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Abstract
To explore the relationship between neutrophil-to-lymphocyte ratio (NLR) and diabetic peripheral neuropathy (DPN) in type 2
diabetes mellitus.
A total of 557 newly diagnosed Type 2 Diabetes Mellitus (T2DM) patients were recruited, including 397 T2DM patients without

complication (DM group) as well as 160 T2DM patients complicated with DPN (DPN group). Student t test, Mann–Whitney U test, or
x2 test was applied to the data of the 2 groups, including the levels of neutrophils and lymphocytes as well as the NLR values of
peripheral blood and other biochemistry indexes; Pearson correlation analysis was used to calculate the correlation of NLR and
detected factors; risk factors of DPN were estimated via logistic regression analysis and multivariate analysis.
The values of triglyceride (TG), neutrophils, fasting insulin, urinary albumin, and 2 hour postglucose in DPN group were significantly

higher than those of the DM group, whereas the number of lymphocytes of DPN group was considerably lower than that of the DM
group (P< .05 respectively); NLR values were remarkably higher in DPN group compared with those of DM group (2.58±0.50 vs
2.18±0.61, P< .001); logistic regression analysis showed that NLR (P= .002, OR=4.960, 95%CI=1.843–13.349) was a risk factor
of DPN.Multivariate logistic regression analysis showed that DPNwas independently related to NLR (P= .002, OR=4.960, 95%CI=
1.843–13.349). The ROC curve analysis confirmed that the optimal cut-off point, specificity, and sensitivity in diagnosing DPN byNLR
were 2.13%, 48.1%, and 81.3% respectively.
Our results showed that NLR is significantly correlated with DPN, which suggested that NLR may be an independent risk factor

of DPN.

Abbreviations: 2hPG =2 hour postglucose, ADA = Studies of American Diabetes Association, BMI = body mass index, Cr =
creatinine, CSS = Clinical Scoring System, DBP = diastolic blood pressure, DM = diabetes mellitus, DNS = Diabetic Neuropathy
Symptom, DPN = Diabetic Peripheral Neuropathy, DSP= diabetic peripheral sensorimotor polyneuropathy, Fins = fasting insulin,
FPG = fasting plasma glucose, HbAlc = hemoglobin A1c, HDL = high-density lipoprotein, hsCRP = high-sensitivity C-reactive
protein, IL-6 = interleukin-6, IR = insulin resistance, LDL= low-density lipoprotein, MNSI =Michigan Neurological Disease Screening
Scale, NCS = nerve conduction study, NF- kB = nuclear factor kB, NLR = neutrophil-to-lymphocyte ratio, ROC = receiver operator
characteristic, SBP = body mass index, T2DM = Type 2 Diabetes Mellitus, TC = total cholesterol, TG = triglyceride, TNF-a = tumor
necrosis factor-a, UA = uric acid, WBC = white blood cell.
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Figure 1. Flow chart showing the patients included in the study.
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1. Introduction

Diabetic peripheral neuropathy (DPN) is one of the most
common chronic complications of diabetes mellitus (DM).
Studies of American Diabetes Association (ADA) showed that
26.4% of the Type 2 Diabetes Mellitus (T2DM) patients are
complicated by painful DPN,[1] while up to 50% of the DPN
patients may be asymptomatic.[2] Further development of DPN
can lead to diabetic foot, ulcers, infection, and amputation,
seriously affecting the quality of patients’ life.[2] Diagnosing DPN
depends on clinical examination and nerve conduction study
(NCS). But only large myelinated nerve fibers injury can be
detected by traditional electrophysiological methods. However,
the development of DPN involves different diameters of
peripheral sensory and motor nerve fibers,[3,4] which creates
difficulties for early detection and diagnosis of DPN. Therefore,
searching for a reliable indicator for the precautions and early
diagnosis of DPN are of most significance.
The pathogenesis of DPN is so complex that it remains to

be explored. Research has shown that early microvascular
disorders[5–7] and inflammatory processes[8,9] play important
roles in the occurrence and development of DPN. As an indicator
of inflammation, which receives many concerns recently,
neutrophil-to-lymphocyte ratio (NLR) has a close relationship
with cancer,[10,11] cardiovascular diseases,[12,13] and diabetic
microvascular concurrency diseases.[14–16] It is also an indepen-
dent risk factor for the cerebral hemorrhage in T2DMpatients[17]

and a prognostic factor in patients with various operable
tumors.[18]

