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Abstract

Distal sensorimotor polyneuropathy (DSPN) is the earliest detectable and the most frequent
microvascular complication in diabetes mellitus. Several studies have previously demon-
strated correlations between cardiovascular risk factors in diabetic patients and independent
risk factors for diabetic neuropathy. Our objective was to retrospectively analyze data from
diabetic patients in the North-East region of Hungary who underwent neuropathy screening
at the Diabetic Neuropathy Center, University of Debrecen, between 2017 and 2021. We
aimed to investigate the correlations between cardiovascular risk factors and microvascular
complications among patients with DSPN. The median age of the patients was 67 years,
59,6% were female, and 91,1% had type 2 diabetes. The prevalence of DSPN among the
study subjects was 71.7%. A significantly longer duration of diabetes (p<0.01) was noted in
patients with DSPN. Those with DSPN demonstrated a significantly higher HbA1c level
(p<0.001) and a greater frequency of insulin use (p = 0.001). We observed a significantly
elevated albumin/creatinine ratio (p<0.001) and a significantly lower eGFR (p<0.001) in
patients with DSPN. Diabetic retinopathy exhibited a significantly higher prevalence in
patients with DSPN (p<0.001). A higher prevalence of myocardial infarction (p<0.05), ische-
mic heart disease (p<0.001), peripheral arterial disease (p<0.05) and a history of athero-
sclerosis (p<0.05) was observed in patients with DSPN. In a multivariate logistic regression
analysis, the following factors were independently associated with the presence of DSPN:
higher HbA1c (OR:2.58, 95% Cl:1.89-3.52, p<0.001), age (OR:1.03, 95% CI:1.01-1.05, p =
0.006), albumin/creatinine ratio above 3 mg/mmol (OR:1.23, 95% CI:1.06—1.45, p = 0.008),
retinopathy (OR:6.06, 95% CI:1.33—-27.53, p = 0.02), and composite cardiovascular end-
point (OR:1.95, 95% Cl:1.19-3.19, p = 0.008). Our study revealed that age, elevated HbA1c
levels, significant albuminuria, retinopathy, and cardiovascular complications may increase
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the risk of DSPN. Further investigation of these associations is necessary to understand the
impact of patient characteristics during the treatment of diabetic neuropathy.

Introduction

Diabetic neuropathy is one of the most important early detectable microvascular complica-
tions in diabetes mellitus, which is associated with a significant health and economic burden
[1]. The worldwide prevalence of neuropathy can be estimated at 20-50% among diabetic
patients [2, 3]. In the Diabetes Control and Complications Trial, the prevalence of distal sym-
metric polyneuropathy (DSPN) in individuals with type 1 diabetes mellitus (T1IDM) was esti-
mated to be 20% after a 20-year duration of diabetes [4]. The incidence of DSPN is observed in
10-15% of individuals newly diagnosed with type 2 diabetes mellitus (T2DM) [5], and this
proportion may escalate to nearly 50% after 10 years of diabetes [6].

According to international guidelines, screening for signs and symptoms of DSPN is rec-
ommended at the time of T2DM diagnosis and subsequently on an annual basis [7, 8]. The
characteristic symptoms of DSPN are resting pain in legs, paresthesia, and sensory loss, often
leading to diabetic ulceration and amputation, resulting in reduced quality of life and
increased mortality [1]. The most important risk factors for diabetic neuropathy are duration
of diabetes and poor glycaemic control; consequently, improving glycemic levels may prove
beneficial in managing diabetic neuropathy [9]. In addition, age, gender, diabetic retinopathy,
and modifiable cardiovascular risk factors, such as smoking, hypertension and hyperlipidemia,
have been correlated with diabetic neuropathy in previous studies [10, 11]. Early recognition
of DSPN, modification of risk factors, appropriate glycaemic control, blood pressure control,
maintenance of body weight, regular physical activity, treatment of hypertension and abnor-
mal blood lipid levels can reduce the development of complications caused by diabetes mellitus
[12].

According to the international guidelines, it is recommended to assess neuropathic symp-
toms like paresthesia, burning sensations, and pinprick pain, along with changes in hot and
cold sensation, during diabetic neuropathy screening [1, 13]. During the diagnostic process
and the assessment of the severity of DSPN, symptoms and signs may be assessed through the
utilization of questionnaire-based methods [14, 15]. Objective assessment of neuropathic signs
(vibration perception and sensory tests) and nerve conduction studies are reliable and repro-
ducible in determining the extent and progression of neuropathy in diabetes. The evaluation
of DSPN is based on typical symptoms and neuropathy screening tests (quantitative sensory
testing, vibration perception threshold) [1, 16].

Previously, studies have shown possible connections between cardiovascular risk factors in
diabetic patients and independent risk factors for diabetic neuropathy [2, 10, 11]. However,
these correlations have not been explored in Hungarian patients with diabetes until now. Dia-
betic neuropathy and the risk of cardiovascular disease are associated with an increase in all-
cause mortality [17]. A retrospective cohort study in Hungary has already shown the associa-
tion of DSPN with all-cause mortality [18]. While the association between cardiovascular risk
factors and diabetic autonomic neuropathy is well documented [9, 10], the correlation between
cardiovascular risk factors and DSPN has not been extensively studied or thoroughly investi-
gated. The prevalence of diabetic neuropathy may vary among countries and populations, and
these variations might be due to large inequalities in general health status, socioeconomic sta-
tus and education and possibly due to differences in genetic susceptibility. Therefore, evalua-
tion of data from diabetic patients in the North-East region of Hungary might explore novel
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aspects of diabetic neuropathy risk prediction. In this study, our objective was to retrospec-
tively analyze data from diabetic patients in the North-East region of Hungary who underwent
neuropathy screening at the Diabetic Neuropathy Center, Department of Internal Medicine,
Faculty of Medicine, University of Debrecen, between 2017 and 2021. We aimed to investigate
the correlations between cardiovascular risk factors and microvascular complications in the
presence of DSPN.

