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Objective: Diabetic kidney disease (DKD) and diabetic peripheral neuropathy (DPN) are 
both common chronic complications of type 2 diabetes mellitus (T2DM). The aim of this 
study was to examine whether some markers of early renal injury were associated with DPN.
Methods: Retrospective hospitalization data from 471 patients with T2DM were analyzed. 
Subjects were divided into DPN group and non-DPN group according to clinical history, 
symptoms, signs and nerve conduction study. Markers of glomerular injury [urinary albumin/ 
creatinine ratio (UACR) and estimated glomerular filtration rate (eGFR)] and tubular injury 
[urinary N-acetyl-β-D-glucosaminidase/creatinine ratio (NAG/Cr) and urinary β2 microglo-
bulin (β2-MG)] were innovatively combined to assess the association with DPN. Staging of 
chronic kidney disease (CKD) was classified as G1, G2, G3a, G3b, G4 based on eGFR 
categories of ≥90, 60–89, 45–59, 30–44, 15–29 mL/min/1.73m2.
Results: DPN was detected in 71.1% of our population. Subjects in DPN group suffered 
from older age, longer duration of diabetes and worse blood glucose control compared with 
non-DPN group. The levels of UACR, NAG/Cr and β2-MG were significantly increased in 
DPN group than those in non-DPN group, while eGFR was decreased. The prevalence of 
DPN increased gradually in G1, G2 and G3–4 of CKD, which were 66.3%, 73.2% and 
82.7% (P = 0.014). After adjusting for confounding factors, NAG/Cr >1.41 U/mmol (the 
highest tertile) was a consistently independent risk factor for DPN [odds ratio, OR (95% 
confidence interval, CI) = 1.86 (1.04–3.33)]. However, UACR, eGFR and β2-MG did not 
significantly affect the risk of DPN.
Conclusion: When T2DM patients suffer from CKD, DPN will be more likely to appear, 
accelerate or deteriorate. Some easily available urinary markers of glomerular and tubular 
damage can be used for early prediction of DPN, in which increased NAG/Cr is an 
independent risk factor for DPN.
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Introduction
Type 2 diabetes mellitus (T2DM) is a common chronic and systemic metabolic 
disease, which is on the rise year by year. The various chronic complications caused 
by T2DM significantly increase the disability rate and mortality rate of patients, and 
diabetes mellitus becomes the ninth major cause of death.1 Therefore, early diag-
nosis and treatment of chronic complications of T2DM are particularly important.

Diabetic peripheral neuropathy (DPN) is one of the microvascular complications 
of T2DM and has diverse clinical manifestations. Chronic distal symmetric poly-
neuropathy (DSPN) is the most common type and may be present in at least 10– 
15% of newly diagnosed diabetic patients. The growth rate will reach to 50% after 
10 years of disease duration. At present, the diagnosis of DPN comprehensively 
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depends on combining clinical history, symptoms, signs 
and the nerve conduction study (NCS). However, up to 
50% of the patients may be asymptomatic in the early 
stage of DPN, a delayed diagnosis may only be made on 
examination or, in some serious cases, such as a painless 
foot ulcer.2 Therefore, innovative methods of early recog-
nition of DPN have some possibility to make.

Diabetic kidney disease (DKD) is another common 
microvascular complication of T2DM, and occurs in 20– 
40% of the patients.3 DKD is actually defined as chronic 
kidney disease (CKD) attributed to diabetes. The diagnosis 
is based on the presence of albuminuria and/or reduced 
estimated glomerular filtration rate (eGFR). As is known, 
peripheral neuropathy is not only the complication of 
T2DM but also occurs in CKD, independent of diabetes.4 

In CKD, peripheral neuropathy affects approximately 70% 
of the predialysis patients. Dual exposure to diabetes and 
CKD is regarded as a contribution for a more rapid onset 
of nerve injury in patients.5