To our knowledge, there is no study providing consistent
evidence on the link between NLR and DPN. Under this
circumstance, we aimed to investigate the relationship between
NLR levels and DPN by comparing the NLR levels in T2DM
patients with and without DPN.
2. Materials and methods

2.1. Subjects

All participants signed an informed consent before the procedure.
The research program is in line with the “Declaration
of Helsinki” and approved by the Ethics Committee of Zhujiang
Hospital and the Chinese People’s Liberation Army General
Hospital.
This study was conducted between May 2014 and May 2015

in Zhujiang Hospital and Chinese People’s Liberation Army
General Hospital. One thousand five hundred twenty-nine
T2DM patients were selected. After screening, 557 newly
diagnosed T2DM patients were eligible and recruited in this
study (Fig. 1). After further search for DPN, there were 397
T2DM patients (DM group) (111 males, 286 females) with an
average age of 62.34±9.61 years; and 160 T2DM patients
complicated with DPN (DPN group) (50 males, 110 females)
with an average age of 62.38±10.05 years. The diagnosis of
T2DM was according to the 1998 World Health Organization
consulting criteria[15] and DPN was based on the 2006 American
Diabetes Association criteria.[2] Patients were excluded from the
study if they had: coronary artery disease; myocardial infarction,
heart failure; active infection; severe tissue damage; acute massive
hemorrhage; acute poisoning; cancer; blood diseases that affect
neutrophils and lymphocytes (e.g., myeloproliferative disease and
leukemia). Patients on medication that may affect neutrophils
and lymphocytes were excluded as well. All the patients had
signed a written informed consent.
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2.2. Research methods

All study subjects received a uniform questionnaire survey and
physical examination, including measurement of height, weight,
body mass index (BMI), systolic blood pressure (SBP) and
diastolic blood pressure (DBP), fasting peripheral venous blood
extraction for fasting plasma glucose (FPG), fasting insulin (Fins),
triglycerides (TG), total cholesterol (TC), high-density lipopro-
tein (HDL), low-density lipoprotein (LDL), hemoglobin A1c
(HbA1c), creatinine (Cr), uric acid (UA), white blood cell (WBC),
urinary albumin, high-sensitivity C-reactive protein (hsCRP),
tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), whole
blood count, and 2 hour postglucose (2hPG). Status of smoking
and alcohol consumption were also included. HOMA-IR
evaluates insulin resistance (IR) through HOMA-IR= (FPG�
Fins)/22.5.[19]
2.3. Definition

Diabetes was diagnosed based on theWorldHealthOrganization
consulting criteria (i.e., fasting plasma glucose [FPG]≥7.0mmol/L
[126mg/dL] and/or a 2-h postglucose value ≥11.1 mmol/L [200
mg/dL]).[20]

Diabetic peripheral neuropathy was defined as the presence of
symptoms and/or signs of peripheral nerve dysfunction in people
with diabetes after the exclusion of other causes (Combinations
of more than 1 following test have>87% sensitivity in detecting
DPN: pinprick, temperature, and vibration perception (using a
128-Hz tuning fork), 10-g monofilament pressure sensation at
the distal halluces, and ankle reflexes).[2]

Neutrophil-to-lymphocyte ratio, a novel potential indicator of
inflammation, is the ratio of neutrophil to lymphocyte.
Smoking status was classified into current smoker and

nonsmoker. Smokers were those who had smoked at least 100
cigarettes during their lifetimes and, at the time of the interview,
reported smoking every day or some days.[21]

Alcohol consumption was determined by the DHQ (non-
drinker, occasional drinker, consumption<20g/d, consumption



Table 1

Characteristics and laboratory data of the groups.

Variable

Diabetes patients
w/o DPN (DM group)

(n = 397)

Diabetes patients
w/DPN (DPN group)

(n = 160) P value
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≥20g/d). The average amount of alcohol consumption for each
individual was calculated using the data on the frequency
(number of days per week) and the amount of consumption of
common alcoholic beverages.[22]
Age, y 62.34±9.61 62.38±10.05 .967
Gender

∗

Male 111 (28.0) 50 (31.2) .409
Female 286 (72.0) 90 (68.8)

BMI, kg/m2 24.36±3.66 23.92±3.99 .212
SBP, mm Hg 137.14±19.72 135.04±21.36 .268
DBP, mm Hg 79.54±9.86 78.41±12.77 .315
FPG, mmol/L 8.15±3.76 9.16±3.94 .006†

Fins, mU/L 12.37±14.92 11.77±11.93 .647
IR 4.44±6.16 4.61±4.94 .746
TG, mmol/L 2.13±1.67 2.54±1.97 .020†

