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Abstract

Background/Aim. Inflaimmation is one of the common
factors that contribute to erythropoiesis stimulating agents
(ESA) treatment resistance in hemodialysis patients. Late-
ly, it is assessed by using new markers of inflammation,
which are platelet-to-lymphocyte ratio (PLR) and neutro-
phil-to-lymphocyte ratio (NLR). Their association with
this therapy has not been fully investigated. The aim of the
study was to evaluate the relationship between PLR, NLR,
and ESA hyporesponsiveness index (EHRI). Methods.
The research was conducted as a cross-sectional study and
included 90 hemodialysis patients, who underwent clinical
and laboratory testing in the form of physical examination
and biochemical analyses. In all patients, the EHRI calcu-
lation was performed. Results. It is shown that EHRI had
a statistically significant positive correlation with PLR
(» < 0.01) and a negative correlation with hemoglobin lev-
els (p < 0.01). Significant differences for logarithmically
converted values of EHRI and PLR (p < 0.05) were found
but not for EHRI and NLR (p = 0.13). Conclusion. Re-
search has shown that PLR, together with NLR, could be
used in assessing not only inflammation but also erythro-
poietin resistance in hemodialysis patients.
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Apstrakt

Uvod/Cilj. Inflamacija je jedan od najcescih faktora koji
doprinose rezistenciji na terapiju agensima koji stimulisu
eritropoezu (ASE) kod bolesnika na hemodijalizi. U novije
vreme se procenjuje koris¢enje novih markera upale, a to su
odnos trombocita i limfocita (TLO) i odnos neutrofila i
limfocita (NLO). Njihova povezanost sa terapijom
eritropoetinom nije u potpunosti istrazena. Cilj rada bio je
da se proceni povezanost izmedu TLO, NLO i ASE indeksa
hiporesponsivnosti  (AIHR). Metode. Istrazivanje je
sprovedeno kao studija preseka i obuhvatila je 90 bolesnika
na hemodijalizi, kojima je uradeno klinicko i laboratorijsko
ispitivanje u vidu fizikalnog pregleda i biohemijskih analiza.
Kod svih bolesnika izracunat je AIHR. Rezultati. Utvrdeno
je da je AIHR imao statisticki znacajnu pozitivhu korelaciju
sa TLO (p < 0,01) i negativhu korelaciju sa nivoima
hemoglobina (p < 0,01). Pronadene su znacajne razlike za
logaritamski  konvertovane vrednostt AIHR i TLO
(» <0,05), ali ne i za IHRE i NLO (p = 0,13). Zakljucak.
Istrazivanje je pokazalo da bi se TLO, zajedno sa NLO,
mogao koristiti za procenu ne samo inflamacije, ve¢ i
rezistencije na terapiju erittopoetinom kod bolesnika na
hemodijalizi.

Kljucne reci:

trombociti; eritropoetin; zapaljenje; limfociti; neutrofili;
hemodijaliza.

Introduction

End-stage renal disease (ESRD) is characterized by
many accompanying complications, out of which anemia is
the most common and is associated with an increased risk of

hospitalization and death. Inflammation is one of the key fac-
tors that contribute to erythropoiesis stimulating agents
(ESA) hyporesponsiveness, and it is associated with in-
creased activation of neutrophils and platelets (PLT). PLT-
to-lymphocyte ratio (PLR) has been identified as a possible
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predictor of ESA hyporesponsiveness index (EHRI) and in-
flammation in ESRD .

It is unclear whether neutrophil-to-lymphocyte ratio
(NLR) and/or PLR, which have been identified as markers of
increased inflammation in ESRD patients, could have a rela-
tionship and clinical utility in assessing response to ESA and
EHRI.

