of iron and
red cell transfusion, the differences in iron and red cell
transfusion were compared between patients in the two cohorts.

Patient Selection
Incident peritoneal dialysis patients were identified from the
claim data of entire beneficiaries covered by the NHI system
from 2003 to 2010. Collection and analysis of the NHI claimed
data were approved by the National Taiwan University Hospital
Human Research Ethics Committee. The analyses were
performed on deidentified data extracted from the NHI research
database compiled by Taiwan National Health Research
Institutes. A patient receiving over 90-day consecutive dialysis
treatments and with peritoneal dialysis performed on day 90
and thereafter was considered to be an incident peritoneal
dialysis patient in this study. Cohort 1 included patients who
received dialysis as of the 90th day between May 1, 2003 and
August 31, 2005, and cohort 2 included patients who received
dialysis as of the 90th day between May 1, 2007 and August
31, 2009. Young patients (under 20 years) were excluded
because comorbidities differed between pediatric and adult
patients. There were 1759 patients in cohort 1 and 2981 patients
in cohort 2. After PS-based matching, each cohort contained
1754 patients.

Statistical Analyses
The primary outcome measure was a composite cardiovascular
endpoint, defined as myocardial infarction, heart failure
hospitalization, stroke, or death. Myocardial infarction was
defined by International Classification of Diseases, Ninth
Revision (ICD-9) codes 410 and 411 in the hospital discharge
diagnosis. Heart failure hospitalization was defined by ICD-9
hospital discharge diagnosis codes 398.91, 422, 425, 428,
402.x1, 404.x1, 404.x3, and V42.1. Stroke was defined by ICD-9
hospital discharge diagnosis codes 433, 434, 436, 437.0, and
437.1. For the primary outcome measure, all patients in both
cohorts were followed up until the occurrence of myocardial
infarction, heart failure hospitalization, stroke, or death,
whichever occurred earlier. Secondary outcomes were the
individual components of the composite primary outcome:
myocardial infarction, heart failure hospitalization, stroke, and
death. Each patient was followed up until the occurrence of
each cardiovascular event. Data on patients who did not have
an event were censored at the data cut-off point or date of
transition to hemodialysis, whichever occurred earlier.

The selection and analyses of primary and secondary endpoints
of cardiovascular risk in this study were the same as those
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adopted in previous large-scale studies [1-3]. In addition to
cardiovascular events, death was also considered an important
clinical endpoint in the evaluation of cardiovascular risk because
reducing mortality is an ultimate goal of reducing cardiovascular
risk. Using a composite primary endpoint with each component
evaluated as the secondary endpoint analysis is commonly
adopted by many clinicians [2,3], such as in pivotal studies of
new drug applications. This allows for a thorough evaluation
of the contribution of each component of the composite primary
endpoint and avoids any biases introduced by a dominating
component.

The Cox proportional hazards model was employed to estimate
the cardiovascular risk between the two cohorts. Estimated
hazard ratios (HRs) for cohort 2 relative to cohort 1 and 95%
CIs were calculated. To obtain more insightful results, patients

were further stratified by diabetes status; Cox regression
analyses for patients with and without diabetes were performed
separately. All analyses were performed using SAS software,
version 9.1.

Results

Patient Selection
Table 1 shows the baseline demographics and comorbid
conditions of the equal number (n=1754) of incident peritoneal
dialysis patients in the two cohorts. No statistically significant
differences were observed, suggesting that patients in the two
cohorts appeared to be similar in terms of age, gender, and
comorbid conditions at baseline. There were also no significant
differences in the usage of any concomitant medication related
to cardiovascular comorbidities between the two cohorts.
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Table 1. Baseline demographics and concomitant medications during the follow-up period in cohort 1 and cohort 2 after matching with the propensity
score.

