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Abstract
Background  Increased levels of low-density lipoprotein cholesterol (LDL-C) have been identified as one potential risk 
factor for diabetic peripheral neuropathy (DPN) in patients. The current study seeks to clarify the link between LDL-C, 
hyperglycemia, and DPN in patients with type 2 diabetes mellitus (T2DM).

Methods  Here, a total of 120 T2DM individuals were recruited. These volunteers with T2DM were divided into 2 
groups, based on the presence or absence of peripheral neuropathy. Additionally, their baseline characteristics were 
compared. Association among LDL-C and glycosylated hemoglobin (HbA1c) levels and DPN, particularly with respect 
to specific nerve conduction velocity were analyzed. To identify factors influencing DPN, regression was performed. 
Furthermore, mediation analysis was employed to evaluate the indirect, direct and total effects of LDL-C on specific 
nerve conduction velocity, with HbA1c serving as a mediator.

Results  Compared to 55 patients without DPN, 65 patients with DPN demonstrated elevated levels of LDL-C and 
HbA1c. Both LDL-C and HbA1c have been found to be associated with reduced the motor fiber conduction velocities 
of Ulnar (or the Common peroneal) nerve in diabetic patients. HbA1c is one of the known risk factors for DPN in 
individuals with T2DM. Further mediation analysis revealed that the effect of LDL-C on the Ulnar (or the Common 
peroneal) nerve motor fiber conduction velocities are fully mediated by HbA1c in patients with T2DM.

Conclusions  The impact of elevated LDL-C levels upon the Ulnar (or the Common peroneal) nerve motor fiber 
conduction velocities in patients with T2DM was found to be entirely mediated by increased HbA1c levels.
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Background
T2DM is characterized by chronic hyperglycemia, insu-
lin resistance, and commonly, lipid disorders [1]. Lipid 
abnormalities, particularly cholesterol metabolic dis-
orders, have been identified as one of the factors influ-
ence complications of diabetes mellitus, including several 
kinds of neuropathy [2, 3]. Our previous study focusing 
on central nervous system diabetic complications dem-
onstrated that hypercholesterolemia is one of the risk 
factors for cognition dysfunction in T2DM patients [4]. 
Moreover, our further exploration with 497 individu-
als showed that LDL-C levels have a U-shaped associa-
tion with cognitive performance. Elevated LDL-C levels 
may impair executive function, while LDL-C deficiency 
could affect visual spatial function [5]. Besides central 
nervous system damage, diabetic patients exhibiting 
severe lipid metabolic disorders are at a higher risk of 
DPN than those without lipid disorders [6]. In addition, 
a study with cutaneous silent periods and autonomic 
tests demonstrated that mixed hyperlipidemia is associ-
ated with neuropathy in small fiber [7]. It is similar with 
another clinical research which indicated that individuals 
with normal weight had a significant lower prevalence of 
DPN (46.99%) than those (66.62%) with obesity [8]. More 
specific study showed that LDL-C is significantly corre-
lated to the development of neuropathy with a OR = 1.22 
(95% confidence interval of OR: 1.03–1.45) [9]. Another 
study with T2DM patients demonstrated that small 
LDL-C particle size is associated with neuropathy inde-
pendently [10]. However, a recent study indicated that 
decreased level of serum cholesterol is related to declin-
ing nerve fibers conduction velocities and amplitudes as 
well as increased amount of nerve lesions in patients with 
T2DM [11].

Based on the aforementioned description, patients 
diagnosed with T2DM exhibit a key characteristic of 
chronic hyperglycemia. Notably, the regulation of plasma 
glucose levels has been linked with DPN. It has been sug-
gested that glycemic variability is intimately linked with 
DPN in T2DM patients [12]. Additionally, prior investi-
gations have demonstrated that elevated levels of HbA1c 
(associated with poorly controlled plasma glucose) are 
related to a markedly elevated risk of DPN in diabetic 
patients [13]. Furthermore, lipid profiles may serve as a 
potential predictor of the plasma glucose control status 
in individuals with T2DM [14].

The impact of cholesterol levels in the peripheral blood 
on DPN in patients with T2DM is still uncertain. This 
present work aims to clarify the link between LDL-C 
levels and peripheral neuropathy, specifically focusing 

on the damage to certain nerve fibers. Although both 
LDL-C and HbA1c have been associated with DPN and 
identified as risk factors in diabetic patients, lipid pro-
files are also related to the regulation of plasma glucose. 
Nevertheless, the link among LDL-C, HbA1c, and DPN 
requires further investigation. Therefore, this present 
research aims to analyze the impact of elevated LDL-C 
upon DPN in individuals with T2DM, taking into account 
the effect of HbA1c as a potential mediator through med-
ication analysis.

Methods
Experiment design
This study was conducted at The First Affiliated Hospi-
tal of University of USTC. An amount of 120 patients 
were recruited for this present study. All these individu-
als were certified the standard criteria for T2DM. Of the 
recruited individuals, 65 were diagnosed with DPN and 
55 were found to be without DPN.

Ethics
Prior to the commencement of the experiment, all par-
ticipants were informed of the clinical research process. 
Informed consent was obtained from each volunteer, 
as evidenced by their signature. Additionally, the Ethics 
the Committee for Medical Research of our institution 
approved this present work (Approval No.: 2023-RE-
013). This cross-sectional study adhered to the principles 
in Declaration of Helsinki.

