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Abstract

It is known that there are immunological inflammatory mechanisms that play a role in the
pathogenesis of type 2 diabetes mellitus (DM), which is a common metabolic disease in adults.
Chronic inflammation plays a role in the development of chronic microvascular complications.
Neutrophil-lymphocyte ratio (NLR) is a new marker of inflammation that is inexpensive and
easy to administer. NLR is accepted as a marker of systemic inflammation and is used as a
prognostic marker in patients with heart diseases and malignancies. The aim of this study is to
examine whether there is a relationship between NLR and neuropathy, one of the microvascular
complications, in patients with type 2 diabetes mellitus in adults. One hundred and nine diabetic
patients (40 without microvascular complications and 69 with microvascular complications)
were included in the study. Microvascular complications from DM were evaluated with NLR
and compared with different inflammatory markers. NLR was higher in patients with diabetic
complications compared to the group without (20.40+14.79 vs 5.56+3.46, respectively;
p<0.001). Spearmens's correlation analysis revealed NLR was significantly positively
correlated with ESR (r:0.633, p:<0.001) and CRP (r: 0.387, p:<0.001). Increased NLR levels
may be associated with neuropathy in type 2 diabetic patients.
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Introduction

Type 2 diabetes mellitus (T2DM) is a
common metabolic disease in adults. It
is estimated that diabetes mellitus
affects 537 million adults worldwide
(1). In an analysis of data from the
National Health Interview Survey
(2016 and 2017), the prevalence of
diagnosed type 2 diabetes among adults
in the United States was 8.5 percent
(2). The main reasons for the increase
in  prevalence are hypercaloric
nutrition, obesity, decreased physical
activity and secondary causes (3). DM
is a chronic and metabolic disease
characterized by high blood sugarlevels
that can lead to the development of
acute, chronic microvascular and
macrovascular complications. T2DM
usually occurs due to insulin resistance
and impaired insulin secretion. In 90%
of T2DM npatients, there is insufficient
insulin secretion from pancreatic beta
cells, insulin resistance in tissues, and
insufficient  compensatory  insulin
secretion response (4-5). Uncontrolled
disease causes hyperglycemia, and the
insulin  secreted cannot maintain
glucose homeostasis. Patients with
T2DM are mostly obese or have
increased adipose tissue predominantly
in the abdomen. In this reduction,
adipose tissue supports the
development of insulin resistance
through various inflammatory
mechanisms, including increased free
fatty acid (FFA) secretion and
adipokine  degranulation. In the
development of T2DM, pancreas (alpha
and beta cells), liver, skeletal muscles,
kidneys, brain, small intestines and
adipose tissue are affected together (6).

Data obtained from studies show that
adipokine tissue dysregulation,
inflammation, abnormalities in
intestinal microbiota, and immune
dysregulation are important factors that
play a role in the pathogenesis of the
disease (7).

In the case of physical inactivity, which
IS an important cause of diabetes,
glucose uptake into tissues and insulin
sensitivity are reduced. Furthermore
sedentary life causes inflammation and
oxidative stress at the tissue level, which
are predisposing factors for T2DM (8).
Oxidative stress plays a role in the
pathogenesis of many rheumatic
diseases besides diabetes mellitus (9-
13). Many studies support that chronic
moderate  inflammation may be
associated with insulin resistance and
the development of complications (14-
16). Studies correlate leukocyte count
(WBC) and C-reactive protein (CRP)
with diabetes-related microvascular and
macrovascular complications (17-18).
Blood neutrophil lymphocyte ratio
(NLR) is a new marker that shows the
body's total inflammation level because
it is an inexpensive, easy, and effective
marker of subclinical inflammation.
NLR has been shown to be an indicator
of inflammation and prognostic
features in many diseases (19-20). In
fact, it is stated that NLR is a better
predictor marker than leukocyte count
in some diseases (21-22). The aim of
the current study is to determine the
relationship between the level of NLR,
a practical marker ofinflammation, and
neuropathy in patients with T2DM.
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Materials and Methods

Patients who were referred to the clinic
of Deparment of Internal Medicine,
Division of General Medicine at
Gaziantep University Hospital were
included in this cross-sectional study.

