
World Journal of
Diabetes

ISSN 1948-9358 (online)

World J Diabetes  2020 July 15; 11(7): 269-321

Published by Baishideng Publishing Group Inc



WJD https://www.wjgnet.com I July 15, 2020 Volume 11 Issue 7

World Journal of 

DiabetesW J D
Contents Monthly Volume 11 Number 7 July 15, 2020

REVIEW

Sodium-glucose cotransporter 2 inhibitors’ mechanisms of action in heart failure269

Grubić Rotkvić P, Cigrovski Berković M, Bulj N, Rotkvić L, Ćelap I

Islet cell dysfunction in patients with chronic pancreatitis280

Roy A, Sahoo J, Kamalanathan S, Naik D, Mohan P, Pottakkat B

Gut microbiota and diabetes: From correlation to causality and mechanism293

Li WZ, Stirling K, Yang JJ, Zhang L

ORIGINAL ARTICLE

Observational Study

Relationship between diabetic polyneuropathy, serum visfatin, and oxidative stress biomarkers309

Buyukaydin B, Guler EM, Karaaslan T, Olgac A, Zorlu M, Kiskac M, Kocyigit A



WJD https://www.wjgnet.com II July 15, 2020 Volume 11 Issue 7

World Journal of Diabetes
Contents

Monthly Volume 11 Number 7 July 15, 2020

ABOUT COVER

Dr. Koch has served as an Editor–in-Chief of the World Journal of Diabetes since May 2017, and since 2005 has been 
Professor of Medicine (Gastroenterology) at Georgetown University School of Medicine in Washington, DC, United 
States. Dr. Koch completed training in gastrointestinal physiology within the Department of Physiology and 
Biophysics as a Research Associate at Mayo Medical School in Rochester, Minnesota. Dr. Koch is an editorial board 
member on several medical journals, is a reviewer for multiple scientific and medical journals, and has published 
more than 150 original manuscripts, invited reviews, and book chapters. Dr. Koch’s ongoing research interests 
include studies of the pathophysiology of obesity and post-bariatric surgical disorders, and studies of the benefits 
of endoscopic and bariatric surgical weight loss procedures in individuals with diabetes mellitus.

AIMS AND SCOPE

The primary aim of World Journal of Diabetes (WJD, World J Diabetes) is to provide scholars and readers from various 
fields of diabetes with a platform to publish high-quality basic and clinical research articles and communicate their 
research findings online. 
  WJD mainly publishes articles reporting research results and findings obtained in the field of diabetes and 
covering a wide range of topics including risk factors for diabetes, diabetes complications, experimental diabetes 
mellitus, type 1 diabetes mellitus, type 2 diabetes mellitus, gestational diabetes, diabetic angiopathies, diabetic 
cardiomyopathies, diabetic coma, diabetic ketoacidosis, diabetic nephropathies, diabetic neuropathies, Donohue 
syndrome, fetal macrosomia, and prediabetic state.

INDEXING/ABSTRACTING

The WJD is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, and PubMed Central. The 
2020 Edition of Journal Citation Reports® cites the 2019 impact factor (IF) for WJD as 3.247; IF without journal self 
cites: 3.222; Ranking: 70 among 143 journals in endocrinology and metabolism; and Quartile category: Q2. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Electronic Editor: Yu-Jie Ma; Production Department Director: Xiang Li; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Diabetes https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-9358 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

June 15, 2010 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Timothy Koch https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-9358/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

July 15, 2020 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9358/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJD https://www.wjgnet.com 309 July 15, 2020 Volume 11 Issue 7

World Journal of 

DiabetesW J D
Submit a Manuscript: https://www.f6publishing.com World J Diabetes 2020 July 15; 11(7): 309-321

DOI: 10.4239/wjd.v11.i7.309 ISSN 1948-9358 (online)

ORIGINAL ARTICLE

Observational Study

Relationship between diabetic polyneuropathy, serum visfatin, and 
oxidative stress biomarkers

Banu Buyukaydin, Eray Metin Guler, Tahsin Karaaslan, Atilla Olgac, Mehmet Zorlu, Muharrem Kiskac, 
Abdurrahim Kocyigit

ORCID number: Banu Buyukaydin 
0000-0003-2843-4209; Eray Metin 
Guler 0000-0003-4351-1719; Tahsin 
Karaaslan 0000-0002-1529-1790; 
Atilla Olgac 0000-0003-4623-5377; 
Mehmet Zorlu 0000-0003-4867-4859; 
Muharrem Kiskac 0000-0003-2534-
2675; Abdurrahim Kocyigit 0000-
0003-2335-412X.

Author contributions: Buyukaydin 
B designed the study and wrote the 
paper; Guler EM performed 
research; Karaaslan T, Olgac A, 
Zorlu M, and Kiskac M 
participated in data collection and 
analysis; Kocyigit A interpreted the 
data and drafted the initial 
manuscript.