Based on the close connection between peripheral neu-
ropathy and kidney disease, we hypothesize that some 
well-known markers of renal injury can be used to predict 
DPN early. A previous study reported that elevated urinary 
albumin/creatinine ratio (UACR) and decreased eGFR, 
markers of glomerular injury, might be predictive factors 
of DPN.6 In recent years, markers of renal tubular injury 
such as urinary N-acetyl-β-D-glucosaminidase/creatinine 
ratio (NAG/Cr) and urinary β2 microglobulin (β2-MG) 
also played an important role in the early prediction of 
kidney disease.7,8 The related effects of these on DPN 
were rarely explored. Therefore, we innovatively com-
bined markers of glomerular and tubular injury and dis-
cussed whether these markers, detected by routine body 
fluid, could be earlier warning signals for DPN.

Methods
Study Population
The subjects of the study were patients with type 2 
diabetes who were routinely hospitalized in the depart-
ment of Endocrinology and Metabolism from the Third 
Hospital of Nanchang during February 2018 to 
November 2020. Inclusion criteria were as follows: 1) 
subjects aged 18 years and above; 2) patients with type 
2 diabetes; 3) subjects voluntarily participated in the 
study and signed written informed consent form at admis-
sion. Exclusion criteria were as follows: 1) other types of 
diabetes; 2) patients with a history of hypothalamus or 

pituitary disease, acute complications of T2DM, history 
of cerebral infarction, vitamin B12 deficiency, malignant 
tumor, degenerative changes of lumbar or cervical spine, 
pregnancy or lactation; 3) history of severe kidney dis-
ease (such as acute kidney injury, dialysis, kidney trans-
plant) or confirmed liver, heart or other organs with 
seriously damaged; 4) urinary tract infection, acute infec-
tion and taking drugs affecting urinary protein; 5) patients 
hospitalized repeatedly. A total of 476 patients were 
enrolled, we retrospectively analyzed the hospitalization 
data of all subjects. However, another five patients failed 
to enroll because the eGFR of them were less than 15 mL/ 
min/1.73m2 which meant they had reached stage 5 CKD.9 

At last, 471 subjects, 252 men and 219 women, with 
a mean age of 61.99 ± 11.88 years and a mean duration 
of diabetes of 8.20 ± 6.74 years were included in this 
study.

Nerve Conduction Study
All subjects accepted NCS (Viking IV EMG system, 
Nicolet Biomedical, USA) by two experienced techni-
cians, which contained motor nerve conduction studies 
(median, ulnar, tibial and common peroneal nerves) and 
sensory nerve conduction studies (median, ulnar, super-
ficial peroneal and sural nerves). Distal motor latency 
(DML), motor nerve conduction velocity (MCV), com-
pound muscle action potential (CMAP) wave amplitude 
and distal sensory latency (DSL), sensory nerve conduc-
tion velocity (SCV), sensory nerve action potential 
(SNAP) wave amplitude were measured. The skin tem-
perature for the examined limbs was maintained at 
>32°C. Reference values were based on the data from 
healthy individuals in neurophysiology laboratory of 
Peking Union Medical College Hospital. According to 
comprehensive evidences of clinical history, neurological 
symptoms, signs and NCS results, patients were finally 
diagnosed with or without DPN and subjects of our 
study were divided into DPN group and non-DPN group.

Laboratory Assay
Weight and height were determined in subjects wearing 
light clothing and no shoes by an ultrasonic instrument 
(Omron HNH–318, Japan). BMI was calculated as body 
weight in kilograms divided by body height squared in 
meters (kg/m2).

All patients underwent blood drawing after at least 8 
hours of fasting. Fasting plasma glucose (FPG), serum 
creatinine (SCr), serum uric acid (SUA), serum total 
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cholesterol (TC), triglycerides (TG), high-density lipopro-
tein cholesterol (HDL-C) and low-density lipoprotein cho-
lesterol (LDL-C) were all measured by an autoanalyzer 
(Roche, Basel, Switzerland). Hemoglobin A1c (HbA1c) 
was detected by high performance liquid chromatography 
(Bio-Rad D-10, Berkeley, USA).

