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Objective: This study was designed to assess the levels of neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) in diabetes patients to determine their prog-
nostic value in predicting the disease of diabetic peripheral neuropathy (DPN).

Methods: We recruited 225 diabetes cases from the department of endocrinology of Anhui
Provincial Hospital from August 2018 to October 2019. A total of 103 patients without
diabetic peripheral neuropathy (DPN) were followed up for 18 months, and the number of
patients of newly diagnosed DPN was counted. According to the results of neuroelectrophy-
siological examination, these patients were divided into the diabetes mellitus (DM) without
DPN group and the DM with DPN group. The general information and results of blood
samples were collected. The collected data were compared between groups, and the receiver
operating characteristic curve (ROC) was drawn. The follow-up data were compared
between groups and Binary Logistic regression analysis was performed.

Results: Patients with DPN shared distinct characteristics. For example, the patients were
older, and had higher levels of inflammatory indicators (ie, levels of PLR and NLR), and
lower level of indirect bilirubin, compared with patients without DPN. According to the
receiver operating characteristic curve analysis, for type 1 diabetes, PLR showed the highest
area under the curve (0.753). For type 2 diabetes, NLR showed the highest AUC of 0.602.
For the follow-up results, patients with newly diagnosed DPN bad higher NLR level.
Conclusion: If patients of type 1 and type 2 diabetes are combined with elevated level of
PLR and NLR, respectively, they are more likely complicated with DPN. NLR and PLR
could be used as predictors to help clinicians screening for DPN in different types of
diabetes. For type 1 diabetes, if patients who were without DPN had higher NLR level,
the risk of developing DPN in the future will be greatly increased.

Keywords: diabetes mellitus, diabetic peripheral neuropathy, neutrophil-to-lymphocyte
ratio, platelet-to-lymphocyte ratio

Introduction

As defective insulin secretion or impaired biological function, chronic hyperglyce-
mia can cause damage to various tissues and systems, especially eyes, kidneys,
blood vessels and nerves.! Most diabetes patients can be divided into two types.
Type 1 diabetes mellitus (T1DM), due to the absolute lack of insulin secretion, can
usually be identified by serological evidence and genetic markers of islet autoim-
munity. Abnormal inflammation and immune responses are associated with the

development of TIDM. Recent study have shown that innate immunity and
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inflammatory mediators play an important and wide-
ranging roles, possibly inhibiting B-cell function,” promot-
ing subsequent apoptotic processes, and leading to insulin
resistance in surrounding tissues.

Type 2 diabetes mellitus (T2DM), the more common
type, accounts for 90~95% of diabetes, due to the insulin
resistance (IR) and inadequate compensatory secretory
response. Factors that contribute to impaired glucose tol-
erance (IGT) and IR include genetic factors, environmen-
tal factors, age, obesity, and inflammation. Activation of
adipose tissue may lead to the release of inflammatory
cytokines associated with IR, such as TNF-a, leptin, IL-
6, resistin, monocyte chemotactic protein-1 (MCP-1),
angiotensin, endolipids, retinol-binding protein-4, and
serum amyloid A (SAA).'” Inflammatory factors induce
and maintain the inflammatory response and inflammatory
damage during the development of diabetes.

As one of the complications of diabetes mellitus
(DM), diabetic peripheral neuropathy (DPN) usually
develops insidiously and gradually. It can manifest as
pain, numbness, tingling, weakness, and balance disor-
ders, leading to ulcers, gangrene, and even amputation.
Some patients are asymptomatic at an early stage, which
may lead to neglect of the disease. Therefore, early detec-
tion and treatment of DPN play an important role in
improving disease prognosis and life quality.® The devel-
opment of DPN is related to metabolic disorders, such as
oxidative stress, increased polyol flux, accumulation of
glycosylated end products and lipid changes, and other
metabolic abnormalities.* To date, some hemogram
derived inflammatory markers and related metabolites
have been found to be associated with diabetes mellitus.
Mean platelet volume (MPV) can provide important
information on the course and prognosis in many inflam-
matory conditions.” Red blood cell distribution width
(RDW) is associated with cardiovascular disease, sepsis,
and tumors.®® Besides, recent studies have shown that
NLR and RLR can be used as systemic marker in some
inflammatory conditions including cardiovascular disease,
metabolic syndrome and malignancies.”'" Both of them
are novel, available, and inexpensive marker of
Inflammatory status. Against this background, we aimed
to study the association between the occurrence of DPN
and related indicators in patients with type 1 or type 2
diabetes, and patients without DPN were followed up to
investigate the predictive value of these indicators on
newly diagnosed DPN.

