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ABSTRACT: Anemia in advanced chronic kidney disease on hemodialysis patients is a very
prevalent problem , and it is well known that the treatment of this type of anemia is through the use
of erythropoiesis-stimulating agents (erythropoietin). However, there are factors that determine a
low response to erythropoietin (hyporesponse), which is defined as the need for doses greater than
200 IU/KG/week of erythropoietin to maintain objective hemoglobin levels in patients on
hemodialysis, which are between 10 g/ dl to 12 g/dl.(22) In this observational study, analytical,
multicenter case-control study, which included 784 patients, the prevalence of hyporesponse was
15.69%. It was found that female sex, age less than 50 years, a BMI less than 23 kg/m? and the use of
Renin Angiotensin system blockers presented a higher prevalence of hyporesponse to treatment with
EPO. Regarding laboratory parameters, it was found that low albumin levels, high ferritin levels,
transferrin saturation less than 20% and high parathormone levels are risk factors associated with
hyporesponsiveness to EPO.

Keywords: Anemia; chronic kidney disease; hyporesponse to erythropoietin

Introduction

Anemia is one of the main causes of morbidity in individuals with advanced Chronic Kidney
Disease (CKD) (3), caused mainly by the decreased ability of renal parenchymal cells to produce
erythropoietin (EPO). The main treatment for anemia in patients with CKD on hemodialysis are
erythropoiesis-stimulating agents (ESAs) such as erythropoietin; however, the response to these
agents is affected by factors such as iron deficiency, secondary hyperparathyroidism, parameters
related to hemodialysis (adequacy), systemic inflammation, malnutrition and some medications used
in the treatment of comorbidities in these patients (3). These factors can determine
hyporesponsiveness to erythropoietin, which is defined as the need for a dose greater than 200
IU/kg/week to maintain target hemoglobin and hematocrit values.

Erythropoietin (EPO) at doses greater than 6,000 units per week has been associated with a 1.2-
to 1.5-fold increased risk of mortality (6). Treatment aimed at normalizing hemoglobin values in the
general population can clearly have negative effects, and it is imperative to weigh the benefits and
risks of interventions rationally (5).

Materials and Methods

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Study Design and Inclusion Criteria

The study was observational, analytical, multicenter, case-control, in which anonymized
medical records of patients were analyzed. The inclusion criteria were patients over 18 years of age,
diagnosed with Chronic Kidney Disease stage 5, on hemodialysis (5D) for the last 3 months and who
used erythropoietin; within these patients it was determined which required a dose equal to or
greater than 200 IU/kg/week of erythropoietin alfa for a period greater than or equal to 3 consecutive
months, which were defined as the group of hyporesponse to erythropoietin or 'cases' group (based
on previous studies by Sibbel et al(48)), giving a total of 123 cases. Patients who required lower doses
of erythropoietin were defined as responders or 'control' group, giving a total of 661 controls.

Records of patients who had been hospitalized in the last 3 months, who were not receiving
erythropoietin, or who had incomplete information in the records were excluded.

POBLACION:
Pacientes con diagndstico de ERC en Hemodidlisis que
presentan anemia y reciben tratamiento con EPO

Variable Dependiente r[ Respuesta al tratamiento con EPO ]T

Hiporrespondedores Respondedores
(EPO 2200 (EPO <200
Ul/kg/semana) Ul/kg/semana)

i

FACTORES DE RIESGO:

Sexo femenino, Edad <50 afios, IMC <23 kg/m2, IST
< 20%, PTH 2500pg/ml, Ferritina 2800ng/ml,
Variable Independiente albdmina <4.0 g/dl, TRU<70%, Ktv<1.3, tiempo en
hemodialisis <28 meses, AV Catéter, Diabetes,
Hipotiroidismo y uso de medicamentos BRA

Casos Casos no Controles Controles no
Expuestos Expuestos Expuestos Expuestos

Data were collected from anonymized documentary records of patients treated at 6 dialysis

Data Collection

centers to be physically tabulated in an information collection form. 883 cases of care lasting more
than 3 months were reported during the period from January to December 2019, of which 784 patients
met the inclusion criteria.