Materials and methods
Enrollment of study participants

During our investigation, we assessed a total of 1237 diabetic patients who underwent neurop-
athy screening at the Diabetic Neuropathy Center, Department of Internal Medicine, Faculty
of Medicine, University of Debrecen, between January 1, 2017 and December 31, 2021. We
excluded patients in whom other causes of polyneuropathy were identified (n = 467), such as
chronic alcohol consumption, hematological disorders, chemotherapy, malignant diseases,
autoimmune musculoskeletal diseases, or vitamin B12 deficiency. The inclusion criterion was
the availability of hospital treatment records for the patients, so those without detailed elec-
tronic medical records were excluded (n = 102). Among the remaining patients, where confir-
mation of distal sensorimotor polyneuropathy was obtained, patients with incomplete data
corresponding to baseline characteristics were excluded (n = 47). Study design flowchart of
diabetic patients with DSPN are depicted in Fig 1. The baseline characteristics of the 621 dia-
betic patients included in the study were extracted from the recorded data presented in free-
text format. All participants provided written informed consent. The authors had access to
information that could identify individual participants during or after data collection. We had
access to the data for research purposes from April 1, 2019, to December 31, 2022. The study
protocol was approved by the local and regional ethical committees (protocol code: 5287-2/

Patients diagnosed with diabetesafter
neuropathy screening at the Diabetic
Neuropathy Center, University of Debrecen,

Excluded patients (n=569)
Polyneuropathy with other origin

Without any detailed electronic
medical records (n=102) v

Hungary (n=1,237)

Eligible for data analysis (n=668)

Patients with incomplete data
corresponding to baseline characteristics
(n=47)

A

v

Study population (n=621)

Fig 1. Study design flowchart of diabetic patients with and without DSPN.
https://doi.org/10.1371/journal.pone.0306482.9g001
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2019/EKU; date of approval: 7/3/2019) and the study was carried out in accordance with the
Declaration of Helsinki.

Through reviewing electronic medical records, we collected prescriptions, diagnoses, and
basic medical and demographic data directly from the computerized systems of clinical and
general practice. Patients with either type 1 or type 2 diabetes were identified based on the
International Classification of Diseases (ICD-10) codes (E10 or E11). Our study included
patients with documented diabetes duration of at least 1 year.

For each participant, we assessed age, sex, diabetes duration, type of diabetes, history of
smoking and alcohol consumption, hypertension, presence of other microvascular complica-
tions (diabetic retinopathy-ICD-10: E11.5; diabetic nephropathy-ICD-10: E11.2), presence of
cardiovascular diseases (coronary heart disease-ICD-10: 120, 124, I25; history of myocardial
infarction-ICD-10: 121, 122, 123, 125.2; peripheral arterial disease—-ICD-10: E11.5, 173.9; heart
failure-ICD-10: 150; and history of stroke-ICD-1: 163, 164, G45), admission hemoglobin Alc
(HbA1c), estimated glomerular filtration rate (eGFR), albumin/creatinine ratio, triglycerides,
total cholesterol, low-density lipoprotein-cholesterol (LDL-C), and high-density lipoprotein—
cholesterol (HDL-C). In addition, antidiabetic treatment (oral antidiabetic agents, insulin, or
both) and lipid-lowering drugs were assessed. The term hepatopathy referred to non-alcoholic
fatty liver disease (ICD-1: K76.0) and alcohol-induced chronic liver damage (ICD-1: K70) in
the affected patients.

The diagnosis of DSPN was established according to the recommendations of the Toronto
Expert Panel on Diabetic Neuropathy [7]. In our study, we selected diabetic patients in whom
the typical symptoms of DSPN were observed, typically numbness, tingling, burning pain, sen-
sitivity to touch, muscle weakness, and coordination disorders. A detailed evaluation of DSPN
was performed in all participants using the DN4 (Douleur Neuropathique 4 Questions) and
Neuropathy Symptom Score questionnaires during the screening of neuropathic pain. Dia-
betic neuropathy was defined as scoring 3 points or higher on the Neuropathy Symptom Score
or 4 points or higher on the DN4 questionnaire. The superficial sensation was evaluated with a
monofilament test, the vibration detection with a tuning fork test, and the examination was
completed by an instrumental evaluation of the temperature detection thresholds [1, 16]. We
also assessed the function of peripheral sensory nerves using a current perception threshold
test with a Neurometer® (Neurotron Inc., Baltimore, Maryland, USA, 2002) [19]. The diagno-
sis of DSPN was established based on the presence of neuropathic symptoms or signs recorded
according to neuropathy questionnaires, as well as the presence of at least one abnormal result
in quantitative sensory testing, vibration perception threshold, or current perception threshold
tests, in accordance with international guidelines [1, 7, 16].

Statistical analysis

The statistical analysis was conducted using Intercooled Stata v18. (StataCorp LLC; College
Station; Texas; USA). Categorical variables were presented as frequency and percentages. Pear-
son’s chi-squared tests were employed to examine relationships between categorical variables,
and, in the case of a limited number of patients, the Fisher exact test was applied. Normality
was assessed using the Shapiro-Wilk test. Continuous variables were described using medians
and interquartile ranges. Group comparisons were conducted using Mann-Whitney U-test or
Kruskal-Wallis H test for continuous variables. In the evaluation of patients with DSPN, the
occurrence of diabetic neuropathy served as the outcome variable in the statistical analysis. To
assess notable differences observed among diabetic neuropathic patients, logistic regression
analysis was conducted, with the presence of DSPN designated as the outcome endpoint. A
multiple logistic regression model was constructed, and odds ratios with 95% confidence
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intervals were reported. In a multiple logistic regression model, the selected variables included
parameters for carbohydrate homeostasis (HbA1c, duration of diabetes), microvascular com-
plications (eGFR, albumin/creatinine ratio, diabetic retinopathy), and lifestyle and macrovas-
cular complications (composite cardiovascular endpoint, high blood pressure, smoking). The
composite cardiovascular endpoint encompassed nonfatal acute myocardial infarction,
chronic ischemic heart disease, nonfatal stroke, and peripheral arterial disease. In our statisti-
cal analysis, a significance level of p <0.05 was considered statistically significant.

Results

The baseline characteristics of the patients are outlined in Table 1. A total of 621 patients with
diabetes mellitus participated in our retrospective study, comprising 59.6% females and 40.4%
males, with a median age of 67.00 [60.00-74.00] years. Median duration of diabetes was 14.00
[6.00-27.00] years. Among the entire examined diabetic population, 86.3% had a documented
history of treated hypertension, 12.6% had a history of smoking, and 57% were treated with
insulin. Most of the patients received statin therapy, with a median total cholesterol level of 4.6
[3.8, 5.6] mmol/l and a median LDL-cholesterol level of 2.7 [1.9, 3.3] mmol/l. More than 90
percent of the patients were diagnosed with type 2 diabetes and the prevalence of DSPN
among the studied subjects (n = 621) was 71.7%, with a count of 445 individuals affected.

The comparison of data for patients with and without neuropathy are summarized in
Table 2. No differences were observed in sex, smoking status, history of hepatopathy, history
of stroke, and type of diabetes between the two groups. A significantly longer duration of dia-
betes (p<0.01) was observed in patients with neuropathy. Patients with DSPN exhibited a sig-
nificantly higher HbAlc level (p<0.001) and a higher frequency of insulin use (p = 0.001). We
observed a significantly elevated albumin/creatinine ratio (p<0.001) in patients with DSPN,
while the estimated glomelural filtration rate (eGFR) was significantly lower (p<0.001) com-
pared to the group without DSPN. Higher rates of hypertension (p<0.01) and dyslipidemia
(p<0.01) were observed in patients with DSPN. We found no significant differences in triglyc-
eride, total cholesterol, LDL-C, and HDL-C levels between the groups with and without
DSPN.

