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Objective: Our study aimed to validate the neutrophil-to-lymphocyte ratio (NLR) as a marker for aortic arch calcification in hypertensive pa-
tients with less advanced chronic kidney disease (CKD). Methods: A number of forty-four hypertensive patients with chronic kidney disease
(categories G3a and G3b — 2012 KDIGO nomenclature) were included in the study. Considering the presence of aortic arch calcification (AAC)
on chest X-ray, the study population was divided into two groups: 27 patients AAC present and seventeen without aortic arch calcification.
Laboratory data were collected for each patient and NLR was computed. Comorbidities were also recorded: stable coronary artery disease,
lower extremity arterial disease and hypertensive heart disease. Results: A positive correlation between neutrophil-to-lymphocyte ratio and
aortic arch calcification in hypertensive CKD patients was identified. Furthermore, advanced age, increased alkaline phosphatase and in-
creased erythrocyte sedimentation rate had a positive association with aortic arch calcification. We found no statistical correlation between
neutrophil-to-lymphocyte ratio and other laboratory features in both groups of patients. Conclusions: Neutrophil-to-lymphocyte ratio may
be viewed as a potential risk factor for vascular calcification in patients with moderate chronic kidney disease; nevertheless, future extensive
studies are necessary. In the management of hypertensive patients, general medicine might particularly benefit of this simple, readily available

inflammatory marker.
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Introduction

Inflammatory markers tend to increase with age, and ad-
ditionally, in the elderly population, inflammation is ac-
knowledged as an essential risk factor for morbidity and
mortality [1].

Chronic inflammation has been reported as an impor-
tant prognostic factor for chronic kidney disease (CKD)
progression; a high prevalence of it has been long docu-
mented in individuals with CKD, particularly in end-
stage renal disease patients [2]. Currently, serum markers
of inflammation are recognised as potential indicators for
early diagnosis, prognosis, and CKD follow-up. C-reactive
protein (CRP), interleukin-6 and tumoral necrosis factor-
alpha determine injurious effects on the mesangial and
endothelial glomerular cells by increasing the production
of the extracellular matrix. Moreover, they also lead to
degradation and reduction of the stimulated extracellular
matrix, hence resulting in renal function decline due to
glomerular hypertension, tubulointerstitial fibrosis and re-
nal scarring [3,4]. In haemodialysis patients, CRP remains
the most relevant inflammation biomarker, accepted as a
validated cardiovascular morbi-mortality prognostic factor
[5]. A novel biomarker of inflammation — pentraxin 3 is
also associated with CKD progression and may be more
sensitive in the prediction of cardiovascular mortality com-
pared to high-sensitive CRP [6-8].

The neutrophil-to-lymphocyte ratio (NLR), recently
recognised as an inflammation marker, is an emerging
prognostic factor for cancer, cardiovascular diseases [9-13].
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No worldwide reference values are validated; European,
Asian and Latin-American cohort studies describe different
values related to age, gender. In healthy adults, aged under
66 years old, Forget and colab. reported normal NLR val-
ues between 0.78 to 3.53 [9].

Inflammation plays an essential role in the pathomecha-
nisms of atherosclerotic disease; additionally, NLR is rec-
ognised as a predictor of subclinical and clinical atheroscle-
rotic disease [14,15]. Recent data suggest that NLR may
be an indicator for the prevalence and severity of coronary
artery disease and also for the extent of aortic arch calci-
fication (AAC) [16,17]. In CKD patients, neutrophil-to-
lymphocyte ratio, an inexpensive and convenient available
inflammatory marker has also emerged as a prognostic fac-
tor for adverse renal events. In the Asian population, NLR
is associated with the risk of progression towards end-stage
renal disease [18,19].