The first urine sample in the morning was collected from 
each subject. Urinary albumin (immunological turbidimetry 
assay), urinary creatinine (picric acid method), urinary NAG 
(p-nitrophenol colorimetric method and picric acid method) 
and urinary β2-MG (immunological turbidimetry assay) levels 
were measured by Siemens ADVRI 2400, Germany. The 
urinary albumin/creatinine ratio (UACR) and urinary NAG/ 
creatinine ratio (NAG/Cr) were calculated. The eGFR was 
calculated using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation.10 Staging of CKD was 
classified as G1, G2, G3a, G3b, G4 based on eGFR category. 
The ranges of eGFR were ≥90, 60–89, 45–59, 30–44, 15– 
29 mL/min/1.73m2, respectively.9

Statistical Analysis
The software SPSS 26.0 was used to calculate the data. The 
statistical description of the count data was expressed as a rate 
(%), and the χ2 test was used for comparison between groups. 
The measurement data of the normal distribution were repre-
sented by mean ± standard deviation, and the differences 
between groups were analyzed by independent sample 

Student’s t-test. The non-normal distribution was described 
as medians (interquartile ranges), and the comparison of differ-
ences between groups adopted Kruskal–Wallis H tests in the 
nonparametric test. At last, DPN was classified as the depen-
dent variable, UACR, eGFR, NAG/Cr and β2-MG categories 
(all by tri-sectional quantiles) were independent variables, 
logistic regression analysis was used to calculate odds ratios 
and 95% confidence intervals [OR (95% CI)]. All models were 
adjusted for age, sex, BMI, smoking, drinking, hypertension, 
FPG, HbA1c, TC, TG, HDL-C, LDL-C and duration of dia-
betes. A test level of P<0.05 was considered statistically 
significant.

Results
Comparison of Clinical Characteristics of 
Study Subjects
DPN was found in 335 (71.1%) subjects of all. The age, 
duration of diabetes, FPG and HbA1c levels were signifi-
cantly different between DPN group and non-DPN group 
(P<0.05). It was shown that subjects in DPN group suffered 
from older age, longer duration of illness and worse blood 
glucose control, compared with non-DPN group (Table 1).

The Prevalence of DPN in Different 
Stages of CKD
The numbers (proportions) of G1, G2, G3a, G3b, G4 of 
CKD were 252 (53.5%), 138 (29.3%), 45 (9.6%), 24 

Table 1 Clinical Characteristics

Variables Non-DPN Group (n=136) DPN Group (n=335) X2 P

Age (years) 57.50 (52.00–65.00) 63.00 (56.00–72.00) 0.000

Gender (n, female/male) 136 (76/60) 335 (176/159) 0.435 0.510

BMI (kg/m2) 24.71 ± 3.22 25.01 ± 3.63 0.366
Duration of diabetes (years) 5.00 (1.00–10.00) 8.00 (3.00–12.00) 0.000

Smoking (%) 30.1 32.2 0.196 0.658

Drinking (%) 9.6 10.4 0.084 0.773
Hypertension (%) 52.9 56.1 0.395 0.530

FPG (mmol/L) 8.03 (6.30–10.64) 8.63 (6.75–11.72) 0.026

HbA1c (%) 8.10 (6.80–10.30) 9.00 (7.20–10.90) 0.023
BUN (µmol/L) 5.19 (4.23–6.37) 5.40 (4.35–6.78) 0.211

SCr (µmol/L) 66.00 (54.00–80.75) 69.00 (57.00–89.00) 0.068

SUA (µmol/L) 289.00 (235.00–355.00) 285.00 (235.00–355.00) 0.952
TC (mmol/L) 4.66 (3.81–5.50) 4.40 (3.76–5.19) 0.075