Diabetic retinopathy was significantly more prevalent in the DSPN group (p<0.001). In the
medical history of patients with DSPN, a higher prevalence of acute myocardial infarction
(p<0.05), ischemic heart disease (p<0.001), heart failure (p<0.001), peripheral arterial disease
(p<0.05), and the presence of atherosclerosis (p<0.05) were demonstrated compared to indi-
viduals without DSPN.

Table 3 summarizes the results of the multivariate logistic regression analysis to explore the
predictors of DSPN within our study group. Independent risk factors for DSPN included
higher HbA1lc (OR: 2.58, 95% CI: 1.89-3.52, p<0.001); age (OR: 1.03, 95% CI: 1.01-1.05,

p = 0.006); albumin/creatinine ratio above 3 mg/mmol (OR: 1.24, 95% CI: 1.06-1.45,

p = 0.008); composite cardiovascular endpoint (OR: 1.95, 95% CI: 1.19-3.19, p = 0.008) and
diabetic retinopathy (OR: 6.06, 95% CI: 1.33-27.53, p = 0.02). Nevertheless, no significant
associations were observed between sex, eGFR, hypertension, smoking, and the risk of DSPN.

Discussion

This is the first study that investigated the prevalence of diabetic neuropathy in the North-East
region of Hungary. To our knowledge, the association between DSPN and cardiovascular
composite endpoints (including nonfatal acute myocardial infarction, chronic ischemic heart
disease, nonfatal stroke, and peripheral arterial disease) has not been thoroughly investigated
or comprehensively studied to date. The adjusted results of the multivariate logistic regression
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Table 1. The baseline characteristics of the study population.

Variable Study population N = 621
Age (years) 67.0 [60.0-74.0]
Duration of diabetes (years) 14.0 [6.0-27.0]
Sex

Male, n (%) 251 (40.4)

Female, n (%) 370 (59.6)
Type of DM

T1DM, n (%) 55 (8.7)

T2DM, n (%) 566 (91.1)
Hepatopathy

Yes, n (%) 67 (10.8)

No, n (%) 554 (89.2)
Hypertension

Yes, n (%) 536 (86.3)

No, n (%) 85 (13.7)
Smoking

Yes, n (%) 78 (12.6)

No, n (%) 543 (87.4)
Retinopathy

Yes, n (%), 39 (6.3)

No, n (%) 582 (93.7)
Ischaemic heart disease

Yes, n (%) 138 (22.2)

No, n (%) 483 (77.8)
History of acute myocardial infarction

Yes, n (%) 41 (6.6)

No, n (%) 580 (93.4)
History of stroke

Yes, n (%) 50 (8.1)

No, n (%) 571 (92.0)
History of heart failure

Yes, n (%) 90 (14.2)

No, n (%) 531 (85.5)
History of peripheral artery disease

Yes, n (%) 53 (8.5)

No, n (%) 568 (91.5)
History of atherosclerosis

Yes, n (%) 147 (23.7)

No, n (%) 474 (76.3)
History of cardiovascular disease

Yes, n (%) 196 (31.6)

No, n (%) 425 (68.4)
Insulin treatment

Yes, n (%) 354 (57.0)

No, n (%) 267 (43)
Oral antidiabetic drugs

Yes, n (%) 568 (91.5)

No, n (%) 53 (8.5)

(Continued)
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Table 1. (Continued)

Variable Study population N = 621
Statin treatment

Yes, n (%) 511 (82.3)

No, n (%) 110 (17.7)
eGFR (ml/min/1.73m?) 80.0 [72.0, 90.0]
HbAlc (%) 7.3 6.7, 8.0]
Triglyceride (mmol/1) 1.6 [1.1,2.5]
Total cholesterol (mmol/l) 4.6 [3.8,5.6]
HDL-C (mmol/l) 1.3[1.0, 1.5]
LDL-C (mmol/l) 2.7 [1.9, 3.3]

https://doi.org/10.1371/journal.pone.0306482.t001

analysis indicated that age, the presense of diabetic retinopathy, microalbuminuria, higher

HbAlc levels, and a composite cardiovascular endpoint were associated with an increased risk

of DSPN.

In our present study, we found a significant correlation between the age of diabetic patients
and the risk of DSPN. Several cross-sectional studies have supported that age is an

Table 2. The comparison of data for diabetic patients with and without DSPN.

Variable patients with DSPN patients without DSPN p-value
n =445 (71.6%) n =176 (28.4%)

Age (years) 68 (62.0, 74.0) 66 (60.0, 72.0) 0.335
Duration of diabetes (years) 14.0 (9.0, 21.0) 12.0 (7.0, 18.0) 0.003
Sex

Male: n (%) 186 (41.8) 64 (36.6) 0.232

Female: n (%) 259 (58.2) 111 (63.4)
Type of DM (total)

T1DM: n (%) 39 (8.8) 16 (9.1) 0.888

T2DM: n (%) 405 (91.2) 159 (90.9)
eGFR (ml/min/l.73m2) 78.0 (68.0, 86.0) 86.0 (76.0, 90.0) <0.001
HbAlc (%) 7.5 (6.9, 8.2) 6.7 (6.4,7.2) <0.001
Albumin/creatinine ratio (mg/mmoll) 3.0 (2.0, 5.0) 2.0 (1.0, 2.0) <0.001
Triglyceride (mmol/l) Median (IQR) 1.7 (1.1, 2.6) 1.50 (1.1, 2.3) 0.143
Total cholesterol (mmol/l) 4.5(3.8,5.6) 4.70 (4.0, 5.4) 0.640
HDL-C (mmol/l) 1.2 (1.0, 1.5) 1.3 (1.0, 1.5) 0.901
LDL-C (mmol/l) 2.7(1.8,3.3) 2.6(2.1,3.2) 0.550
Hepatopathy, n (%) 51 (11.5%) 16 (9.2%) 0415
Dyslipidaemia, n (%) 355 (79.8%) 119 (68.4%) 0.003
Insulin treatment, n (%) 210 (47.2%) 56 (32.2%) 0.001
Hypertension, n (%) 395 (89.0%) 138 (79.8%) 0.003
Smoking, n (%) 58 (13.2%) 20 (11.5%) 0.565
Retinopathy, n (%) 37 (8.3%) 2 (1.2%) <0.001
Ischaemic heart disease, n (%) 118 (26.5%) 20 (11.43%) <0.001
History of acute myocardial infarction, n (%) 35 (7.9%) 6 (3.4%) 0.045
History of stroke, n (%) 36 (8.1%) 14 (8.0%) 0.970
History of heart failure, n (%) 79 (17.0%) 10 (5.7%) <0.001
History of peripherial artery disease, n (%) 45 (10.1%) 8 (4.6%) 0.026
History of atherosclerosis, n (%) 116 (26.1%) 31 (17.7%) 0.028

https://doi.org/10.1371/journal.pone.0306482.t002

PLOS ONE | https://doi.org/10.1371/journal.pone.0306482  July 3, 2024

7/13


https://doi.org/10.1371/journal.pone.0306482.t001
https://doi.org/10.1371/journal.pone.0306482.t002
https://doi.org/10.1371/journal.pone.0306482

PLOS ONE

Distal sensorimotor polyneuropathy and cardiovascular complications in diabetes

Table 3. The results of the multivariate logistic regression analysis to explore the predictors of DSPN within our study group.