Materials and Methods

Subjects

In this study, 225 consecutively hospitalized patients were
recruited from August 31, 2018 to October 1, 2019 at the
First Affiliated Hospital of University of Science and
Technology of China. The inclusion criteria included
a diagnosis of diabetes with or without the symptoms and
signs of DPN. Diabetes was diagnosed using the revised
American diabetes association standards, including fasting
plasma glucose [FPG] >7.0mmol/L[126mg/dL] and/or post-
prandial 2h glucose value >11.1 mmol/L [200mg/dL]."
Exclusion criteria were as follows: a) a history of multiple
nerves due to other causes, such as hereditary, alcoholic,
metabolic, inflammatory, and toxic factors; b) a history of
tumor radiotherapy and chemotherapy; c) skin damage or
swelling which can interfere with nerve conduction; d)
active infection and using of medicine affecting the white
blood cell counts; ¢) Complicated hematogenous disease or
rheumatic disease; f) a prior history of leg or ankle fractures
or surgery. Patients without DPN were followed up in the
following 18 months, and patients with new-developed DPN
were counted. This study gained approval by the Chinese
Clinical Trial Registry’s ethics committee, and informed
consent was obtained from all enrolled patients. This study’s
clinical registration number is ChiCTR1900026629. This
study was conducted in accordance with the Declaration of
Helsinki. Due to the limited number of ethical review staff in
our hospital, we had to queue for a long time, so we chose to
get approval from the Ethics Committee of the Chinese
Clinical Trial Registry.

Data Collection

We collected data on patient characteristics (eg, age, type of
diabetes, disease course, medical history, height, weight) and
inflammatory indicators (eg, levels of NLR and PLR) using
the hospital’s electronic medical record system. The
included subjects were divided into four different groups,
including T1IDM with DPN group (T1DPN group), T1IDM
without DPN group (T1DM group), T2DM with DPN group
(T2DPN group), T2DM without DPN group (T2DM group).
The diagnostic criteria for DPN were based on the Toronto
Expert Consensus."> Professional doctors (Meichao Chen
and Yuanbo Wu) verified the data.

Statistical Analysis
Statistical software SPSS, version 20.0, was used to ana-
lyze the collected data. Continuous data and normally
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distributed data were expressed as the mean + standard
deviation using the Student’s #-test for intergroup compar-
isons, whereas non-normally distributed data were
expressed as the median (1/4, 3/4) using the Mann—
Whitney U-test. Categorical variables were expressed as
counts (%) using the y” test for comparisons. The influence
of related indicators levels were assessed using binary
logistic regression analysis with significant factors.
Results were expressed as adjusted odds ratios (OR) with
the corresponding 95% confidence intervals (CI). Receiver
operating characteristic (ROC) curves were drawn, cut-off
values were determined. The cut-off values and their cor-
responding sensitivity and specificity were determined
using the Youden index. Drew the corresponding box
diagram for the indicator with the maximum AUC.
P values less than 0.05 were considered statistically

significant.

Results

General Data

A total of 70 patients with type 1 diabetes were recruited,
including 48 patients with DPN and 22 patients without
DPN. For type 2 diabetes, 155 patients were recruited,
including 74 patients with DPN and 81 patients with-
out DPN.

Data were compared between the two groups in terms
of general patient characteristics (eg, age, disease course),
inflammatory indicators (eg, levels of NLR and PLR).