Vascular calcification, a common finding in CKD pa-
tients, is a result of two independent mechanisms. One
process, represented by atherosclerotic calcification, is
characterized by plaque formation with patchy localisation
at the intimal layer followed by calcification induced by os-
teoblast stimulation; atherosclerotic calcification is related
to traditional risk factors for vascular calcification: arterial
hypertension, dyslipidemia, smoking, ageing and diabetes
mellitus. The second pattern described as arteriosclerosis
is characterised by medial artery calcification, as a conse-
quence of non-traditional risk factors for vascular calcifica-
tion such as hyperphosphatemia, hyperparathyroidism and
inappropriate cytokines expression.

Arteriosclerosis is common in patients with chronic

kidney disease and diabetes [20]. The extent and type of
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vascular calcifications are acknowledged as mortality pre-
dictors due to vascular complications [21, 22].

Aortic arch calcification, identified on conventional
posteroanterior chest X-ray, has been recognised as a re-
liable, independent predictor of cardiovascular events be-
yond traditional risk factors in CKD patients but also in
the general population [23, 24].

Moreover, hypertension alone can promote medial cal-
cification by complex mechanisms which involve increased
arterial stiffness. In CKD patients these has paramount im-
plications as hypertension has a frequent occurrence and
may lead to premature arterial calcification [25].

Association between NLR and AAC, debated in a large
number of papers, emphasized neutrophil-to-lymphocyte
ratio as a predictor of arterial calcification extent [26]. On
the other hand, the neutrophil-to-lymphocyte ratio proved
to be a prognostic factor for vascular calcification in pa-
tients with end-stage renal disease as well [22,27].

Both NLR and AAC are associated with arterial stiff-
ness, as neutrophil-to-lymphocyte ratio is independently
associated with arterial stiffness in patients with advanced
kidney disease, and aortic calcification is associated with
arterial stiffness in the general population and hypertensive
patients [28-30].

In the present study, we aimed to validate the neutro-
phil-to-lymphocyte ratio as a marker for aortic arch calcifi-
cation in hypertensive non end-stage CKD patients.

Methods

Two-hundred eighty electronic patient medical records, en-
rolled between January 2018 to June 2019, were reviewed
and analysed. Main inclusion criteria were represented
by the diagnosis of hypertension, chronic kidney disease
and availability of posteroanterior chest X-ray in Cauca-
sian patients. Patients with type I and II diabetes mellitus,
chronic obstructive pulmonary disease, benign prostatic
hyperplasia, acute or chronic infections, cancers or other
documented inflammatory conditions were excluded.

We identified 44 hypertensive CKD patients fulfilling
inclusion criteria. Chronic kidney disease was diagnosed
by the Kidney Disease Improving Global Outcomes
(KDIGO) 2012 Clinical Practice Guideline for the Evalu-
ation and Management of Chronic Kidney Disease, based
on Glomerular Filtration Rate category criteria [31]. The
diagnosis of hypertension was revised accordingly to the
2018 ESC/ESH Arterial Hypertension (Management of)
Guidelines using the recorded office blood pressure mea-
sures [32]. For all patients, demographic and anthropo-
metric data were collected following a detailed, standard-
ized protocol.

The studied population was divided into two groups
based on aortic arch calcification presence on chest X-ray:
group 1 consisting of 27 hypertensive CKD patients in
conjunction with AAC; group 2 included seventeen hy-
pertensive CKD patients negative for AAC. Calcification
of the aortic arch was estimated using the four grades de-

scribed by Symeonidis et al: grade 0, defined by no sign
of calcification; grade 1 — limited proof of calcification in
the form of a thin calcification area or small spots; grade
2 — indicative of a more advanced calcification process with
one or more extensive calcification areas; grade 3 — aor-
tic knuckle circumferential calcification [33]. All patients
enrolled in group 1 had a radiologic proof of aortic arch
calcification grade 2 to 3.

The following comorbidities were searched for: evidence
of stable coronary artery disease, carotid stenosis, lower ex-
tremity arterial disease and hypertensive heart disease.