TG (mmol/L) 1.52 (1.06–2.53) 1.38 (1.00–2.16) 0.154

HDL-C (mmol/L) 1.21 (1.06–1.43) 1.21 (1.06–1.42) 0.883
LDL-C (mmol/L) 2.81 (2.11–3.38) 2.58 (2.02–3.17) 0.075

Note: Data are presented as mean ± standard deviation or median (25th–75th percentile) or numbers or proportions. 
Abbreviations: DPN, diabetic peripheral neuropathy; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; SCr, serum creatinine; SUA, serum uric 
acid; TC, cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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(5.1%) and 12 (2.5%), respectively. Due to the relatively 
small numbers of member, groups of eGFR <60 mL/min/ 
1.73m2 (G3–4) which were considered abnormal were 
combined [n (%)=81 (17.2%)].10

Figure 1 illustrates the prevalence of DPN in G1, G2 
and G3–G4. The results suggested that the prevalence of 
DPN increased gradually with the aggravation of CKD [n 
(%)=167 (66.3%), 101 (73.2%), 67 (82.7%) respectively, 
P value=0.014]. The statistical difference was found 
between G1 and G3–4 (P=0.005).

Differences of Kidney Damage Indicators 
in Non-DPN Group and DPN Group
The levels of UACR, NAG/Cr and β2-MG in DPN group 
were significantly higher than those in non-DPN group, 
while the level of eGFR was significantly lower than that 
in non-DPN group (P<0.05). (Table 2) It was suggested 
that the four markers of early renal injury were more 
serious in DPN group, compared with non-DPN group.

Regression Analysis of Kidney Damage 
Indexes and DPN
The values of UACR, eGFR, NAG/Cr and β2-MG were 
divided into tri-sectional quantiles. The ranges of each 
variable are shown in Table 3. DPN was used as the 
dependent variable, UACR, eGFR, NAG/Cr and β2-MG 
categories were used as the independent variables, respec-
tively. The categories of UACR, NAG/Cr and β2-MG took 
their lowest tertiles as a reference and the eGFR category 
took the highest tertiles as a reference.

Logistic regression analysis suggested that after adjust-
ing for age, sex, BMI, smoking, drinking, hypertension, 
FPG, HbA1c, TC, TG, HDL-C, LDL-C and duration of 
diabetes, NAG/Cr >1.41 U/mmol (the highest tertile) was 
a consistently independent risk factor for DPN [OR (95% 
CI)=1.86 (1.04–3.33), P=0.036]. However, UACR, eGFR 
and β2-MG did not significantly affect the risk of having 
DPN (P>0.05) (see Table 3).

Discussion
In this study, we found that DPN patients had significantly 
older age, longer duration of diabetes, higher FPG and 
HbA1c levels compared with non-DPN patients, which was 
consistent with the results of previous studies.11 It suggests 
that screening of DPN should pay more attention to the 
elderly patients with a long duration of diabetes. Good gly-
cemic control is crucial to the prevention and control of DPN, 
which has been supported by a previous study.12

In addition to the above traditional factors, several 
markers: UACR, eGFR, NAG/Cr and β2-MG were mainly 
observed in this study. The most well-known indexes are 
UACR and eGFR, which reflect glomerular function and 
are usually used to define staging of CKD. Figure 1 of our 
results showed that the prevalence of DPN increased gra-
dually with the aggravation of kidney disease. Especially 
in G3–4, the prevalence of DPN was up to 82.7%. Several 
studies considered that DKD patients, who were suffered 
from the overlap of diabetes and CKD, might appear more 
severe nerve injury, compared with patients of either dia-
betes or CKD alone.5,13 On the one hand, insulin resis-
tance induced by diabetes component might lead to an 
inability response of peripheral nerve to the trophic sup-
port of insulin.14 On the other hand, axonal dysfunction 
caused by CKD component played a critical role in the 
development of DPN.5 Besides, higher UACR and lower 
eGFR levels were found in DPN group than those in non- 
DPN group. A prospective study15 got the cut-off values of 
eGFR (<65.3 mL/min/1.73m2) and UACR (>98.6 mg/dl) 
to be cautious of the presence of DPN, even in asympto-
matic patients. Another large sample study16 of 30,423 
T2DM patients considered that in earlier stage of kidney 
disease (G3), the microvascular disease such as endothelial 
dysfunction was involved in the development of poly-
neuropathy. The advanced stage (G4–5) was more strongly 
associated with polyneuropathy by multiple factors includ-
ing uremic toxins effects, abnormal membrane excitability 
induced by an inhibitory effect on the activity of the 
axonal Na-K pump, increased activity of the Na+/Ca2+ Figure 1 The prevalence of DPN in different stages of CKD based on eGFR 

