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Background: Anemia in peritoneal dialysis (PD) patients can be improved after treatment with erythropoietin (EPO).
However, several factors previously reported can cause EPO hyporesponsiveness including nutritional deficiency, infection
or inflammation, secondary hyperparathyroidism with bone marrow fibrosis, angiotensin converting enzyme inhibitor
(ACEI) administration, and dialysis inadequacy. Correction of these factors may lower doses and costs of EPO for these
patients.

Objective: To calculate the prevalence of EPO hyporesponsiveness and the associated factors in PD patients with anemia.
Material and Method: We reviewed medical records of 195 PD patients who received EPO treatment during January 2000
to June 2013.The doses of EPO were titrated maximally to 8,000 U/week to maintain a target Hematocrit (Hct) level between
33% and 36%. PD patients Hct less than 30% before and after EPO administration for 3 months were included in this study.
There were 44 patients who were recruited by the criteria. They had no history of bleeding or red cell transfusions within
2 months. The EPO resistance index (ERI) was calculated as weekly EPO doses per Hct levels per kilograms body weight
(kg). The EPO hyporesponsiveness was defined as the weekly EPO doses was >150 U/kg. The relationship between the ERI
and continuous parameters was calculated by the student’s t-test. Chi-square and Fisher’s exact correlation were performed
to analyze the relationship between ERI and categorical variables. The p-value <0.05 was considered statistically difference.
Results: There were 13 (6.7%) patients having Hct less than 33% after the administration EPO >150 U/kg/week for
3 months. The statistically significant relationship between ERI and gender was detected. Female had higher rate of having
EPO hyporesponsiveness (p = 0.02).

Conclusion: The prevalence of EPO hyporesponsiveness was 6.7%. Female gender was a factor related to EPO
hyporesponsiveness in our study.
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Anemia is a common problem in peritoneal
dialysis (PD) patients. Erythropoietin (EPO) has been
used to treat anemic PD patients since the 1980s®.
Anemia in the majority of patients has shown
improvement after the EPO administration®?. It has
been reported that 90-95% of patients have good
response to EPO in large multicenter trials. However,
there are 5-10% of patients shown a poor response to
EPO®G19, Factors leading to EPO hyporesponsiveness
include iron deficiency anemia®® (both absolute and
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functional iron deficiency), blood loss, vitamin B12
deficiency, folate deficiency®, and aluminum
toxicity®. The increased levels of serum parathyroid
hormone (PTH) which can inhibit erythropoiesis are
reported in the in vitro studies®?'4. It can be the cause
of EPO hyporesponsiveness®>®, Acute and chronic
inflammation cause EPO poor response®”®. Others
studies have reported that high levels of C-reactive
protein (CRP)¢19 low serum albumin, lower normalized
protein catabolic rate (NPCR)®, the use of angiotensin
converting enzyme inhibitor (ACEI)@?, and the low
weekly Kt/V of urea®?? can be the causes of EPO
hyporesponsiveness.

The National Health Security of Thailand has
used PD first as the mode of dialysis for patients who
are under the universal health coverage (UC) scheme.
EPO administration in these patients will be provided
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according to Hct levels lower than 30%. The maximum
dosage of EPO per patient will be limited to 8,000 U
per week. The objective of this study is to investigate
the prevalence and factors associated with the EPO
hyporesponsiveness. If these factors are corrected, the
doses of EPO can be reduced. This will be of the benefit
to the fiscal budget providing EPO to these patients.

Material and Method

This was a retrospective cohort study. We
reviewed the records of 195 PD patients at the HRH
Princess Maha Chakri Sirindhorn Medical Center,
Srinakharinwirot University, Nakhon Nayok, Thailand
from January 2000 to June 2013. Patients with hematocrit
(Hct) less than 30% received EPO which would be
titrated according to their Hct level to maintain a target
Hct level between 33% and 36%. The maximum EPO
dosage per patient was limited to 8,000 U per week. The
inclusion criteria for selecting subjects were age over
18 years old, performing PD for at least 3 months, without
history of receiving red cell transfusions and history
of blood loss within the last 2 months, and having Hct
less than 30% before and after receiving EPO regularly
for 3 months. Oral iron was administered to maintain
transferrin saturation (TSAT) and ferritin levels higher
than 20% and 100 ng/mL, respectively. The variables at
the time of PD initiation and at the follow-up periods
collected for analyses were age, gender, occupation,
underlying disease, cause of end stage renal disease
(ESRD), PD prescription, body weight, complete blood
count, residual renal function, serum albumin, serum
calcium, serum phosphorus, weekly total KT/V of
urea, and weekly total creatinine clearance. The EPO
doses per week in the patients with Hct less than
30% were calculated. The EPO resistance index (ERI)
was defined as weekly EPO doses per Hct level per
kilograms of body weight. Patients received the EPO
dose >150 U/kg/week were classified as the EPO
hyporesponsiveness®®. The collected variables were
analyzed to investigate factors associated with the EPO
hyporesponsiveness.

Statistical methods

The descriptive data were reported in
percentage and mean + standard deviation (SD). The
relationship between the ERI and the continuous
variables were analyzed by student’s t-test. The
relationship between the ERI and the categorical
variables were performed by Chi-square and Fisher’s
exact correlation. The p-value <0.05 was considered
statistically significant difference.
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Results

There were 44 patients with Hct less than 30%
before and after the EPO administration for a duration
of 3 months. These patients had the mean of age
53.9 years. The numbers of males and females were
29 (66%) and 15 (34%), respectively. Thirty-one (70.5%)
patients were under the universal health coverage
scheme. The most common cause of ESRD in our
patients was diabetic nephropathy (25 patients, 56.8%)
followed by long standing hypertension (8 patients,
18.2%). There were 1 (2.3%), 4 (9.1%) and 7 (15.9%)
patients with ESRD from chronic glomerulonephritis,
others, and unknown causes, respectively. Other
characteristics and laboratory findings are shown in
Table 1.