TC, mmol/L 5.85±5.62 5.67±1.46 .687
HDL, mmol/L 1.42±0.55 1.41±0.34 .845
LDL, mmol/L 3.07±0.90 3.13±1.07 .505
HbA1c, mmol/L 7.87±2.21 8.10±2.33 .296
Cr, mmol/L 78.74±17.80 79.78±16.94 .521
Uric acid, mmol/L 303.52±106.61 302.94±126.12 .959
Urinary albumin, mg/L 25.54±34.92 36.50±44.93 .006†

NLR 2.18±0.61 2.58±0.50 <.001†

Neutrophil (�109/L) 3.80±1.23 4.04±1.05 .022†
2.4. Statistical methods

The statistical analyses were performed by using software (SPSS
19.0). Continuous variables were presented as mean±SD values,
and categorical variables were expressed as percentages. Student t
test (independent sample t test) was used for continuous
variables, those with normal distribution and Mann–Whitney
U test were used for continuous variables those without normal
distribution. The x2 test was used for categorical variables.
Pearson correlation analysis was used to assess the relationship of
DPN and the other data. Those factors showed significance in
univariate logistic regression analysis and were pooled in
multivariate analysis to identify independent risk factors of
DPN. Receiver operator characteristic (ROC) curve analysis was
performed to identify the optimal cut-off point of NLR (at which
sensitivity and specificity would be maximal) for the prediction of
DPN. Two-tailed P values of less than .05 were considered to
indicate statistical significance.
Lymphocyte (�109/L) 1.84±0.75 1.61±0.47 <.001†

WBC (�109/L) 6.01±1.58 6.26±1.59 .094
hsCRP, mg/L 1.55±0.68 1.62±0.72 .363
TNF-a, pg/mL 2.08±0.78 2.2±0.72 .095
IL-6, pg/mL 1.67±0.31 1.71±0.38 .198
2hPG, mmol/L 10.30±2.22 11.43±2.36 <.001†

Alcohol consumption .751
Never 166 (41.8) 57 (35.6)
Occasional 62 (15.6) 26 (16.3)
Consumption <20 g/d 99 (24.9) 45 (28.1)
Consumption ≥20 g/d 70 (17.7) 32 (20.0)
Smoking 44 (11.1) 35 (21.9) .001†

All parameters are expressed as mean ± standard deviation, unless otherwise stated.
Significance level was set at P < .05.
2h PG=2 hour postglucose, BMI=body mass index, Cr=creatinine, DBP=diastolic blood pressure,
Fins= fasting insulin, FPG= fasting plasma glucose, HbA1c=hemoglobin A1c, HDL=high density
lipoprotein, hsCRP=high sensitivity C-reactive protein, IL-6= interleukin-6, IR= insulin resistance,
LDL= low density lipoprotein, NLR=neutrophil-to-lymphocyte ratio, SBP= systolic blood pressure,
TC= total cholesterol, TG= triglycerides, TNF-a= tumor necrosis factor-a, WBC=white blood cell.
∗
Data are expressed as number (%).

† Significant difference between the 2 groups.
3. Results

3.1. Patient characteristics

The differences in age, sex, BMI, SBP, DBP, Fins, IR, TC, HDL-C,
LDL-C, HbA1c, Cr, UA,WBC, hsCRP, TNF-a, IL-6, and alcohol
consumption between the DPN group and the DM group were
not statistically significant (P> .05). All of the characteristics of
the groups and the laboratory data are outlined in Table 1. Mean
NLR values of the patients with DPN were significantly higher
than the DM group (2.58±0.50 vs 2.18±0.61, P< .001) (Fig. 2).
The mean neutrophil, FPG, TG, urinary albumin, 2hPG values of
the DPN group and its proportion of smokers were significantly
higher, while the mean lymphocyte values of the DPN groupwere
significantly lower than those of the DM group (P< .05).

3.2. Relationship between DPN and other indexes

In the DPN group, there was a positive correlation between DPN
and neutrophil (r=0.091, P= .032), lymphocyte (r=�0.150,
P< .001), TG (r=0.106, P= .013) according to Pearson
correlation analysis. The multivariate logistic regression models
included age, sex, BMI, SBP, DBP, the levels of FPG, Fins, IR, TG,
TC, HDL-C, LDL-C, HbA1c, Cr, UA, NLR, neutrophil,
lymphocyte, WBC, 2hPG, alcohol consumption, and current
smoking status among the DPN group and DM group. Results in
multivariate logistic regression analysis showed that DPN was
independently related to NLR (P= .002, OR=4.960, 95% CI=
1.843–13.349), urinary albumin (P= .016, OR=1.007, 95%
CI=1.001–1.012), TG (P= .025, OR=1.166, 95% CI=1.019–
1.334), and smoking (P= .009, OR=2.155, 95% CI=1.214–
3.828) (Table 2).

