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Purpose: To investigate the risk factors associated with subclinical diabetic peripheral neuropathy (sDPN) in patients with type 2
diabetes mellitus (T2DM).

Patients and Methods: This cross-sectional, retrospective study involved 311 patients with T2DM who were successively admitted
from January 2018 to December 2021 without any neurological symptoms. All participants underwent a nerve conduction study
(NCS), and those asymptomatic patients with abnormal nerve conduction were diagnosed with sDPN. Differences between groups
were evaluated by the chi-squared, Wilcoxon, or Fisher’s exact test. Binary logistic regression analysis was performed to determine the
independent risk factors for sDPN. Receiver operating characteristic (ROC) curves were constructed, and the areas under curves
(AUCs) were detected.

Results: Among 311 asymptomatic patients with T2DM, 142 (45.7%) with abnormal nerve conduction were diagnosed with sDPN.
Patients with sDPN significantly differed from those without diabetic peripheral neuropathy (DPN) in age, history of hypertension,
duration of diabetes, anemia, neutrophil-to-lymphocyte ratio, fasting C-peptide level, serum creatinine level, and albuminuria (all
p<0.05). Furthermore, the duration of diabetes (odds ratio [OR]: 1.062, 95% confidence interval [CI]: 1.016—1.110), fasting C-peptide
level (OR: 2.427, 95% CI: 1.126-5.231), and presence of albuminuria (OR: 2.481, 95% CI: 1.406-4.380) were independently
associated with the development of sDPN (all p<0.05). The AUCs for fasting C-peptide level, duration of diabetes, and the two
factors combined were 0.6229 (95% CI: 0.5603-0.6855, p=0.0002), 0.6738 (95% CI: 0.6142-0.7333, p<0.0001), and 0.6808 (95% CI:
0.6212-0.7404, p<0.0001), respectively.

Conclusion: For patients with T2DM and longer duration of diabetes, lower fasting C-peptide levels, and presence with albuminuria,
the risk for developing DPN is higher even if they have no clinical signs or symptoms. Identifying potential risk factors for the
development of sDPN and effectively controlling them early are critical for the successful management of DPN.

Keywords: type 2 diabetes mellitus, subclinical diabetic peripheral neuropathy, nerve conduction study, fasting C-peptide,

albuminuria, risk factor

Introduction
Diabetic peripheral neuropathy (DPN) is one of the most prevalent and disabling complications of diabetes mellitus
(DM), which occurs in more than half of affected individuals." Chronic hyperglycemia and various pathophysiological
changes have been reported to cause damage to the nervous system.” The most common symptoms of DPN are limb pain
and numbness, which eventually lead to foot ulcer, gangrene, and amputation, causing great pain to patients and leading
to long-term disability. However, early manifestations of DPN are often overlooked until it is well established, at which
point it is often irreversible.

Subclinical DPN (sDPN) refers to the existence of neurological abnormalities in a nerve conduction study (NCS) or
measurement of small fiber neuropathies, but without any neurological symptoms or signs.® Some previous studies
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reported that more than 25% patients with T2DM may develop DPN, although up to half of them may remain
asymptomatic.“’5 Clinically, the diagnosis of DPN often depends on the presence of patient-reported symptoms and
physical signs, thus delaying the detection of SDPN. However, the use of NCS can increase the diagnostic yield of sDPN,
from one-third at baseline to nearly two-thirds during the follow-up of 5 years.® Therefore, identifying SDPN at an early
stage and detecting the predisposing factors for its development may slow, stop, or even reverse the progression of DPN
and avoid the occurrence of DPN-related morbidity and complications.

Some recent studies have addressed that multiple risk factors such as age, disease duration, poor glycemic control,
hyperlipidemia, and glycosylated hemoglobin Alc (HbAlc) level may affect the development and progression of DPN.”#
However, the predictive risk factors for the development of sSDPN have not been clearly elucidated yet. Thus, identifying
the potential risk factors for the development of sDPN and effectively controlling them at an early stage are critical for
the successful management of DPN. In this study, we intend to evaluate the prevalence of SDPN and to identify the risk
factors for sSDPN in asymptomatic patients with T2DM, which may provide critical information on the spectrum of risk
factors of DPN, as well as to help in risk stratification and develop personalized approaches to DPN prevention.