Factors

Sex (male/female)

Age (years)

Duration of diabetes (years)

HbAlc (%)

Albumin/creatinine ratio (mg/mmol)
eGFR (ml/min/1.73m?)

Retinopathy

Composite cardiovascular endpoint
Hypertension

Smoking
https://doi.org/10.1371/journal.pone.0306482.t003

Odds ratio (OR) 95% confidence interval p-value
0.886 0.583-1.347 0.571
1.029 1.008-1.051 0.006
1.001 0.977-1.026 0.918
2.583 1.893-3.524 <0.001
1.238 1.057-1.450 0.008
0.990 0.968-1.011 0.347
6.060 1.334-27.528 0.020
1.949 1.192-3.188 0.008
0.985 0.540-1.798 0.962
1.080 0.577-2.020 0.811

independent risk factor for the progression of DSPN in patients with T2DM, and this may be
related to the accumulation of cellular damage over time due to increased vascular senescence
and endothelial dysfunction with atherosclerosis, which may lead to axonal damage and demy-
elination in the progression of DSPN [20-22]. Based on a recent meta-analysis performed on a
large number of patients, age was considered an independent risk factor for the development
of diabetic neuropathy in T2DM [23]. This observation may be attributed to the older age and
longer duration of diabetes among the neuropathic patients in the study cohort, who also
exhibited a higher prevalence of other microvascular complications.

The risk of DSPN may increase with the duration of diabetes. Despite the significantly longer
duration of diabetes in patients with DSPN, our multivariate logistic regression analysis did not
reveal a significant association between duration of diabetes and the risk of DSPN. We hypothe-
size that, despite the statistical difference, both patient groups can be considered long-standing
diabetics, which may explain why the duration of diabetes did not prove to be a significant pre-
dictor of DSPN in the multivariable logistic regression model. In regard to gender, there was no
difference in the risk of DSPN. The present study was consistent with previous findings that
reported no specific gender differences in the development of diabetic neuropathy [24-26].

In our study, we observed that patients with DSPN had significantly higher HbA1c levels
compared to the non-neuropathic group. Previous studies have also confirmed the association
between poor glycaemic control and the risk of diabetic neuropathy in patients with diabetes
mellitus [9, 27]. Effective treatment of high serum glucose level may reduce the progression of
DSPN primarily in patients with T1IDM, but has limited benefits for those with T2DM [28].
The results of our study are consistent with previous findings that hyperglycemia may be sig-
nificantly associated with an increased risk of diabetic neuropathy [9, 27].

We observed an association between a history of dyslipidemia and the presence of DSPN,
while no correlations were found with current plasma cholesterol and triglyceride levels at the
time of the DSPN diagnosis. Abnormal plasma lipid profiles are associated with an increased
risk of cardiovascular disease in patients with diabetes [29]. Additionally, elevated levels of
LDL-C, total cholesterol, and low levels of HDL-C were found to be significantly associated
with the severity of diabetic neuropathy [30]. Elevated levels of LDL-C and serum triglyceride
have also been associated with the development of DSPN in patients with T2DM [31]. The
effect of lipid-lowering therapy with statins or fibrates on lipid profiles may explain why we
were unable to detect any significant associations between plasma lipid profiles and DSPN in
our patients with T2DM.

The development of DSPN was also associated with other potentially modifiable cardiovas-
cular risk factors, such as hypertension and dyslipidemia, in line with previous observational
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studies [2, 10, 11]. Furthermore, the association between insulin use and diabetic neuropathy
is likely to be linked to the development of advanced diabetic complications, consistent with
previous studies [2, 4]. It is likely that diabetes treatment is intensified more frequently among
these patients to prevent further progression of complications.

The prevalence of diabetic retinopathy was significantly higher among patients with DSPN.
The association between diabetic neuropathy and diabetic retinopathy can be explained by
various factors. Primarily, the severity of T2DM is markedly linked to complications arising
from diabetes. A prolonged duration of diabetes and the administration of insulin are indica-
tive of more advanced cases, leading to a relatively higher prevalence of DSPN in these diabetic
patients [32]. Furthermore, common pathogenic mechanisms may underlie the concurrent
presence of diabetic retinopathy and nephropathy. Hyperglycemia-induced oxidative stress
activates alternative cellular metabolic pathways, such as the polyol, hexosamine, and protein
kinase A pathways, which are implicated in the pathogenesis of diabetic complications. Oxida-
tive stress, resulting from the cytotoxic effects of reactive oxygen species and the suppression
of the antioxidant defense system, accelerates the progression of diabetes complications such
as diabetic neuropathy, retinopathy, and nephropathy [33].

Diabetic nephropathy has been identified in previous studies as a risk factor for diabetic
neuropathy [32, 34]. We also found a relationship between DSPN and the presence of diabetic
nephropathy and albuminuria. Additionally, patients with DSPN exhibited a lower eGFR com-
pared to diabetic patients without neuropathy. The presence of albuminuria increased the risk
of DSPN in multivariate logistic regression analysis. These findings align with studies con-
ducted in Germany, in the UK [34], and in China as well [32]. DSPN correlated well with
increased albuminuria in patients with TIDM and T2DM (35, 36]. The clinical stages of dia-
betic nephropathy, persistent disruption of the neurovascular unit and loss of autoregulation
may all contribute to the progression of diabetic neuropathy. Consequently, changes in glo-
merular function in diabetes are a component of a broader spectrum of effects on the nervous
system that includes sensory and autonomic neuropathies [37]. In addition, there is evidence
that oxidative stress, advanced glycation end products formation, and hemodynamic changes
are specifically involved in neurodegeneration during diabetic neuropathy [38].