Inclusion and exclusion criteria
All the participants in this study were diagnosed with 
T2DM and met the criteria set forth by the World Health 
Organization [15]. Patients with T2DM were included 
in this study. The exclusion criteria were similar with 
our previous study [16] and defined specially described 
as fellows: (a) other types of diabetes (including type 1 
diabetes mellitus, gestational diabetes, and specific types 
of diabetes); (b) diabetes with acute complications; (c) 
neuropathy caused by other diseases or drugs; (d) severe 
vascular disease (e.g. venous embolism, lymphangitis); 
(e) neurotoxicity caused by drugs; (f ) other undefined 
disease or drugs may influence neuropathy; f ) any ampu-
tation; (g) diagnosed thyroid disease (except for thyroid 
nodules); g) smoking and alcohol abuse; (h) any other 
undefined condition influence the performance of neu-
rophysiological examinations. The Toronto Consensus 
criteria was used to diagnosis the presence of DPN [17]. 
The T2DM patients diagnosed with DPN were divided 
into the DPN group, while those who did not meet the 
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diagnostic criteria for DPN were designated as the con-
trol group.

Clinical data
The present study collected data on age, gender, height, 
weight, and duration of diabetes mellitus (DM). Infor-
mation on drug administration, particularly statins and 
other lipid-lowering drugs, was also recorded. Weight 
(kg)/height (m)2 was used to calculate the body mass 
index (BMI). Dry chemical method was used to mea-
sure the levels of Fasting plasma glucose (FPG). Micro-
column ion-exchange chromatography was employed to 
detect HbA1c levels. High-density lipoprotein choles-
terol (HDL-C), LDL-C, total cholesterol (TC), triglycer-
ide (TG) and fasting C peptide (FCP) were also observed 
from blood samples. Insulin resistance was calculated 
according to the HOMA-IR by 1.5 + FBG (mmol/L) × 
FCP (pmol/L)/2800 [18]. These measurements were con-
ducted in The First Affiliated Hospital of USTC, Center 
Laboratory for medical usage. These data were collected 
for further analysis.

Neurophysiological tests
Neurophysiological examinations were conducted on 
patients diagnosed with T2DM at our hospital. These 
examinations were carried out in the Electrophysiology 
room by trained personnel, using an electromyographic 
evoked potential meter in accordance with the manu-
facturer’s protocol (Natus Neurology, USA). The data of 
nerve conduction velocity was recorded from the medi-
cal histories of the enrolled T2DM patients. The average 
values of the bilateral nerve conduction velocities were 
computed for further analysis.

Statistical methods
IBM SPSS Statistics version 26.0 were used to analysis the 
data in this study. Variables with a normal distribution, 
including FPG, LDL-C, Tibial nerve motor conduction 
velocity, as well as sensory fibers conduction velocities 
of the Ulnar, Radial, Median nerve, and Sural nerve, were 
described as mean ± standard deviation. The differences 
of these variables between diabetic patients with and 
without DPN were compared by Student’s t-tests. Age, 
height, weight, BMI, duration of DM, and HbA1c, as well 
as motor conduction velocities of the Ulnar nerve, Radial 
nerve, Median nerve, and Common peroneal nerve, were 
described as median and interquartile range, and their 
differences between diabetic patients with and with-
out DPN were compared using nonparametric Mann-
Whitney U tests, as these variables were symmetrically 
distributed. Gender and information about the use of 
lipid-lowering drugs were expressed as a percentage, 
and their differences between T2DM patients with and 
without DPN were compared using the Chi-squared test 

because they were binary variables. To investigate the 
relationships between DPN and LDL-C (or HbA1c), we 
conducted Pearson correlation and Binary logistic regres-
sion analyses. We employed mediation analysis to assess 
the total, direct, and indirect effects of LDL-C on spe-
cific nerve conduction velocity, with HbA1c serving as 
a mediator. In this approach, we decomposed the “total 
effect” into a “direct effect” (not mediated by HbA1c) and 
an “indirect effect” (mediated by HbA1c), and we calcu-
lated the mediation effect as indirect effect/total effect × 
100%. The significance of the mediation effect was evalu-
ated using the bootstrap test. We conducted analysis to 
explore whether HbA1c mediated the impact of LDL-C 
upon DPN. P < 0.05 was defined as statistical significance.

Results
Clinical data of T2DM patients
The clinical data of participants with and without DPN 
in the study were summarized in Table 1. As anticipated, 
age and gender did not differ significantly between indi-
viduals with or without DPN (all P > 0.05). Additionally, 
there were no statistical differences in the clinical data, 
including height, weight, BMI, and duration of DM, 
between the two groups (all P > 0.05). Furthermore, the 
biochemical data presented in Table  1 revealed that the 
levels of FPG and HbA1c were lower in participants 
in control group than those with DPN (all P < 0.05). 
Although there was no statistical significance in the 
levels of LDL-C between the two groups, the level of 
LDL-C was lower in patients without DPN than it in the 
DPN group (P = 0.052). Nevertheless, there was no sta-
tistical difference in lipids levels (including TG, TC, and 
HDL-C) and HOMA-IR between the two groups (all 
P > 0.05). Given that cholesterol metabolism was a focus 
of this research, the lipid-lowering drugs usage was also 
recorded. However, no differences in the use of statins or 
other lipid-lowering drugs were observed between dia-
betic individuals with or without peripheral neuropathy 
(all P > 0.05).

Difference of neurophysiological examination results in 
two groups
In order to validate DPN observed in diabetic patients, a 
neurophysiological assessment was conducted. Intrigu-
ingly, all motor fibers, encompassing the Ulnar, Radial, 
Median, and Tibial nerve, as well as sensory fibers, 
including the Ulnar, Radia, Median, and Sural nerve, 
exhibited reduced conduction velocities in T2DM 
patients suffering from DPN in comparison to those 
without DPN (as presented in Table 1) (all P < 0.05).
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Pearson correlation between LDL-C and nerve conduction 
velocity
In order to clarify the link between LDL-C and DPN, 
Pearson correlation analysis was employed. The results 
of this analysis found that LDL-C levels are negatively 
associated with both the Ulnar (P = 0.034) and Common 
peroneal (P = 0.046) nerve motor fiber conduction veloci-
ties, as depicted in Fig. 1.