P valuebMatched cohort 2 (n=1754)Matcheda cohort 1 (n=1754)Characteristic

.84991 (56.50)994 (56.67)Female, n (%)

.3352.87 (15.02)52.96 (15.36)Age (years), mean (SD)

Age group (years), n (%)

327 (18.64)326 (18.59)20-39

384 (21.89)390 (22.23)40-49

444 (25.31)431 (24.57)50-59

324 (18.47)320 (18.24)60-69

275 (15.68)287 (16.36)≥70

.802.52 (1.79)2.52 (1.72)Comorbidity index, mean (SD)

Comorbidity index, n (%)

401 (22.86)401 (22.86)0

269 (15.34)268 (15.28)1

323 (18.42)324 (18.47)2

243 (13.85)245 (13.97)3

182 (10.38)180 (10.26)4

148 (8.44)148 (8.44)5

94 (5.36)94 (5.36)6

50 (2.85)49 (2.79)7

23 (1.31)24 (1.37)8

10 (0.57)10 (0.57)9

11 (0.63)11 (0.63)≥10

Baseline comorbidity, n (%)

.49320 (18.24)327 (18.64)Atherosclerotic heart disease

>.99192 (10.95)192 (10.95)Congestive heart failure

.67268 (15.28)273 (15.56)Cerebrovascular accident/transient
ischemic attack

.76253 (14.42)250 (14.25)Peripheral vascular disease

.75223 (12.71)220 (12.54)Other cardiac disease

.59110 (6.27)106 (6.04)Chronic obstructive pulmonary dis-
ease

.65207 (11.80)212 (12.09)Gastrointestinal bleeding

.66204 (11.63)200 (11.40)Liver disease

.4856 (3.19)60 (3.42)Dysthymia

.80151 (8.61)149 (8.49)Cancer

.82584 (33.30)581 (33.12)Diabetes

.701305 (74.40)1297 (73.95)Hypertension

.3315 (0.86)19 (1.08)Atrial fibrillation

.59128 (7.30)134 (7.64)Coronary artery bypass graft

.8921 (1.20)22 (1.25)Myocardial infarction

Concomitant medications, n (%)

.391355 (77.3)1369 (78.05)Acetylsalicylic acid or clopidogrel
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P valuebMatched cohort 2 (n=1754)Matcheda cohort 1 (n=1754)Characteristic

.38631 (35.97)637 (36.32)ACEIsc or ARBsd

.48586 (33.41)589 (33.58)Beta blockers

.37693 (39.51)683 (38.94)CCBe

.32504 (28.73)509 (29.02)Statins

.6369 (3.93)72 (4.10)Oral iron usage, n (%)

.61772 (42.01)794 (45.27)Intravenous iron usage, n (%)

.09170 (9.69)194 (11.06)Red cell transfusions, n (%)

.030.044 (0.172)0.059 (0.216)Red cell transfusion units per patient per
month, mean (SD)

.2323.39 (125.0)25.06 (129.66)Oral iron dose per patient per month
(mg), mean (SD)

.1998.91 (89.38)106.54 (92.29)Intravenous iron dose per patient per
month (mg), mean (SD)

<.00112,379c (8580-14,570)10,588c (7750-13,280)dErythropoietinf usage per patient per
month (U), median (IQR)

aMatching with propensity score was based on age, sex, and comorbidity index using the Greedy method.
bMeans (SD) were compared with the t test, n (%) values were compared with the proportion z test, and medians (IQR) were compared with the Wilcoxon
rank-sum test.
cACEIs: angiotensin converting enzyme inhibitors.
dARBs: angiotensin receptor blockers.
eCCB: calcium channel blocker.
fIncluding epoetin alfa, epoetin beta, and darbepoetin alfa; epoetin alfa and beta were considered equivalent, and 100 μg darbepoetin was considered
equivalent to 20,000 U erythropoietin according to the reimbursement criteria of the Taiwan National Health Institute.

Erythropoietin Dosage
The median monthly erythropoietin dosage was significantly
higher in cohort 2 than in cohort 1 (12,739 U vs 10,588 U,
P<.001). The usage of iron supplements (both oral and
intravenous) and red cell transfusions were comparable in the
two cohorts (Table 1).

Endpoint Evaluation
For the composite cardiovascular endpoint, the risk in cohort 2
was significantly lower after adjusting for age, sex, comorbidity
index, diabetes mellitus, hypertension, history of coronary artery
bypass graft, and congestive heart failure (Table 2). For each
cardiovascular endpoint, the risk reduction in cohort 2 did not
reach statistical significance.