For type 1 diabetes, age was statistically different
between the two groups. The age of patients with DPN
was generally higher than that of patients without DPN
(36.31 + 15.64 years and 28.32 £ 12.79 years, respec-
tively). For type 2 diabetes, age, disease course and sys-
tolic blood pressure were statistically different between the
two groups. The age of patients with DPN was generally
higher than that of patients without DPN (61.92 + 11.22
years and 55.90 + 11.34 years, respectively). The disease
course of patients with DPN was longer than that of
patients without DPN (11.00 (5.00, 19.50) years and 6.00
(2.00, 10.00) years, respectively). The systolic blood pres-
sure of patients with DPN was higher than that of patients
without DPN (144.07 £+ 20.60 years and 136.47 + 17.12
mmHg, respectively). The baseline characteristics of hos-
pitalized patients are shown in Table 1.

For type 1 diabetes, levels of platelet counts, indirect
bilirubin, total cholesterol, NLR and PLR were all statis-
tically different between the two patient groups, and for

type 2 diabetes, indirect bilirubin, triglyceride and NLR
were all statistically different between the two patient
groups. Notably, the inflammatory indices of patients
with DPN were generally higher than those of patients
without DPN, as shown in Table 1.

Predictive Value of NLR, PLR and I-BIL
Between DPN group and DM group, ROC curves were
drawn for NLR, PLR and I-BIL. The AUCs and cut-off
values were calculated according to their specificity and
sensitivity as predictive factors.

The AUC of PLR levels was 0.753 (95% CI 0.635—
0.871); the sensitivity was 70.80% and the specificity was
77.30% for predicting DPN in type 1 diabetes when the
cut-off level of PLR was 97.880. The cut-off NLR level
was set at 2.485, with a sensitivity of 38.00% and
a specificity of 79.00%, for predicting discase severity,
and an AUC of 0.602 (95% CI 0.513~0.691), as shown
in Figure 1 and Table 2.

Comparison of NLR and PLR in Different

Groups

The NLR level in T2DM with DPN group was statistically
higher than that of T2DM without DPN group, T1DM
with DPN group and TIDM without DPN group. While
the PLR level in the TIDM with DPN group was signifi-
cantly higher than that of TIDM without DPN group,
T2DM with DPN group and T2DM without DPN group,
as shown in Figures 2 and 3.

Follow-Up Results

General Data

After 18 months of follow-up for diabetes patients without
DPN, 9 patients of type 1 diabetes were newly diagnosed
with DPN, while 14 patients of type 2 diabetes were newly
diagnosed with DPN. We analyzed the data between
patients with and without newly diagnosed DPN. The
type of diabetes mellitus was a significant factor for the
new onset of DPN, and the BWI of patients without DPN
was higher than that of patients with newly diagnosed
DPN. The results are shown in Table 3.

For the relative indicator, levels of NLR, PLR, NEUT
(%), NC (109/L), LYMPH (%), LC (109/L), TC (mmol/L),
TG (mmol/L) and LDL-C (mmol/L) were all statistically
different between the two patient groups. For the inflamma-
tory indicators, levels of PLR and NLR were all statistically
higher in the group with newly diagnosed DPN. For lipid
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Figure |1 The ROC curves of predicting whether diabetic patients combined with DPN. Subfigure (A) is the receiver operating characteristic analysis (ROC) for NLR, PLR
and I-BIL to predict DPN in TIDM. Subfigure (B) is the ROC curve of NLR and I-BIL for predicting whether T2DM is combined with DPN.

metabolism-related indexes, TC (mmol/L), TG (mmol/L)
and LDL-C (mmol/L) were significantly lower in the group
with newly diagnosed DPN. The results are shown in
Table 3.

Regression Model

After adjusting for above recorded confounders such as
BWI, TC, TG, LDL-C, type of diabetes and NLR were
associated with the new diagnosis of DPN in multivariate
binary logistic regression analysis. The adjusted OR were
0.091 (95% CI, 0.010-0.799) and 0.060 (95% CI, 0.014—
0.258; p < 0.001), respectively. The results are shown in
Table 4.