All patients were questioned for history
of DM (known diabetes treated with
diet or drugs or both or either newly
diagnosed according to the American
Diabetes Association criteria (23).

The first indicator of diabetic
nephropathy is  microalbuminuria,
which is defined as a 24-hour urine
albumin level of 30-300 mg in the
absence of urinary tract infection and/or
uncontrolled hypertension (24). The
diagnosis of diabetic neuropathy was
defined according to the deterioration
in nerve conduction work in patients
with sensory impairment/motor
weakness or polyradiculopathy (25).
The diagnosis of retinopathy was

defined as having at least
microaneurysm and/or retinal
hemorrhage and/or  other retinal
damage findings (26-27).

Laboratory data were obtained
retrospectively from patient files.

Complete blood count, fasting plasma
glucose, uric acid, creatinine, albumin,
globulin, total protein, aspartate amino
transferase, alanine aminotransferase,
total  bilirubin, gamma glutamyl
transferase,  alkaline  phosphatase,
lactate dehydrogenase and hemoglobin
Alc levels were measured with a
hospital autoanalyzer. Complete blood
count analysis was measured by
Beckman Coulter (High Wycombe,
UK) Gen-S automated analyzer. NLR
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was calculated from differential count
by dividing the absolute neutrophil

count by the absolute lymphocyte
count.

End-stage renal disease, malignant
disease, advanced liver disease,

presence of active infection and active
smokers were excluded from the study.
WBC counts more than 11.0 (x103
cellssmm3) and less than 4.0 (x103
cells/mm3) were exclusion criteria for
the study.

Informes consent has been obtained,
and procedures followed were in
acccordance with the institutional
ethical standars of the responsible
commitee on human experimentation.
The study protocol was approved by
the Gaziantep  University Local
Research Ethics Committee.

Patients who were referred to the clinic
of Deparment of Internal Medicine,
Division of General Medicine at
Gaziantep University Hospital were
included in this cross-sectional study.

All patientes were questioned for
history of DM (known diabetes treated
with diet or drugs or both or either
newly diagnosed according to the
American Diabetes Association
criteria(23).

Statistical Analysis

For the statistical analysis of the data,
SPSS (Statistical Package for Social
Sciences) 22.0 version statistical
program was used. All data were
entered into a database and were
verified by a second independent
person. The Shapiro-Wilk test was used
to test whether the numerical variables
were consistent with the normal
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distribution. Paremeters with normal
distribution have been evaluated using
histograms,  variation  coefficients,
skewness, sharpness, detrended
normality graph and Kolmogorov—
Smirnov test. Mean standard deviation
(SD) values of variables with normal
distribution are provided (mean £ SD).
Categorical variables are shown as
frequencies. Independent samples t-test
was used to compare normally
distributed variables in two groups.
Correlation between ESR, CRP, and
NLR was performed with Spearmen’s
correlation test. Statistical significance
level has been defined as P < 0.05.

Table 1. Demographic properties and laboratory parameters of the study populations.

Results

The mean age of 109 patients with type
2 diabetes mellitus included in the study
was 61.20+

13.87 years. The mean age of male
patients was 61.25+14.50 and the
mean age of femalepatients was

61.13+13.10. Demographic properties
and laboratory parameters of the study
are presented in Table 1. There was no
significant difference between the
diabetic patients withand without
microvascular complications regarding
of ESR and CRP.