Statistical Analysis

The digital database was analyzed using the SPSS statistical program, version 25. A total of 3
controls were taken for each case. The normality of the distribution of each quantitative variable was
determined using the Kolmogorov-Smirnov normality test, since there were more than 50 cases.
Quantitative variables with normal distribution were expressed as mean and standard deviation; on
the other hand, quantitative variables with non-normal distribution are expressed as median and 10-
90 percentiles; qualitative variables are expressed as number and percentage.

The bivariate analysis based on the groups compared the dependent variable corresponding to
the “Response to EPO treatment” with the different study variables (age, sex, BMI, time on dialysis,
ferritin, IST, KTV, hours of dialysis treatment, urea reduction rate (TRU), hypothyroidism,
parathyroid hormone, albumin, use of renin-angiotensin system blockers); using the x2 test for the
comparison of qualitative variables and the student T test for the comparison of quantitative
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variables. 2x2 tables were made to obtain the Odds Ratio (OR) value, considering a result >1 as a
positive association to determine an exposure as a risk factor. The values of each calculated OR were
presented with their respective 95% Confidence Interval.

For the multivariate analysis, a binary logistic regression was performed, the quantitative
variables: age, time on hemodialysis, ferritin, BMI, IST, albumin, TRU and KTV were recategorized
to convert them into dichotomous variables, finally using the variable "Response to treatment with
EPO" as the dependent variable and the independent variables that were significant in the bivariate
analysis were included in the analysis. The cut-off values for these variables are based on the results
of previous studies and on the comparison of the means of the case and control groups as
summarized in Table 4. For all statistical analyses, the significance level was used at an alpha error
of 5% (p = 0.05).

Results

Of the 784 hemodialysis patients who received treatment with EPO, 123 presented hyporesponse
during the study period and 661 were classified as responders. The prevalence of hyporesponse was
15.69%.

Regarding sex, 59% were men and 41% were women, and within the group of hypo-responders
the majority were women (57.7%). Regarding age, 50% of the population was 61 years or older, with
a higher median age in the responder group (63 years) than in the hypo-responders (50 years); both
variables had a statistically significant difference (P<0.001). The highest body mass index (BMI)
showed a tendency to be lower for the hypo-responders group (22.9 kg/m2) compared to the
responders (23.7 kg/m?2), with a statistically significant difference (P=0.005). In the variable time on
dialysis, a median of 28.5 months was found, with similar distribution values for both groups
(P=0.385). The mean dose of EPO for responders was 99.9 IU/kg/week and for hyporesponders 247.42
IU/kg/week (p<0.001). Regarding the comorbidities of interest in the study, Diabetes was present in
32.7% of the population studied, with a slightly higher tendency for the responder group in contrast
to the hyporesponder group (34.2% and 24.4% respectively) (p=0.033). 39.4% of the individuals used
renin-angiotensin system blockers as antihypertensive treatment, a proportion mostly distributed
between the hyporesponder group with respect to the responders (52.8% and 36.9%) (P=<0.001). The
general characteristics of the population are detailed in Table 6.
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Tabla 6. Caracteristicas generales de la poblacion en estudio
Total Respondedores  Hiporrsspondedores P valor
n=784 n= 661 n=123
_ <0.001
Sexo Femenine 325 (41.5 %) 254 (38.4%) 71 (57.7 %)
<0.001
Edad (aiios) 61 (36-77.5) 63 (40-78) 50 (28-74)
Tiempo en Hemodialisis 28.5 (6-76) 28 (5-76) 29 (7-75) 0.385
(meses)
Indice de masa corporal 23.69(19.43- 23.7 (19.46- 22.98(19.03 - 0.005*
(kg/m?) 29.48) 29.69) 27.73)
Clasificacion del IMC
Bajo peso 41 (5.2%) 35 (5.3%) 6 (4.9%)
Normal 468 (59.7%) 383 (58 %) 85 (69.1%)
Sobrepeso 209 (26.7%) 182 (27.5%) 27 (22%)
Obesidad 66 (8.4%) 61 (9.2%) 5 (4.1%)
Dosis de EPO 99.9 (44.6- 80.41 (42.3- 247.42 (215.7- =000l
(Ul’kg/semana) 236.6) 150.62) 343.94)
e bilidad
Diabetes 256 (32.7%) 226 (34.2%) 30 (24.4 %) 0.033%
Hipotiroidismo 36 (4.6%) 30 (4.5%) 6 (4.9 %) 0.869
Medicamentos
Uso de Bloqueadores del 300(39.4%) 244 (36.9%) 65 (52.8 %)
<0.001