Presence of stable coronary artery disease (SCAD) was
acknowledged in patients who met the 2013 ESC guide-
lines on the management of stable coronary artery dis-
ease, while lower extremity arterial disease (LEAD) was
confirmed according to the 2017 ESC Guidelines on the
Diagnosis and Treatment of Peripheral Arterial Diseases,
in collaboration with the European Society for Vascular
Surgery [34,35]. No history of carotid stenosis was docu-
mented in our study population.

For all forty-four patients, complete blood count with
full automated differential counts (which included neutro-
phils and lymphocytes) and serum creatinine values were
accessible. Neutrophil-to-lymphocyte ratio (expressed as
number) was calculated by dividing the neutrophils count
by the lymphocytes count. Estimated glomerular filtration
rate (¢GFR) was calculated based on the CKD Epidemiol-
ogy Collaboration (CKD-EPI) formula. Where available,
the following data were included in the descriptive and
statistical analysis: erythrocyte sedimentation rate (ESR),
fibrinogen, iron, total serum calcium, total cholesterol, tri-
glyceride, alkaline phosphatase and uric acid. Due to the
lack of availability other routine inflammatory markers
(CRP, hs-CRP) were not analysed.

The data processing was carried out using GraphPad
Prism 3.1 software (GraphPad Software Inc., San Diego,
USA) and Statistical Package for Social Sciences (IBM
Corp. Released 2013. IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY, IBM Corp.). Continuous vari-
ables are expressed as mean * standard deviation (SD), and
categorical variables are expressed as numbers. In order to
assess the statistical significance of differences between the
groups, we applied Student’s t-test for parametric data; for
non-parametric data the Mann-Whitney U test was used.
A p-value of <0.05 was considered statistically significant.
Correlations between neutrophil-to-lymphocyte ratio and
laboratory features were investigated through Spearman’s
rank correlation coefficient analysis. Regarding comorbidi-
ties and NLR association, the variations between the study
groups were investigated by the non-parametric Kruskal-
Wallis test, and Dunn’s multiple comparisons post-test.

This research regarding assessment of atherosclerotic dis-
ease in hypertensive patients was approved by the Com-
mittee on Medical Ethics, Targu Mures County Emergency
Clinical Hospital no. 20874/2019. All procedures per-
formed were in accordance with the ethical standards of
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the 1975 Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, developed by
World Medical Association and consequent amendments.

Results

The mean age for group 1 was 72.26+6.567 years old. Out
of 27 individuals from group 1, men represented 74.07%.
For group 2 the mean age was 65.82+5.399 years old; men
represented a total of 52.94% out of 17 individuals.

Baseline characteristics for study participants are illus-
trated in Table I.

With respect to 2012 KDIGO classification, we includ-
ed 36 patients in G3a category. Eight cases (18.18% of all
patients) were in G3b category. All G3b patients were part
of group 1.

Table II depicts comorbidities distribution between the
two groups.

Comparative data on age, iron, total cholesterol, tri-
glyceride, ESR, fibrinogen, alkaline phosphatase and uric
acid between the groups are displayed in table III. Aortic
arch calcification positive patients had significantly higher
values for ESR (p=0.034), eGFR (p=0.0007), total cho-
lesterol (p=0.0074) and alkaline phosphatase (p=0.0074)
compared to individuals without AAC. Age also proved to
be higher in aortic arch calcification positive individuals
(statistically strong significant, p=0.0001). A statistically
significant difference in other parameters presented in ta-
ble III was not identified.

Comparative analyses regarding neutrophil-to-lympho-
cyte ratio distribution in the study population is depict-

ed in figure 1. Aortic arch calcification is associated with
increased values of neutrophil-to-lymphocyte ratio when
compared with individuals without vascular calcification
(p=0.007).