Discussion

The neuropathy of diabetes is the most common neurolo-
gical disorder in the world, and its prevalence increases
with the extension of diabetes.'* It affects about half of
people with diabetes, affecting their sensorimotor function.

And the early stages of DPN can be asymptomatic, result-
ing in delaying diagnosis. Seeking an effective and con-
venient screening method can improve the screening
efficiency.

Multiple factors contribute to the occurrence of
DPN, including endothelial injury, microvascular dys-
function, metabolic disorders, oxidative stress, abnormal
cytokines and immune factors, among which inflamma-
tory injury plays an important role. Chronic hyperglyce-
mia can lead to microcirculation disorders. A series of
vascular pathological changes can occur, such as vascu-
lar endothelial cell proliferation, microvascular base-
ment membrane thickening and hyaline degeneration,
which leads to direct narrowing of lumen. The increase
of blood viscosity and the disturbance of blood flow
aggravate the reduction of blood supply to local tissues.
This process leads to ischemia and hypoxia of nerve
tissues, stimulating the increase of cytokines, and aggra-
vating inflammatory damage. Besides, hyperglycemia

Table 2 ROC Curve Area and Cut-Off Values of NLP PLR and I-Bil for the Diagnosis of DPN

TIDM

T2DM

NLR

PLR

NLR

AUC (95% Cl)
P value
Cut-off value

Sensitivity

Specificity

0.745 (0.625~0864)
0.001
8.650
0.682
0.729

0.652 (0.515~0.79)
0.042
1325
0.750

0.500

0.753 (0.635~0.871)
0.001

97.880

0.708

0.773

0.390 (0.301~0.480)
0.019

16.950

0.095

0.926

0.602 (0.513~0.691)
0.028
2.485
0.380
0.790

Abbreviations: I-BIL, indirect bilirubin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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Figure 2 The comparison of the PLR and NLR values of DPN for 2 types of diabetes. Subfigure (A) is the comparison of the PLR value between the T1DM with DPN group
and TIDM without DPN group. Subfigure (B) is the comparison of the NLR value between the T2DM with DPN group and T2DM without DPN group.
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Figure 3 Bar chart of NLR and PLR values for each group. Subfigure (A) is a bar diagram for four sets of PLR values. Subfigure (B) reacts NLR values for four groups; P < 0.05 was

marked as “*”, and P < 0.01 as “**”,

leads to damage through several major, well-
characterized biochemical pathways, including activa-
tion of the polyol pathway, increased levels of advanced
glycation end products (AGEs) and their receptors, acti-
vation of protein kinase C (PKC),'’> mitogen-activated
protein kinase (MAPK), and inducible nitric oxide
synthase.'® These biochemical processes can produce
oxidative mediators and inflammatory mediators, result-
ing in local or systemic tissue damage. Abnormal lipid
metabolism is also one of the important influencing
factors. Adipocytes are important components for indu-
cing and maintaining the inflammatory response. In gen-
eral, inflammation injury, activated and maintained by
various pathways, plays an important role in the devel-

opment of diabetes mellitus and its complications.

Neutrophil-to-lymphocyte ratio (NLR) represents the

balance of neutrophils and Iymphocytes in vivo.

Neutrophils are closely related to inflammatory responses,

and lymphocytes reflect immune regulatory pathways.'"'®

19:20 a5 well as

They can reflect systemic inflammation,
innate immune responses (mediated by neutrophils) and
adaptive immune responses (mediated by lymphocytes).?'
The nonspecific inflammatory response caused by hyper-
glycemia may lead to changes in peripheral blood cell
levels, which may explain the abnormal NLR values.
Association between inflammatory conditions and elevated
NLR has been well-established.”” The reason NLR is
reported as a novel marker is that it is very stable com-
pared with the absolute count, which can be altered by