Pearson correlation between HbA1c and nerve conduction 
velocity
In order to explore the link between HbA1c and DPN, a 
Pearson correlation analysis was conducted. Remarkably, 
the results revealed that HbA1c levels are also negatively 
correlated to motor fiber conduction velocities of the 
Ulnar, Tibial, and Common peroneal nerve (all P < 0.05). 
Furthermore, levels of HbA1c were identified to be nega-
tively associated with sensory fiber conduction velocities 
of the Radial, Median, and Sural nerve (all P < 0.05) (dem-
onstrated in Fig. 2).

Binary logistic regression for risk factors of DPN
To explore the risk factors of DPN in individuals diag-
nosed as T2DM, we conducted a binary logistic regres-
sion analysis. The results indicated that HbA1c was one 
risk factor for DPN in volunteers diagnosed as T2DM 
(OR = 1.318, P = 0.002), while LDL-C was not a risk fac-
tor for DPN after adjusting for HbA1c levels (OR = 1.491, 
P = 0.056), as shown in Table  2. These findings sug-
gest that glycemic control, as measured by HbA1c, may 
involve in DPN in T2DM individuals.

Regression analysis for the medicating role of HbA1c in the 
association between LDL-C and DPN
As previously mentioned, there exists an association 
not only between motor fiber conduction velocities of 
the Ulnar (or Common peroneal) nerve and LDL-C, but 
also a correlation between them and HbA1c. To inves-
tigate the mediating role of HbA1c in the impact of 
LDL-C upon DPN, we conducted a three-step regres-
sion analysis. Firstly, we found that LDL-C was not only 
a factor influencing the motor fiber conduction velocity 
of the Ulnar nerve, but also the Common peroneal nerve 
(P = 0.034 and 0.046, respectively) (Table 3). Secondly, we 
identified that LDL-C was a risk factor influencing the 
HbA1c levels of patients with T2DM (P = 0.022) (Table 4). 
Thirdly, multiple linear regression demonstrated that 
when HbA1c was entered as an independent vari-
able, LDL-C was neither a factor influencing the motor 
fiber conduction velocity of the Ulnar nerve, nor Com-
mon peroneal nerve (P = 0.098 and 0.197, respectively) 
(Table  5). Furthermore, our mediation analysis (Fig.  3) 
indicated that in participants, the association between 
LDL-C and the Ulnar nerve motor fiber conduction 

Table 1  Comparation of clinical parameters and 
neurophysiological test results between Control and DPN group

Control 
group 
(n = 55)

DPN group 
(n = 65)

P

Age (years) 58 (51–64) 57 (51.5–67) 0.666b

Female (n, %) 20, 36.36 24, 36.92 0.949c

High (cm) 169 
(160–172)

167 (160.5-173.5) 0.870

Weight (kg) 70 (60-77.5) 69 (60.25–81.5) 0.802

BMI (kg /m2) 24.62 
(22.66–26.54)

24.88 
(21.91–27.84)

0.796b

Duration of DM (years) 8 (3–12) 10 (1-18.5) 0.346b

Duration of Hypertension 
(years)

0.00 
(0.00–10.00)

0.00 (0.00-9.50) 0.963b

FPG (mmol/l) 8.92 ± 3.08 10.21 ± 4.02 0.054a

FCP (nmol/l) 0.40 
(0.24–0.55)

0.27 (0.17–0.47) 0.058b

HOMA-IR 2.62 
(2.17–3.35)

2.41 (2.12–3.27) 0.464b

HbA1c (%) 9.0 (7.3–10) 10.3 (8.85–12.2) 0.001b*

TG (mmol/l) 1.77 
(1.25–2.45)

1.67 (1.10–2.54) 0.431b

TC (mmol/l) 4.51 
(3.7–5.02)

4.62 (4.01–5.35) 0.111b

HDL-C (mmol/l) 0.85 
(0.68–1.06)

0.87 (0.69–1.13) 0.484b

LDL-C (mmol/l) 2.34 ± 0.87 2.68 ± 0.98 0.052a

Statin (n, %) 25, 45.45 32, 49.23 0.680c

Other lipid-lowering drugs 
(n, %)

4, 7.27 6, 9.23 0.699c

Motor conduction
Ulnar nerve (m/s) 61.20 

(59–63)
54.40 
(51.35–59.80)

0.000b*

Radial nerve (m/s) 64.60 
(62.55–66.20)

62.50 
(60.85–64.62)

0.001b*

Median nerve (m/s) 60.00 
(55.65–62.15)

53.50 
(49.75–56.03)

0.000b*

Tibial nerve (m/s) 47.28 ± 3.17 41.00 ± 3.63 0.000a*

Common peroneal nerve 
(m/s)

46.75 
(44.85–48.50)

42.15 
(38.88–44.55)

0.000b*

Sensory conduction
Ulnar nerve (m/s) 55.94 ± 4.79 48.72 ± 5.90 0.000a*

Radial nerve (m/s) 57.17 ± 8.27 50.71 ± 6.67 0.000a*

Median nerve (m/s) 56.83 ± 5.61 45.47 ± 7.60 0.000a*

Sural nerve (m/s) 52.05 ± 4.96 44.68 ± 5.39 0.000a*

The data are presented as n (%), or the median (inter-quartile range) unless 
otherwise specified

a Student’s t test was employed for normally distributed variables

b The Mann-Whitney U test was employed for asymmetrically distributed 
variables

c The Chi-square test was employed for categorical variables
*P < 0.05

Abbreviations: DPN, diabetic peripheral neuropathy; BMI, body mass index; 
DM, diabetes mellitus; FPG, fasting plasma glucose; HbA1c, glycosylated 
hemoglobin; FCP, fasting C-peptide; TG, triglycerides; TC, total cholesterol; 
LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein 
cholesterol
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velocity was fully mediated by HbA1c (Fig.  3A). Addi-
tionally, we found that HbA1c played a mediating role 
in the association between elevated LDL-C levels and 
decreased Common peroneal nerve motor fiber conduc-
tion velocity in individuals with T2DM (Fig. 3B).

