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Abstract

Introduction: Chronic kidney disease (CKD) is a progressive and irreversible disorder that now is introduced
as one of the most important problems of general health (1). Serum levels of inflammatory mediators such
as C-reactive protein (CRP), tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6) elevate in patients with end-
stage renal disease (ESRD). Systemic inflammation is correlated with cardiovascular disease. Furthermore,
parathyroid hormone (PTH) causes releasing of IL-6 from liver and osteoblast. IL-6 increases lifetime and
activity of neutrophils. Therefore, PTH may have a direct correlation with neutrophil-to-lymphocyte ratio
(NLR).

Objectives: In this study, we aimed to determine the performance of NLR in hemodialysis and its possible
correlation with PTH.

Patients and Methods: This is a cross-sectional study to evaluate the correlation of NLR and serum intact PTH
(iPTH), Ca (calcium) and P (phosphorus) and also CaxP products (mg?/dL?) in a group of stable hemodialysis
patients, including male and female gender subgroups, diabetic versus non-diabetic patients, and also
patients with or without chronic hypertensive disease.

Results: This study consisted of 136 hemodialysis patients. Our study showed no statistically significant
correlation between iPTH (intact parathormone) and NLR in hemodialysis patients (P>0.05). In addition,
we test their correlation in other subgroups including hypertensive and normotensive, diabetic and non-
diabetics, and male versus female patients. We found no significant correlation between iPTH and NLR in
the mentioned subgroups, too.

Conclusion: Observed correlation between PTH and NLR in hemodialysis patients may be due to our small
sample size. Therefore, further studies on this subject are suggested.

Introduction

Chronic kidney disease (CKD) is a
progressive and irreversible disorder that
now is introduced as one of the most
important problems of general health. CKD
is one of the most prevalent diseases in the
world and Iran that the prevalence in the
world is 242 per 1000 and in Iran about
1200-1600 people are added to them every
year (1).

The progression of kidney disease is
estimated by glomerular filtration rate
(GFR). In end-stage renal disease (ESRD) the
accumulation of toxins, fluid and electrolytes
that normally were excreted by the kidney,
caused uremic syndrome in these patients
and if these toxins would not be excreted

Key point

In a study on 136 hemodialysis patients, we found
no statistically significant correlation between intact
parathormone and neutrophil-to-lymphocyte ratio in
hemodialysis patients.

with kidney disease that are undergoing
hemodialysis suffer from more pathological
process that most of these mechanisms
are related to each other (2). In the recent
decade, chronic inflammation has more
importance because of the improvements of
defining the pathogenesis of atherosclerosis.
Serum levels of inflammatory mediators
such as C-reactive protein (CRP), tumor
necrosis factor-a (TNF-a), interleukin-6

by dialysis result in their death (2). Patients

(IL-6) elevate in patients with end stage
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renal disease. Systemic inflammation is correlated with
cardiovascular disease (3). Kultigin et al in a cross-sectional
study that involves 61 ESRD patients in 2009 introduced
that inflammatory markers including CRP, TNF-a, IL-6
were significantly increased in peritoneal dialysis patients
while their levels were lower in HD (hemolysis) patients
(3). Additionally, neutrophil-to-lymphocyte ratio (NLR)
was found to be significantly higher in peritoneal dialysis
patients (3). Therefore, NLR was positively correlated
with TNF-a levels (3). Additionally, they did not find any
correlation between absolute neutrophil and lymphocyte
counts and serum TNF-a and IL-6 levels (3). NLR is a
parameter that we can easily measure in CBC (complete
blood cell). Therefore, it can be used as a prognostic factor
for level of inflammation in CKD patients. Furthermore,
parathyroid hormone (PTH) causes releasing of IL-6 from
the liver and osteoblast. IL-6 increases lifetime and activity
of neutrophils (4). Therefore, PTH may have a direct
correlation with NLR.

Objectives

In this study, we aimed to determine the performance
of NLR for predicting the inflammation status and
its possible relationship with PTH as one of the most
important uremic toxins.

Patients and Methods

Study design

We conducted this cross-sectional study in 2020, in Iran,
Isfahan, Amin and Fatemiyeh hospitals, hemodialysis
departments. Blood sampling of hemodialysis patients is
routinely done to check some parameters such as CBC and
iPTH (intact PTH) level. We attended at the hemodialysis
departments on the days of blood sampling. After taking
consent from patients and considering some inclusion
and exclusion criteria, finally 136 patients were selected.
The inclusion criteria were; the ESRD patients who are at
least 18 years old, had been on hemodialysis for at least
three months, and have no special conditions such as drug
or alcohol addiction (based on patient self-expression).
The exclusion criteria based on their medical history and
physical examination were having active infection, having
malignancy or any active inflammatory disease and taking
any immunosuppressive drugs. Demographic information
of these patients including age, gender, duration of being
on hemodialysis, and having medical history of chronic
hypertension disease or diabetes mellitus were written.
Then we followed up their blood test results to obtain the
other needed information for this study including NLR
and the serum level of iPTH.