various physical, physiological and pathological factors.”®
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Table 3 Baseline Patient Characteristics and Laboratory Results on Follow-Up Subjects
Newly Diagnosed DPN Group DM without DPN Group 1IzZit P
Type of diabetes, n (%) Type | 9 (40.91%) 13 (59.09%) 3.903 0.048
Type 2 14 (20.0%) 56 (80.0%)
Age, years + SD 48.83+18.86 49.2+15.99 —0.094 0.926
Disease course, years * SD 8.81+6.85 6.02+5.75 1.919 0.058
SBP, mmHg + SD 131.78+21.69 132.54+17.57 —0.168 0.867
DBP, mmHg + SD 76.7x11.7 80.74+12.63 —1.407 0.167
BWI, kg/m2 (CI)* 21.63 (19.16,23.39) 23.62 (21.61,26.64) —2.574 0.010
HbAlc, % + SD 8.66%1.39 8.64+2.28 0.040 0.968
NEUT, % (Cl)* 65.4 (57.1,70.4) 54.4 (50.55,59.75) ~4.153 0.000
LYMPHT, % (CI)* 23.4 (20.7,30.7) 34.7 (29.65,38.25) ~4.157 0.000
NC, x 10°/L £ SD 4.37%1.82 3.59+1.21 2.336 0.022
LC, x 10%L (Cl)* 171 (1.33,1.99) 2.05 (1.81,2.53) -3.48| 0.000
RDW-CV, % + SD 13.57£1.38 13.16+0.85 1.321 0.197
PLT, x 10°/L £ SD 174.91+£44.81 182.17+52.25 —0.597 0.552
MPV, fl £ SD 9.04+2.41 9.44x+1.8 —0.853 0.396
I-BIL, umol/L + SD 9.61+4.22 11.75+5.84 —1.615 0.110
UA, umol/L + SD 302.03£114.01 323.97+91.25 —0.936 0.352
GLU, mmol/L £ SD 9.24+5.9 8.98+4.14 0.227 0.821
TC, mmol/L + SD 4.17%1.1 4.71%1.09 —2.039 0.044
TG, mmol/L (CI)* 0.83 (0.68,1.61) 2.12 (1.26,3.28) -3314 0.001
HDL-C, mmol/L + SD 1.07+0.28 1.02+0.25 0.699 0.486
LDL-C, mmol/L (CI)* 2.04 (1.78,2.6) 2.59 (2.01,3.07) -2.620 0.009
NLR (CI)* 2.88 (1.82,3.35) 1.57 (1.32,2.01) —4215 0.000
PLR (CI)* 96.46 (86.87, 124.79) 83.63 (70.48,93.47) -3.197 0.001

Note: “means abnormal distribution.

Abbreviations: SD, standard deviation; Cl, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; HbAlc, glycosylated
Hemoglobin; NEUT, neutrophil percentage; LYMPH, lymphocytes percentage; NC, neutrophil count; LC, lymphocyte count; RDW-CV, red cell distribution width-coefficient
variation; PLT, platelet count; MPV, mean platelet volume; I-BIL, indirect bilirubin; UA, uric acid; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

Some clinical studies have proposed that NLR value is
related to DM and its complications. Duman et al‘s study
has demonstrated that NLR was strongly correlated with
age, fasting plasma glucose and HbAlc.** A Japanese
study showed that NLR might be a potential factor for
evaluating diabetic patients with a higher degree of
albuminuria,” suggesting that NLR may predict the exis-
tence of microvascular complications.*®

to increased platelet adhesion.

Table 4 Binary Logistic Regression Analysis for Newly Diagnosed DPN in Follow-Up Subjects

In diabetic patients, abnormal insulin action may lead

At the same time, hyperglycemia also accelerate pla-
telet metabolism and production, exacerbating the imbal-
ance between coagulation and anticoagulation in vivo.
This process may play an important role in atherogen-
esis, thrombosis and microcirculation disturbance.?” PLR
is reported to be a prognostic marker of inflammation for