Discussion
According to estimates, there are 451  million adults 
worldwide who have been diagnosed with diabetes. It 
is projected that by 2045, this number will increase to 
693 million [19]. In China alone, the estimated prevalence 
of diabetes among adults is 10.9%, equating to a total of 
approximately 1.09 billion individuals with the disease in 
mainland China [20]. Previous study demonstrated that 
insulin resistance [21, 22], oxidative stress [23, 24], and 
demyelination [25] were regarded as important roles on 
the pathogenesis of DPN. Specifically, insulin resistance 
is identified as a potential risk factor for diabetic neu-
ropathy. Our previous studies have found a correlation 
between insulin resistance and cognitive impairment in 
individuals with diabetes. Diabetic cognitive impairment 
represents a complication of the central nervous system 
in diabetes patients [26]. However, in this study, although 

we took insulin resistance into account in this work, due 
to many of our diabetes patients receiving insulin ther-
apy, we evaluated insulin resistance based on FCP levels 
and FPG levels, rather than fasting insulin levels and FPG 
levels. We did not find any difference in insulin resistance 
between the control group and the DPN group. Based 
on the information above, although we did not find sig-
nificant statistical significance, we do not deny the role 
of insulin resistance in DPN. Additionally, our recent 
research findings, published recently, have established an 
association between lower levels of uric acid and periph-
eral neuropathy in diabetes. Uric acid serves as a natural 
antioxidant, protecting the body against oxidative stress 
[27].

Hyperglycemia is one of the most important factors 
related to diabetic complication [28, 29]. Diabetes dura-
tion is known to be one risk factor for DPN in T2DM 
individuals [30]. In this research, we observed increased 
levels of HbA1c in T2DM participants with peripheral 
neuropathy. Additionally, we demonstrated that elevated 
levels of HbA1c are correlated with decreased conduc-
tion velocity in the motor fibers of the Ulnar, Tibial, and 
Common peroneal nerve, as well as in the sensory fibers 

Fig. 1  Pearson correlation between LDL-C and nerve conduction velocity in patients with T2DM
*P < 0.05
Abbreviations: LDL-C, low density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus
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Table 2  Binary logistic regression analysis for risk factors of DPN 
in T2DM patients

P OR 95% confidence inter-
val of OR
Lower Higher

HbA1c 0.002* 1.318 1.109 1.567

LDL-C 0.056 1.491 0.990 2.244
*P < 0.05

Abbreviations: DPN, diabetic peripheral neuropathy; T2DM, type 2 diabetes 
mellitus; HbA1c, glycosylated hemoglobin; LDL-C, low density lipoprotein 
cholesterol

Table 3  Linear regression analysis for factors influencing the 
nerve conduction velocity of T2DM patients

P β 95% confidence 
interval of β
Lower Higher

Ulnar nerve motor

LDL-C 0.034* -1.109 -2.133 0.086

Common peroneal nerve motor

LDL-C 0.046* -0.891 -1.764 0.018
*P < 0.05

Abbreviations: LDL-C, low density lipoprotein cholesterol; T2DM, type 2 
diabetes mellitus

Table 4  Linear regression analysis for factor influencing the 
HbA1c level of T2DM patients

P β 95% confidence inter-
val of β
Lower Higher

LDL-C 0.022* 0.539 0.081 0.996
*P < 0.05

Abbreviations: HbA1c, glycosylated hemoglobin; T2DM, type 2 diabetes 
mellitus

Table 5  Multiple linear regression analysis for factors influencing 
the nerve conduction velocity of T2DM patients

P β 95% confidence 
interval of β
Lower Higher

Ulnar nerve motor

LDL-C 0.098 -0.868 -1.897 0.162

HbA1c 0.029* -0.449 -0.850 -0.048

Common peroneal nerve motor

LDL-C 0.197 -0.555 -1.403 -0.294

HbA1c 0.000* -0.624 -0.954 -0.294
*P < 0.05

Abbreviations: HbA1c, glycosylated hemoglobin; T2DM, type 2 diabetes 
mellitus

Fig. 2  Pearson correlation between HbA1c and nerve conduction velocity in patients with T2DM
*P < 0.05
Abbreviations: HbA1c, glycosylated hemoglobin; T2DM, type 2 diabetes mellitus
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of the Radial, Median, and Sural nerve. These findings are 
agreed with a recent study, which indicated that elevated 
HbA1c levels are linked to DPN in patients with diabetes 
[31].

Despite observing elevated LDL-C levels in patients 
with DPN, compared to those in the control group, there 
is no statistical significance. Similarly, slightly increased 
LDL-C levels were found in diabetic patients with and 
without cognitive dysfunction, another neuronal com-
plication in the central nervous system [5]. However, no 
significant difference in LDL-C levels was found in over-
all patients with cognitive impairment. Elevated LDL-C 
level may influence cognitive function in diabetic patients 
with extremely high levels of LDL-C. Some in vitro and 
in vivo studies have identified mechanisms linking lipid 
metabolism to DPN [2]. Cholesterol control seems to 
have a beneficial effect on DPN in patients with diabetes 
[32], although these studies have mainly focused on the 
effect of HDL-C on DPN. There is limited research on the 
link between levels of LDL-C and the occurrence of DPN. 
In this study, we observed that increased LDL-C level is 
one risk factor for DPN in individuals with T2DM. Fur-
thermore, association analysis revealed that LDL-C is 
associated with the Ulnar and Tibial nerve motor fiber 
conduction velocities.