Table 2. Comparison of primary and secondary endpoints between the cohorts.

P valueHazard ratioa (95% CI)Matched cohort 2
(n=1754), n (%)

Matched cohort 1 (n=1754), n (%)Endpoint

.040.82 (0.69-0.98)261 (14.88)299 (17.05)Primary endpoint: cardiovascular compos-
ite events

Secondary endpoints

.200.81 (0.48-1.19)36 (2.05)40 (2.28)Myocardial infarction

.150.72 (0.50-1.12)45 (2.57)58 (3.31)Stroke

.170.76 (0.65-1.09)162 (9.24)173 (9.86)Heart failure hospitalization

.590.92 (0.68-1.24)89 (5.07)91 (5.19)Death

aAdjusted for age, sex, comorbidity index, diabetes, hypertension, history of coronary artery bypass graft, and congestive heart failure.

In the subgroup analysis (Table 3), for patients that did not have
diabetes, no significant difference in either the composite
cardiovascular endpoint or any individual cardiovascular
endpoint was observed between the two cohorts. However, for

patients with diabetes, the risk of the composite cardiovascular
endpoint was significantly lower in cohort 2. In addition, the
risks of stroke and heart failure hospitalization were significantly
lower in cohort 2 than those of cohort 1.

JMIR Med Inform 2020 | vol. 8 | iss. 12 | e18716 | p. 6http://medinform.jmir.org/2020/12/e18716/
(page number not for citation purposes)

Hou et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Subgroup analysis according to diabetes status in comparing the endpoints between matched cohort 1 and cohort 2.a

Patients without diabetescPatients with diabetesbEndpoint

P valueHazard ratiod (95% CI)P valueHazard ratiod (95% CI)

.820.97 (0.74-1.27).0060.74 (0.60-0.93)Primary endpoint: Cardiovascu-
lar composite

Secondary endpoints

.760.86 (0.33-2.25).190.67 (0.36-1.15)Myocardial infarction

.931.02 (0.51-2.04).040.61 (0.39-0.98)Stroke

.761.06 (0.74-1.51).040.72 (0.54-0.99)Heart failure hospitalization

.270.79 (0.49-1.26).731.07 (0.73-1.58)Death

aPatients in cohorts 1 and 2 were matched with the propensity score by age, sex, and comorbidity index using the Greedy method.
bCohort 1, n=581; cohort 2, n=584.
cCohort 1, n=1173; cohort 2, n=1170.
dAdjusted by age, sex, comorbidity index, hypertension, history of coronary artery bypass graft, and congestive heart failure.

Discussion

Summary
No statistically significant difference was observed for baseline
comorbidities and concomitant medications in the follow-up
period between the matched cohort 1 and cohort 2 (Table 1).
This suggests that both cohorts had similar cardiovascular risk
factors. After loosening erythropoietin payment criteria, the
erythropoietin dosage increased and the cardiovascular risk
decreased; however, the reduction in cardiovascular risk was
observed only in patients with diabetes. In addition, among
patients with diabetes, significant risk reduction was found not
only for the composite cardiovascular endpoint but also for the
individual secondary endpoints, including stroke and heart
failure hospitalization. Since similar percentages of patients in
matched cohort 1 and cohort 2 received oral and intravenous
iron, and the oral and intravenous iron dosage was comparable
between these two cohorts, it is reasonable to assume that the
higher Hct level in matched cohort 2 might have resulted from
the higher erythropoietin dosage. Similarly, the reduction in
cardiovascular risk in matched cohort 2 may be related to the
higher erythropoietin dosage and maintenance of an adequate
Hct range.

Comparison With Prior Work
Although previous findings that pushing Hct to more than 36%
compared to 30%-36% tends to increase cardiovascular risk
[1-3,7] have been widely accepted and recommended, there is
a lack of sufficient evidence to demonstrate a difference in
cardiovascular risk by maintaining Hct levels below 30%
relative to 30%-36%. A few studies with small sample sizes
and short follow-up periods showed no significant difference
in cardiovascular risk or mortality for patients maintaining Hct
below 30% compared to those maintaining Hct at 30%-36%
[13-15]. Thus, these limitations have prevented investigators
from detecting the potential difference in cardiovascular risk.
By contrast, our national study showed that a lower
cardiovascular risk is associated with increasing Hct from
28%-29% to 30%-31% for incident peritoneal dialysis patients
in Taiwan. The number of subjects in our study was 3508 and

the median follow-up duration was 23 months, which are
comparable to those of more recent large-scale studies [1-3]
with a sample size between 1265 and 4038 and median
follow-up duration between 14 and 29 months.