Almost 90% of all ESRD patients have anemia, and
thus a diminished quality of life, and are at an increased risk
of developing cardiovascular problems, leading to frequent
hospitalization %2,

Many causes of anemia in ESRD, such as inadequate di-
alysis, hyperparathyroidism, iron deficiency, occult blood loss,
vitamin B12 deficiency, folate deficiency, have already been
identified; however, the greatest contributor to anemia is the
relative deficiency of erythropoietin (EPO) secretion from the
affected kidney that is in correlation with the degree of ane-
mia 4. With the development and advent of ESA, a significant
improvement in the treatment of anemia and its side effects
has been achieved, resulting in a reduced need for blood trans-
fusions and a lower mortality rate. Therefore, ESA therapy is
nowadays the gold standard for the treatment of anemia in
chronic kidney disease °. Even with this therapeutic approach,
some patients have a reduced response to ESA therapy, which
is defined as ESA hyporesponsiveness, with half (50%) of
them being intermittent hyporesponders ®. ESA hyporespon-
siveness is defined as a failure to achieve the recommended
target HGB levels despite a higher than usual dose of ESA or a
continuous need for high doses to maintain the target HGB
levels 7. A meta-analysis conducted by Wish © describes ESA
hyporesponsiveness as the failure to achieve the target HGB
concentration of > 11 g/dL in patients who receive ESA dose
equivalent to more than 500 1U/kg EPO per week or who have
a prolonged need for such high dosages to maintain the target.
Since HGB levels were not included by the aforementioned
author, EHRI has been established and calculated as the week-
ly dose of ESA per kilogram of body weight divided by the
HGB level (g/dL), making it extremely useful and easy to as-
sess EPO resistance 8°.

One study has clearly identified many factors which
have an impact on ESA responsiveness, among which in-
flammation, malnutrition, iron deficiency, secondary hy-
perparathyroidism, and inadequate dialysis are the most
common and contribute to higher morbidity and mortality
rates 1. Furthermore, it is now widely known that patients
with ESA hyporesponsiveness have increased inflammatory
markers, which only indicates that inflammation is one of the
main factors influencing the overall response *.

In everyday common practice, many diagnostic and
monitoring inflammatory markers are being used; however,
new biological markers of inflammation are emerging. PLR
and NLR have begun to be used not only in assessing cardi-
ovascular risk and mortality but also in kidney patients and
are tightly linked to inflammation and endothelial dam-
age M. Leukocyte count is strongly associated with in-
creased cardiovascular mortality, and some studies find that
certain subsets of leukocytes have even higher predictive
value in the overall mortality, inflammation, and tissue dam-
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age than total white blood count. When NLR is used, such
risk is even higher 1213,

In hemodialysis and peritoneal dialysis patients, NLR
and PLR are associated with increased inflammation, whereas
in the last couple of years, PLR was found to be associated
with inflammation even more than NLR in these patients %,

Taking into consideration the data mentioned above, the
aim of the study was to identify NLR and/or PLR as markers
of increased inflammation in ESRD patients and its relation
and clinical utility in assessing ESA responsiveness and EHRI.

Methods

Study design and ethics statement

The study design was cross-sectional and it was ap-
proved by the Ethics Committee of the Faculty of Medicine,
University of Novi Sad (No. 01-39/28/1, from April 18,
2018). Written informed consent was obtained from all pa-
tients before enrollment. Inclusion criteria for enrollment in
the study were the following: clinically stable patients older
than 18 years of age, undergoing hemodialysis at the Dialysis
Unit of Clinic for Nephrology and Clinical Immunology,
University Clinical Center of Vojvodina, Serbia for at least
six months, and receiving ESA treatment.