category.
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exchanger, endothelial injury, oxidative stress, neuro- 
hormonal abnormality and inflammation.

Previous studies have mostly evaluated the relationship 
between markers of glomerular injury and DPN, possibly 
because they are signs for staging of kidney disease. 
Actually, renal tubular injury is also an important compo-
nent in the development of DKD. Firstly, a number of 
studies have indicated that tubular dysfunction may pre-
cede glomerular damage in DKD.17 Secondly, biomarkers 
of tubular injury can provide critical information when 
serum creatinine does not change appreciably. In other 
words, biomarkers of tubular injury have great potentiality 
in prognosticating the development of incident chronic 
kidney disease.18 Urinary NAG and β2-MG are typical 
biomarkers of renal tubular function.19 NAG is 
a lysosomal brush-margin enzyme located in the microvilli 
of renal tubule epithelial cells. Due to its relatively high 
molecular weight, NAG cannot be filtered through the 
glomeruli and is only released into the urine after renal 
tubule injury. β2-MG is a low-molecular-weight protein 
that is filtered by the glomeruli and then almost completely 

reabsorbed and catabolized by the cells of the proximal 
tubule. In our study, we further found that levels of NAG/ 
Cr and β2-MG had an interesting increase in DPN group 
than those in non-DPN group. There were few studies on 
the relationship between renal tubular injury and DPN. 
Hong et al17 showed that urinary excretion of tubular 
proteins (RBP and β2-MG) and tubular enzyme (total 
NAG) were higher in diabetes patients with microvascular 
complications (retinopathy and peripheral neuropathy). 
The possible explanation was that the development of 
tubular dysfunction and other microvascular complications 
depended on a common pathogenic factor, such as meta-
bolic dysfunction.17,20 Other mechanism mentioned that 
β2-MG, one of the uremic toxins, could indirectly cause 
neurotoxin effect.16 The toxicity of β2-MG is strongly 
amplified by an environment of inflammation and oxida-
tive stress,21 which are also the pathological process 
of DPN.

The findings of this study pointed out that significant 
differences were found in each renal indexes between 
DPN group and non-DPN group; however, NAG/Cr 

Table 3 Risk Factors for Having DPN

Variables Categories Ranges OR (95% CI) P

UACR (mg/g) 1 ≤12.81 1 –
2 12.82–38.20 1.06 (0.62–1.79) 0.835

3 >38.20 1.66 (0.92–3.01) 0.092

eGFR (mL/min/1.73m2) 1 >99.01 1 –
2 80.77–99.01 1.59 (0.88–2.88) 0.124

3 ≤80.76 1.37 (0.73–2.59) 0.331

NAG/Cr (U/mmol) 1 ≤0.75 1 –
2 0.76–1.41 1.46 (0.86–2.47) 0.162

3 >1.41 1.86 (1.04–3.33) 0.036

β2-MG (mg/L) 1 ≤0.04 1 -

2 0.05–0.24 0.88 (0.52–1.47) 0.616
3 >0.24 1.71 (0.94–3.08) 0.077

Note: All models were adjusted for age, sex, BMI, smoking, drinking, hypertension, FPG, HbA1c, TC, TG, HDL-C, LDL-C and duration of diabetes.