Principal Findings
Although the Hct data reported in the NHI beneficiaries claim
database did not directly link to observations of patients’ Hct
levels of this study, we used the data from the whole NHI
population (census) and government documents publishing Hct
statistics for dialysis patients supported by the NHI [19-21].
Moreover, from the governmental published data, the Hct levels
of both prevalent and incident peritoneal dialysis patients were
very similar (28.9% to 30.4% vs 29.1% to 30.4% from 2005 to
2008) and the Hct of both peritoneal dialysis patients with and
without diabetes mellitus were also very similar (28.5% to
30.6% vs 28.3% to 30.3% from 2003 to 2008). Therefore, we
assumed that the Hct levels of incident peritoneal dialysis
patients in our study were similar to those reported in the
government documents. After loosening the erythropoietin
payment criteria, the Hct level of both prevalent and incident
peritoneal dialysis patients increased from 28%-29% to
30%-31% [19-21].

In this study, the median erythropoietin dosage in cohort 2
(12,739 U) was significantly higher than that in cohort 1 (10,588
U); that is, there was a more than 20% increase in the dosage
after loosening the erythropoietin reimbursement criteria. Given
that the usage rates of iron supplements (both oral and
intravenous) and red cell transfusions were comparable in the
two cohorts, increased erythropoietin usage supports the
assumption that the Hct of incident peritoneal dialysis patients
also increased after loosening the erythropoietin payment
criteria.

Because the reduction in cardiovascular risk was observed only
in patients with diabetes, the difference in cardiovascular event
risk reduction between patients with and without diabetes might
not be the result of the Hct difference; indeed, the Hct was
similar between peritoneal dialysis patients with (28.5%-30.6%)
and without (28.3%-30.3%) diabetes from 2003 to 2008 [21].
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Therefore, rather than analyzing the two subgroups (with and
without diabetes) separately through a Cox proportional hazards
model, we reanalyzed the nonstratified data through a Cox
proportional hazards model with the addition of two more
variables: one dichotomous variable for differentiating patients
according to diabetes status and another interaction term
between diabetes status and cohort. The estimate of diabetes
status represented the cardiovascular risk of patients with
diabetes relative to that of patients without diabetes in the time
period of cohort 1, and the estimate of the interaction term
measured the change in cardiovascular risk of patients with
diabetes relative to that of patients without diabetes in the time
period of cohort 2 compared to the time period of cohort 1.
These results showed that the incident peritoneal dialysis
patients with diabetes had a significant 78% higher
cardiovascular risk than those of patients without diabetes.
Although there was no significant difference in cardiovascular
risk observed for our peritoneal dialysis patients without diabetes
in cohort 2 (HR 0.974, 95% CI 0.84-1.05), the cardiovascular
risk of the patients with diabetes in cohort 2 was significantly
reduced by 22% (HR 0.78, 95% CI 0.61-0.94). This means that
the cardiovascular risk of incident peritoneal dialysis patients
with diabetes mellitus was 39% (1.78×0.78=1.39) higher than
that of patients without diabetes in the time period of cohort 2,
and was reduced by 78% in the time period of cohort 1. There
was no significant difference in the erythropoietin dosages used
for patients in the two cohorts according to diabetes status in
either cohort (diabetes vs no diabetes median 10,726 U vs
10,525 U, P=.09 in cohort 1; 12,254 U vs 12,310 U, P=.17 in
cohort 2). Given these findings and the similar Hct levels
between the patients with and without diabetes, the observed
increases in erythropoietin dosage and the Hct levels from below
30% to above 30% might benefit peritoneal dialysis patients
with diabetes in terms of reducing the cardiovascular risk but
would have no impact on the cardiovascular risk of patients
without diabetes.