Ethical issues

The research followed the tenets of the Declaration of
Helsinki. The Ethics Committee of Isfahan University of
Medical Sciences approved this study. The institutional
ethical committee at Isfahan University of Medical

Sciences approved all study protocols (IRMUILMED.
REC.1399.1104). Accordingly, written informed consent
was taken from all participants before any intervention.
This study was extracted from M.D., thesis of Reyhaneh
Shirvani at this university (Thesis #3991026).

Statistical analysis

We analyzed the data using SPSS software version 21. All
quantitative variables followed the normal distribution.
We also used the Pearson correlation coefficient for iPTH
and LNR, independent t-test for binary variable, and linear
regression test to predict LNR. The significance level in the
present study was less than 0.05.

Results

This cross-sectional study was conducted on 136 patients
that one of them was deleted as an outlier data because of its
big NLR. Eighty-two patients were male (60.3%) and 54 of
them was female (39.7%). For age of the patients, the mean
(SD) was 61.14(13.6) years. For duration of CKD, the mean
(SD) was 3.607 (3.3) years. Hypertension was detected in
63.2% of the patients while diabetes prevalence was 63.2%.
Plasma iPTH levels were found as 508.6+528.08 pg/mL
(Max; 2500, Min; 9.80 pg/mL), while NLR was 2.52+1.81
(Table 1). There was no significant difference between
both genders regarding NLR (t=-0.581, P=0.562). NLR
and iPTH were not statistically different across diabetes
mellitus and hypertension (P> 0.05; Table 2).

In Table 3, we evaluated the correlation between serum
level of iPTH levels and NLR by Pearson’s correlation
coefficient test, which shows no statistically significant
correlation between these two variables (P>0.05).
Besides, we controlled the effects of calcium (Ca) and
phosphorus (P) on NLR, but there was no significant
correlation, too. Additionally, we evaluated the correlation
between NLR and Ca x P products. However, there was no
significant correlation between these two parameters, too
(P>0.05). Moreover, we use linear regression to determine
confounding factors about neutrophil to lymphocyte ratio
and detected no confounding variable (P>0.05). There

Table 1. Mean and standard deviation of the basic information

Variable Minimum  Maximum Mean SD
Age (y) 25.00 85.00 61.13 13.60
Disease duration (y) 0.20 30.00 3.60 3.31
WBC/uL 2300 18200 6822.79  2266.53
Neutrophil/uL 16.00 89.30 60.33 11.46
Lymphocyte/pL 6.00 74.00 29.21 10.19
iPTH (pg/mL) 9.80 2500.00 508.60 528.08
Ca (mg/dL) 6.30 14.00 9.02 1.04
P (mg/dL) 1.90 8.20 4.76 1.27
NLR 0.22 14.77 2.53 1.80

iPTH, Intact parathyroid hormone; NLR, Neutrophil to lymphocyte ratio; Ca,
calcium; P, phosphorus.
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Table 2. Comparison of the iPTH and NLR across gender, diabetes mellitus
and hypertension

Variable Mean SD P value

X Male 522.3 548.2

iPTH (pg/mL) 0.709
Female 478.6 500.1
Male 2.458 1.64

NLR 0.562
Female 2.643 2.04

iPTH Hypertensive 514.6 538.8 .

(pg/mL) Normotensive 498.3 514.2 :
Hypertensive 2.6 1.8

NLR 0.525
Normotensive 2.4 1.8

iPTH (pg/m) Diabetic 462.1 481.9 G159

i m b

4 Non-diabetic 588.5 595.8

Diabetic 2.5 1.7

NLR o 0.741
Non-diabetic 2.6 2.0

iPTH, Intact parathyroid hormone; NLR, Neutrophil to lymphocyte ratio.

Table 3. Pearson’s correlation between NLR and other effective factors

Correlation NLR
. Pearson's coefficient -0.109
iPTH (pg/mL)

P value 0.208

. Pearson's coefficient 0.036

Calcium (mg/dL)

P value 0.684

Pearson's coefficient 0.078
Phosphorus (mg/dL)

P value 0.374

. . Pearson's coefficient -0.025

Disease duration (year)

P value 0.774

Pearson's coefficient 0.097
Ca x P products (mg?*/dL?)

P value 0.275

iPTH, Intact parathyroid hormone; NLR, Neutrophil to lymphocyte ratio; Ca,
calcium; P, phosphorus.

was no predictor variable to estimate NLR in hemodialysis
patients (Table 4).

Discussion

In our study, the association of NLR with serum iPTH, Ca, P
and Ca x P were not significant. Study regarding the impact
of parathormone on NLR is limited to an investigation by
Toraman et al, on 48 males and 253 females with high PTH
levels in nephrology and endocrinology outpatient clinics.
They showed a significant correlation between PTH and
NLR is independent of GFR (4). They showed NLR is
positively correlated with serum PTH. They concluded that
PTH could be a pro-inflammatory parameter independent
of the degree of renal dysfunction (4).