The correlations between NLR and collected laboratory
data (alkaline phosphatase, uric acid, fibrinogen, total cal-
cium, total cholesterol, triglycerides) are displayed in table
IV and table V. Applying Spearman correlation analysis,
we did not report any correlation between neutrophil-to-
lymphocyte ratio and laboratory values in aortic arch calci-
fication positive patients or in AAC negative patients.

For analyzing an association between recorded comor-
bidities and NLR within the two groups, the variations
were investigated using Dunn’s multiple comparisons post-
test, and Kruskal-Wallis test.

We further divided our patients into four subgroups de-
pending on the presence or absence of each comorbid vari-
able. Within the two groups of our study, for each recorded
comorbidity we tested the median NLR differences. In
the NLR association to SCAD we obtained statistically
significant difference in the group 1 - SCAD absence (11
patients) versus group 2 - SCAD presence (10 patients),
p=0.0397. A significant p value (p=0.0339) was obtained
as a result from the median differences of the NLR in the
group 1 without concomitant LEAD (16 patients) versus
group 2 without LEAD (fifteen patients). Median NLR
values were higher statistically significant (p=0.0375) in
aortic arch calcification group 1 patients with concomitant
hypertensive heart disease compared to group 2 non hy-
pertensive heart disease (10 patients).

Table I. Baseline characteristics, laboratory features of study group. Reference values of laboratory data are depicted.

Parameters Patients (N) Mean +SD

Group 1 Group 2 Group 1 Group 2
Age (years) 27 17 77.26+6.56 65.82+5.39
BMI (kg/m2) 27 17 27.13+4.54 29.93+4.50
ESR (6 - 17 mm/h) 13 6 22.54+16.28 9.66+7.50
Fibrinogen (1.5 - 4.0 g/L) 14 10 7.28+8.82 4.82+0.37
Iron (9.0 — 30.4 pmol/L) 25 16 13.10+4.99 14.20+5.54
eGFR (mL/min/1.73 m2) 27 17 48.04+10.65 59.00+9.17
Total cholesterol (2.8 — 5.2 mmol/L) 26 16 4.38+1.43 4.34+1.16
Triglycerides (0.55 — 1.90 mmol/L) 23 15 1.28+0.44 1.38+1.11
Alkaline phosphatase (100 - 300 U/L) 24 16 258.40+75.80 200.30+50.16
Uric acid (200 — 400 U/L) 27 16 383.60+105.20 352.40+85.75
Neutrophils (1.5 - 7.5x103/pL) 27 17 6.43+1.77 3.86+1.24
Lymphocytes (1.0 — 4.0x103/pL) 27 17 1.71+£0.64 1.52+0.38
NLR 27 17 4.33+2.47 2.80+1.29

Abbreviations: BMI — body mass index; eGFR - estimated glomerular filtration rate (CKD-EPI formula); ESR - erythrocyte sedimentation rate; N — number; NLR — neutrophil-to-lymphocyte

ratio; SD - standard deviation

Table Il. Existing comorbidities of study group (44 patients).

Presence of SCAD LEAD diagnosis Established hypertensive heart disease
YES NO YES NO YES NO
Group 1 (27 patients) 16 (59.26%) 11 (40.74%) 11 (40.74%) 16 (59.26%) 10 (37.03%) 17 (62.97%)
Group 2 (17 patients) 1(58.82%) 7 (41.18%) 2 (11.76%) 15 (88.24%) 5(29.41%) 12 (70.59%)

Abbreviations: LEAD - lower extremity arterial disease; SCAD - stable coronary artery disease. Values are expressed in numbers and percentages.
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Table lll. Comparison between presence of aortic arch calcification
and baseline characteristics of the study groups (Mann-Whitney

U test)