In the present study, aside from the correlation 
between LDL-C and DPN, the difference in levels of 
LDL-C were found to be similar to the levels of HbA1c 

in both groups. Further association analysis confirmed 
the association between levels of HbA1c and LDL-C in 
all diabetic individuals and those with peripheral neu-
ropathy (Supplementary Table  1). Notably, disorders in 
lipoprotein metabolism are common among individu-
als with T2DM [33], and studies have linked this to the 
formation of advanced glycation end products (AGEs) 
in hyperglycemic conditions. Chang et al. demonstrated 
that diabetic patients exhibit a worse lipid profile that is 
associated with increased AGEs [34], which is formed in 
the condition of hyperglycemia. Basic experiments fur-
ther revealed that AGEs activate the signaling pathway of 
sterol regulatory element-binding protein that is involved 
in cholesterol metabolism [35–37].

The aforementioned information illustrates the exis-
tence of a correlation between the motor fiber conduc-
tion velocity in the Ulnar or Common peroneal nerve and 
LDL-C levels in T2DM patients. Moreover, a correlation 
was also observed between the conduction velocities of 
motor fiber in the Ulnar or Common peroneal nerve and 
the levels of HbA1c in T2DM patients. Notably, LDL-C 
levels were identified to be linked with HbA1c levels in 
T2DM individuals. Therefore, a three-step regression 
was employed to clarify the mediating role of HbA1c 
in the relationship between elevated LDL-C levels and 
DPN in T2DM participants. Intriguingly, the impact of 
elevated LDL-C levels upon the conduction velocity of 
motor fibers in the Ulnar or Common peroneal nerves 

Fig. 3  Mediating role of HbA1c in the relationship between LDL-C and DPN
*P < 0.05
Abbreviations: LDL-C, low density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin; DPN, diabetic peripheral neuropathy
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was completely mediated by HbA1c in individuals with 
T2DM. From a statistical perspective, we have indeed 
found that the impact of LDL-C on DPN is mediated by 
HbA1c, and this mediation effect is considered fully. This 
is solely a statistical result. Our main conclusion aims to 
emphasize the significant role of HbA1c in this process. 
However, we cannot disregard the possibility of LDL-C 
influencing DPN through other pathways.

Study strengths and limitations
The present study described the characteristics of T2DM 
individuals with and without peripheral neuropathy, 
specifically focusing on nerve conduction velocities and 
levels of LDL-C and HbA1c. Furthermore, the study 
examines the relationship between LDL-C and HbA1c 
with nerve conduction velocities as well as the mediat-
ing role of HbA1c in the effect of elevated LDL-C levels 
on nerve conduction velocities in T2DM patients. How-
ever, some limitations need to be addressed. Firstly, this 
is a small sample cross-sectional study, and thus, only an 
association, rather than a causal relationship, between 
LDL-C (or HbA1c) and nerve conduction velocities can 
be determined. Secondly, it is imperative to acknowl-
edge the significant impact of Oxidized low-density 
lipoprotein cholesterol (oxLDL-C) on diabetic complica-
tions [38]. However, our study is a retrospective cross-
sectional investigation, and our data are derived solely 
from patients’ clinical records. The detection of oxLDL-
C is not routinely performed in clinical practice. This 
is a limitation of our research. Furthermore, the non-
detection of oxLDL-C can be attributed to the fact that 
our study aims to investigate the impact of LDL-C levels 
on DPN. LDL-C is a widely recognized clinical index, 
and understanding its influence on DPN holds greater 
clinical significance. Due to previous research find-
ings demonstrating the significant impact of smoking 
on diabetic neuropathy [39], we have excluded smokers 
from our experimental design. Similarly, patients with 
alcohol abuse have also been excluded from the study 
for that there may be a link between drinking and DPN 
[40, 41]. Nonetheless, it would be highly meaningful 
to specifically analyze the effects of smoking and alco-
hol consumption on DPN by considering these factors. 
However, considering smoking and alcohol consumption 
(including duration and amount) is a complex task, and 
it is not the primary focus of our study. Additionally, we 
have not considered patients with indirect exposure to 
tobacco. This is due to research indicating that second-
hand smoking may have an influence on the patients’ 
nervous system [42]. Waist circumference and waist-to-
hip ratio were not addressed in our study because this 
information was not available in our patients’ medical 
records. Although we did consider BMI, there were no 
significant differences in BMI between the two groups of 

patients. Similarly, high-sensitivity C-reactive protein is 
not a routine test in our clinical practice, so there is no 
information on high-sensitivity C-reactive protein in our 
medical records. Therefore, we described these consid-
erations as limitations of this work. Likewise, the impact 
of blood pressure on DPN should not be disregarded 
[43]. Here, we have compared the duration of hyperten-
sion in two patient groups. However, no significant dif-
ferences were observed between the two groups. For 
many patients did not suffer from hypertension, we did 
not extensively record detailed blood pressure data dur-
ing the time they were hospitalized. Due to the fluctu-
ating nature of blood pressure, a targeted experimental 
design is necessary for a comprehensive investigation of 
its influence. Furthermore, due to our divergent research 
objectives, there exist numerous factors that were not 
addressed in our study, which may have an impact on 
diabetic neuropathy. These factors encompass hypona-
tremia [44], sarcopenia and muscle mass [45], abnormal 
albuminuria and glomerular filtration rate [46], as well 
as the Urine Albumin-to-Creatinine Ratio [47]. Thirdly, 
as an important factor influencing cholesterol metabo-
lism, lipid-lowering drugs were considered. However, 
information regarding their form and dosage was not 
collected. Common neurophysiological examinations 
encompass two types: electromyography and somatosen-
sory evoked potentials. Electromyography is widely uti-
lized, while somatosensory evoked potentials can reflect 
damage to small nerves. Concerning electromyography, 
the examination results consist of three aspects: latency, 
amplitude, and nerve conduction velocity. Analyzing the 
results in relation to other neurophysiological param-
eters may yield more intriguing findings. However, in this 
study, our primary focus lies on nerve conduction veloc-
ity as the main analytical indicator. This limitation should 
also be acknowledged in our research. Lastly, this study 
solely focuses on the effect of increased LDL-C levels on 
DPN. So, the deficiency of cholesterol was not taken into 
account in this present research.