3.3. Sensitivity, specificity analysis, and ROC

ROC curve analysis was applied to determine the cut-off point of
CRP and NLR (Fig. 2). The cut-off point of NLR was 2.13,
sensitivity and specificity were 81.3% and 48.1% respectively.
And the area under the curve (AUC) was 0.691 (95% CI, 0.645–
0.737; P< .001) (Fig. 3).
3

4. Discussion

Diabetic peripheral neuropathy (DPN) is one of the most
common complications for people with diabetes. The character-
istics of DPN include insidious onset, slow development, and at
an early stage there may be symmetry numbness, pain,
paresthesia, but at advanced stages, there may be even ulcers
and gangrene of the feet.[23] Therefore, the precaution and early
diagnosis of DPN are of prime importance in improving the
quality of life of diabetic patients.
T2DM and its complications have been proved to be an

inflammatory disease and immune system dysfunction.[24,25]

Research has shown that chronic inflammation contributes to the
occurrence and development of DPN in diabetic patients.[8,9,26,27]

Nuclear factor kB (NF-kB) can be induced by stimuli such as
hyperglycemia and oxidative stress.[28] The activation of NF-kB
will stimulate the inflammatory response by increasing the
expression of ICAM-1, proinflammatory cytokines, and

http://www.md-journal.com


[29]
Figure 3. Receiver operating characteristic (ROC) analysis for neutrophil-to-
lymphocyte ratio to predict DPN (area under curve is 0.691). DPN = Diabetic
Peripheral Neuropathy.

Figure 2. Mean NLR values of the patients in DPN group and DM group. DM =
diabetes mellitus, DPN= Diabetic Peripheral Neuropathy, NLR= neutrophil-to-
lymphocyte ratio.
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chemokines. The overexpression of ICAM-1 results in the
gathering of inflammatory cells that releases large quantities of
cytokines to recruit more inflammatory cells.[30] Myeloperox-
idase and reactive oxygen species are released during the
activation of increased neutrophils, which may lead to enhanced
oxidative stress and persistent inflammation. These cascades in
inflammatory responses will eventually lead to an increase in
neutrophils. On the other hand, T2DM and its complications
may be associated with lymphopenia. Many clinical and
experimental studies witnessed the similar lymphopenia in
people with diabetes with microvascular, macrovascular, and
other complications.[14–16,31,32] This may be attributed to the
increased oxidative DNA damage and apoptosis in peripheral
blood lymphocytes.[33]

NLR represents a combination of 2 major components of
chronic inflammatory condition (high neutrophil and low
lymphocyte). A high neutrophil value is a marker of the ongoing
destructive nonspecific inflammatory process. A low lymphocyte
value indicates relatively inadequate immune regulation as well
as a quiescent immunity pathway.[34] Hence, elevated NLR can
reveal the functional status of the immune system in the process of
chronic inflammation.[35] In addition, compared with other
leukocyte parameters (e.g., neutrophil, lymphocyte, and total
leucocyte count), the stability of NLR is less influenced by
physiological, pathological, and physical factors.[36,37]
Table 2

Univariate and multivariate regression analyses of independent varia

Unadjusted OR (95% CI)

NLR 3.390 (2.383–4.824)
Neutrophil (�109/L) 1.177 (1.012–1.369)
Lymphocyte (�109/L) 0.479 (0.323–0.710)
FPG, mmol/L 1.067 (1.019–1.117)
Urinary albumin, mg/L 1.007 (1.002–1.011)
TG, mmol/L 1.130 (1.024–1.247)
Smoking 2.246 (1.378–3.661)
2hPG, mmol/L 1.245 (1.145–1.354)

