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Erythropoiesis-stimulating Agents and Anemia in Patients with 
Non-dialytic Chronic Kidney Disease

Anemia is common in patients with advanced chronic kidney disease (CKD). Though 
erythropoiesis-stimulating agents (ESAs) have been strongly endorsed in guidelines, it is of 
particular financial interest. Recently, the reimbursement of ESAs in non-dialytic patients 
was started by the Korean National Health Insurance System. Thus, we investigated the 
impact of the reimbursement of ESAs on the anemia care in non-dialytic CKD patients. 
Medical records of patients with advanced CKD (estimated GFR < 30 mL/min/1.73 m2) 
were reviewed. Use of ESAs, blood transfusion, and hemoglobin concentrations were 
analyzed from one year prior to reimbursement to three years following. We used 
multivariable modified Poisson regression to estimate the utilization prevalence ratio (PRs). 
A total of 1,791 medical records were analyzed. The proportion of patients receiving ESAs 
increased from 14.8% before reimbursement to a peak 33.6% in 1 yr after reimbursement; 
thereafter, ESA use decreased to 22.4% in 3 yr after reimbursement (compared with 
baseline; PR, 2.19 [95% CI, 1.40-3.42]). In patients with Hb < 10 g/dL, the proportion of 
receiving ESAs increased from 32.1% before reimbursement to 66.7% in 3 yr after 
reimbursement (compared with baseline; PR, 2.04 [95% CI, 1.25-3.32]). Mean 
hemoglobin concentrations were 10.06 ± 1.54 g/dL before reimbursement and increased 
to 10.78 ± 1.51 g/dL in 3 yr after the reimbursement change (P = 0.001). However, the 
requirement of blood transfusion was not changed over time. With the reimbursement of 
ESAs, the advanced CKD patients were more likely to be treated with ESAs, and the 
hemoglobin concentrations increased.
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INTRODUCTION

Anemia is prevalent in patients with chronic kidney disease 
(CKD), even before end-stage requiring renal replacement ther-
apy. Although several factors contribute to the pathogenesis of 
CKD-associated anemia, the reduced erythropoietin produc-
tion by kidneys is the primary cause (1-3). The Third National 
Health and Nutrition Examination Survey in the USA reported 
that, 46% of men with advanced CKD had a hemoglobin (Hb) 
concentration less than 12 g/dL, and 21% of women with ad-
vanced CKD had a Hb concentration less than 11 g/dL (4). Be-
cause of its remarkable ability to correct anemia and to reduce 
the need for transfusions (5), erythropoietin was approved for 
the treatment of anemia associated with chronic renal failure 
by the US Food and Drug Administration in 1989. Guidelines 
on the anemia of kidney disease were published by the Kidney 
Disease Outcomes Quality Initiative (KDOQI) in 1997, in which 
treatment of anemia using erythropoietin was strongly recom-
mended (6). Since then erythropoiesis-stimulating agents (ESAs) 
have replaced transfusions as a first-line therapy for anemia of 
CKD.  

  However, ESAs have not been frequently utilized in non-dia-
lytic patients for financial reasons. Recent studies have reported 
that only 20%-30% of patients received ESAs before dialysis 
(7,8). About 20% of dialytic patients had a Hb concentration 
less than 11 g/dL, whereas more than 70% of CKD patients had 
a Hb concentration less than 11 g/dL at the initiation of the di-
alysis (8,9). This might be related to the limited use of ESAs be-
fore dialysis. Although the health care systems differ across the 
countries, the patients not on dialysis have more barriers than 
those on dialysis. In Korea, ESAs had not been reimbursed in 
patients with non-dialytic CKD until October 2010, and thus 
the cost of ESAs covered by non-dialytic patients had been ten-
fold higher than that covered by dialytic patients. 
  In recent decades, the treatment of anemia in patients with 
end-stage renal disease has aroused considerable attention, 
and there have been many clinical trials on the appropriate tar-
get Hb concentrations (10-12). These clinical studies raised se-
rious concerns about intensive treatment of anemia using ESAs 
in patients with CKD (10-12). The results led to a more critical 
assessment of target Hb level of ESA therapy in the KDOQI gui
deline, which recommended the Hb target should be in the 
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range of 11 to 12 g/dL, and the target should not exceed 13 g/dL 
(13). Recent data on Korean hemodialysis patients also supports 
this target; a Hb level of 10-11 g/dL was associated with the low-
est mortality (14). However, a considerable proportion of ad-
vanced CKD patients not on dialysis do not reach even the Hb 
target of 11 g/dL, despite regular nephrology care (8,9). Also, lit-
tle is known about trends in the treatment of anemia in patients 
with CKD not yet requiring dialysis in Korea. In this study, we 
tried to elucidate the trend of the use of ESAs, blood transfusion, 
and anemia care in non-dialytic CKD patients before and after 
the reimbursement of ESAs.