Study population and data collection

The study initially included 118 patients undergoing reg-
ular hemodialysis at our Unit. Those patients with a history of
iron deficiency (serum ferritin values < 30 ng/mL), current in-
fection, hematologic disorders and malignancies, history of
blood transfusions and hospital admission in the last three
months, or undergoing steroid treatment were excluded from
the study, including patients with elevated C-reactive protein
(CRP) levels in order to evaluate the relationship between
EHRI, NLR, and PLR exclusively. In total, 28 patients were
excluded from the study. After a thorough evaluation, 18 pa-
tients were excluded from the study. They had at least one of
the exclusion criteria, i.e., mostly active infection, hematologic
malignancies, and a history of recent blood transfusions. Ten
patients did not receive ESA therapy due to satisfactory HGB
levels (thus, no correction was required according to the guide-
lines; HGB level above 110 g/L) . Demographic characteris-
tics such as age, gender, body mass index (BMI), fat and lean
tissue index, smoking status, dietary habits, etiology of ESRD,
and medical history were recorded. In all patients, the dialysis
prescription was three times a week for 4-5 hrs with blood
flow rates of 300-400 mL/min, using a standard bicarbonate
solution. A clinical examination was performed, with an em-
phasis on BMI and blood pressure. We collected three consec-
utive monthly laboratory records, which included blood count,
renal function tests (blood urea, creatinine), data on mineral
bone disease (calcium, phosphorus, intact parathormone), se-
rum albumin, iron status (iron, transferrin, ferritin), and lipid
status parameters (total cholesterol, triglycerides). The EHRI
was calculated as the weekly ESA dose per kilogram of body
weight divided by the HGB level (g/L). The mean HGB level
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and EPO dose per month during three months were used for
this calculation. The calculation of NLR was done by dividing
the absolute neutrophil count (ANC) by the absolute lympho-
cyte count (ALC), whereas PLR was calculated by dividing
the absolute PLT count by the ALC. Mean reference values
and corresponding 95% reference intervals for the inflammato-
ry markers, according to the study conducted on 8,711 healthy
participants, for the NLR were 1.76 (0.83-3.92), and for PLR
120 (61-239) . A study performed by Rabea et al. ” showed
that patients on hemodialysis who show signs of ESA
hyporesponsiveness measured by EHRI have higher levels of
PLR, with a median of 119.2 as opposed to patients in the
group of good responsiveness who have lower levels of PLR
with a median of 95.8.

Statistical analysis

The SPSS 20.0 software package was used for data pro-
cessing (SPSS, Evanston, IL, USA). Descriptive statistics
methods were used to measure central tendency (arithmetic
mean, median) and measures of variability (standard devia-
tion) in order to summarize the major numerical characteris-
tics of observations. Data were checked for normality. The
normality of the variables was analyzed using the Shapiro-
Wilk test, which did not find evidence of a lack of normality
in the residuals (p = 0.20). The Pearson coefficient was used
for correlations. For the comparison of PLR among EHRI
percentiles, the Kruskal-Wallis test was used. In the applied

analyses, statistically significant differences were at the sig-
nificance level of 95% (p < 0.05).

Results

Patient characteristics

The study was conducted on 90 patients undergoing
maintenance dialysis and receiving ESA therapy. The medi-
an age of patients was 60.45 [+ standard deviation (SD)
11.58] years, and, in total, 33 (36.7%) patients received dar-
bepoetin alfa, whereas the remaining 57 patients received
other short-acting ESA agents. The average HGB value in
our sample was 105.79 (+ SD 12.44) g/L, whereas the medi-
an applied dose of darbepoetin alfa per kilogram of body
weight was 0.22 (£ SD 0.14) mcg/kg and of short-acting
ESA was 50.11 (£ SD 28.11) 1U/kg. In this study, we did not
include patients with CRP levels to assess the relationship
between NLR, PLR, and EHRI exclusively. Other descrip-
tive data, demographic, clinical, and laboratory values are
presented in Table 1.