Materials and Methods

Patients

The study was carried out at Shanghai Ren Ji Hospital, which is a major teaching hospital of the medical school of
Shanghai Jiao Tong University. We recruited consecutive patients with T2DM admitted to the Department
of Endocrinology between January 2018 and December 2021. This study was approved by the Ethics Committee of
Biomedical Research of the Ren Ji Hospital Affiliated to Shanghai Jiao Tong University School of Medicine (K'Y2020-
056). Written consent was waived because the data were anonymous and retrospective. The waiver would not adversely
affect the rights and welfare of the participants as the study involved no more than minimal risk. The waiver of consent
was approved by ethics committee. All clinical investigations were carried out in conformity with the principles outlined
in the Helsinki Declaration.

The clinical, laboratory, and NCS records of all the included patients were retrospectively reviewed. To achieve data
integrity, we included patients with NCS and complete blood count data, intending to identify potential risk factors for
the development and progression of sSDPN. T2DM was diagnosed according to criteria established by the American
Diabetes Association in 2020.° Patients were excluded if they were diagnosed with type 1 diabetes mellitus (T1DM),
gestational diabetes, or other types of diabetes due to specific causes. Patients with peripheral neuropathy due to other
causes such as (i) hematological diseases (including M-albuminemia), autoimmune disease (including dermatomyositis),
or malignant tumor; (ii) diagnosed with systemic disease with advanced liver or renal disease; (iii) a history of cervical
spondylosis or lumbar spondylosis; and (iv) nerve lesions caused by drugs (such as chemotherapeutic and antifungal
drugs), trauma, toxins, or inherited neuropathy were also excluded from the study.

The participants were assessed on admission to detect the presence of diabetic neuropathy symptoms (DNSs). The
DNS score is a four-item symptom score developed previously,'® comprising the symptoms of numbness, paresthesia,
neuropathic pain, and unsteadiness in walking, which has high predictive value for the presence of peripheral neuropathy
in diabetes. The presence of one symptom is scored as 1 point; the maximum score is 4 points, and a score of >1 is
considered positive for DPN. Patients were specifically questioned about neuropathic symptoms based on their DNS
scores and underwent clinical neurological examinations with standard protocols.

Data Collection

Demographic and Anthropometric Data

Demographic and anthropometric data, including age, sex, history of smoking or alcohol drinking, duration of diabetes,
height, waist-to-hip ratio (WHR), body mass index (BMI), and past medical history of hypertension, were extracted from
electronic medical records. According to the World Health Organization (WHO) criteria, a BMI of <18.5 kg/m” was
considered underweight, and that of >25 kg/m” was considered overweight or obese. WHR was defined as the ratio of
waist circumference to hip circumference according to the Geneva 2008 WHO Expert Consultation, with normal cut-off
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values of 0.9 in men and 0.8 in women. A history of hypertension was defined as a history of antihypertensive drug use
before hospital admission.

Biochemical Data

Laboratory test data of participants were also taken from hospital records. Fasting blood samples were obtained from the
overnight fasting state and were detected using standard hematological and biochemical tests, including those for
measuring the hemoglobin (Hb), fasting plasma glucose (FPG), HbAlc, fasting C-peptide, triglyceride (TG), high-
density lipoprotein (HDL), low-density lipoprotein (LDL), creatinine, blood urea nitrogen, uric acid, vitamin B12 (B12),
and folate levels; white blood cell (WBC) counts; lymphocyte counts; and neutrophil counts and platelet indices. The
neutrophil-to-lymphocyte ratio (NLR) was defined as the ratio of neutrophil counts to lymphocyte counts. The levels of
FPG were determined using standard enzymatic methods. The concentrations of HbAlc were analyzed with high
pressure-liquid chromatography, while lipid profiles and renal function indices were examined on an autoanalyzer with
an enzymatic assay.