MATERIALS AND METHODS

Study population 
Medical records of CKD patients were reviewed retrospectively 
from renal outpatient clinics of Chungbuk National University 
Hospital, a provincial tertiary referral center, between July 2009 
and December 2013. We included adult (age ≥ 18 yr), non-dia-
lytic CKD patients with an estimated glomerular filtration rate 
(GFR) less than 30 mL/min/1.73 m2. Patients were excluded if 
they initiated renal replacement therapy or died within 30 days 
after enrollment, if their renal function changed by > 25% with-
in 30 days at the time of enrollment, or if they had a cancer with-
in the previous 5 yr. Also excluded from the analysis were pa-
tients who did not have data on demographic characteristics 
nor on Hb levels. The following information from each patient 
was collected: age, sex, cause of CKD, the presence of comor-
bidity such as diabetes mellitus, hypertension, coronary artery 
disease, cerebrovascular disease, and peripheral vascular dis-
ease. We also ascertained their estimated GFR, Hb levels, he-
matocrit (Hct) concentrations, use of oral iron therapy, ESAs 
(epoetin alfa, epoetin beta and darbepoetin alfa), and blood 
transfusions. For ESAs, we defined the doses and number of 
days of each prescription. For conversion from darbepoetin to 
erythropoietin, we used a fixed conversion ratio of 1 μg of dar-
bepoetin to 200 units of erythropoietin (15). For blood transfu-
sions, we identified the number, days, and cause of transfusion.  

Study design
To evaluate the effect of reimbursement on the use of ESAs, we 
divided the study time frame into 6-month periods (Fig. 1). As 
the reimbursement criteria applied on October 1st 2010, July 

2010 to December 2010 became T0. Therefore, -T2 and -T1 were 
included in the pre-reimbursement period, and T1 to T6 were 
included in the post-reimbursement period. In every 6-month 
period, we enrolled the eligible patients and obtained the clini-
cal and laboratory data retrospectively. If the Hb and/or Hct 
concentrations were checked multiple times during a 6-month 
period, we calculated the minimum, mean, and maximum value. 

Statistical analyses   
We described all patient characteristics using means and stan-
dard deviations (SD) for continuous variables and percentages 
for categorical variables by 6-month periods that were catego-
rized into 3 phases: July 2009 to December 2010, January 2011 
to June 2012, and July 2012 to December 2013. The ANOVA test 
was used to compare continuous data among different phases, 
and the chi-square test was used to compare categorical data. 
We tabulated and/or plotted use of ESAs, doses of ESAs, and 
Hb concentrations over time. Using multivariable Poisson re-
gression models with modified variances, we estimated unad-
justed and adjusted prevalence ratios and their corresponding 
95% confidence intervals (CIs). In the multivariable models, we 
adjusted for age, sex, cause of renal disease, diabetes, hyperten-
sion, cerebrovascular disease, peripheral vascular disease, cor-
onary artery disease, Hb levels, and time. In order to allow for 
non-linear changes, we treated time as a categorical variable 
(-T2 to T6), using the earliest term (-T2) as the reference. All sta-
tistical tests were two-sided and conducted at the 0.05 level of 
significance. All analyses were conducted using SPSS for Win-
dows version 17.0 (SPSS Inc., Chicago, IL, USA).