Sistema renina angiotensina

aldostsrona

There was no statistically significant difference in TRU values between the responder and
hyporesponder groups (p=0.716). Within the laboratory parameters: albumin, hemoglobin,
hematocrit and TSI tended to present higher values in the responder group (p<0.001); and PTH and
ferritin tended to present higher values in the hyporesponder group. All laboratory parameters
showed a statistically significant difference (P=<0.001). table 7.
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Tabla 7. Caracteristicas de la poblacion en estudio: Factores relacionados al tratamiento dialitico y los
parametros de laboratorio

; Total n=784 Respondedores (661) Hiporrespondedores (123) P valor
Tasa de reduceion de Urea  70.08 (62.48-  70.11(62.30-  70.00 (65.00 - 75.80)  0.716
(%) 77.78) 78.13)

Kiv 1.5(1.21-1.81)  1.5(1.2-1.82) 1.5 (1.29-1.71) 0.465
Acgeso vascular (Catéter) 85 (10.8%) 70 (10.6%) 15 (12.2%) 0.648
Pgrametros de laboratorio,
<
Afbuming (/dL) 428(3.7-46)  432(3.79-46)  3.06(3.41-4.29) 0-001
b
<0.001
Hemoglobina (g/dL) 11.1(9.6-12.5)  11.3 (10.0-12.6) 10.0 (8.4-11.0) .
| 33.3 (29.5- 29.5(24.78-3245) V!
Hematosrito (%) 32.7(28.3-36.8) -
37.17)
<0.001
804.38 (150.84- 723.93 (118.45- 1350.9 (538.68-2000) .
Ferrititea (ne/ml)
1825.59) 1761.82)
<0.001
i _ 30.21(11.48-50.40)
IST (%) 33.61(19.77 34.00 (22.00 .
47.54) 47.37)
Parathormona (ug/ml) <0.001
37524 (135.3-  356.48 (132.2. 511.3(146.5-2030.2)
1191.0) 1081.44)

In the bivariate analysis of general characteristics associated with the presence of hyporesponse
to EPO (Cases), the following results are described:

Regarding sex, 57.7% of the cases were women, while 42.3% were men. The comparison between
the two groups shows that women have a higher proportion of hyporesponsiveness to EPO
compared to men, with an OR of 2.188 (95% CI: 1.480-3.233). Two age groups were analyzed, those
under 50 years and those over 50 years. In this case, it was observed that younger people have a
higher proportion of hyporesponsiveness to EPO compared to older people. The comparison between
the two groups shows significant ORs of 3.846 (95% CI: 2.560-5.778) for the age group <50 years.

Individuals with a BMI less than 23 kg/m? have a higher proportion of hyporesponsiveness to
EPO compared to people with a BMI equal to or greater than 23 kg/m?2. The comparison between the
two groups shows a significant OR of 1.598 (95% CI: 1.086-2.352).

Two comorbidities, diabetes and hypothyroidism, are also analyzed; for diabetes, a significant
OR of 0.621 (95% CI: 0.399-0.966) is found, indicating that people with diabetes are less likely to have
hyporesponsiveness to EPO compared to people without diabetes. For hypothyroidism, no
significant association was found, as the P value was 0.869.

Among cases (people with hyporesponsiveness to EPO), 52.8% used RAS blockers, while 47.2%
did not use them, i.e. people who used RAS blockers had a higher proportion of hyporesponsiveness
to EPO. The OR calculated for the use of blockers is 1.915 (95% CI: 1.300-2.822).