Characteristics of EHRI and correlated novel markers
of inflammation

In order to assess the correlation between EHRI and the
other observed parameters, the Pearson correlation coeffi-
cient was used. In Table 2, EHRI values in all three meas-

Table 1
Descriptive data of the sample

Parameter Reference range N Values
Age (years) 90 60.45 + 11.58
EHRI* 81 4.98 (0.73-11.34)
Erythrocytes (x 10'%/L) 3.9-54 90 3.43+0.43
Hemoglobin (g/L) 120-160 81 105.79 £ 12.44
Hematocrit (%) 0.4-0.5 90 0.33 £0.037
CRP* (mg/dL) 0-5 87 5.20 (0.1-25.20)
Albumin (g/L) 35-52 87 36.93 +3.16
Ferritin (pg/L) 10-120 87 661.13 +484.39
Saturation transferrin (%) 15-50 87 30.12 +17.20

EHRI - ESA hyporesponsiveness index; ESA - erythropoiesis stimulating
agents; CRP — C-reactive protein; NLR - neutrophil-to-lymphocyte ratio;
PLR - platelet-to-lymphocyte ratio; N — number of patients.

All values are expressed as mean + standard deviation except EHRI and CRP,
which are expressed as mean (minimum—maximum).

Note: #EHRI was calculated by dividing weekly ESA dose per kilogram of body
weight (1U/kg/week) by hemoglobin level (g/dL); *Three patients were not
included in the study due to elevated CRP levels, in order to assess the
relationship between NLR, PLR, and EHRI exclusively.

Table 2
Correlation between log EHRI and different independent
variables measured in each of the three months

Erythropoietin resistance

Parameter 1t month 2" month 39 month
NLR 0.13 0.15 0.19
PLR 0.28™ 0.30™ 0.49™
HGB -0.49™ -0.57" -0.40™

EHRI — ESA hyporesponsiveness index; NLR — neutrophil-
to-lymphocyte ratio; PLR - platelet-to-lymphocyte ratio;
HGB - hemoglobin.

*p <0.01.
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urements are presented. It is shown that EHRI had a statisti-
cally significant correlation with PLR of low to medium in-
tensity (r; = 0.28, p < 0.01; r, = 0.30, p < 0.01; r3 = 0.49,
p <0.01). There was a negative correlation of medium de-
gree between EHRI and HGB levels (r; = -0.49, p < 0.01;
r,=-0.57, p<0.01; r; = -0.40, p < 0.01).

The correlation between NLR and PLR in all three
measurements is shown in Table 3.

The relationship between the NLR, PLR, and the loga-
rithmically converted levels of EHRI was examined firstly
by using the Kruskal-Wallis test, which showed statistically
significant differences for EHRI and PLR (p < 0.05) but not
for EHRI and NLR (p = 0.13) in any of the three measure-
ments. Significant differences in the distribution of EHRI
for the different EHRI percentiles (p < 0.05) are presented
in Figure 1.PLR from the first measurement (Figure
1A) was in correlation with logarithmically converted
EHRI from the same measurement (p < 0.01). The Tukey
multiple comparison tests were used to determine among
which percentiles the PLR differences were found. Post
hoc analysis indicated a statistically significant correlation
between EHRI and PLR up to the 50th percentile
(p < 0.05), while above the 50th percentile, there is no sta-
tistically significant correlation between EHRI and PLR. In
the second measurement (Figure 1B), EHRI was associated
with logarithmically converted EHRI (p < 0.01). Post hoc
analysis revealed a statistically significant correlation be-
tween the 25th and 50th percentile (< 0.05) as well as for
the 50th and 75th percentile (p < 0.05). PLR from the third
measurement (Figure 1C) was associated with logarithmi-
cally converted EHRI from the third measurement
(p < 0.01). Examination of post hoc analysis showed a sig-
nificant correlation for the first (p < 0.05) and the second
half of the curve (p < 0.01), bearing in mind that there was
a stronger correlation between EHRI and PLR above the
50th percentile.