Parameters DM patients without DM patients
complications (n: 69)

complications (n:40)

with p

Gender (n,%)

Male 24 (%60) 39 (%56.5)
Female 16 (%40) 30 (%43.5)
Age (yr) 59.5+11.29 62.0+5.23 0.019
NLR 5.56+3.46 10.40+4.79 <0,001
Neutrophil (/mm?3) 6170+482 12010+930 0,019
Lymphocyte (/mm?3) 1275+123 730466,5 0,002
Glucose (mg/dI) 124.5+62.83 147.10+72.1 0,208
Uric asid (mg/dl) 6.55+3.94 6.10+£3.87 0.504
Creatinine (mg/dl) 0.88+1.11 0.80£1.55 0.253
Albumin (g/dl) 2.55+0.52 2.90£2.15 0.273
Globuline (g/dl) 3.03+0.90 3.00+0.79 0.242
Total Protein (g/dl) 6.05+£1.09 6.10+5.98 0.149
AST (U/l) 35+5.24 47+54 0.966
ALT (U/) 22+3.22 29+32 0.978
ALP (U/l) 114+18.4 27+£17.1 0.667
GGT (Ul 56.5+2.29 65+18.4 0.472
Total bilirubin(mg/dl) 0.60+2.29 0.60+1.62 0.087
LDH (U/) 297+16.8 368+160.4 0.723
WBC (/mmd) 84704648 9060+£1017 0.123
Hgb (g/dl) 12.78+2.47 12.90+2.34 0.909
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PIt (/mm?) 152500+14850 216000+15166 0.986
Duration of DM 8.37+3.75 6,15+3,18 0.089
HbAlc (%) 6.96+0.44 8,80+1,44 <0,001

DM: diabetes mellitus; NLR: neutrophil/lymphocyte ratio; AST: aspartate aminotransferase; ALT: alanine

aminotransferase; ALP: alkaline phosphatase; GGT: gama glutamile transferase; LDH: lactat dehydrogenase;
HGB: hemoglobin; WBC: White blood cell; PIt: platelet; HbAlc: glycated hemoglobin

All patients (n:69) with microvascular
complications had neuropathy. Of the 69
patients with neuropathy, 21 also had
nephropathy and 18 had retinopathy.
There were 69 patients with defined
microvascular complications. The mean
of NLR of patients with microvascular
complication was significantly higher
than  diabetic  patients  without
complications (10.40£4.79 and
5.56+3.46 ,respectively). The NLR of
patients id shown in figure 1. NLR was

diabetic with

higher in patients

nephropathy, neuropathy and
retinopathy than in diabetic patients
without any of these complications

(p:0.021 , p:0.042, and p:0.007,
respectively).
There was statistically  significant

positive correlation between NLR and
ESR levels (r: 0.633, p:<0.001). In
addition NLR was also positively
correlated with CRP levels (r: 0.387,
p:<0.001). Correlation analysis results
between inflammatory indices are shown
in Table 3.

Table 2. NLR of diabetic patients with microvascular complications.

Mean + SD P

Microvascular complications (n:69) (+) 20.41 £14.79 <0.001
) 5.57 + 346

Nephropathy (n:21) ) 14.05 +14.29 0.267
) 15.89 +13.60

Neuropathy (n:69) (+) 20.40 £14.79 <0.01
¢) 5.57 +3.46

Retinopathy (n: 18) ) 15.02+14.34 0.802
) 14.90+13.61

NLR: Neutrophil/lymphocyte ratio

Table 3. Correlation analysis results of inflammatory indices.

Parameters

NLR-ESR p: <0.001 r: 0.633
NLR-CRP p:<0.001 r: 0.387
ESR-CRP P:<0.001 r: 0.590

NLR: neutrophil/lymphocyte ratio; CRP: C-reactive

protein, ESR: erythrocyte sedimentation rate
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Figure 1- Relationship between neutrophil lymphocyte ratio and diabetic neuropathy
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Discussion

The present study aimed to investigate the
relationship of NLR, an innovative
marker of inflammation, in the presence
of  microvascular  complications in
patients with type 2 diabetes mellitus. It
was aimed to detect a noninvasive marker
of neuropathy, one of the microvascular
complications. Study data revealed that
diabetic patients with neuropathy from
microvascular complications had higher
NLR

neuropathy. In addition, NLR levels were

levels than individuals without

found to be higher in patients with other
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Yes

microvascular complications than in
patients with type 2 diabetes mellitus

without complications.