We also identified an association between DSPN and the presence of cardiovascular disease.
The composite cardiovascular endpoint, defined as non-fatal acute myocardial infarction,
chronic ischemic heart disease, non-fatal stroke and peripheral arterial disease, emerged as an
independent risk factor for DSPN in our study. Previous studies have confirmed the increased
risk of diabetic neuropathy in individuals with diabetes who have survived myocardial infarc-
tion, additionally, DSPN has been demonstrated to correlate with an increased risk of initial
cardiovascular events in T2DM [39, 40]. Cardiac autonomic neuropathy is characterized by
impairment to the autonomic nerve fibers within the heart muscle, representing one of the
prevalent complications in diabetes. Cardiac autonomic neuropathy results in disruptions to
heart rate and vascular dynamics, thereby contributing to acute myocardial damage and the
initiation of diabetic heart failure [41]. The association between DSPN and ischemic stroke is a
matter of controversy. In a national cohort study, T2DM patients without microvascular com-
plications were compared with those exhibiting diabetic retinopathy, nephropathy, or neurop-
athy, revealing a higher incidence of ischemic stroke. However, after adjusting for
confounding factors, the differences were no longer significant [42]. An independent associa-
tion between peripheral artery disease and DSPN was observed in population-based baseline
surveys of the prevalence of diabetic neuropathy [43]. Based on our study, we hypothesize that
early diagnosis of peripheral and autonomic neuropathy might contribute to the reduction of
cardiovascular events, heart failure, and premature cardiovascular mortality in the diabetic
population.
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Our present study has several clinical implications. Primarily, in the diagnosis of microvas-
cular complications in diabetes, such as retinopathy and nephropathy, there is a significant
likelihood of detecting neuropathy. The association between diabetic neuropathy and cardio-
vascular events should be considered the most important finding of our study. Indeed, it is not
surprising, as diabetic neuropathy, particularly cardiac autonomic neuropathy, is often the ear-
liest microvascular complication to manifest in diabetes mellitus. Individuals with diabetes
and cardiovascular disease should undergo screening for cardiac autonomic neuropathy and
DSPN. Consenquently, the use of diabetic neuropathy screening tests may reveal peripheral
nerve dysfunction in recently diagnosed diabetic patients, enabling more appropriate glycemic
control and increased monitoring of other microvascular complications during diabetes care.

Strengths of the study include extensive data collection from a sufficiently large sample of
DSPN patients verified through instrumental examinations, enabling a comprehensive assess-
ment of risk factors, cardiovascular disease, and microvascular complications. However,
despite these strengths, it is important to interpret this study in the context of its potential limi-
tations. Initially, the study was designed as a retrospective single-center cohort study. Sec-
ondly, because we identified cardiovascular and microvascular complications through
outpatient and inpatient hospital records, it is important to acknowledge the potential for dis-
ease underreporting, as data from primary care sources are currently not fully available. Con-
sequently, the correlations we found were not exploratory in nature. Third, our study has
limitations in regard to ethnic diversity, as it predominantly focused on the Causasian popula-
tion. Therefore, interpretation of results for other ethnic groups is only possible to a limited
extent. Fourth, due to gaps in the medical documentation, we were unable to explore many
potential confounding factors in our study, such as lifestyle factors (diet, physical activity) and
socioeconomic status. Fifth, we exclusively investigated baseline characteristics as potential
risk factors for DSPN; however, some of these characteristics may change over time. The rela-
tionship between cardiac autonomic neuropathy and cardiovascular diseases is well known,
but we did not have any data regarding autonomic neuropathy in the medical records. Addi-
tionally, certain variables, such as body mass index, were not included in the study but could
also act as risk factors for DSPN. Sixth, as part of the diagnosis of neuropathy, we did not per-
form an electrophysiological examination (electroneurography) or determine the intraepider-
mal nerve fiber density from a skin biopsy. Finally, due to the retrospective nature of our
study, any causal relationships should be approached with caution.

Conclusion

This study represents the initial investigation into the prevalence of DSPN within the North-
East region of Hungary. This study is the first to establish an association between DSPN and
cardiovascular composite endpoints in patients with diabetic neuropathy. Our study verified
that age, elevated HbA Ic levels, the presence of significant albuminuria, retinopathy, and car-
diovascular complications may increase the risk of DSPN in patients with diabetes. Given the
retrospective nature of our analysis, it is imperative to conduct additional prospective studies
to validate these findings. Further scrutiny of these associations is necessary to explore the
influence of patient characteristics during the treatment of diabetic neuropathy.

Supporting information

S1 File. Minimal data set: All relevant data are within the manuscript and its supporting
information file.
(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0306482  July 3, 2024 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306482.s001
https://doi.org/10.1371/journal.pone.0306482

PLOS ONE

Distal sensorimotor polyneuropathy and cardiovascular complications in diabetes

Author Contributions

Conceptualization: Sztanek Ferenc.

Data curation: Attila Pet, Marcell Hernyék, Agnes Molnar, Sztanek Ferenc.

Formal analysis: Attila Pet6, Sztanek Ferenc.

Investigation: Attila Pet6, Laszlo Imre Toth, Marcell Hernyak, Hajnalka Lérincz, Attila Csaba
Nagy.

Methodology: Attila Petd, Attila Csaba Nagy, Sztanek Ferenc.

Project administration: Laszlo Imre T6th, Agnes Molnar, Sztanek Ferenc.

Resources: Gyorgy Paragh.

Software: Attila Petd.

Supervision: Hajnalka Lérincz, Miklds Lukacs, Péter Kempler, Mariann Harangi, Sztanek
Ferenc.

Validation: Attila Csaba Nagy, Sztanek Ferenc.
Visualization: Attila Peté, Hajnalka Lérincz, Sztanek Ferenc.
Writing - original draft: Attila Petd.

Writing - review & editing: Sztanek Ferenc.

References

1. Ziegler D, Tesfaye S, Spallone V, Gurieva |, Al Kaabi J, Mankovsky B, et al. Screening, diagnosis and
management of diabetic sensorimotor polyneuropathy in clinical practice: International expert consen-
sus recommendations. Diabetes Res Clin Pract. 2022; 186:109063. Epub 20210920. https://doi.org/10.
1016/j.diabres.2021.109063 PMID: 34547367.

2. Tesfaye S, Stevens LK, Stephenson JM, Fuller JH, Plater M, lonescu-Tirgoviste C, et al. Prevalence of
diabetic peripheral neuropathy and its relation to glycaemic control and potential risk factors: the EURO-
DIAB IDDM Complications Study. Diabetologia. 1996; 39(11):1377-84. https://doi.org/10.1007/
5001250050586 PMID: 8933008.

3. ShilloP, Sloan G, Greig M, Hunt L, Selvarajah D, Elliott J, et al. Painful and Painless Diabetic Neuropa-
thies: What Is the Difference? Curr Diab Rep. 2019; 19(6):32. Epub 20190507. https://doi.org/10.1007/
$11892-019-1150-5 PMID: 31065863; PubMed Central PMCID: PMC6505492.

4. Martin CL, Albers JW, Pop-Busui R, Group DER. Neuropathy and related findings in the diabetes con-
trol and complications trial/epidemiology of diabetes interventions and complications study. Diabetes
Care. 2014; 37(1):31-8. https://doi.org/10.2337/dc13-2114 PMID: 24356595; PubMed Central PMCID:
PMC3868000.

5. Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment
and risk of complications in patients with type 2 diabetes (UKPDS 33). UK Prospective Diabetes Study
(UKPDS) Group. Lancet. 1998; 352(9131):837-53. PMID: 9742976.