Discussion

In this study, we aimed to identify the correlation be-
tween EPO resistance and novel markers of inflammation
NLR and PLR. To assess the response to EPO treatment, we
used a body weight-adjusted dose of EPO and HGB levels as
it is predefined by the EHRI equation. From the obtained re-
sults, we managed to demonstrate that PLR was inde-
pendently associated with EHRI as opposed to NLR and
EHRI. The results are consistent in all three measurements.
These results are in agreement with other studies, while a
possible explanation for these findings might lay in the fact
that PLR is a better inflammatory marker than NLR %8,
Chéavez et al. *°* found that the correlation between PLR and
inflammatory parameters was superior to that obtained by
NLR. Opposite to our research, Valga et al. 8 found a signif-
icant association of the EHRI with both parameters, whereas
low lymphocyte levels were given as a possible explanation
for this finding.

Many factors have already been independently associ-
ated with ESA resistance; however, inflammation is still the
leading cause of this condition °. Chronic inflammation,
identified most commonly by elevated levels of CRP, inter-
leukin (IL)-6, and tumor necrosis factor (TNF)-alpha, pre-
sents a part of malnutrition-inflammation-atherosclerosis
syndrome in patients with ESRD %22, Novel inflammation
markers PLR and NLR have been found to be in positive
correlation with 1L-6 and TNF-a so much that PLR was bet-
ter than NLR at predicting inflammation 6. Okyay et al. 2
demonstrated a strong positive correlation between NLR and
inflammatory cytokines such as IL-6 and CRP.

PLT have a wide range of interactions with different
cell subsets, and there is emerging evidence that they can in-
fluence leukocyte recruitment, causing inflammation, which
is the pathogenic mechanism of atherosclerosis, making them
an important factor in this process by actively secreting pro-

Table 3
Correlation between NLR and PLR in all three measurements
Parameter NLR
I 2 I3
NLR - - -
PLR 0.63™ 0.71™ 0.53™

For abbreviations see Table 2. **p < 0.01.
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Fig. 1 — Correlation between PLR and logarithmically converted EHRI in three measurements.
For abbreviations see Table 2.
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inflammatory cytokines 226, The advantage of the PLR is
that it shows both hyperactive coagulation and inflammatory
pathways, making it superior to the individual PLT or lym-
phocyte counts in the prediction of inflammation and conse-
quential EPO resistance %,

In our research, 10% of patients had HGB levels over
110 g/L; therefore, in accordance with international guide-
lines, no EPO treatment was administered ’. In the remaining
patients, HGB levels were corrected by an individually ad-
justed ESA dosing regimen. In this research, we have found
a statistically significant negative correlation between the
HGB levels and therapeutic response to ESA represented by
EHRI, which indicates that less stable levels of HGB have a
negative impact on ESA treatment response.

The obtained results show a positive association be-
tween NLR and PLR, which indicates that in inflammatory
conditions, there is simultaneous activation of these blood
cells, and they might be considered predictors of ESA re-
sistance in ESRD patients. In patients undergoing mainte-
nance dialysis with an ongoing inflammatory process, PLR
and NLR are elevated *® 26, Meanwhile, inflammation in he-

modialysis patients is a risk factor contributing to higher
morbidity and mortality rates °. Additionally, a statistically
significant difference was found between groups of patients
with resistance to EPO and PLR once divided into percentile
ranges. The data obtained from our research only confirms
previous findings that show that PLR could be a good marker
of EHRI and possibly inflammation in the population of pa-
tients with stage V of chronic kidney disease *°.

Conclusion

By being both financial and time-consuming, PLR and
NLR are universally accessible methods and could be used in
screening and evaluation of inflammation in ESRD patients,
thereby assessing ESA response. Simple calculations of PLR are
superior to NLR in predicting ESA response in these patients.
We firmly believe that these markers, especially PLR, can be
routinely used in everyday dialysis practice as markers of not
only mortality but also inflammation and therapeutic response.
However, additional randomized and controlled studies are im-
perative to assess PLR, NLR, and EHRI in ESRD patients.
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