Increased free oxygen radicals and

decreased antioxidant substances are
blamed for the development of

macrovascular and microvascular
complications related to type 1 and 2
diabetes mellitus (28). It is not known
exactly which oxidative stress mechanism
causes the development of diabetic
complications. Diabetes damage can be
thought of as the oxidative damage effects

of chronic hyperglycemia in tissues.
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Increased intracellular glucose causes the
formation of higher oxidative stress
molecules than antioxidant systems can
buffer. These oxidative molecules cause
the activation of protein kinase C (PKC),
oxidative stress molecules induced by
hyperglycemia, increased hexosamine
pathway flux, increased AGEs and
increased polyol pathway flux. In
particular, activation of the AGEs pathway
can damage cells that regulate gene
transcription and proteins between the

matrix and other tissues.

An important detoxification system of the
body, which plays a critical role in
defending thiol/disulfide homeostasis, the
importance of which has been better
understood in recent years, covers all
groups in the acute and chronic
inflammatory filters (29)). The thiol (-SH)
is composed of hydrogen and sulfur
atoms containing a sulphidhydryl group.
Thiols can bind to oxidative molecules
due to the presence of -SH groups that are
sensitive to oxidation. Disulfides (-S-S-)

are an important class of redox-reactive

molecules occurring  between thiol
groups. Dynamic thiol-disulfide
homeostasis is the reversal of the

oxidative effect of proteins in our body

caused by thiols. It is an important

parameter  associated  with  many
biochemical processes, including
regulation of protein function,
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stabilization ~ of  protein  structure,
protection of proteins against irreversible
oxidation of cysteine residues, chaperone
function, regulation of enzyme functions,
(30).

oxidative stress as a result of zinc

and  transcription Increased
deficiency has been associated with
inflammatory diseases (31-32). Zinc in the
islet cells of thepancreas is important for
the synthesis, storage and secretion of
insulin. It is known that large amounts of
zinc are excreted from the body in
diabetic conditions. Zinc deficiency and
increased oxidative stress have an
important effect on the pathogenesis of

diabetic complications (33).

Studies in the literature show that chronic

inflammation plays a role in the
pathogenesis of diabetes mellitus (34). In
patients with T2DM, inflammatory

markers can cause hyperglycemia with

insulin  resistance and beta cell

dysfunction (35). Inflammation alters

endothelial function and causes a
decrease in nitric oxide and prostacyclin
production in the vascular endothelium
(36). Widespread endothelial damage and
overexpression of some mediators may
lead to the development of diabetic
complications. CRP, interleukin 6, and
increased WBC

associated with T2DM in some studies. In

levels have been

a meta-analysis, it was revealed that the



Yildiz et al.

risk of diabetes is higher in patients with
high CRp levels (37). In addition, it has
been shown that there is a positive
relationship between interleukin 6 level
and new-onset diabetes mellitus due to
obesity and insulin resistance (38).

Blood NLR is a simple, inexpensive,

easy-to-access, low-cost, and non-
invasive marker of systemic inflammation
that can be obtained from complete blood
count. This marker is used to determine
prognosis in cardiovascular diseases,
malignancies and inflammatory diseases.
High NLR

prognosis in esophageal, hepatocellular,

is associated with poor

epithelial ovarian, and nasopharyngeal

cancers (39). Recent studies show that it
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iIs a strong indicator for predicting
cardiovascular outcomes in patients with

coronary artery disease (40-41).

The data of this study underline that NLR
may indicate a systemic inflammatory
mellitus-related
the data

state in diabetes

complications. In addition,
obtained within the scope of the study
suggest that NLR can be used as an easy
and inexpensive test for the early
diagnosis of diabetic neuropathy and
other  microvascular ~ complications.
Comprehensive studies with prospective,
repetitive NLR measurements will be
useful in elucidating the pathogenesis of
neuropathy, a microvascular complication

in patients with T2DM.
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