Comparisons with other studies and what does the current 
work add to the existing knowledge
In general, previous studies mostly clarified the risk fac-
tors for DPN in diabetic individuals. This work not only 
investigated the risk factors for DPN, but also determined 
the association between LDL-C and specific neuronal 
injure. Although many previous researches reported 
the association among LDL-C, HbA1c and DPN, this 
research firstly observed the mediating role of HbA1c in 
the impact of elevated LDL-C levels on the motor fiber 
conduction velocity of Ulnar (Common peroneal) nerve 
in individuals with T2DM.
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Conclusion
The effect of elevated LDL-C levels upon the motor fiber 
of the Ulnar and Common peroneal nerve has been found 
to be mediated by increased levels of HbA1c in diabetic 
participants. Moreover, the mediating effect of HbA1c 
appears to be fully. It has been demonstrated that the 
effect of elevated LDL-C on the Ulnar nerve and Com-
mon peroneal nerve may be contingent upon increased 
levels of HbA1c in patients with T2DM. In clinical prac-
tice, when considering the impact of LDL-C on diabetic 
peripheral neuropathy, it is insufficient to solely focus on 
controlling LDL-C. It is imperative to consider plasma 
glucose control, particularly the level of HbA1c.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12944-023-01865-5.

Supplementary Table1: Pearson correlation between HbA1c and LDL-C in 
patients with T2DM

Acknowledgements
We are grateful to all staffs and participants involved in the study.

Author contributions
All authors made a significant contribution to the work reported. Haoqiang 
Zhang and Wei Wang contributed to the idea. Hui Zhang and Yang Chen 
wrote the manuscript draft. Hui Zhang, Yang Chen, Wenwen Zhu, Tong 
Niu, Bing Song and Hongxiao Wang collected the data, and (or) performed 
the statistical analysis. All authors gave final approval of the version to be 
submitted.

Funding
This work was partially supported by National Natural Science Foundation of 
China (WW, 32271176, 81971264) and Scientific Research Start-up Funds of 
The First Affiliated Hospital of USTC (HZ, RC2021178).

Data Availability
All data in this manuscript have been submitted to The First Affiliated 
Hospital of USTC for records. Additionally, all ID of recruited patients were also 
collected for further using. All data are available on reasonable request from 
corresponding authors.

Declarations

Competing interests
Hui Zhang and Yang Chen contribute equally to this work and considered as 
co-first authors for this manuscript. All authors declare that the research was 
conducted in the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

Author details
1Henan Key Laboratory of Rare Diseases, Endocrinology and Metabolism 
Center, The First Affiliated Hospital and College of Clinical Medicine of 
Henan of Science and Technology, Luoyang, China
2Department of Endocrinology, Anhui Provincial Hospital Affiliated to 
Anhui Medical University, Hefei, China
3Department of Endocrinology, The First Affiliated Hospital of USTC, 
Division of Life Sciences and Medicine, University of Science and 
Technology of China, Hefei, China
4Department of Endocrinology, Affiliated Zhongda Hospital of Southeast 
University, Nanjing, China
5Department of Endocrinology, The First Affiliated Hospital of Jinzhou 
Medical University, Jinzhou, China

Received: 4 April 2023 / Accepted: 29 June 2023

References
1.	 Lazarte J, Hegele RA. Dyslipidemia Management in adults with diabetes. Can 

J Diabetes. 2020;44:53–60.
2.	 Perez-Matos MC, Morales-Alvarez MC, Mendivil CO. Lipids: a suitable thera-

peutic target in Diabetic Neuropathy? J Diabetes Res. 2017;2017:6943851.
3.	 Cai Z, Yang Y, Zhang J. A systematic review and meta-analysis of the serum 

lipid profile in prediction of diabetic neuropathy. Sci Rep. 2021;11:499.
4.	 Zhang H, Huang R, Tian S, An K, Zhu W, Shi J, Cao W, Wang S. The CC 

genotype of Insulin-Induced Gene 2 rs7566605 is a protective factor of 
Hypercholesteremia susceptible to mild cognitive impairment, especially to 
the executive function of patients with type 2 diabetes Mellitus. Biomed Res 
Int. 2020;2020:4935831.

5.	 Zhang H, Zhu W, Niu T, Wang Z, An K, Cao W, Shi J, Wang S. Inverted U-shaped 
correlation between serum low-density lipoprotein cholesterol levels and 
cognitive functions of patients with type 2 diabetes mellitus. Lipids Health 
Dis. 2021;20:103.

6.	 Wang W, Li X, Ren Y. Correlation Analysis and Intervention Study on Distur-
bance of Lipid Metabolism and Diabetic Peripheral Neuropathy. Comput 
Math Methods Med 2022, 2022:2579692.

7.	 Morkavuk G, Leventoglu A. Small fiber neuropathy associated with hyperlip-
idemia: utility of cutaneous silent periods and autonomic tests. ISRN Neurol. 
2014;2014:579242.

8.	 Zhen Q, Yao N, Chen X, Zhang X, Wang Z, Ge Q. Total body adiposity, 
Triglycerides, and Leg Fat are independent risk factors for Diabetic Peripheral 
Neuropathy in chinese patients with type 2 diabetes Mellitus. Endocr Pract. 
2019;25:270–8.

9.	 Tesfaye S, Chaturvedi N, Eaton SE, Ward JD, Manes C, Ionescu-Tirgoviste C, 
Witte DR, Fuller JH, Group EPCS. Vascular risk factors and diabetic neuropathy. 
N Engl J Med. 2005;352:341–50.

10.	 Isomaa B, Henricsson M, Almgren P, Tuomi T, Taskinen MR, Groop L. The 
metabolic syndrome influences the risk of chronic complications in patients 
with type II diabetes. Diabetologia. 2001;44:1148–54.