An early morning spot urine specimen was collected to assess the urinary albumin-to-creatinine ratio (UACR), which
was measured by dividing the respective concentrations of urine albumin by urine creatinine during morning urine
collection. The levels of urinary albumin and creatinine were measured by an immunoturbidimetric technique and the
standard enzymatic method. A UACR of 30-299 mg/g was defined as microalbuminuria and that of >300 mg/g was
defined as overt proteinuria or macroalbuminuria. In addition, anemia was defined as a Hb level of <13 g/dL for men and
that of <12 g/dL for women according to WHO guidelines. In our laboratory, serum B12 (normal range: 180-914 pg/mL)
and folate (normal range: 3.1-19.9 ng/mL) levels were measured with an automated immunoassay device. A low B12
level was defined as a concentration of <180 pg/mL, while a low folate level was defined as a concentration of <3.1 ng/
mL. The normal reference range for fasting C-peptide levels is 0.78-5.19 ng/mL, and a low C-peptide level is defined as
a concentration of <0.78 ng/mL. The normal reference ranges are <1.7 mmol/L for TG levels, 0.9-2.0 mmol/L for HDL
levels, and <3.4 mmol/L for LDL levels.

Nerve Conduction Study

All patients underwent conventional NCS. Stimulation of the ulnar, median, tibial, and common peroneal motor nerves,
and that of the ulnar, median, superficial peroneal, and sural sensory nerves in both limbs were conducted with
a Keypoint 9031A070 electromyography machine (Keypoint 9031A070; Tonsbakken 16-18, DK-2740, Skovlunde,
Denmark). The electrophysiological test was done by clinical neurophysiologists using standard techniques. The
parameters of amplitudes, distal latencies, and conduction velocities were recorded. The normal reference values used
are referred to a previous epidemiological survey conducted in the Chinese population.'' The threshold for slowed nerve
conduction velocity (NCV) was set at <20% of the control NCV. DPN was diagnosed when patients showed relevant
abnormalities in the NCS, according to the 2010 Toronto Expert Consensus.> The environment of examination room
should be kept quiet, and there were no interference sources in the examination room. The room temperature was kept at
18-25°C, and the local skin temperature was kept constant (28—-30°C).

Statistical Analyses

All data analyses were performed with SPSS version 25 (IBM, Armonk, NY). Continuous variables were analyzed using
the #- or Wilcoxon test according to the data distribution. Categorical variables were analyzed using the chi-squared or
Fisher’s exact test. Numerical variables were expressed as medians with interquartile range (IQRs), and categorical
variables as frequencies and percentages.

Binary logistic regression was conducted to investigate the associated independent factors with sDPN. Then, the
baseline characteristics that appear to be associated with the prevalence of sDPN (indicated by p<0.2 on univariate
analysis) were included in the multivariable model. Odds ratios (ORs) and 95% confidence intervals (Cls) were estimated
to determine the ability of each independent factor contributing to sDPN. Receiver operating characteristic (ROC) curves
were performed, and the areas under curves (AUCs) were detected. All statistical comparisons were two-sided. A p-value
<0.05 was considered to be statistically significant.
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Results

Baseline Characteristics of the Study Population
A total of 520 patients with T2DM underwent NCS, and 311 (193 male and 118 female individuals) were enrolled as
their DNS scores were 0. The demographic and clinical characteristics of all participants are presented in Table 1. Among

Table | Baseline Characteristics of Participants with
a DNS Score of 0 (n=311)

Parameters

Age (years) 62.0 (54.0, 68.0)
Male 193 (62.1%)
Duration of diabetes (years) 5.5 (0.4, 12.0)
Smoking 104 (33.7%)
Alcohol drinking 58 (18.7%)

BMI (kg/m?) 24.9 (229, 27.1)
WHR (male >0.9, female >0.8) 148 (88.1%)
Height (cm) 165.0 (160.0, 173.0)
History of hypertension 176 (56.6%)
Anemia 33 (10.7%)

NLR 1.85 (1.38, 2.59)
FPG (mmol/L) 8.4 (6.9, 10.7)
Fasting C-peptide (ng/mL) 1.5 (0.8, 2.2)
Low fasting C-peptide 59 (20.9%)

Low BI2 31 (10.0%)

Low folate 60 (19.3%)
HbAlc (%) 9.5 (8.0, 11.2)
TG >1.7 mmol/L 128 (41.7%)
LDL 23.4 mmol/L 102 (33.2%)
HDL <0.9 mmol/L 72 (23.7%)
Serum creatinine (umol/L) 66.0 (56.0, 79.0)
High uric acid 69 (22.5%)
Albuminuria

Non-albuminuria 164 (71.6%)
Microalbuminuria 49 (21.4%)
Macroalbuminuria 16 (7.0%)