6. AngL, Jaiswal M, Martin C, Pop-Busui R. Glucose control and diabetic neuropathy: lessons from recent
large clinical trials. Curr Diab Rep. 2014; 14(9):528. https://doi.org/10.1007/s11892-014-0528-7 PMID:
25139473; PubMed Central PMCID: PMC5084623.

7. Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz M, Kempler P, et al. Diabetic neuropathies:
update on definitions, diagnostic criteria, estimation of severity, and treatments. Diabetes Care. 2010;
33(10):2285-93. https://doi.org/10.2337/dc10-1303 PMID: 20876709; PubMed Central PMCID:
PMC2945176.

8. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 12. Retinopathy, Neu-
ropathy, and Foot Care: Standards of Care in Diabetes-2023. Diabetes Care. 2023; 46(Suppl 1):S203—
S15. https://doi.org/10.2337/dc23-S012 PMID: 36507636; PubMed Central PMCID: PMC9810462.

9. Tesfaye S, Chaturvedi N, Eaton SE, Ward JD, Manes C, lonescu-Tirgoviste C, et al. Vascular risk fac-
tors and diabetic neuropathy. N Engl J Med. 2005; 352(4):341-50. https://doi.org/10.1056/
NEJMo0a032782 PMID: 15673800.

PLOS ONE | https://doi.org/10.1371/journal.pone.0306482  July 3, 2024 11/13


https://doi.org/10.1016/j.diabres.2021.109063
https://doi.org/10.1016/j.diabres.2021.109063
http://www.ncbi.nlm.nih.gov/pubmed/34547367
https://doi.org/10.1007/s001250050586
https://doi.org/10.1007/s001250050586
http://www.ncbi.nlm.nih.gov/pubmed/8933008
https://doi.org/10.1007/s11892-019-1150-5
https://doi.org/10.1007/s11892-019-1150-5
http://www.ncbi.nlm.nih.gov/pubmed/31065863
https://doi.org/10.2337/dc13-2114
http://www.ncbi.nlm.nih.gov/pubmed/24356595
http://www.ncbi.nlm.nih.gov/pubmed/9742976
https://doi.org/10.1007/s11892-014-0528-7
http://www.ncbi.nlm.nih.gov/pubmed/25139473
https://doi.org/10.2337/dc10-1303
http://www.ncbi.nlm.nih.gov/pubmed/20876709
https://doi.org/10.2337/dc23-S012
http://www.ncbi.nlm.nih.gov/pubmed/36507636
https://doi.org/10.1056/NEJMoa032782
https://doi.org/10.1056/NEJMoa032782
http://www.ncbi.nlm.nih.gov/pubmed/15673800
https://doi.org/10.1371/journal.pone.0306482

PLOS ONE

Distal sensorimotor polyneuropathy and cardiovascular complications in diabetes

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Kempler P, Tesfaye S, Chaturvedi N, Stevens LK, Webb DJ, Eaton S, et al. Autonomic neuropathy is
associated with increased cardiovascular risk factors: the EURODIAB IDDM Complications Study. Dia-
bet Med. 2002; 19(11):900-9. https://doi.org/10.1046/j.1464-5491.2002.00821.x PMID: 12421426.

Liu X, Xu'Y, An M, Zeng Q. The risk factors for diabetic peripheral neuropathy: A meta-analysis. PLoS
One. 2019; 14(2):e0212574. Epub 20190220. https://doi.org/10.1371/journal.pone.0212574 PMID:
30785930; PubMed Central PMCID: PMC6382168.

Staudt MD, Prabhala T, Sheldon BL, Quaranta N, Zakher M, Bhullar R, et al. Current Strategies for the
Management of Painful Diabetic Neuropathy. J Diabetes Sci Technol. 2022; 16(2):341-52. Epub
20200828. https://doi.org/10.1177/1932296820951829 PMID: 32856490; PubMed Central PMCID:
PMC8861791.

Ibrahim A. IDF Clinical Practice Recommendation on the Diabetic Foot: A guide for healthcare profes-
sionals. Diabetes Res Clin Pract. 2017; 127:285—7. Epub 20170409. https://doi.org/10.1016/j.diabres.
2017.04.013 PMID: 28495188.

Van Acker K, Bouhassira D, De Bacquer D, Weiss S, Matthys K, Raemen H, et al. Prevalence and
impact on quality of life of peripheral neuropathy with or without neuropathic pain in type 1 and type 2
diabetic patients attending hospital outpatients clinics. Diabetes Metab. 2009; 35(3):206—13. Epub
20090317. https://doi.org/10.1016/j.diabet.2008.11.004 PMID: 19297223.

Abbott CA, Malik RA, van Ross ER, Kulkarni J, Boulton AJ. Prevalence and characteristics of painful
diabetic neuropathy in a large community-based diabetic population in the U.K. Diabetes Care. 2011;
34(10):2220—4. Epub 20110818. https://doi.org/10.2337/dc11-1108 PMID: 21852677; PubMed Central
PMCID: PMC3177727.

Davies M, Brophy S, Williams R, Taylor A. The prevalence, severity, and impact of painful diabetic
peripheral neuropathy in type 2 diabetes. Diabetes Care. 2006; 29(7):1518-22. https://doi.org/10.2337/
dc05-2228 PMID: 16801572.

Wang L, Guo S, Wang W, Xu B, Chen W, Jing Y, et al. Neuropathy scale score as an independent risk
factor for myocardial infarction in patients with type 2 diabetes. Diabetes Metab Res Rev. 2022; 38(7):
e€3561. Epub 20220707. https://doi.org/10.1002/dmrr.3561 PMID: 35776886.

Végi OE, Svébis MM, Domjan BA, Kérei AE, Istenes |, Putz Z, et al. Association of Cardiovascular Auto-
nomic Neuropathy and Distal Symmetric Polyneuropathy with All-Cause Mortality: A Retrospective
Cohort Study. J Diabetes Res. 2021; 2021:6662159. Epub 20210528. https://doi.org/10.1155/2021/
6662159 PMID: 34195293; PubMed Central PMCID: PMC8181184.

Technology review: the Neurometer Current Perception Threshold (CPT). AAEM Equipment and Com-
puter Committee. American Association of Electrodiagnostic Medicine. Muscle Nerve. 1999; 22
(4):523-31. PMID: 10204790.

Yeung RO, Zhang Y, Luk A, Yang W, Sobrepena L, Yoon KH, et al. Metabolic profiles and treatment
gaps in young-onset type 2 diabetes in Asia (the JADE programme): a cross-sectional study of a pro-
spective cohort. Lancet Diabetes Endocrinol. 2014; 2(12):935-43. Epub 20140728. https://doi.org/10.
1016/S2213-8587(14)70137-8 PMID: 25081582.