Table 2 Comparison of Kidney Damage Indicators

Variables Non-DPN Group DPN Group P

UACR (mg/g) 15.54 (9.53–36.89) 25.20 (11.95–101.00) 0.001
eGFR (mL/min/1.73m2) 97.82 (79.85–106.60) 89.91 (64.42–100.59) 0.000

NAG/Cr (U/mmol) 0.82 (0.55–1.41) 1.14 (0.70–1.70) 0.001

β2-MG (mg/L) 0.08 (0.03–0.24) 0.12 (0.04–0.57) 0.028

Note: Data are presented as median (25th–75th percentile). 
Abbreviations: UACR, urinary albumin/creatinine ratio; eGFR, estimated glomerular filtration rate; NAG/Cr, urinary N-acetyl-β-D-glucosaminidase/creatinine ratio; 
β2-MG, urinary β2 microglobulin.
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appeared to be the only marker with the advantage of 
predicting DPN. The highest tertile of NAG/Cr (>1.41 U/ 
mmol) was an independent risk factor for DPN, while no 
association was observed for other indicators. In the past, 
Kopf et al proposed for the first time that urinary NAG 
excretion was an independent marker of DPN and cardio-
vascular autonomic neuropathy through a cross-sectional 
study.22 However, the specific mechanism between NAG 
and DPN remains unclear. Toshihiro Takao et al suggested 
that urinary NAG excretion was associated with NF-κB 
activation.23 NF-κB is a key transcription factor in inflam-
mation and immunity and can promote the development of 
inflammation through a variety of mechanisms, including 
abnormal survival of autoreactive B cells, production of 
autoimmune antibodies, recruitment of abnormal chemo-
kine and inflammatory cells.24 Meanwhile, inflammation is 
closely involved in the development of DPN. We boldly 
hypothesize a possible pathological mechanism for our 
results, that is, urinary NAG excretion triggers NF-κB 
activation, which further promotes inflammation and 
affects the development of DPN. More researches are 
needed to confirm this hypothesis.

Based on the results, we did not believe that other 
markers of renal injury were no longer clinically signifi-
cant. At first, the four markers reflected renal damage and/ 
or progression of kidney disease. In addition to early 
prediction of DKD, these indexes could also be considered 
for prediction of DPN. It was possible that the phenotype 
of NAG/Cr might appear earlier and was more sensitive in 
DPN than others. This was similar to the view that tubular 
injury might precede glomerular injury in DKD. Secondly, 
the unified mechanism theory of diabetic complications 
suggests that hyperglycemia selectively damages 
a particular subset of cell types: capillary endothelial 
cells in the retina, mesangial cells in the renal glomerulus, 
and neurons and Schwann cells in peripheral nerves. 
A consistent differentiating feature common to all cell 
types, which are damaged by hyperglycemia, is an 
increased production of reactive oxygen species (ROS).25 

Therefore, DKD and DPN can be considered to have 
a unified pathogenesis and the indexes of renal injury are 
potentially effective for nerve injury.

Strengths of this study include that we innovatively 
combined some early markers of glomerular and tubular 
injury and evaluated the role of these markers for early 
screening of DPN for the first time. The clinical significance 
of this study is to guard against the potential DPN without 
positive symptoms, based on easily available urinary sample 

detection. There are some limitations. Firstly, selection bias 
could not be avoided because only hospitalized patients 
were included. Secondly, our sample size was limited. 
A prospective study with a larger sample size and long- 
term follow-up may provide more cause–effect conclusions. 
In addition, some specific pathological mechanisms between 
NAG and DPN are unclear and need to be further studied.

Conclusions
When T2DM patients suffer from CKD, DPN will be more 
likely to appear, accelerate or deteriorate due to dual 
pathological exposure. Some easily available urinary mar-
kers of glomerular and tubular damage, such as UACR, 
eGFR, NAG/Cr and β2-MG, can be used for early predic-
tion of DPN, in which increased NAG/Cr is an indepen-
dent risk factor for DPN.
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