11.	 Jende JME, Groener JB, Rother C, Kender Z, Hahn A, Hilgenfeld T, Juerchott A, 
Preisner F, Heiland S, Kopf S, et al. Association of serum cholesterol levels with 
peripheral nerve damage in patients with type 2 diabetes. JAMA Netw Open. 
2019;2:e194798.

12.	 Xu F, Zhao LH, Su JB, Chen T, Wang XQ, Chen JF, Wu G, Jin Y, Wang XH. The 
relationship between glycemic variability and diabetic peripheral neuropathy 
in type 2 diabetes with well-controlled HbA1c. Diabetol Metab Syndr. 
2014;6:139.

13.	 Liu X, Xu Y, An M, Zeng Q. The risk factors for diabetic peripheral neuropathy: 
a meta-analysis. PLoS ONE. 2019;14:e0212574.

14.	 Artha I, Bhargah A, Dharmawan NK, Pande UW, Triyana KA, Mahariski PA, 
Yuwono J, Bhargah V, Prabawa IPY, Manuaba I, Rina IK. High level of individual 
lipid profile and lipid ratio as a predictive marker of poor glycemic control in 
type-2 diabetes mellitus. Vasc Health Risk Manag. 2019;15:149–57.

15.	 Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabe-
tes mellitus and its complications. Part 1: diagnosis and classification of 
diabetes mellitus provisional report of a WHO consultation. Diabet Med. 
1998;15:539–53.

16.	 Zhang X, Shen X, Zhou W, Xu M, Xing Y, Weng J, Ye S, Xu S, Zhang Z, Wang W. 
The association of elevated serum lipocalin 2 levels with diabetic peripheral 
neuropathy in type 2 diabetes. Endocr Connect. 2021;10:1403–9.

17.	 Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz M, Kempler P, Lauria G, 
Malik RA, Spallone V, Vinik A, et al. Diabetic neuropathies: update on defini-
tions, diagnostic criteria, estimation of severity, and treatments. Diabetes 
Care. 2010;33:2285–93.

18.	 Yijun Du T, Pan X, Zhong N, Liu Q, Zhang. Predictive value of thyroid-stimu-
lating hormone in postmenopausal type 2 diabetes mellitus patients with 
normal thyroid function associated with ultrasound-diagnosed non-alcoholic 
fatty liver disease. All Life. 2022;15:211–9.

19.	 Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge 
AW, Malanda B. IDF Diabetes Atlas: global estimates of diabetes prevalence 
for 2017 and projections for 2045. Diabetes Res Clin Pract. 2018;138:271–81.

https://doi.org/10.1186/s12944-023-01865-5
https://doi.org/10.1186/s12944-023-01865-5


Page 10 of 10Zhang et al. Lipids in Health and Disease          (2023) 22:102 

20.	 Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, Li Y, Zhao Z, Qin X, Jin D, 
et al. Prevalence and ethnic pattern of diabetes and Prediabetes in China in 
2013. JAMA. 2017;317:2515–23.

21.	 Christensen DH, Knudsen ST, Gylfadottir SS, Christensen LB, Nielsen JS, 
Beck-Nielsen H, Sorensen HT, Andersen H, Callaghan BC, Feldman EL, et al. 
Metabolic factors, Lifestyle Habits, and possible polyneuropathy in early 
type 2 diabetes: a nationwide study of 5,249 patients in the danish centre 
for Strategic Research in Type 2 diabetes (DD2) cohort. Diabetes Care. 
2020;43:1266–75.

22.	 Akintoye OO, Owoyele BV, Fabunmi OA, Raimi TH, Oniyide AA, Akintoye AO, 
Ajibare AJ, Ajayi DD, Adeleye GS. Diabetic neuropathy is associated with 
increased pain perception, low serum beta-endorphin and increase insulin 
resistance among nigerian cohorts in Ekiti State. Heliyon. 2020;6:e04377.

23.	 Premkumar LS, Pabbidi RM. Diabetic peripheral neuropathy: role of reactive 
oxygen and nitrogen species. Cell Biochem Biophys. 2013;67:373–83.

24.	 Ye D, Fairchild TJ, Vo L, Drummond PD. Painful diabetic peripheral neuropathy: 
role of oxidative stress and central sensitisation. Diabet Med. 2022;39:e14729.

25.	 Manu MS, Rachana KS, Advirao GM. Altered expression of IRS2 and GRB2 in 
demyelination of peripheral neurons: implications in diabetic neuropathy. 
Neuropeptides. 2017;62:71–9.

26.	 Zhang H, Yang S, Zhu W, Niu T, Wang Z, An K, Xie Z, Wang P, Huang X, Wang C, 
et al. Free triiodothyronine levels are related to executive function and scene 
memory in type 2 diabetes Mellitus Patients without diagnosed thyroid 
Diseases. Diabetes Metab Syndr Obes. 2022;15:1041–50.

27.	 Zhang H, Vladmir C, Zhang Z, Zhou W, Xu J, Zhao W, Chen Y, He M, Zhang Y, 
Wang W, Zhang H. Serum uric acid levels are related to Diabetic Peripheral 
Neuropathy, especially for Motor Conduction velocity of tibial nerve in type 2 
diabetes Mellitus Patients. J Diabetes Res. 2023;2023:3060013.

28.	 Li L, Chen J, Wang J, Cai D. Prevalence and risk factors of diabetic peripheral 
neuropathy in type 2 diabetes mellitus patients with overweight/obese in 
Guangdong province, China. Prim Care Diabetes. 2015;9:191–5.

29.	 Kostev K, Jockwig A, Hallwachs A, Rathmann W. Prevalence and risk factors 
of neuropathy in newly diagnosed type 2 diabetes in primary care practices: 
a retrospective database analysis in Germany and U.K. Prim Care Diabetes. 
2014;8:250–5.