Unnikrishnan R, Anjana RM, Amutha A, Ranjani H, Jebarani S, Ali MK, et al. Younger-onset versus
older-onset type 2 diabetes: Clinical profile and complications. J Diabetes Complications. 2017; 31
(6):971-5. Epub 20170323. https://doi.org/10.1016/j.jdiacomp.2017.03.007 PMID: 28410927.

Nanayakkara N, Ranasinha S, Gadowski A, Heritier S, Flack JR, Wischer N, et al. Age, age at diagnosis
and diabetes duration are all associated with vascular complications in type 2 diabetes. J Diabetes
Complications. 2018; 32(3):279-90. Epub 20171207 . https://doi.org/10.1016/j.jdiacomp.2017.11.009
PMID: 29352694.

Nanayakkara N, Curtis AJ, Heritier S, Gadowski AM, Pavkov ME, Kenealy T, et al. Impact of age at type
2 diabetes mellitus diagnosis on mortality and vascular complications: systematic review and meta-
analyses. Diabetologia. 2021; 64(2):275-87. Epub 20201214. https://doi.org/10.1007/s00125-020-
05319-w PMID: 33313987; PubMed Central PMCID: PMC7801294.

Kautzky-Willer A, Stich K, Hintersteiner J, Kautzky A, Kamyar MR, Saukel J, et al. Sex-specific-differ-
ences in cardiometabolic risk in type 1 diabetes: a cross-sectional study. Cardiovasc Diabetol. 2013;
12:78. Epub 20130524. https://doi.org/10.1186/1475-2840-12-78 PMID: 23705959; PubMed Central
PMCID: PMC3666903.

ZhouR, LiF, Chen G, Fu Q, Gu S, Wu X. Associations between general and abdominal obesity and
incident diabetic neuropathy in participants with type 2 diabetes mellitus. J Diabetes. 2021; 13(1):33—
42. Epub 20200806. https://doi.org/10.1111/1753-0407.13075 PMID: 32500961.

Xiong XF, Yang Y, Wei L, Xiao Y, Li L, Sun L. Identification of two novel subgroups in patients with dia-
betes mellitus and their association with clinical outcomes: A two-step cluster analysis. J Diabetes
Investig. 2021; 12(8):1346-58. Epub 20210214. https://doi.org/10.1111/jdi. 13494 PMID: 33411406;
PubMed Central PMCID: PMC8354513.

PLOS ONE | https://doi.org/10.1371/journal.pone.0306482  July 3, 2024 12/13


https://doi.org/10.1046/j.1464-5491.2002.00821.x
http://www.ncbi.nlm.nih.gov/pubmed/12421426
https://doi.org/10.1371/journal.pone.0212574
http://www.ncbi.nlm.nih.gov/pubmed/30785930
https://doi.org/10.1177/1932296820951829
http://www.ncbi.nlm.nih.gov/pubmed/32856490
https://doi.org/10.1016/j.diabres.2017.04.013
https://doi.org/10.1016/j.diabres.2017.04.013
http://www.ncbi.nlm.nih.gov/pubmed/28495183
https://doi.org/10.1016/j.diabet.2008.11.004
http://www.ncbi.nlm.nih.gov/pubmed/19297223
https://doi.org/10.2337/dc11-1108
http://www.ncbi.nlm.nih.gov/pubmed/21852677
https://doi.org/10.2337/dc05-2228
https://doi.org/10.2337/dc05-2228
http://www.ncbi.nlm.nih.gov/pubmed/16801572
https://doi.org/10.1002/dmrr.3561
http://www.ncbi.nlm.nih.gov/pubmed/35776886
https://doi.org/10.1155/2021/6662159
https://doi.org/10.1155/2021/6662159
http://www.ncbi.nlm.nih.gov/pubmed/34195293
http://www.ncbi.nlm.nih.gov/pubmed/10204790
https://doi.org/10.1016/S2213-8587%2814%2970137-8
https://doi.org/10.1016/S2213-8587%2814%2970137-8
http://www.ncbi.nlm.nih.gov/pubmed/25081582
https://doi.org/10.1016/j.jdiacomp.2017.03.007
http://www.ncbi.nlm.nih.gov/pubmed/28410927
https://doi.org/10.1016/j.jdiacomp.2017.11.009
http://www.ncbi.nlm.nih.gov/pubmed/29352694
https://doi.org/10.1007/s00125-020-05319-w
https://doi.org/10.1007/s00125-020-05319-w
http://www.ncbi.nlm.nih.gov/pubmed/33313987
https://doi.org/10.1186/1475-2840-12-78
http://www.ncbi.nlm.nih.gov/pubmed/23705959
https://doi.org/10.1111/1753-0407.13075
http://www.ncbi.nlm.nih.gov/pubmed/32500961
https://doi.org/10.1111/jdi.13494
http://www.ncbi.nlm.nih.gov/pubmed/33411406
https://doi.org/10.1371/journal.pone.0306482

PLOS ONE

Distal sensorimotor polyneuropathy and cardiovascular complications in diabetes

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Pai YW, Tang CL, Lin CH, Lin SY, Lee IT, Chang MH. Glycaemic control for painful diabetic peripheral
neuropathy is more than fasting plasma glucose and glycated haemoglobin. Diabetes Metab. 2021; 47
(1):101158. Epub 20200512. https://doi.org/10.1016/j.diabet.2020.04.004 PMID: 324134 14.

Callaghan BC, Little AA, Feldman EL, Hughes RA. Enhanced glucose control for preventing and treat-
ing diabetic neuropathy. Cochrane Database Syst Rev. 2012; 6(6):CD007543. https://doi.org/10.1002/
14651858.CD007543.pub2 PMID: 22696371.

Geng T, ZhuK, LuQ, Wan Z, Chen X, Liu L, et al. Healthy lifestyle behaviors, mediating biomarkers,
and risk of microvascular complications among individuals with type 2 diabetes: A cohort study. PLoS
Med. 2023; 20(1):e1004135. Epub 20230110. https://doi.org/10.1371/journal.pmed.1004 135 PMID:
36626356; PubMed Central PMCID: PMC9831321.

Hukportie DN, Li FR, Zhou R, Zheng JZ, Wu XX, Zou MC, et al. Lipid variability and risk of microvascular
complications in Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial: A post hoc analysis.
J Diabetes. 2022; 14(6):365-76. Epub 20220606. https://doi.org/10.1111/1753-0407.13273 PMID:
35668633; PubMed Central PMCID: PMC9366577.

Alshammari NA, Alodhayani AA, Joy SS, Isnani A, Mujammami M, Alfadda AA, et al. Evaluation of Risk
Factors for Diabetic Peripheral Neuropathy Among Saudi Type 2 Diabetic Patients with Longer Duration
of Diabetes. Diabetes Metab Syndr Obes. 2022; 15:3007-14. Epub 20220928. https://doi.org/10.2147/

DMSO0.5364933 PMID: 36200063; PubMed Central PMCID: PMC9527617.