Notes: Data are expressed as medians with interquartile ranges for
continuous variables and frequencies (%) for categorical variables.
Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio; NLR,
neutrophil-to-lymphocyte ratio; FPG, fasting plasma glucose; TG, trigly-
ceride; LDL, low-density lipoprotein cholesterol; HDL, high-density lipo-
protein cholesterol; DNS, diabetic neuropathy symptoms.
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the 311 patients with a DNS score of 0, 142 (45.7%) were enrolled into the sSDPN group based on the presence of
abnormalities on the NCS, and 169 (54.3%) were enrolled into the control group as their NCS results were normal. The
mean age of the 311 patients was 62.0 (54.0, 68.0) years, the mean duration of T2DM was 5.5 (0.4, 12.0) years, the mean
body height was 165.0 (160.0, 173.0) cm, and the mean BMI was 24.9 (22.9, 27.1) kg/m*.

Of the 142 patients with sDPN, 77 (54.2%) had polyneuropathy, 53 (37.3%) had mononeuropathy (including injuries
to the median nerve, ulnar nerve, and common peroneal nerve at the head of the fibula), and 20 (14.1%) had
mononeuropathy multiplex according to electrophysiologic parameters.

Comparisons of Parameters Between the non-DPN and sDPN Groups

The demographic and clinical characteristics of participants in the non-DPN and sDPN groups are shown in Table 2. Patients
with sDPN showed significant differences compared to those without DPN with respect to age, duration of diabetes, history
of hypertension, anemia, NLR, fasting C-peptide level, serum creatinine level, and albuminuria. When compared with those
in the non-DPN group, patients in the sSDPN group were significantly older, had a longer duration of disease, and a higher

Table 2 Comparison of Parameters Between Patients with sDPN and those without DPN

Parameters Non-DPN (n=169) sDPN (n=142) p value
Age (years) 60.0 (46.0-66.0) 63.0 (58.5-69.0) 0.001
Male 105 (62.1%) 88 (62.0%) 0.977
Duration of diabetes (years) 2.0 (0.0-10.0) 10.0 (3.3-15.0) 0.000
Smoking 57 (34.1%) 47 (33.1%) 0.848
Alcohol drinking 28 (16.6%) 30 (21.3%) 0.290
BMI (kg/m?) 25.0 (22.9-27.1) 24.8 (22.9-27.0) 0.386
WHR (male >0.9, female >0.8) 86 (86.0%) 62 (91.2%) 0.309
Height (cm) 165.0 (160.0-173.0) 168.0 (160.0-173.0) 0.465
History of hypertension 85 (50.3%) 91 (64.1%) 0.015
Anemia Il (6.6%) 22 (15.6%) 0.011
NLR 1.70 (1.19-2.26) 1.98 (1.44-2.69) 0.003
FPG (mmol/L) 8.0 (6.8-10.3) 8.5 (6.8-10.5) 0.259
Fasting C-peptide (ng/mL) 1.70 (1.02-2.38) 1.37 (0.77-2.16) 0.041
Low fasting C-peptide 24 (15.4%) 35 (27.8%) 0.011
Low BI2 21 (12.5%) 10 (7%) 0.201
Low folate 29 (17.0%) 31 (22%) 0.394
HbAlc (%) 9.3 (8.0-11.4) 9.8 (8.3-11.3) 0.351
High TG 78 (46.4%) 50 (36.0%) 0.064
High LDL 62 (36.9%) 40 (28.8%) 0.132
Low HDL 40 (24.1%) 32 (23.2%) 0.853
Serum creatinine (umol/L) 63.0 (55.0-74.0) 69.0 (58.5-82.0) 0.044
High uric acid 38 (22.9%) 31 (22.0%) 0.850
(Continued)
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prevalence of hypertension history. Moreover, higher NLR, lower fasting C-peptide level, higher serum creatinine level,

Table 2 (Continued).