Ethics statement
The study protocol was approved by the institutional review 
board (IRB) of Chungbuk National University Hospital (approv-
al number: 2015-05-004). The IRB waived the requirement for 
documentation of written informed consent from patients, as 
this study was conducted retrospectively.

RESULTS

We identified 2,384 medical records of adult patients with ad-
vanced CKD (estimated GFR < 30 mL/min/1.73 m2) not yet re-
quiring renal replacement therapy between July 2009 and De-
cember 2013. Patients were excluded if they initiated renal re-

Fig. 1. Schematic representation of 6-month periods, pre-reimbursement (-T2 to -T1) and post-reimbursement (T1 to T6).

Pre-reimbursement Post-reimbursement

-T2 -T1 T0 T1 T2 T3 T4 T5 T6
2009. 7-12 2010. 1-6 2010. 7-12 2011. 1-6 2011. 7-12 2012. 1-6 2012. 7-12 2013. 1-6 2013. 7-12

Reimbursement of ESAs
(2010. 10. 1)
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Table 1. Baseline demographic characteristics and comorbid conditions of patients with non-dialytic chronic kidney disease by 3 phases 

Parameters
All 

n = 1,791
-T2, -T1, T0 2009.7-2010.12 

n = 467
T1, T2, T3 2011.1-2012.6 

n = 540
T4, T5, T6 2012.7-2013.12 

n = 784
P

Age (yr) 60.7 ± 14.7 59.2 ± 14.6 60.0 ± 14.5 62.1 ± 14.7 0.001
Age group (%) 0.011
  18-44 15.1 15.6 15.6 14.4
  45-64 39.8 41.8 41.3 37.6
  65-74 25.9 27.4 26.7 24.5
  75- 19.2 15.2 16.5 23.5
Male (%) 44.9 48.6 44.3 43.2 0.170
GFR (mL/min/1.73 m2) 20.32 ± 6.85 19.98 ± 6.73 20.70 ± 6.71 20.25 ± 7.01 0.510
CKD stage (%) 0.894
  Stage 4 73.7 74.5 73.5 73.3
  Stage 5 26.3 25.5 26.5 26.7
Cause of CKD (%) 0.246
  Diabetes 40.4 42.4 39.4 39.8
  Hypertension 34.3 35.5 34.1 33.8
  Glomerulonephritis 20.2 15.8 21.9 21.7
  Other 3.4 3.6 3.0 3.4
  Missing 1.7 2.6 1.7 1.3
Comorbidities (%)
  Diabetes 44.2 47.5 43.7 42.5 0.212
  Hypertension 95.1 94.4 95.7 95.2 0.629
  Coronary artery disease 19.4 22.9 18.9 17.7 0.080
  Cerebrovascular disease 17.4 20.6 15.4 16.8 0.088
  Peripheral vascular disease 5.9 6.4 6.1 5.4 0.709
Use of oral iron (%) 38.8 44.5 40.3 34.1 0.001

CKD, chronic kidney disease; GFR, glomerular filtration rate. 

Fig. 2. Trends in the treatment of erythropoiesis-stimulating agents (ESAs) in patients with non-dialytic chronic kidney disease over time. Proportion of patients received ESAs 
according to (A) hemoglobin level and, (B) ESAs dose per month from -T2 to T6. Hb, hemoglobin. 
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placement therapy or died within 30 days after enrollment (226 
patients), if their renal function changed by > 25% within 30 
days at the time of enrollment (36 patients), if they had an active 
cancer within the previous 5 yr (94 patients), or if they had in-
sufficient data on demographic characteristics or Hb levels (237 
patients). Finally, 1,791 patients were included as the study po
pulation. We summarized the baseline characteristics into 3 
phases: July 2009 to December 2010, January 2011 to June 2012, 
and July 2012 to December 2013 (Table 1). Patients in more re-
cent phases were older (P = 0.001), and used less oral iron ther-
apy (P = 0.001). However, there were no significant differences 