This finding has an important implication for policymakers for
making decisions as to how to allocate health care resources
and improve patient care in a cost-efficient manner, which is a
major challenge for policymakers worldwide, including Taiwan
and the United States. Based on these findings, Taiwan’s NHI
policymakers should reconsider the relaxation of NHI’s
reimbursement criteria to target only peritoneal dialysis patients
with diabetes rather than applying these criteria universally. In

this way, the NHI could spend less while improving diabetic
peritoneal dialysis patient care by reducing the cardiovascular
risk. With respect to policy decisions in the United States, it is
possible that more patients would have an Hb level below 10
g/dL (ie, Hct 30%) and thus a higher cardiovascular risk might
be incurred for ESRD patients with diabetes after eliminating
the QIP requirement of an Hb level <10 g/dL. Thus, determining
whether a lower bound of the Hct/Hg level should be restored
for ESRD patients with diabetes mellitus to reach a balance
between cost reduction and improvement of patient care is a
critical issue to be examined by US policymakers.

Limitations
A more clinically oriented inquiry may explain why the
peritoneal dialysis patients with diabetes showed a stronger
response to the increase in erythropoietin dosage and Hct levels
in terms of reducing cardiovascular risk. Our data do not enable
directly testing this clinical issue and thus more research to this
end is warranted. There are also limitations of this study. No
blood pressure or laboratory data, including serum albumin and
lipid profile, were available from the NHI claim database, which
prevented performing a comprehensive comparison of baseline
characteristics between the two cohorts. Although this might
have constrained detailed matching of patients in the two
cohorts, the patients matched in the two cohorts were
considerably comparable with respect to comorbid conditions
and concomitant medication related to cardiovascular risk.

Conclusions
After loosening the erythropoietin payment criteria, a
significantly lower risk of cardiovascular events, stroke, and
heart failure hospitalization was observed in matched cohort 2,
in particular for those with diabetes mellitus. This risk reduction
may be related to the higher erythropoietin dosage and
maintenance of an adequate Hct range. Further research is
needed to investigate why peritoneal dialysis patients with
diabetes mellitus are more sensitive to the increase in
erythropoietin dosage and Hct levels. Our findings support that
for these patients, maintaining an Hct level above 30% is crucial
for reducing the cardiovascular risk. This finding has
implications for policymakers to determine the allocation of
health care resources in a cost-effective manner while reducing
the potential cardiovascular risk for patients receiving peritoneal
dialysis.

Acknowledgments
This work was partly supported by grants from the Ministry of Science and Technology (MOST 103-2410-H-002 -205-). This
work is based in part on data obtained from the National Health Insurance Research Database provided by the National Health
Insurance Administration, Ministry of Health and Welfare, and managed by National Health Research Institutes. The views are
solely those of the authors and do not represent those of the National Health Insurance Administration, Ministry of Health and
Welfare, or National Health Research Institutes. The authors would like to thank Mr. Shin-hung Meng for data management and
Dr. Ya-Chi Wu for excellent statistical support.

Authors' Contributions
IL contributed to the conception and design of the study, data interpretation, drafting the article, and final approval of the version
to be published. RC contributed to the conception and design of the study, acquisition and interpretation of data, article revision,
and final approval of the version to be published. SL contributed to analysis and interpretation of the data, drafting the article,

JMIR Med Inform 2020 | vol. 8 | iss. 12 | e18716 | p. 8http://medinform.jmir.org/2020/12/e18716/
(page number not for citation purposes)

Hou et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and final approval of the version to be published. YH, FY, and TW contributed to analysis and interpretation of the data, article
revision, and final approval of the version to be published.

Conflicts of Interest
None declared.