Parameters

Non-DPN (n=169)

sDPN (n=142)

p value

Albuminuria

0.000

Non-albuminuria

109 (82.0%)

55 (57.3%)

Microalbuminuria

21 (15.8%)

28 (29.2%)

Macroalbuminuria

3 (2.3%)

13 (13.5%)

Notes: Continuous variables are expressed as medians (interquartile ranges). Categorical variables are expressed
as frequencies (%). The significant p-value was bolded.
Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio; NLR, neutrophil-to lymphocyte ratio; FPG, fasting
plasma glucose; TG, triglyceride; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein choles-

terol; sDPN, subclinical diabetic peripheral neuropathy; DPN, diabetic peripheral neuropathy.

higher albuminuria rate, and more severe anemia were also observed in patients with SDPN (all p<0.05).

However, no significant differences were found regarding sex, alcohol drinking, smoking, WHR, BMI, height, or

FPG, HbAlc, uric acid, B12, folate, TG, HDL, and LDL levels (all p>0.05).

Binary Logistic Regression Analysis of sDPN

To further determine the association of independent factors with sSDPN, a binary logistic regression was conducted. As
shown in Table 3, only those baseline characteristics that appeared to be associated with the prevalence of sDPN
(indicated by p<0.2 on univariate analysis) were included into the multivariable model, comprising age, duration of
diabetes, history of hypertension, NLR, anemia, LDL level, TG level, serum creatinine level, fasting C-peptide level, and
albuminuria. We found that sDPN was significantly associated with the duration of diabetes (OR: 1.062, 95% CI: 1.016—
1.110), fasting C-peptide level (OR: 2.427, 95% CI: 1.126-5.231), and presence of albuminuria (OR: 2.481, 95% CI:
1.406-4.380).

Table 3 Binary Logistic Regression Analysis of sDPN

Variables B S.E. Wald Sig. Exp(B) 95% CI for Exp(B)
Age (years) 0.017 0.015 1.310 0.252 1.017 0.988-1.047
Duration of diabetes (years) 0.060 0.023 7.012 0.008 1.062 1.016-1.110
History of hypertension 0.471 0.343 1.886 0.170 1.601 0.818-3.135
NLR 0.146 0.184 | 0.631 0.427 1.157 0.807-1.659
Anemia 0.907 0.565 | 2.581 0.108 2478 0.819-7.497
Low fasting C-peptide 0.887 0392 | 5.119 0.024 | 2.427 1.126-5.231
High LDL -0.324 | 0.371 0.761 0.383 0.723 0.350-1.497
High TG -0.423 | 0.345 1.500 0.221 0.655 0.333-1.289
Serum creatinine (umol/L) 0.003 0.009 | 0.115 0.734 1.003 0.985-1.022
Albuminuria 0.909 0290 | 9.829 0.002 | 2.48l 1.406—4.380

Note: The significant p-value was bolded.

Abbreviations: B, coefficient for the constant (also called the “intercept”) in the null model; S.E., standard error around the
coefficient for the constant; Wald, Wald chi-squared test that tests the null hypothesis that the constant equals 0; Sig., level of
significance of Wald test; Exp(B), exponentiation of the B coefficient (odds ratio); Cl, confidence interval; NLR, neutrophil-to-
lymphocyte ratio; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; sDPN, subclinical diabetic

peripheral neuropathy.
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Sensitivity, Specificity, and ROC Analysis

The effect of a low fasting C-peptide level and longer duration of diabetes on predicting the development of sDPN was
analyzed using ROC curves (Figure 1). The AUCs for a low fasting C-peptide level, longer duration of diabetes, and the
two factors combined were 0.6229 (95% CI: 0.5603—-0.6855, p=0.0002), 0.6738 (95% CI: 0.6142—0.7333, p<0.0001), and
0.6808 (95% CI: 0.6212-0.7404, p<0.0001), respectively. The cut-off value for the fasting C-peptide level was 1.675 ng/
mL, with a sensitivity of 66.9% and specificity of 56.2%. The cut-off value for the duration of diabetes was 2.5 years,
with a sensitivity of 81.7% and specificity of 49.7%. Considering that albuminuria is a categorical variable, we did not
perform ROC analysis.

Discussion

In this retrospective study, we assessed the presence of sSDPN in 311 asymptomatic patients with T2DM using NCS and
found that 142 (45.7%) had abnormal nerve conduction and were diagnosed with sDPN. Several different patterns of
neuropathy were observed in our cohort, including polyneuropathy (54.2%), mononeuropathy (37.3%), and mononeuro-
pathy multiplex (14.1%). Furthermore, we found that a longer duration of diabetes, a lower fasting C-peptide level, and
the presence of albuminuria were independently associated with sDPN in patients with T2DM.