Cho et al demonstrated that NLR could define the
mortality risk in patients with severe calcific aortic stenosis
(5). Ahbap et al found a significant positive correlation
between NLR and CRP levels in ESRD patients (6). Li et
al reported that high level of NLR is associated with more
cardiovascular diseases and NLR has a direct correlation
with hyperhomocystinuria in hypertensive patients
(7). Secondary hyperparathyroidism is one of the first
metabolic disorders in ESRD patients and more than 50%
of dialysis patients are affected by this disorder and have

NLR in hemodialysis

Table 4. Linear regression to predict the neutrophil-to-lymphocyte ratio

Unstandardized Standardized

Variable Coefficients Coefficients P value
B Standard error Beta
Age (y) 0.024 0.013 0.179 0.060
Duration (y) -0.018 0.049 -0.033 0.714
Diabetes -0.467 0.375 -0.125 0.215
Hypertension 0.171 0.345 0.046 0.622
Polycystic -0.063 1.343 -0.004 0.963
Gender 0.231 0.328 0.063 0.484
Calcium (mg/dL) -0.027 0.153 -0.016 0.860
Phosphate (mg/dL) -0.194 0.125 -0.136 0.124
iPTH (pg/mL) 0.000 0.000 -.0112 0.205

iPTH, Intact parathyroid hormone.

symptoms such as bone pain, joint problems, fractures,
pruritus and even calcification in soft tissue such as lung,
vessels and skin (8). In ESRD patients, increased level of
PTH occurs due to acidosis and resistant to calcitriol,
increased level of P and decreased level of blood calcium.

Yang et al in a study on 231 patients that were
parathyroidectomyin 2010-2015 showed that NLR and PLR
level decrease in these patients that shows the modulatory
effect of parathyroidectomy and decrease level of PTH on
systemic inflammation (9). Recent studies showed that
patients with stages 3-5 CKD are not undergoing dialysis,
a little increase in PTH level is correlated with increased
risk of cardiovascular diseases (regardless of serum levels
of calcium, phosphorous and vitamin D) (10). Therefore
in these studies special attention to monitor the level
of PTH from early stages of CKD and treatment of any
disorder in minerals level that result in increased iPTH
level is recommended (10). Early treatment of mineral
level disorders in CKD can help the prevention of CVDs
(10). Hence, there is a great interest in establishing a target
range for PTH in different stages of CKD (10).

A cross-sectional study was conducted by Bhuriya et al
in 4472 patients with CKD stage 3-4, demonstrated that
PTH and GFR are two independent prognostic factors for
CVD in CKD patients. Wonderfully, in this study there was
no correlation between level of Ca and P with prevalence
of CVDs (11).

Nevertheless, there are inconsistent results about the
relation between PTH and level of inflammatory markers.
In some studies level of inflammatory markers increased
in hyperparathyroidism while in others, level of these
markers was the same as control group (4). Therefore
PTH level is not an appropriate prognostic factor for the
beginning of bone turnover and inflammation level in
any case and diagnostic kits have some methodological
restrictions (10). Additionally the review study conducted
by Pontoriero et al could not determine a special range for
PTH level in CKD patients (10).

Premature cardiovascular disease is one of the most
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common causes of mortality in ESRD patients (12).
This risk increases in HD patients (13). White blood cell
(WBC) count and its subtypes are the classic markers
for inflammation in cardiovascular disease (14). In
recent years neutrophilia and related lymphopenia were
introduced as independent factors for mortality in patients
with acute heart disease (15-16). Additionally NLR was
introduced as a potent marker for inflammation in cardiac
and non-cardiac patients (17-19). In a study, Descamps-
Latscha et al introduced that density of many cytokines in
patients with uremia increases without any relationship
with dialysis and level of inflammation is higher in HD
patients secondary to frequent use of dialysis membrane
(20).

Cardiovascular diseases mortality in HD patients is
much higher than that in general population and it is
not yet explained by traditional risk factors for CVD
(cardiovascular disease) (21). Micro inflammation is
an important factor in the pathogenesis of CVD in HD
patients and it can further accelerate the progression of
atherosclerosis (22).

PTH causes releasing IL-6 from the liver and osteoblasts
that increases lifetime and activity of neutrophils in
addition to entrance of them into the circulation (4).

Therefore we expected high levels of PTH causes
increasing the level of NLR; the same as the study by
Toraman et al, which showed the positive correlation
between NLR and PTH (4). But in our study there
was no significant correlation between PTH and NLR
in any subgroups including diabetic or non-diabetic,
hypertensive or normotensive and male or female groups.
Additionally we controlled the effects of Ca and P but it
was not founded any correlation too.

Conclusion

Our study was the second one that was conducted on
the correlation between PTH and NLR in hemodialysis
patients and unlike previous study in this field, showed
that there is no significant correlation between these
two parameters. These results could be due to our small
sample size and more researches with larger sample sizes
are needed.

Limitations of the study

This study was conducted in only two departments
of hemodialysis. More studies with more sample sizes
specially for evaluating the effect of underlying causes of
ESRD are needed.
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