References

1. Besarab A, Bolton WK, Browne JK, Egrie JC, Nissenson AR, Okamoto DM, et al. The effects of normal as compared with
low hematocrit values in patients with cardiac disease who are receiving hemodialysis and epoetin. N Engl J Med 1998
Aug 27;339(9):584-590. [doi: 10.1056/NEJM199808273390903] [Medline: 9718377]

2. Pfeffer MA, Burdmann EA, Chen CY, Cooper ME, de Zeeuw D, Eckardt KU, TREAT Investigators. A trial of darbepoetin
alfa in type 2 diabetes and chronic kidney disease. N Engl J Med 2009 Nov 19;361(21):2019-2032. [doi:
10.1056/NEJMoa0907845] [Medline: 19880844]

3. Singh AK, Szczech L, Tang KL, Barnhart H, Sapp S, Wolfson M, CHOIR Investigators. Correction of anemia with epoetin
alfa in chronic kidney disease. N Engl J Med 2006 Nov 16;355(20):2085-2098. [doi: 10.1056/NEJMoa065485] [Medline:
17108343]

4. KDOQI. KDOQI Clinical Practice Guideline and Clinical Practice Recommendations for anemia in chronic kidney disease:
2007 update of hemoglobin target. Am J Kidney Dis 2007 Sep;50(3):471-530. [doi: 10.1053/j.ajkd.2007.06.008] [Medline:
17720528]

5. Renal anemia. In: Taiwan Chronic Kidney Disease Clinical Guidelines. Miaoli County, Taiwan: National Health Research
Institutes; 2015:393-397.

6. Tsintis P. Public statement: Epoetins and the risk of tumour growth progression and thromboembolic events in cancer
patients and cardiovascular risks in patients with chronic kidney disease. European Medicines Agency Post-authorisation
Evaluation of Medicines for Human Use. 2007 Oct 23. URL: https://www.ema.europa.eu/en/documents/public-statement/
public-statement-epoetins-risk-tumour-growth-progression-thromboembolic-events-cancer-patients_en.pdf [accessed
2014-02-07]

7. Modified dosing recommendations to improve the safe use of Erythropoiesis-Stimulating Agents (ESAs) in chronic kidney
disease. US Food and Drug Administration Drug Safety Communication. 2011 Jun 26. URL: https://www.fda.gov/drugs/
drug-safety-and-availability/
fda-drug-safety-communication-modified-dosing-recommendations-improve-safe-use-erythropoiesis [accessed 2014-02-07]

8. Kidney Disease: Improving Global Outcomes (KDIGO) Work Group. Chapter 1: Diagnosis and evaluation of anemia in
CKD. Kidney Int Suppl (2011) 2012 Aug;2(4):288-291 [FREE Full text] [doi: 10.1038/kisup.2012.33] [Medline: 25018948]

9. Medicare program; end-stage renal disease prospective payment system. Final rule. Federal Register. 2010 Aug 12. URL:
https://www.govinfo.gov/content/pkg/FR-2012-11-09/pdf/2012-26903.pdf [accessed 2020-12-01]

10. Medicare program; end-stage renal disease prospective payment system and quality incentive program; ambulance fee
schedule; durable medical equipment; and competitive acquisition of certain durable medical equipment prosthetics, orthotics
and supplies. Final rule. Federal Register. 2011 Nov 10. URL: http://www.gpo.gov/fdsys/pkg/FR-2011-11-10/pdf/2011-28606.
pdf [accessed 2020-11-01]

11. Medicare program; end-stage renal disease prospective payment system, quality incentive program, and durable medical
equipment, prosthetics, orthotics, and supplies. Federal Register. 2013 Dec 02. URL: http://www.gpo.gov/fdsys/pkg/
FR-2013-12-02/pdf/2013-28451.pdf [accessed 2020-12-01]

12. Chambers JD, Weiner DE, Bliss SK, Neumann PJ. What can we learn from the U.S. expanded end-stage renal disease
bundle? Health Policy 2013 May;110(2-3):164-171. [doi: 10.1016/j.healthpol.2013.01.011] [Medline: 23419419]

13. Canadian Erythropoietin Study Group. Association between recombinant human erythropoietin and quality of life and
exercise capacity of patients receiving haemodialysis. Canadian Erythropoietin Study Group. BMJ 1990 Mar
03;300(6724):573-578 [FREE Full text] [doi: 10.1136/bmj.300.6724.573] [Medline: 2108751]

14. Nissenson AR, Korbet S, Faber M, Burkart J, Gentile D, Hamburger R, et al. Multicenter trial of erythropoietin in patients
on peritoneal dialysis. J Am Soc Nephrol 1995 Jan;5(7):1517-1529 [FREE Full text] [Medline: 7703390]