In the bivariate analysis of the factors related to dialysis treatment and the laboratory parameters
associated with the presence of hyporesponse to EPO (Cases), the following results are described:

No significant association was found between urea reduction rate, Ktv value and vascular access
type with hyporesponsiveness to EPO in the study population. The OR for the calculated urea
reduction rate was 1.080 (95% CI: 0.493-2.367) with a p value of 0.848. Hemodialysis effectiveness
parameters such as URR and Ktve do not determine significant differences in the presence of
hyporesponsiveness to erythropoietin.
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Subsequent analysis of laboratory parameters showed a significant association between low
albumin levels and hyporesponsiveness to EPO. The OR value was 5.286 (95%CI: 3.523-7.930) for
albumin value <4.0, with p value <0.001. Ferritin for a value greater than or equal to 800 ng/ml showed
a calculated OR of 4.775 (95%CI: 2.999-7.603) with p value <0.001.

For parathyroid hormone levels equal to or greater than 500 pg/ml and hyporesponse to EPO,
the calculated OR was 2.183 (95% CI: 1.479-3.223) with a p value < 0.001, demonstrating a higher
probability of presenting hyporesponse to EPO in this group.

In summary, several dialysis adequacy parameters and laboratory parameters, such as albumin,
ferritin, transferrin saturation and parathyroid hormone levels, were found to be significantly
associated with hyporesponsiveness to EPO. However, urea reduction rate, Ktv value and type of
vascular access did not show a significant association.

For the multivariate analysis, a logistic regression model was performed, with which the
variables that were significant in the bivariate analysis were analyzed, with which the following
results were obtained:

The R2 value of 0.564 indicates that the multivariate analysis model used explains approximately
56.4% of the variability observed in the presence of hyporesponse to EPO. The variables included in
the model (sex, age, BMI, albumin, ferritin, transferrin saturation, parathyroid hormone, diabetes and
use of renin-angiotensin system blockers) have a good predictive power in relation to hyporesponse
to EPO, and explain a significant proportion of the variation observed in the data.

Female sex is positively associated with the presence of hyporesponsiveness to EPO. The
calculated OR is 1.959. The 95% confidence interval for the OR ranges from 1.199 to 3.201.

Patients aged less than 50 years are positively associated with the presence of
hyporesponsiveness to EPO. The calculated OR is 4.249. The 95% confidence interval for the OR
ranges from 2.419 to 7.465.

For laboratory parameters, having albumin levels less than 4.0 g/dl, ferritin levels equal to or
greater than 800 ng/ml, transferrin saturation less than 20% and parathyroid hormone levels equal to
or greater than 500 pg/ml are positively associated with the presence of hyporesponsiveness to EPO
(OR=10.533, OR=7.284, OR=9.265, OR=1.889 respectively). All these parameters present a statistically
significant value (P=<0.05).

The use of Renin Angiotensin System Blockers is positively associated with the presence of
hyporesponse to EPO with an OR=2.246, and gives patients a higher probability of presenting
hyporesponse compared to those who do not use them.

In the multivariate model for both Diabetes and BMI there is insufficient evidence to establish a
significant association (P=0.405 and P=0.963)

Discussion

In the present study, the risk factors associated with hyporesponse to treatment with
erythropoietin in chronic kidney disease patients receiving hemodialysis and presenting anemia were
investigated. The risk factors were found to be female sex, age under 50 years, an albumin level less
than 4.0 g/dl, a ferritin value greater than or equal to 800 ng/ml, a transferrin saturation less than 20%,
a Parathyroid hormone level greater than or equal to 500 pg/ml and the use of Renin Angiotensin
system Blockers.

The prevalence of hyporesponsiveness was 15.69% for our study population. In the study
conducted by Luo et al, patients with hyporesponsiveness to ESAs resulted in 12.5% (81), on the other
hand this frequency increased up to 30.3% in the study conducted by Ingrasciotta et al (49).

Female sex as a risk factor for hyporesponse presented in our study population an OR of 2.188
in the bivariate analysis and 1.959 in the multivariate model. This condition gives the female sex
almost double the probability of presenting inadequate response to treatment with EPO. This is
probably related to the effect of testosterone as an adjuvant to the stimulation of erythropoiesis and
nutritional factors (64). Likewise, in our study, female patients were younger and many of them
present menstrual iron loss, which determines a risk factor for hyporesponse to erythropoietin.