B S.E, Wals df p OR 95% ClI
Type of diabetes —2.398 1.109 4.677 1.000 0.031 0.091 0.010-0.799
BWI 0.172 0.088 3.782 1.000 0.052 1.188 0.999-1.412
TC —1.862 1.202 2.400 1.000 0.121 0.155 0.015-1.638
TG 0.373 0.255 2.138 1.000 0.144 1.453 0.881-2.396
LDL-C 2.805 1.537 3.331 1.000 0.068 16.526 0.813-336.023
NLR —2.817 0.747 14.227 1.000 0.000 0.060 0.014-0.258
PLR —0.011 0.014 0.669 1.000 0.413 0.989 0.962-1.016

Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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many types of cardiovascular disease, including periph-
eral arterial disease (PAD) and hypertension.zg’29 PLR is
also reported to have predictive effect about diabetes
mellitus and diabetic complications in recent years.
A cross-sectional study from Japan demonstrated that
PLR can be a marker for high risk diabetic foot and
diabetic foot ulcer in patients with type 2 diabetes.*’
Besides, Duan et al's study demonstrated that the PLR
was associated with proteinuria and prognosis in diabetic
kidney disease (DKD) patients.>!

Bilirubin is a product of heme degradation, and recent
studies have reported the beneficial effects of elevated
serum bilirubin on cardiovascular health and its antioxi-
dant properties at physiological concentrations.*” Research
has demonstrated that bilirubin has anti-inflammatory
properties in vitro and in vivo. Bilirubin releases eNOS
by inhibiting protein kinase C and NAD(P)H oxidase path-
ways that produce oxidants, and inhibits the peroxidation
of lipids and lipoproteins, thereby reducing ROS and pro-
tecting nerves from damage.**** DPN is associated with
inflammatory responses, so bilirubin may have beneficial

effects. Kim et al®®

demonstrated a significant correlation
between low serum bilirubin levels and DPN.

In our study, NLR and PLR were significantly
increased in DPN in patients with type 1 diabetes.
Through the ROC curve, the area under the curve of
PLR was the largest. When the cut-off value was 97.880,
the sensitivity is 70.80% and the specificity was 77.30%.
PLR could be used to predict whether type 1 diabetes
patients were associated with peripheral neuropathy. As
for indirect bilirubin, this indicator is negatively correlated
with DPN, which is consistent with the research results of
Kim et al. According to the antioxidant and anti-
inflammatory properties of bilirubin, this is in line with
the expected results. For patients with type 2 diabetes,
NLR was significantly higher in the DPN group.
According to the ROC curve, when the cut-off value is
2.485, the sensitivity is 38.00% and the specificity was
79.00%. NLR may be an independent risk factor for
T2DM with DPN, as demonstrated by Siying Liu et al,
Xu et al.>**’

Through the analysis of the results of follow-up, we
found that the newly diagnosed DPN was related to the
type of diabetes, BWI, inflammatory indexes, and lipid
metabolism-related indexes. And the result of logistic
regression analysis confirmed that the type of diabetes
and NLR level were powerful indicators of risk of devel-
oping newly diagnosed DPN after adjusted other variables.

Compared with type 2 diabetes, patients with type 1 dia-
betes have a higher risk. While NLR value could be an
effective index to predict DPN in the future.

There are some limitations in this study. For the T2DM
with DPN group, it has a higher level of NLR compared
with the other three groups, while the TIDM with DPN
group has a higher level of PLR compared with the other
three groups. The relationship between the inflammatory
mechanism of diabetic peripheral neuropathy and different
types of diabetes is worthy of further study. In addition,
there are limitations in sample size, single center, and lack
of long-term clinical observation.

Our results show that the TIDM patients who has
a higher level of PLR is more likely to develop into
DPN, while T2DM patients who has a higher level of
NLR is more likely to develop into DPN. NLR and PLR
could be used as predictors to help clinicians screening for
DPN in different types of diabetes. In this study, we also
found that type 1 diabetes is more likely to develop DPN
in the future. For type 1 diabetes, if patients who were
without DPN had higher NLR level, the risk of developing
DPN in the future will be greatly increased.
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We will share the relevant data of the paper on the website
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