15. Bahlmann J, Schöter KH, Scigalla P, Gurland HJ, Hilfenhaus M, Koch KM, et al. Morbidity and mortality in hemodialysis
patients with and without erythropoietin treatment: a controlled study. Contrib Nephrol 1991;88:90-106. [doi:
10.1159/000419519] [Medline: 2040200]

16. Collins A, Foley RN, Herzog C, Chavers B, Gilbertson D, Ishani A, et al. United States Renal Data System 2008 Annual
Data Report. Am J Kidney Dis 2009 Jan;53(1 Suppl):S1-S374. [doi: 10.1053/j.ajkd.2008.10.005] [Medline: 19111206]

17. Statistics of Organ Donation in Year 2010.: Taiwan Organ Registry and Sharing Center; 2010. URL: https://www.torsc.org.tw/
FileUploads/docatt/f650a9e5-f836-b099-eb21-ba5280745a1d.doc [accessed 2014-04-01]

18. Collins AJ, Foley RN, Herzog C, Chavers BM, Gilbertson D, Ishani A, et al. Excerpts from the US Renal Data System
2009 Annual Data Report. Am J Kidney Dis 2010 Jan;55(1 Suppl 1):S1-420, A6 [FREE Full text] [doi:
10.1053/j.ajkd.2009.10.009] [Medline: 20082919]

JMIR Med Inform 2020 | vol. 8 | iss. 12 | e18716 | p. 9http://medinform.jmir.org/2020/12/e18716/
(page number not for citation purposes)

Hou et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://dx.doi.org/10.1056/NEJM199808273390903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9718377&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0907845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19880844&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa065485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17108343&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2007.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17720528&dopt=Abstract
https://www.ema.europa.eu/en/documents/public-statement/public-statement-epoetins-risk-tumour-growth-progression-thromboembolic-events-cancer-patients_en.pdf
https://www.ema.europa.eu/en/documents/public-statement/public-statement-epoetins-risk-tumour-growth-progression-thromboembolic-events-cancer-patients_en.pdf
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-modified-dosing-recommendations-improve-safe-use-erythropoiesis
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-modified-dosing-recommendations-improve-safe-use-erythropoiesis
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-modified-dosing-recommendations-improve-safe-use-erythropoiesis
https://linkinghub.elsevier.com/retrieve/pii/S2157-1716(15)31070-4
http://dx.doi.org/10.1038/kisup.2012.33
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25018948&dopt=Abstract
https://www.govinfo.gov/content/pkg/FR-2012-11-09/pdf/2012-26903.pdf
http://www.gpo.gov/fdsys/pkg/FR-2011-11-10/pdf/2011-28606.pdf
http://www.gpo.gov/fdsys/pkg/FR-2011-11-10/pdf/2011-28606.pdf
http://www.gpo.gov/fdsys/pkg/FR-2013-12-02/pdf/2013-28451.pdf
http://www.gpo.gov/fdsys/pkg/FR-2013-12-02/pdf/2013-28451.pdf
http://dx.doi.org/10.1016/j.healthpol.2013.01.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23419419&dopt=Abstract
http://europepmc.org/abstract/MED/2108751
http://dx.doi.org/10.1136/bmj.300.6724.573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2108751&dopt=Abstract
https://jasn.asnjournals.org/cgi/pmidlookup?view=long&pmid=7703390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7703390&dopt=Abstract
http://dx.doi.org/10.1159/000419519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2040200&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2008.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19111206&dopt=Abstract
https://www.torsc.org.tw/FileUploads/docatt/f650a9e5-f836-b099-eb21-ba5280745a1d.doc
https://www.torsc.org.tw/FileUploads/docatt/f650a9e5-f836-b099-eb21-ba5280745a1d.doc
http://europepmc.org/abstract/MED/20082919
http://dx.doi.org/10.1053/j.ajkd.2009.10.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20082919&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. Quality Report of Outpatient Dialysis Global Budget 2007 Q4. National Health Insurance Administration.: Ministry of
Health and Welfare; 2008. URL: https://tinyurl.com/y43m2b2c [accessed 2014-02-07]

20. Quality Report of Outpatient Dialysis Global Budget 2010 Q3. National Health Insurance Administration.: Ministry of
Health and Welfare; 2011. URL: https://www.mohw.gov.tw/dl-44682-2644622d-3e42-495a-bbdc-ebb6e6d55092.html
[accessed 2014-02-07]

21. Evaluation of the dialysis payment policies of the National Health Insurance. In: Commissioned research projects of Ministry
of Health and Welfare. Taiwan: Ministry of Health and Welfare; 2012:1-94.