The epidemiology of sDPN in patients with diabetes remains poorly defined, and the prevalence of sDPN in patients
with T2DM shows considerable variability in the literature. In 2017, Unmar et al'? reported that the prevalence of SDPN
was 17.1% in 240 patients with T2DM and that this disease accounted for 33.1% of all DPN cases. In a cross-sectional
study of Danish patients, Gylfadottir et al found that only 10 (2.5%) patients had sDPN in a cohort of 389 patients
recently diagnosed with T2DM.'? In contrast, Bertora et al'* and Akbar et al'> found an sSDPN prevalence rate of 57% in
asymptomatic patients with T2DM; however, their samples consisted of only asymptomatic patients, which may account
for the higher frequency of sSDPN. Consistent with the findings of these two studies, 45.7% of the asymptomatic patients
in our study presented abnormalities on NCS and were diagnosed with sDPN. The variation in the prevalence of sDPN in
patients with T2DM may be attributed to different study populations, duration of disease, extent of glycemic control,
variable methodologies applied to assess clinical neuropathy, and comorbidities determining the severity of neuropathy.
Considering the high prevalence rate of sSDPN in asymptomatic patients, NCSs are recommended for screening at regular
intervals in clinical practice. If the sDPN can be detected earlier, the necessary measures can be taken to preclude its
progression and decrease the related serious consequences.

NCS has been regarded as the most consistent method to detect DPN among studies conducted to evaluate the
prevalence and patterns of neuropathy in patients with diabetes. Several different patterns of neuropathy have been
reported to be present in patients with diabetes. Among these, the most common pattern is distal symmetric polyneuro-
pathy, which presents with a “stocking and glove” distribution affecting the hands and lower limbs. In addition, sensory

a b c
ROC curve for C-peptide ROC curve for duration of diabetes ROC curve for two factors combined
1.0+ 1.0 it 1.0
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> 0.6 > 0.6 o, > 0.6+
= = / =
2 2 // g
§ 04 ST &% /) .7 auc=oer3s 3 24 AUC = 0.6808
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Figure | ROC curves obtained for the low fasting C-peptide level (a), duration of diabetes (b) and the two factors combined (c).
Abbreviations: ROC, receiver operating curve; AUC, area under curve.
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polyneuropathy is the most classical presentation of neuropathy in patients with diabetes. However, patterns of nerve
injury in sDPN are seldom reported. In 2015, de Souza et al'® reported that individuals with presymptomatic diabetics

had significantly slowed motor NCV than normal subjects. Toopchizadeh et al'’

found that the most frequent electro-
physiologic findings of sDPN were low sural amplitude, unobtainable H-reflex, and median sensory responses in children
and adolescents with TIDM in Iran. In our study, different neuropathy patterns were also observed in patients with
sDPN, including polyneuropathy, mononeuropathy, and mononeuropathy multiplex, suggesting diversity in sensory
symptoms in patients with sDPN.

Longer duration of diabetes, higher HbAlc level, dyslipidemia, and existence of comorbidities, including hyperten-
sion, cardiovascular disease, and kidney disease are widely reported as risk factors of DPN.%*'® Some studies observed
that NLR and hypoglycemic episodes showed significant independent associations with DPN in T2DM.'**° However,
the risk factors for sDPN are seldom studied and vary between studies. Unmar et al'* reported that SDPN was associated
with age, height, HbAlc level, and presence of atherosclerosis and diabetic retinopathy. Another study showed that
height, older age of onset, and poor metabolic control were related to the development of sDPN in children with newly
diagnosed TIDM. Of those risk factors, sustained hyperglycemia and duration of diabetes are evidenced to be more
critical factors over a 5-year follow-up.>' In this study, we evaluated parameters based on previous epidemiological data
and the factors suggested to be associated with the underlying pathogenesis of DPN. Our findings indicate that patients
with sDPN had older age, a longer duration of diabetes and greater prevalence of hypertension history than those without
sDPN. Furthermore, higher NLR, lower fasting C-peptide level, higher serum creatinine level, higher albuminuria rate,
and more severe anemia were observed in SDPN group. After adjusting for potential confounding factors, longer duration
of diabetes, low fasting C-peptide level, and presence of microalbuminuria were proved to be independently associated
with sDPN.