Patients under 50 years of age have approximately 4 times more likely to present hyporesponse
(OR=3.846 and OR=4.249). Similar results were described by Cizman et al. Regarding nutritional
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parameters, body mass index and serum albumin levels were evaluated. Bivariate analysis showed
that patients with a BMI less than 23 kg/m? have almost 1.6 times more likely to present
hyporesponse, contrasting with the results of the studies by Locatelli et al. Where a greater response
was evidenced with higher BMI (4) and the study conducted by Gonzalez-Ortiz et al., (4) which did
not show significant differences between BMI and the incidence of hyporesponse to erythropoietin.

To analyze the results obtained in terms of BMI and albumin levels, current literature shows a
paradoxical association between obesity and mortality, with an increase in mortality rates in dialysis
patients who had a BMI less than 25 kg/m? (93). With the above mentioned, it is interesting to mention
that within the definitions of malnutrition and protein-energy wasting issued by the panel of experts
of the International Society of Renal Nutrition and Metabolism (ISRNM), they consider albumin
values below 3.8 g/dl and a BMI less than 23 kg/m?2, criteria that are used in nutritional assessment
studies for patients with CKD on hemodialysis (62). The identification of BMI <23 kg/m2 and
Albumin <4.0 g/dL as risk factors for hyporesponse to EPO treatment can be explained by the
diagnosis of protein-energy wasting, beyond the traditional cut-offs of malnutrition such as low
weight based on BMI according to the WHO (<18.5 kg/m2) or hypoalbuminemia (<3.5 g/dL). In
addition, adipose tissue secretes leptin, which has been shown to stimulate human erythroid
development in vitro (34).

Likewise, patients with a blood ferritin level greater than or equal to 800 ng/ml are
approximately 5 to 7 times more likely to present hyporesponsiveness to EPO, in agreement with the
study by Gillespie et al. who showed that ferritin values between 500 and 799 present twice the
probabilities (OR = 3.46 and OR = 2.21, respectively) (59). Serum ferritin levels present a positive
correlation with inflammatory markers (CRP and IL-6) (58). Proinflammatory cytokines such as
tumor necrosis factor alpha (TNF-a) and interleukins 1, 6 and 10 (IL-1, IL-6 and IL-10) can induce
ferritin expression and stimulate iron storage within macrophages, thereby reducing the level of
circulating iron and its availability to be used by erythroid cells (8).

Another finding of this study is the transferrin saturation of less than 20% that patients presented
prior to developing a period of hyporesponse, and that triggered an increase of between 5 and 9 times
more risk within patients who are treated with EPO. In agreement with the studies of Cizman et al.,
(21), taking into account that low transferrin saturation can occur in the context of iron deficiency or
inflammatory processes (this can be called functional iron deficiency whose pathophysiology is
associated with an increase in the concentration of hepcidin that decreases the capacity of using iron
reserves of reticuloendothelial cells and hepatocytes) (3)(31). Absolute iron deficiency is defined by
severely reduced or absent iron reserves in the bone marrow, liver and spleen. This may be due to
the combination of a lower absorption of iron and an increase in iron losses (1-3 g/year). This iron
loss is due to gastrointestinal bleeding from the combination of gastritis and platelet dysfunction and,
in addition, an increased rate of blood loss during dialysis.(31) Excessive iron loading may induce
hepcidin and suppress erythropoiesis, so judicious and accurate regulation of iron status and serum
ferritin appears to be necessary.(3)

The use of renin-angiotensin system inhibitors, including angiotensin converting enzyme
inhibitors (ACEI) and angiotensin II receptor blockers (ARBs), have been associated with
hyporesponse to EPO treatment (94). In this study, it was observed that 52.8% of hyporesponsive
patients used these drugs as antihypertensive therapy, a condition that gives patients approximately
2 times more probability of presenting this condition in both the bivariate and multivariate models
(OR=1.9 and OR=2.2). These drugs promote hyporesponse to ESA treatment through numerous
mechanisms, including the inhibition of angiotensin II-induced EPO release and the increase in
plasma levels of N-acetyl-seryl-aspartyl-lysyl-proline (Ac-SDKP), which prevents the recruitment of
pluripotent hematopoietic stem cells (94).