The characteristics and laboratory of PD
patients with EPO <150 U/kg/week and those with
EPO >150 U/kg/week are shown in Table 2. There were
13 (29.5%) from 44 patients who received EPO
dose >150 U/kg/week. The prevalence of the EPO
hyporesponsiveness was 6.7%. The ERI had a
statistically significant correlation with patients who
were of the female gender (p = 0.02). Other factors
including age, serum calcium, serum phosphate, serum
albumin, TSAT, ferritin, weekly KT/V, the use of ACEI,
serum PTH, and peritonitis were not found to have
statistically significant association with the ERI.

Discussion
Previous studies have shown that there are

Table 1. Characteristics and laboratory results of 44 PD
patients with Hct less than 30% after EPO
administration for 3 months

Characteristics and laboratory Mean + SD
Age at the time start PD (years) 53.9+15.7
Hb level (g/dL) 8.9+0.8
MCV (fL) 82.5+9.9
Calcium (mg/dL) 8.4+0.8
Phosphorus (mg/dL) 5.21+2.1
Albumin (g/L) 2.75+0.6
Parathyroid hormone (pmol/L) 197.4+102.3
Transferrin saturation (%) 30.8+16.9
Ferritin (ng/ml) 633.7+433.7
Erythropoietin (dose unit/wk) 7,351.1+2,085.8
Erythropoietin unit/kg/week 127.9+49.3
Total weekly creatinine clearance (L) 58.4+23.8
Total weekly Kt/V (urea) 1.9+0.5
Number of patients with ACEI use (%) 32 (72.7)
Number of patients with peritonitis (%) 5 (88.6)
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Table 2. Characteristics and laboratory of PD patients with EPO <150 U/kg/week and EPO >150 U/kg/week

Parameter Patients with EPO <150 Patients with EPO >150 p-value
U/kg/week (n = 31) U/kg/week (n = 13)

Age (years) 52.0+14.0 58.5+17.4 0.3

Gender (%)

Male 24 (77.4) 5(38.5)

Female 7(22.6) 8 (61.5) 0.02
Diabetes (%) 13 (41.9) 8 (61.5) 0.3
Calcium (mg/dL) 8.37+0.82 8.39+0.74 0.9
Phosphorus (mg/dL) 5.38+2.36 4.77+0.82 0.2
Albumin (g/L) 2.79+0.54 2.62+0.56 0.4
Parathyroid hormone (pmol/L) 211.90+96.76 166.79+112.74 0.3
TSAT (%) 29.37+17.04 33.12+17.19 0.6
Ferritin (ng/ml) 568.10+416.03 746.85+460.05 0.3
Total weekly Kt/V 1.88+0.53 1.91+0.60 0.9
ACEI use (%)

Yes 22 (71) 10 (76.9)

No 9 (29) 3(23.1) 0.1
Peritonitis (%)

Yes 2(6.5) 3(23.1)

No 29 (93.5) 10 (76.9) 0.1

The p-value = student t-test for continuous variable, Chi-square and Fisher’s exact for categorical variable

several factors related to EPO hyporesponsiveness.
These factors are infection or inflammation®&19),
nutritional deficiency™®!), secondary hyper-
parathyroidism with marrow fibrosis®>® ACEI
administration®, and dialysis inadequacy in terms
of KT/V@-2), We used an EPO dose of 150 U/kg/week
as a cut off value to define the ERI and the EPO hypo-
responsiveness®®. The EPO hyporesponsiveness is
found in 5-10% of studies from multicenters®19. The
percentage of EPO hyporesponsiveness in our study
was 6.7% (13 from 195 patients) which was similar to
the previous report.

Our study has shown that female had higher
rate of EPO hyporesponsiveness than male (p = 0.02).
The possible explanation might be the lack of
androgenic hormone in the female. Androgen can
stimulate erythropoiesis by increasing the number of
erythropoietin-responsive cells, increasing bone
marrow activity and increasing iron incorporation into
red cells®29, There is a study demonstrating the
relationship between EPO hyporesponsiveness and
low potentiated in ESRD patients supplemented
with androgen®. Low serum albumin®®1628 high
levels of serum PTH®51627) inflammation or infection
factors619, the use of ACEI®?, the low Kt/V©@22 was
not found in our study. These may result from a small
number of patients in our study.
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One limitation in our study is lacking the data
of hemoglobin typing and DNA analysis to determine
if our patients had thalassemia minor which may indicate
a poor response to EPO. Thalassemia is a common
disease in Thailand, therefore, it may be a factor
associated with EPO hyporesponsiveness in our
studied group. Since gender is an only factor found to
be associated with the EPO hyporesponsiveness in
this study and it is an unchangeable factor, the results
may not have any impact on the policy in the aspect of
the limitation of the maximum dosage of EPO. The
hypothesis that PD female patients having higher risk
of the EPO hyporesponsiveness due to lack of
androgen should be further investigated. If the
hypothesis is right, it can be corrected by supplemental
androgenic hormone. The other limitation of this study
is the small number of subjects.

Conclusion

The prevalence of EPO hyporesponsiveness
is 6.7% which is similar to other studies. Being of
the female gender is a factor associated with the EPO
hyporesponsiveness in our study.

What is already known on this topic?

There are several factors related to EPO
hyporesponsiveness.
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What this study adds?
We have found that being of the female gender
is associated with EPO hyporesponsiveness.
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