22. Lin L, Warren-Gash C, Smeeth L, Chen P. Data resource profile: the National Health Insurance Research Database (NHIRD).
Epidemiol Health 2018;40:e2018062. [doi: 10.4178/epih.e2018062] [Medline: 30727703]

23. Rosenbaum PR, Rubin DB. The central role of the propensity score in observational studies for causal effects. Biometrika
1983;70(1):41-55. [doi: 10.1093/biomet/70.1.41]

24. Austin PC. A comparison of 12 algorithms for matching on the propensity score. Stat Med 2014 Mar 15;33(6):1057-1069.
[doi: 10.1002/sim.6004] [Medline: 24123228]

25. Liu J, Huang Z, Gilbertson DT, Foley RN, Collins AJ. An improved comorbidity index for outcome analyses among dialysis
patients. Kidney Int 2010 Jan;77(2):141-151 [FREE Full text] [doi: 10.1038/ki.2009.413] [Medline: 19907414]

26. Kan W, Wang J, Wang S, Sun Y, Hung C, Chu C, et al. The new comorbidity index for predicting survival in elderly
dialysis patients: a long-term population-based study. PLoS One 2013;8(8):e68748 [FREE Full text] [doi:
10.1371/journal.pone.0068748] [Medline: 23936310]

27. Brenner and Rector's The Kidney E-Book 9th Edition. Philadelphia: Saunders; Nov 01, 2011:2095.

Abbreviations
CKD: chronic kidney disease
CMS: US Centre for Medicare and Medicaid
ESRD: end-stage renal disease
Hb: hemoglobin
Hct: hematocrit
HR: hazard ratio
ICD-9: International Classification of Diseases, Ninth Revision
NHI: Taiwan National Health Insurance
QIP: quality incentive program
PS: propensity score

Edited by G Eysenbach; submitted 13.03.20; peer-reviewed by Z Chen, K Malale; comments to author 24.08.20; revised version
received 12.09.20; accepted 23.11.20; published 17.12.20

Please cite as:
Hou YH, Yang FJ, Lai IC, Lin SP, Wan TTH, Chang RE
Effects of Erythropoietin Payment Policy on Cardiovascular Outcomes of Peritoneal Dialysis Patients: Observational Study
JMIR Med Inform 2020;8(12):e18716
URL: http://medinform.jmir.org/2020/12/e18716/
doi: 10.2196/18716
PMID: 33331829

©Ying-Hui Hou, Feng-Jung Yang, I-Chun Lai, Shih-Pi Lin, Thomas TH Wan, Ray-E Chang. Originally published in JMIR
Medical Informatics (http://medinform.jmir.org), 17.12.2020. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Medical Informatics, is properly cited. The
complete bibliographic information, a link to the original publication on http://medinform.jmir.org/, as well as this copyright and
license information must be included.

JMIR Med Inform 2020 | vol. 8 | iss. 12 | e18716 | p. 10http://medinform.jmir.org/2020/12/e18716/
(page number not for citation purposes)

Hou et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://tinyurl.com/y43m2b2c
https://www.mohw.gov.tw/dl-44682-2644622d-3e42-495a-bbdc-ebb6e6d55092.html
http://dx.doi.org/10.4178/epih.e2018062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30727703&dopt=Abstract
http://dx.doi.org/10.1093/biomet/70.1.41
http://dx.doi.org/10.1002/sim.6004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24123228&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0085-2538(15)54207-5
http://dx.doi.org/10.1038/ki.2009.413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19907414&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0068748
http://dx.doi.org/10.1371/journal.pone.0068748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23936310&dopt=Abstract
http://medinform.jmir.org/2020/12/e18716/
http://dx.doi.org/10.2196/18716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33331829&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