Parameters AAC N Median P value
Group 1 27 77.00
Age (years) 0.0001
Group 2 17 66.00
Group 1 27 26.00
BMI (kg/m2) 0.0655
Group 2 17 29.80
Group 1 13 20.00
ESR (mm/h) 0.034
Group 2 6 8.50
Group 1 14 4.20
Fibrinogen (g/L) 0.612
Group 2 10 3.65
Group 1 25 13.50
Iron (umol/L) 0.5562
Group 2 16 14.40
i Group 1 27 50.00
e(;FR (mL/min/1.73 0.0007
m2) Group 2 17 56.00
Group 1 26 3.74
Total T:tliolesterol P 0.0074
(mmol/L) Group 2 16 4.15
Group 1 23 1.21
Triglyceride (mmol/L) 0.1554
Group 2 15 0.95
i Group 1 24 238.50
Alkle_lllne phosphatase 0.0074
(L Group 2 16 190.50
Group 1 27 381.00
Uric acid (U/L) 0.3341
Group 2 16 260.50

Abbreviations: AAC — aortic arch calcification; BMI — body mass index; ESR - erythrocyte
sedimentation rate; eGFR — estimated glomerular filtration rate (CKD-EPI formula); N —
number of patients
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* Mann-Whitney U test; NLR - neutrophil-to-lymphocyte ratio.

Fig. 1. Comparative analysis on neutrophil-to-lymphocyte ratio
between the two groups

Discussion

Chronic kidney disease is currently a significant global
health problem, since even with elimination of the gener-
ating factor it remains a progressive disease. Initial nephron
loss induces adaptive mechanism characterised by hypertro-
phy and hyperfiltration in the remaining healthy nephrons
with subsequent development of glomerular sclerosis char-
acterised by proteinuria and hypertension [36, 37].

Table IV. Correlations between neutrophil-to-lymphocyte ratio and alkaline phosphatase, uric acid in the study group

Spearman’ NLR Alkaline phosphatase Uric acid
Parameters
rho Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
Correlation coefficient 1.000 1.000 0.340 -0.135 0.078 0.124
NLR Sig. (2-tailed) 0 0 0.104 0.619 0.697 0.648
N 27 17 24 16 27 16
) Correlation coefficient 0.340 -0.135 1.000 1.000 0.239 -0.195
Alkaline Sig. (2-tailed) 0.104 0.619 0 0 0.260 0.469
phosphatase
N 24 16 24 16 24 16
Correlation coefficient 0.078 0.124 0.239 -0.195 1.000 1.000
Uric acid Sig. (2-tailed) 0.697 0.648 0.260 0.469 0 0
N 27 16 24 16 27 16

Abbreviations: NLR — neutrophil-to-lymphocyte ratio; N — number of patients; Sig. (2-tailed) — 2-Tailed statistical significance; Spearman’s rho — Spearman’s rank correlation coefficient

Table V. Correlations between neutrophil-to-lymphocyte ratio and fibrinogen, total calcium, total cholesterol, triglyceride of patients

Parameter Spearman’s NLR Fibrinogen Total calcium Total cholesterol Triglyceride
rho Group1 Group2 Group1 Group2 Group1 Group2 Groupi1 Group2 Group1 Group?2

Correlation coefficient 1.000 1.000 0.113 0.135 0.109 0.144 0.087 -0.383 0.057 -0.227

NLR Sig. (2-tailed) 0 0 0.701 0.710 0.736 0.758 0.671 0.144 0.797 0.415
N 27 17 14 10 12 7 26 16 23 15

Correlation coefficient 0.113 0.135 1.000 1.000 0.143 0.232 -0.517 0.287 -0.282 0.239

Fibrinogen Sig. (2-tailed) 0.701 0.710 0 0 0.787 0.658 0.070 0.421 0.329 0.507
N 14 10 14 10 6 6 13 10 14 10

Correlation coefficient 0.109 0.144 0.143 0.232 1.000 1.000 0.516 0.500 0.517 -0.252

Total calcium Sig. (2-tailed) 0.736 0.758 0.787 0.658 0 0 0.104 0.253 0.126 0.585
N 12 7 6 6 12 7 11 7 10 7