Older age and longer duration of diabetes have been previously confirmed as risk factors in studies into DPN and
sDPN.'%?? Similarly, patients with sDPN in our study tended to be older and have a longer duration of diabetes than
those without DPN, and disease duration was further proved to be an independent risk factor of sSDPN. Advanced age and
disease duration imply poor metabolic control and sustained damage to the peripheral nerves, which may account for the
higher prevalence of neuropathy.

The pathophysiology of DPN is complex, which not only related to hyperglycemia but also involved the vascular and
several other metabolic mechanisms, particularly in patients with T2DM. Metabolic factors such as abdominal obesity,
hypertension, and dyslipidemia are consistently related to DPN in patients with T2DM and in selected T1DM cohorts.’ In
our study, patients with sSDPN had a greater prevalence of hypertension history, but the parameters of WHR, BMI, height,
and uric acid, TG, HDL, and LDL levels were not significantly associated with sDPN. Furthermore, we did not observe
a significant correlation between the HbAlc level and sDPN, as previously reported. One reason could be attributed to
our small sample size. However, patients with sDPN are still in the early stage of disease, who may have good metabolic
control and a short duration of diabetes.”> Chronic inflammatory response has been implicated as an underlying
mechanism contributing to the progression of DPN as well. Inflammatory factors such as NLR have been reported to
be a new risk factor of DPN in patients with T2DM.'® Accordingly, we also found that patients with sDPN had a higher
NLR, further suggesting that DPN is an inflammation-related disease and that the inflammatory response continuously
exists even in early-stage DPN.

C-peptide is an integral component of insulin biosynthesis, which is secreted together with insulin in equimolar
amounts and has a substantially longer half-life. C-peptide has lots of protective effects, such as increasing expression of
Na'-K"-ATPase, improving endoneurial blood flow, and stimulating some transcription factors exerting antiapoptotic,
anti-inflammatory, and cytoprotective effects.”* The beneficial action of C-peptide on DPN in TIDM has been confirmed
by different studies.”* 2® However, the role of C-peptide is not well-defined in T2DM. Some previous studies demon-

N,?7?% while others have not proved such an effect” or indeed

strated that C-peptide had a protective effect on DP
observed a contrary result.*® There are currently no definite studies assessing the correlation between C-peptide and
sDPN in T2DM. In this study, we found that a lower C-peptide lower is an independent risk factor for the development of

sDPN, which may suggest a potentially beneficial role of C-peptide on DPN in T2DM. However, we could not conclude
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the causal relationship between serum C-peptide levels and sDPN in T2DM. Large prospective studies should be
performed to determine the relationship between C-peptide and sDPN.

Diabetic nephropathy is a common microvascular complication of diabetes, and changes in proteinuria and urinary
protein excretion have been widely used as indicators to evaluate the progression of renal disease. Early cohort studies
have demonstrated that albuminuria reflects inflammatory states and acts as an independent predictor of DPN in patients
with diabetes.?'** In this study, we found that the UACR was independently associated with sDPN after adjusting for
potential confounding factors, suggesting that the presence of albuminuria might portend sDPN in people with diabetes
and actions should be taken to hinder the progression from sDPN to DPN.

There are some limitations of our study. Although the sample size was larger than some previous studies,'*'? but was
not powered enough to determine a causal correlation between risk factors and sSDPN and lacked repeat testing to assess
the progression of DPN. Additionally, as we intended to identify the risk factors of sDPN, the electrophysiological
parameters of NCS were not included in this study. Furthermore, routine NCS is not able to determine dysfunction of
small nociceptive fibers or large fibers by detecting vibration and autonomic sensations. Therefore, a more ideal
screening process should be developed to include testing for these modalities as well.

Conclusion

In this study, we found that the prevalence rate of sDPN was 45.7% in patients with T2DM. A longer duration of
diabetes, a lower fasting C-peptide level, and the presence of albuminuria were independently associated with sDPN. The
pathogenesis of sDPN remains unknown, leading to the lack of a specific and effective clinical treatment. Hence, initial
screening with NCSs for early diagnosis and timely reduction of multiple risk factors are key to reducing DPN-related
comorbidities and mortality.
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