30.	 Ren W, Feng Y, Feng Y, Li J, Zhang C, Feng L, Cui L, Ran J. Relationship of liver 
fat content with systemic metabolism and chronic complications in patients 
with type 2 diabetes mellitus. Lipids Health Dis. 2023;22:11.

31.	 Cheng Y, Cao W, Zhang J, Wang J, Liu X, Wu Q, Lin Q. Determinants of Diabetic 
Peripheral Neuropathy and their clinical significance: a retrospective cohort 
study. Front Endocrinol (Lausanne). 2022;13:934020.

32.	 Kles KA, Bril V. Diagnostic tools for diabetic sensorimotor polyneuropathy. 
Curr Diabetes Rev. 2006;2:353–61.

33.	 Vekic J, Vujcic S, Bufan B, Bojanin D, Al-Hashmi K, Al-Rasadi K, Stoian AP, 
Zeljkovic A, Rizzo M. The role of Advanced Glycation End Products on Dyslip-
idemia. Metabolites 2023, 13.

34.	 Chang JB, Chu NF, Syu JT, Hsieh AT, Hung YR. Advanced glycation end prod-
ucts (AGEs) in relation to atherosclerotic lipid profiles in middle-aged and 
elderly diabetic patients. Lipids Health Dis. 2011;10:228.

35.	 Sun H, Chen J, Sun L, Shi B, Li J. Role of thioredoxin-interacting protein in 
Diabetic fatty kidney Induced by Advanced Glycation End-Products. J Agric 
Food Chem. 2021;69:11982–91.

36.	 Yuan Y, Sun H, Sun Z. Advanced glycation end products (AGEs) increase renal 
lipid accumulation: a pathogenic factor of diabetic nephropathy (DN). Lipids 
Health Dis. 2017;16:126.

37.	 Yuan Y, Zhao L, Chen Y, Moorhead JF, Varghese Z, Powis SH, Minogue S, Sun 
Z, Ruan XZ. Advanced glycation end products (AGEs) increase human mesan-
gial foam cell formation by increasing golgi SCAP glycosylation in vitro. Am J 
Physiol Renal Physiol. 2011;301:F236–243.

38.	 Caparevic Z, Kostic N, Ilic S, Stojanovic D, Ivanovic AM. [Oxidized LDL and 
C-reactive protein as markers for detection of accelerated atherosclerosis in 
type 2 diabetes]. Med Pregl. 2006;59:160–4.

39.	 Jende JME, Mooshage C, Kender Z, Kopf S, Groener JB, Heiland S, Juerchott 
A, Nawroth P, Bendszus M, Kurz FT. Magnetic resonance neurography reveals 
Smoking-Associated decrease in sciatic nerve Structural Integrity in Type 2 
diabetes. Front Neurosci. 2021;15:811085.

40.	 Huang L, Shen X, Huang L, Yan S, Wu P. Identification of independent risk 
factors for diabetic neuropathy progression in patients with type 2 diabetes 
mellitus. J Int Med Res. 2021;49:3000605211044366.

41.	 Li Z, Lei X, Xu B, Wang S, Gao T, Lv H. Analysis of risk factors of diabetes 
peripheral neuropathy in type 2 diabetes mellitus and nursing intervention. 
Exp Ther Med. 2020;20:127.

42.	 Yeboah K, Puplampu P, Boima V, Antwi DA, Gyan B, Amoah AGB. Peripheral 
sensory neuropathy in type 2 diabetes patients: a case control study in Accra, 
Ghana. J Clin Transl Endocrinol. 2016;5:26–31.

43.	 Huang L, Zhang Y, Wang Y, Shen X, Yan S. Diabetic Peripheral Neuropathy is 
Associated with higher systolic blood pressure in adults with type 2 diabetes 
with and without hypertension in the chinese Han Population. Can J Diabe-
tes. 2020;44:615–23.

44.	 Zhang Y, Li C, Huang L, Shen X, Zhao F, Wu C, Yan S. Relationship between 
Hyponatremia and Peripheral Neuropathy in Patients with Diabetes. J Diabe-
tes Res 2021, 2021:9012887.

45.	 Zhang Y, Shen X, He L, Zhao F, Yan S. Association of sarcopenia and muscle 
mass with both peripheral neuropathy and nerve function in patients with 
type 2 diabetes. Diabetes Res Clin Pract. 2020;162:108096.

46.	 Zhang Y, Jiang Y, Shen X, Yan S. Can both normal and mildly abnormal albu-
minuria and glomerular filtration rate be a danger signal for diabetic periph-
eral neuropathy in type 2 diabetes mellitus? Neurol Sci. 2017;38:1381–90.

47.	 Zhong M, Yang YR, Zhang YZ, Yan SJ. Change in urine albumin-to-creatinine 
ratio and risk of Diabetic Peripheral Neuropathy in Type 2 diabetes: a retro-
spective cohort study. Diabetes Metab Syndr Obes. 2021;14:1763–72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿The mediating role of HbA1c in the association between elevated low-density lipoprotein cholesterol levels and diabetic peripheral neuropathy in patients with type 2 diabetes mellitus
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Experiment design
	﻿Ethics
	﻿Inclusion and exclusion criteria
	﻿Clinical data
	﻿Neurophysiological tests
	﻿Statistical methods

	﻿Results
	﻿Clinical data of T2DM patients
	﻿Difference of neurophysiological examination results in two groups
	﻿Pearson correlation between LDL-C and nerve conduction velocity
	﻿Pearson correlation between HbA1c and nerve conduction velocity
	﻿Binary logistic regression for risk factors of DPN
	﻿Regression analysis for the medicating role of HbA1c in the association between LDL-C and DPN

	﻿Discussion
	﻿Study strengths and limitations
	﻿Comparisons with other studies and what does the current work add to the existing knowledge

	﻿Conclusion
	﻿References