in cause of renal disease or comorbidities. 
  The proportion of patients who received ESAs increased from 
14.8% in -T2 to 33.6% in T2; thereafter, the proportion decreased 
to 22.4% in T6 (Fig. 2A). Among patients whose mean Hb con-
centration was less than 10 g/dL, the proportion of patients who 
received ESAs increased from 32.1% in -T2 to a peak of 77.3% in 
T2, and then decreased slightly to 66.7% in T6. Among patients 
who received ESAs, the median dose of ESAs increased consid-
erably from 4,333 U/month in -T2 to 9,667 U/month in T6. 
These findings were consistent with the distribution of the 
monthly dose of ESAs (Fig. 2B). When temporal trends of the 
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T3, 0.13 in T4, 0.34 in T5, and 0.33 in T6. 
  During the period when these changes in the use of ESAs 
were taking place, mean Hb concentrations were 10.06 ± 1.54 
g/dL in -T2, and they increased steadily, reaching 10.78 ± 1.51 
g/dL in T6 (Table 3, P for linear trend < 0.001). Minimum and 
maximum Hb concentrations showed similar patterns. The 

use of ESAs in pre-dialytic CKD were modeled (Table 2), com-
pared with patients in pre-reimbursement period (-T2 as refer-
ent), patients in post-reimbursement period were not different 
in receiving ESAs (PR of T6, 1.45 [95% CI, 0.94-2.24]). However, 
after adjustment for demographic characteristics, cause of renal 
disease, comorbidities, and mean Hb levels, patients in the 
post-reimbursement period were 2 times more likely to have 
used ESAs (PR of T2, 2.55 [95% CI, 1.63-3.98]; PR of T6, 2.19 
[95% CI, 1.40-3.42]). Among patients whose Hb concentration 
was less than 10 g/dL, patients in post-reimbursement period 
received ESAs 2 times more than those in the pre-reimburse-
ment period. These findings were consistent after adjustment. 
  Despite frequent use of ESAs in the post-reimbursement pe-
riod, the proportion of patients receiving at least one transfu-
sion was not changed over time (P = 0.967); 3.8% in -T2, 4.9% in 
-T1, 5.5% in T0, 4.4% in T1, 3.8% in T2, 3.5% in T3, 2.9% in T4, 
3.9% in T5, and 3.4% in T6. Most patients (72.9%) needed trans-
fusions for symptomatic relief and the remaining patients re-
ceived blood transfusions for perioperative care. Confining 
transfusion for symptomatic relief, the use of blood transfusion 
was not changed over time (P = 0.468). The median number of 
pints of blood transfusion was 2 (interquartile range, 1-4). The 
number of pints per patient-year also was not changed before 
and after reimbursement of ESAs (P = 0.815); 0.33 pint/patient-
year in -T2, 0.37 in -T1, 0.25 in T0, 0.28 in T1, 0.36 in T2, 0.34 in 

Table 2. Unadjusted and adjusted HRs of prevalence of erythropoiesis-stimulating 
agents

Term
All Patients with mean Hb < 10 g/dL

Unadjusted Adjusted Unadjusted Adjusted

-T2 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
-T1 0.88 (0.52-1.49) 0.91 (0.53-1.54) 1.02 (0.57-1.83) 1.02 (0.57-1.82)
T0 1.66 (1.04-2.66) 1.96 (1.22-3.14) 1.94 (1.18-3.19) 1.92 (1.16-3.17)
T1 1.94 (1.24-3.04) 2.34 (1.49-3.68) 2.11 (1.30-3.42) 2.07 (1.27-3.38)
T2 2.21 (1.43-3.44) 2.55 (1.63-3.98) 2.41 (1.49-3.89) 2.38 (1.46-3.86)
T3 1.67 (1.09-2.58) 2.25 (1.45-3.49) 1.79 (1.10-2.91) 1.80 (1.11-2.94)
T4 1.32 (0.85-2.06) 2.13 (1.35-3.36) 1.76 (1.07-2.91) 1.74 (1.04-2.90)
T5 1.22 (0.78-1.89) 2.08 (1.32-3.27) 1.86 (1.14-3.03) 1.84 (1.12-3.04)
T6 1.45 (0.94-2.24) 2.19 (1.40-3.42) 2.08 (1.30-3.34) 2.04 (1.25-3.32)

Adjusted HRs are from multivariate modified Poisson regressions, adjusted for age, 
sex, cause of renal disease, diabetes mellitus, hypertension, cerebrovascular disease, 
peripheral vascular disease, coronary artery disease, and mean hemoglobin level.