Significance level was set at P < .05.
2hPG=2 hour postglucose, CI= confidence interval, FPG= fasting plasma glucose, NLR=neutrophil-to
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On the other hand, it has been demonstrated that NLR is an
independent risk factor for a DPN-related pathophysiological
process named diabetic microangiopathy,[14–16] which affects the
nutrition supply of neuronal and Schwann cells, causes nerve
degeneration, and eventually leads to toperipheral neuropathy.
In our study, neutrophil is significantly higher in the DPN

group than in the T2DM group while lymphocyte is significantly
lower. Also, neutrophil is positively correlated with DPN while
lymphocyte is negatively correlated with DPN. Those results
indicated the different inflammatory degree between DPN and
T2DM participants. NLR values were remarkably higher in the
DPN group compared with those from the DM group (2.58±
0.50 vs 2.18±0.61, P< .001). Logistic regression analysis
showed that NLR (P= .002, OR=4.960, 95% CI=1.843–
13.349) was an independent risk factor for DPN. Furthermore,
multivariate logistic regression analysis in our study showed that
NLR was an independent risk factor for DPN. Combining the
results of multivariate logistic regression analysis and indepen-
dent sample t test, we speculate that elevated NLR may predict a
higher incidence of peripheral neuropathy in T2DM patients to
bles for DPN.

P value Adjusted OR (95% CI) P value

<.001 4.960 (1.843–13.349) .002
.034 0.706 (0.386–1.289) .257

<.001 1.260 (0.388–4.093) .701
.006 1.086 (0.999–1.181) .054
.003 1.007 (1.001–1.012) .016
.015 1.166 (1.019–1.334) .025
.001 2.155 (1.214–3.828) .009

<.001 1.261 (1.147–1.387) <.001

-lymphocyte ratio, TG= triglycerides.
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some extent. The results suggest that NLR might not only
contribute to the development of DPN but also serve as an
auxiliary index in the early diagnosis of DPN. Since NLR is an
inflammatory marker, it can be hypothesized that an appropriate
control of chronic inflammation state in diabetic patients can
preclude or alleviate DPN. Moreover, NLR may be an effective
monitoring indicator for anti-inflammatory therapy.
Pearson correlation analysis showed that TG is positively

correlated with DPN and multivariate logistic regression analysis
showed that triglyceride, urine microalbumin, smoking, and
2hPG are risk factors for DPN as well. The study of Irina G
Obrosova first proved the key roles of hypertriglyceridemia and
increased fatty acid concentrations in contributing to prediabetic
neuropathy through oxidative–nitrosative stress.[38] A high-fat
diet will not only raise the production of superoxide and
peroxynitrite in the vast nervorum but also lead to peripheral
nerve dysfunction associated with prediabetes.[39]

Multivariate logistic regression analysis also showed that urine
microalbumin, smoking, and 2hPG are risk factors for DPN. A
meta-analysis by Carole Clai has provided evidence that smoking
is closely linked with the incidence of DPN. Smoking has direct
toxic effects, and it is associated with oxidative stress, systemic
inflammation, and endothelial dysfunction, increasing the risk of
nerve damage through these pathways.[40] Urine microalbumin is
not only a significant sign of early renal impairment but also a
sign of changes in the vascular system. Therefore, the presence of
urine microalbumin can be an important predictor of microvas-
cular and macrovascular complications of diabetes.[41] 2hPG has
been proved to be an important risk factor for peripheral
neuropathy in subjects with diabetes and prediabetes.[42,43]

Hyperglycemia creates a proinflammatory microenvironment,
accelerating inflammatory processes and the release of inflam-
matory biomarkers contributing to DPN.[44]

Previous studies have suggested that the Michigan Neurologi-
cal Disease Screening Scale (MNSI), Diabetic Neuropathy
Symptom (DNS) score, are good screening tools for diabetic
neuropathy, and the Toronto Clinical Scoring System (CSS) can
detect diabetic peripheral sensorimotor polyneuropathy (DSP)
presence and severity.[45–47] However, those diagnosis methods
of DPN are easily affected by subjective feelings of patients while
NLR is an objective, economic indicator which can be more
effective in predicting DPN. Furthermore, these methods ignore
the screening of asymptomatic neuropathy.[48] In addition, high
cost and time consuming also restrict the application of these
traditional methods in extensive clinical screening for DPN. On
the contrary, NLR can easily be calculated by the ratio of
neutrophils to lymphocytes in peripheral blood. Moreover, the
calculation of NLR is outstanding due to its high stability, high
repeatability, and a relatively low cost.
There are limitations in our study. First, the relationship

between the values of NLR and degrees of the severity of DPN
was not explored. Further study in which participants are divided
into different groups according to their severity of DPN is needed.
Second, our sample is small and it is restricted to regions and race
which may cause bias in those statistic results, so larger-scale
research is demanded to further evaluate the application of NLR
in DPN prediction.
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