Huang L, Shen X, Yan S, Wu P. Identification of independent risk factors for diabetic neuropathy pro-
gression in patients with type 2 diabetes mellitus. J Int Med Res. 2021; 49(9):3000605211044366.
https://doi.org/10.1177/03000605211044366 PMID: 34559575; PubMed Central PMCID:
PMC8485273.

Singh H, Singh R, Singh A, Singh G, Kaur S, Singh B. Role of oxidative stress in diabetes-induced com-
plications and their management with antioxidants. Arch Physiol Biochem. 2023:1-26. Epub 20230811.
https://doi.org/10.1080/13813455.2023.2243651 PMID: 37571852.

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(3):250-5. Epub 20140214. https://doi.org/10.1016/j.pcd.2014.01.011
PMID: 24530101.

Xu L, Lin X, Guan M, Liu Y. Correlation Between Different Stages of Diabetic Nephropathy and Neurop-
athy in Patients with T2DM: A Cross-Sectional Controlled Study. Diabetes Ther. 2018; 9(6):2335—46.
Epub 20181009. https://doi.org/10.1007/s13300-018-0519-9 PMID: 30302722; PubMed Central
PMCID: PMC6250626.

Lindholm E, Ekman L, Elgzyri T, Lindholm B, Léndahl M, Dahlin L. Diabetic Neuropathy Assessed with
Multifrequency Vibrometry Develops Earlier than Nephropathy but Later than Retinopathy. Exp Clin
Endocrinol Diabetes. 2023; 131(4):187—-93. Epub 20230110. https://doi.org/10.1055/a-2010-6987
PMID: 36626938.

Faselis C, Katsimardou A, Imprialos K, Deligkaris P, Kallistratos M, Dimitriadis K. Microvascular Compli-
cations of Type 2 Diabetes Mellitus. Curr Vasc Pharmacol. 2020; 18(2):117—-24. https://doi.org/10.2174/
1570161117666190502103733 PMID: 31057114,

ChilelliNC, Burlina S, Lapolla A. AGEs, rather than hyperglycemia, are responsible for microvascular
complications in diabetes: a "glycoxidation-centric" point of view. Nutr Metab Cardiovasc Dis. 2013; 23
(10):913-9. Epub 20130617. https://doi.org/10.1016/j.numecd.2013.04.004 PMID: 23786818.

Brownrigg JR, de Lusignan S, McGovern A, Hughes C, Thompson MM, Ray KK, et al. Peripheral neu-
ropathy and the risk of cardiovascular events in type 2 diabetes mellitus. Heart. 2014 Dec; 100
(23):1837—43. Epub 2014 Aug 5. https://doi.org/10.1136/heartjnl-2014-305657 PMID: 25095826.

Wang W, Ji Q, Ran X, Li C, Kuang H, Yu X, et al. Prevalence and risk factors of diabetic peripheral neu-
ropathy: A population-based cross-sectional study in China. Diabetes Metab Res Rev. 2023; 39(8):
e3702. Epub 20230725. https://doi.org/10.1002/dmrr.3702 PMID: 37490047.

Vinik Al, Casellini C, Parson HK, Colberg SR, Nevoret ML. Cardiac Autonomic Neuropathy in Diabetes:
A Predictor of Cardiometabolic Events. Front Neurosci. 2018; 12:591. Epub 20180827. https://doi.org/
10.3389/fnins.2018.00591 PMID: 30210276; PubMed Central PMCID: PMC6119724.

Chou AY, Liu CJ, Chao TF, Wang KL, Tuan TC, Chen TJ, et al. Presence of diabetic microvascular
complications does not incrementally increase risk of ischemic stroke in diabetic patients with atrial fibril-
lation: A nationwide cohort study. Medicine (Baltimore). 2016; 95(27):e3992. https://doi.org/10.1097/
MD.0000000000003992 PMID: 27399075; PubMed Central PMCID: PMC5058804.

Ziegler D, Rathmann W, Dickhaus T, Meisinger C, Mielck A, Group KS. Prevalence of polyneuropathy
in pre-diabetes and diabetes is associated with abdominal obesity and macroangiopathy: the MONICA/
KORA Augsburg Surveys S2 and S3. Diabetes Care. 2008; 31(3):464—9. Epub 20071126. https://doi.
org/10.2337/dc07-1796 PMID: 18039804.

PLOS ONE | https://doi.org/10.1371/journal.pone.0306482  July 3, 2024 13/13


https://doi.org/10.1016/j.diabet.2020.04.004
http://www.ncbi.nlm.nih.gov/pubmed/32413414
https://doi.org/10.1002/14651858.CD007543.pub2
https://doi.org/10.1002/14651858.CD007543.pub2
http://www.ncbi.nlm.nih.gov/pubmed/22696371
https://doi.org/10.1371/journal.pmed.1004135
http://www.ncbi.nlm.nih.gov/pubmed/36626356
https://doi.org/10.1111/1753-0407.13273
http://www.ncbi.nlm.nih.gov/pubmed/35668633
https://doi.org/10.2147/DMSO.S364933
https://doi.org/10.2147/DMSO.S364933
http://www.ncbi.nlm.nih.gov/pubmed/36200063
https://doi.org/10.1177/03000605211044366
http://www.ncbi.nlm.nih.gov/pubmed/34559575
https://doi.org/10.1080/13813455.2023.2243651
http://www.ncbi.nlm.nih.gov/pubmed/37571852
https://doi.org/10.1016/j.pcd.2014.01.011
http://www.ncbi.nlm.nih.gov/pubmed/24530101
https://doi.org/10.1007/s13300-018-0519-9
http://www.ncbi.nlm.nih.gov/pubmed/30302722
https://doi.org/10.1055/a-2010-6987
http://www.ncbi.nlm.nih.gov/pubmed/36626938
https://doi.org/10.2174/1570161117666190502103733
https://doi.org/10.2174/1570161117666190502103733
http://www.ncbi.nlm.nih.gov/pubmed/31057114
https://doi.org/10.1016/j.numecd.2013.04.004
http://www.ncbi.nlm.nih.gov/pubmed/23786818
https://doi.org/10.1136/heartjnl-2014-305657
http://www.ncbi.nlm.nih.gov/pubmed/25095826
https://doi.org/10.1002/dmrr.3702
http://www.ncbi.nlm.nih.gov/pubmed/37490047
https://doi.org/10.3389/fnins.2018.00591
https://doi.org/10.3389/fnins.2018.00591
http://www.ncbi.nlm.nih.gov/pubmed/30210276
https://doi.org/10.1097/MD.0000000000003992
https://doi.org/10.1097/MD.0000000000003992
http://www.ncbi.nlm.nih.gov/pubmed/27399075
https://doi.org/10.2337/dc07-1796
https://doi.org/10.2337/dc07-1796
http://www.ncbi.nlm.nih.gov/pubmed/18039804
https://doi.org/10.1371/journal.pone.0306482