Correlation coefficient 0.087 -0.383 -0.517 0.287 0.516 0.500 1.000 1.000 0.399 0.243

Iﬁzilesterol Sig. (2-tailed) 0.671 0.144 0.070 0.421 0.104 0.253 0 0 0.066 0.383
N 26 16 13 10 11 7 26 16 22 15

Correlation coefficient 0.057 -0.227 -0.282 0.239 0.517 -0.252 0.399 0.243 1.000 1.000
Triglyceride Sig. (2-tailed) 0.797 0.415 0.329 0.507 0.126 0.585 0.066 0.383 0 0
N 23 15 14 10 10 7 22 15 23 15

Abbreviations: NLR - neutrophil-to-lymphocyte ratio; N — number of patients; Sig. (2-tailed) — 2-Tailed statistical significance; Spearman’s rho — Spearman’s rank correlation coefficient
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When compared with the general population, patients
with chronic kidney disease experience a more frequent
and important cardiovascular disease, as the rate of car-
diovascular events is inversely correlated to renal function,
particularly for individuals in categories 4 and 5 of CKD.
However, most patients do not progress to end-stage renal
disease due to premature death as a consequence of car-
diovascular complications [38]. Cardiovascular diseases re-
lated to renal impairment includes hypertension, coronary
artery disease, heart failure, arrhythmias and lower extrem-
ity artery disease [39].

Early recognition and control of risk factors for athero-
sclerotic disease is mandatory in chronic kidney disease
patients.

The occurrence of low level chronic inflammation dur-
ing chronic kidney disease advancement is a determining
factor for atherosclerosis progression.

Chronic kidney disease related inflammation bears a
specific patho-mecanism that may enhance atherosclerosis
through elevated generation of carbamylated low density
lipoproteins, proinflammatory high density lipoproteins,
cholesterol crystals, inflammasomes, and calciprotein par-
ticles [34,40].

Neutrophil-to-lymphocyte ratio as a marker for inflam-
mation can be an important tool in this context, as it has
already emerged as an important marker for atherosclerotic
disease, vascular calcification and also as a prognostic fac-
tor in CKD hypertensive patients [15,18,27]. Further-
more, neutrophil-to-lymphocyte ratio is a predictive factor
for vascular calcification in end-stage renal disease [27].

Computation of neutrophil-to-lymphocyte ratio is a
very simple mathematical and inexpensive method using
results from automated white blood cell count when com-
pared with assessment of any other inflammatory markers.
This retrospective study identified a positive correlation
between NLR and aortic arch calcification in hyperten-
sive non end-stage CKD patients. Additionally, elevated
alkaline phosphatase values and increased erythrocyte sedi-
mentation rate had a positive association with aortic arch
calcification; this is an expected result as alkaline phos-
phatase and erythrocyte sedimentation rate increase with
ageing and fall in glomerular filtration rate. Our group
with aortic arch calcification was comprised of older pa-
tients compared to the group without aortic arch calcifica-
tion and had a more advanced renal disease.

Additionally our study has some limitations: is a small
sample size single center retrospective study; routine phos-
phate — calcium characterization and intact serum para-
thormone levels (related to calcium metabolism) were not
available. Regarding neutrophil-to-lymphocyte ratio dis-
tribution in the different comorbidities groups, we refrain
from forming definite conclusions as a result of the limited
number of patients included in the study.

To the best of our knowledge this is the first Romanian
study which explores NLR as a novel inflammatory marker
in hypertensive patients with less advanced CKD.

Conclusions

Neutrophil-to-lymphocyte ratio may be viewed as a risk
factor for vascular calcification even in patients with less
advanced kidney disease. The small number of individuals
included in our study restrains us from reaching definite
conclusions. Further prospective large scale studies, in-
cluding primary care databases are mandatory in order to
validate this accessible inflammatory marker as risk factor
for arterial calcification in patients with CKD.
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