Table 3. Hemoglobin concentration and hematocrit level over time

Parameters
-T2 

2009.7-12
-T1 

2010.1-6
T0 

2010.7-12
T1 

2011.1-6
T2 

2011.7-12
T3 

2012.1-6
T4 

2012.7-12
T5 

2013.1-6
T6 

2013.7-12
P *

Hb (g/dL)
   Minimum
   Mean
   Maximum

 9.47 ± 1.73
10.06 ± 1.54
10.69 ± 1.53

 
9.67 ± 1.82

10.23 ± 1.56
10.81 ± 1.42

 9.66 ± 1.73
10.24 ± 1.48
10.84 ± 1.36

 9.79 ± 1.69
10.35 ± 1.46
10.94 ± 1.41

 9.67 ± 1.60
10.20 ± 1.39
10.77 ± 1.35

10.17 ± 1.91
10.68 ± 1.66
11.24 ± 1.57

10.29 ± 1.86
10.87 ± 1.55
11.43 ± 1.44

10.37 ± 1.92
10.96 ± 1.60
11.53 ± 1.51

10.21 ± 1.79
10.78 ± 1.51
11.35 ± 1.40

< 0.001
< 0.001
< 0.001

Hct (%)
   Minimum
   Mean
   Maximum

28.29 ± 5.21
30.13 ± 4.65
32.14 ± 4.65

28.46 ± 5.42
30.18 ± 4.57
32.07 ± 4.18

28.24 ± 5.18
30.03 ± 4.37
31.90 ± 3.97

29.07 ± 5.09
30.77 ± 4.39
32.64 ± 4.24

28.71 ± 4.70
30.32 ± 4.10
32.07 ± 3.97

30.32 ± 5.52
31.87 ± 4.70
33.54 ± 4.41

30.61 ± 5.32
32.33 ± 4.33
34.07 ± 3.98

30.81 ± 5.51
32.55 ± 4.50
34.22 ± 4.20

30.49 ± 5.18
32.18 ± 4.26
33.96 ± 3.99

< 0.001
< 0.001
< 0.001

*P for linear trend. Hb, hemoglobin; Hct, hematocrit.

Fig. 3. Proportion of patients in each hemoglobin group among patients with non-di-
alytic chronic kidney disease over time. (A) minimum hemoglobin concentrations dur-
ing period, (B) mean hemoglobin concentrations during period, and (C) maximum he-
moglobin concentrations during period.  
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corresponding fractions of patients with mean Hb concentra-
tions over 11 g/dL (the target value suggested by KDOQI guide-
line) were 28.1% in -T2, and increased to 41.4% in T6 (Fig. 3).  