In this study, patients with parathyroid hormone levels equal to or greater than 500 pg/ml were
approximately twice as likely to present hyporesponsiveness in both bivariate and multivariate
analysis (OR=2.18 and OR=1.8, respectively).

The mechanisms by which excess parathyroid hormone (PTH) can slow down the response to
EPO are: direct inhibition of erythropoiesis, induction of bone marrow fibrosis with the consequent
cancellation of erythropoietic tissue and inhibition of erythropoietin synthesis (19). Epidemiological
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studies have suggested that women undergoing dialysis have higher serum levels of PTH than men,
which is interesting taking into account that the population of hyporesponders in our study had a
higher proportion of women, however, this association between female sex and higher PTH levels
could not be demonstrated by Bures et al, in their study (95).

Regarding the parameters associated with hemodialysis treatment, the Urea reduction rate, Kt/V
and the type of vascular access were not significant in this study (OR=1.08, OR=1.06 and OR=1.17
respectively) with p>0.05. These results agree with those shown in the study by Santos et al, in which
the mean Kt/V did not show a significant difference between the responder and hyporesponder
groups (1.5+0.1 versus 1.5+0.3; p=0.495) nor the mean TRU (68.5%z+7.4 versus 69.8%=7.1; p=0.391)(35).

Regarding the time on hemodialysis, no significant difference was found in this study (OR=1.145;
p=0.492). Likewise, Santos et al. did not find a significant difference between the length of time on
hemodialysis for the group of hyporesponders and responders (49 months versus 47 months) with
p=0.989(35).

Anemia tends to be more severe in patients with diabetes mellitus than in patients without
diabetes and develops in earlier stages of chronic kidney disease than in non-diabetic patients.(23) In
fact, this severity is present regardless of the stage of CKD.(96). In our study for diabetes, a significant
OR of 0.621 is found, indicating that people with diabetes have approximately half the chances of
having hyporesponsiveness to EPO compared to people without diabetes as an independent factor.
These findings agree with the study by Nafar et al in which a higher percentage of diabetics was
evidenced among the group of patients who achieved improvement in their hemoglobin levels (>10
g/dl) concluding that the achievement of the target hemoglobin was significantly and directly
associated with diabetes mellitus (33.9% vs. 38.0%; p< 0.05).(3)

Diabetic patients on dialysis tend to have a higher BMI, and yet multiple studies suggest that
they are at a higher risk of malnutrition at the same time. (98) This higher adiposity with its
consequent higher production of Leptin could justify a better response to Erythropoietin.

LIMITATIONS

Our study has important limitations, the laboratory tests were carried out in different
laboratories, however, these laboratories comply with standardization standards.

Conclusions

The analysis of the study population determined a prevalence of 15.69% for hyporesponse to
treatment with erythropoietin.

In addition, the risk factors present in patients with chronic kidney disease on hemodialysis that
are related to hyporesponse to treatment with erythropoietin were identified. Thus, female sex, age
under 50 years, BMI less than 23 kg/m? and the use of Renin Angiotensin system blockers showed a
greater propensity to hyporesponse to treatment with EPO. Regarding laboratory parameters, low
albumin levels, high ferritin levels, transferrin saturation less than 20% and high parathyroid
hormone levels are risk factors associated with hyporesponse to EPO.

Diabetes is a comorbidity widely associated with anemia severity and hyporesponsiveness to
erythropoiesis-stimulating agents in patients with CKD, including those in pre-dialysis stages.
However, studies that include only patients on hemodialysis claim that its presence acts as a
protective factor in this group of patients. These results, which are consistent with those presented in
this study, still lack sufficient evidence to clarify the mechanisms responsible for this phenomenon.

Taken together, the results obtained in this study and the identification of these risk factors
contribute to a better understanding of the mechanisms underlying hyporesponsiveness and to the
implementation of additional interventions or therapeutic adjustments, allowing for significant
clinical implications and contributing to improving the quality of life and health outcomes of this
population.
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