DISCUSSION

We studied the use of ESAs and the treatment pattern of ane-
mia in CKD patients not on dialysis before and after reimburse-
ment change of ESAs. We found that the use and dose of ESA 
treatment before dialysis increased considerably after the reim-
bursement of ESAs, which contributed to significantly higher 
Hb concentrations in CKD patients not on dialysis. However, 
the requirement of blood transfusion was not changed over time, 
even when accounting for the cause of blood transfusion. 
  With the reimbursement of ESAs, the cost of ESAs covered by 
non-dialytic CKD patients has declined to half as many as be-
fore, though it is still five-fold higher than that by dialytic pati
ents. This reduction of cost has enabled physicians to use ESAs 
intensively for the treatment of anemia. Considering the pati
ents with advanced CKD are usually old and suffering from sev-
eral comorbidities, this financial benefit might play a critical 
role in using ESAs for anemia control. The proportion of receiv-
ing ESAs doubled between -T2 and T6. However, 30%-40% of 
CKD patients with Hb less than 10 g/dL did not receive the ESA 
therapy even in the post-reimbursement period, and the use of 
ESAs decreased from 77.3% in T2 to 66.7% in T6. Although we 
could not determine the reason not to use ESAs in those peo-
ple, it assumed that the patients refused to maintain ESAs rath-
er than that the physicians did not recommend ESA-based ther-
apy. The population in Chungbuk province is mainly rural and 
social and financial factors associated with this characteristic 
might contribute to the low use of ESAs. Nonetheless the reim-
bursement has increased the use of ESAs, some patients do not 
use the ESAs for the treatment of anemia. The dose of ESAs in 
non-dialytic CKD patients has increased over time, but it is still 
lower than that in dialytic patients in Korea, whose median ESA 
dose was 4,000-6,000 U/week (16). It is likely due to more con-
served renal function in non-dialytic patients as well as eco-
nomical consideration.
  In this study, the need of blood transfusion did not decline 
after reimbursement of ESAs, thus the main objective of ESA 
therapy, transfusion avoidance, was not achieved. These find-
ings are in contrast with declining transfusion trends in dialytic 
patients (17), as well as non-dialytic CKD patients, in whom 
transfusion rates declined between 1992 and 2004 (18). Howev-
er, the study on elderly patients not on dialysis showed that the 
proportion of patients who received blood transfusion increased 
between 1995 and 2010 (19), and a study of younger CKD pa-
tients not requiring dialysis reported that the transfusion rate 
increased substantially between 2002 and 2008 (20). The con-
stant use of blood transfusion in recent 10 yr may be a conse-

quence of clinical trials which gave warnings on more intensive 
treatment using ESAs (10-12), or of the clinician’s enthusiasm 
to reach the Hb target and to relieve patients’ reported symp-
toms. The transfusion rate in present study is lower than previ-
ously reported (19), because we used the hospital-based data-
base, not the nation-wide database. Thus, the information on 
transfusion out of our hospital could not be collected. More-
over, we excluded patients starting renal replacement therapy 
within 30 days, who were more likely to require blood transfu-
sion. Considering these factors, the constant requirement of 
blood transfusion in this study can be explained. 
  The mean Hb concentrations increased by 0.72 g/dL after re-
imbursement. The proportion of patients with maximum Hb 
level less than 9 g/dL decreased from 11.2% in -T2 to 4.3% in T6, 
which implies that the patients whose Hb concentrations were 
always below 9 g/dL declined. Along with these changes, the 
proportion of patients with minimum Hb concentrations more 
than 13 g/dL (the upper limit of Hb using ESA therapy suggest-
ed in guidelines) increased from 2.5% in -T2 to 7.2% in T6. How-
ever, these patients did not receive any ESAs, so it does not seem 
to be related to ESA therapy. It might be postulated that the base-
line Hb concentration was lower at baseline than that of previ-
ous studies (10-12).
  Our study has several limitations. Considering that this is a 
single center-based study and that the main population is rural, 
the result cannot be extrapolated generally. This population 
could be more susceptible to financial barriers compared with 
those in big cities. So, this study might represent the trend of the 
use of ESAs according to the reimbursement. Second, we did 
not have information on the patient’s financial and social sta-
tus. Therefore we did not analyze the association of those finan-
cial factors and ESAs. Also, this study was performed retrospec-
tively, and thus some important factors could not be acquired. 
Finally, we did not have data on the use of intravenous iron sup-
plementation and the patient’s iron status. Since ESAs activates 
erythropoiesis and iron consumption, thus, even iron-repleted 
patients can be short of iron. Therefore, the data on iron status 
could add more information. 
  In conclusion, the reimbursement of ESAs is associated with 
the increment of the prescription rate of ESAs and Hb concen-
tration in non-dialytic CKD population. Also, this reimburse-
ment change did not arouse over-treated anemia. However, 
considerable numbers of patients did not use the ESAs even in 
the post-reimbursement period. In light of the costs of anemia 
treatments and the safety concerns of blood transfusions, the 
anemia treatment strategy in patients with CKD and anemia 
needs to include financial factors.
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