Institutional review board 
statement: The study was 
reviewed and approved by the 
Bezmiâlem Vakıf University 
Clinical Research Ethics Committee 
Institutional Review Board.

Informed consent statement: All 
study participants, or their legal 
guardian, provided informed 
written consent prior to study 
enrollment.

Conflict-of-interest statement: 
There are no conflicts of interest to 
report.

Data sharing statement: No 

Banu Buyukaydin, Atilla Olgac, Mehmet Zorlu, Muharrem Kiskac, Department of Internal 
Medicine, Bezmialem Vakif University Medical Faculty, İstanbul 34093, Turkey

Eray Metin Guler, Abdurrahim Kocyigit, Department of Medical Biochemistry, Bezmialem Vakif 
University Medical Faculty, İstanbul 34093, Turkey

Tahsin Karaaslan, Department of Nephrology, Istanbul Medeniyet University Medical Faculty, 
İstanbul 34093, Turkey

Corresponding author: Banu Buyukaydin, MD, Academic Research, Doctor, Department of 
Internal Medicine, Bezmialem Vakif University Medical Faculty, Adnan Menderes Street, 
İstanbul 34093, Turkey. bbuyukaydin@hotmail.com

Abstract
BACKGROUND 
Diabetic polyneuropathy is a very common complication of diabetes. Numerous 
studies are available in terms of pathogenesis. But examination methods with low 
reliability are still not standardized and generally time consuming. High-
sensitive, easy-to-access methods are expected. Biochemical markers are one of 
the subjects of research. We aimed to discover a potential biomarker that can be 
used for this purpose in patients with diabetes who have not yet developed 
symptoms of neuropathy.

AIM 
To determine the place and availability of visfatin and thiol-disulfide homeostasis 
in this disorder.

METHODS 
A total of 392 patients with type 2 diabetes mellitus were included in the study. 
The polyneuropathy clinical signs were evaluated with the Subjective Peripheral 
Neuropathy Screen Questionnaire and Michigan Neuropathy Screening 
Instrument questionnaire and examination. The biochemical parameters, 
oxidative stress markers, visfatin, and thiol-disulfide homeostasis were analyzed 
and correlated with each other and clinical signs.

RESULTS 
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Subjective Peripheral Neuropathy Screen Questionnaire and Michigan 
Neuropathy Screening Instrument questionnaire with examination scores were 
correlated with each other and diabetes duration (P < 0.005). Neuropathy related 
symptoms were present in 20.7% of the patients, but neuropathy related findings 
were observed in 43.9% of the patients. Serum glucose, glycated hemoglobin, and 
visfatin were positively correlated with each other. Also, these parameters were 
positively correlated with the total oxidative stress index. Total and native thiol 
was positively correlated with total antioxidant status and negatively with 
oxidant status. Inversely thiol-disulfide positively correlated with higher glucose 
and oxidant status and negatively with total antioxidant status (P < 0.005). There 
was no correlation between visfatin and thiol-disulphide (P = 0.092, r = 0.086). 
However, a significant negative correlation was observed between visfatin and 
total with native thiol (P < 0.005, r = -0.338), (P < 0.005, r = -0.448).

CONCLUSION 
Diagnosis of neuropathy is one of the issues studied in patients with diabetes. 
Visfatin and thiol-disulfide balance were analyzed for the first time in this study 
with inspiring results.

Key words: Diabetic neuropathy; Diabetic foot; Early detection; Oxidative stress; Thiol-
disulfide; Visfatin protein
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Core tip: Early diagnosis and management of micro and macrovascular complications are 
vital in patients with diabetes. Many algorithms and early diagnostic tools have been 
developed for this purpose. Yet it is still difficult to identify neuropathy because of the 
prolonged preclinical phase. This patient group has uncontrolled blood sugar and 
hypertension, accelerated renal replacement need, and life-threatening cardiac or cerebral 
macrovascular complications. With this study, we wanted to emphasize that screening of 
neuropathy should not be ignored in the follow-up of these cases. As an early diagnostic 
tool, many parameters that are responsible for pathogenesis should be investigated.

Citation: Buyukaydin B, Guler EM, Karaaslan T, Olgac A, Zorlu M, Kiskac M, Kocyigit A. 
Relationship between diabetic polyneuropathy, serum visfatin, and oxidative stress biomarkers. 
World J Diabetes 2020; 11(7): 309-321
URL: https://www.wjgnet.com/1948-9358/full/v11/i7/309.htm
DOI: https://dx.doi.org/10.4239/wjd.v11.i7.309

INTRODUCTION
Type 2 diabetes mellitus (DM) is a global epidemic and a highly complex disease. The 
incidence is estimated to be 366 million between the years 2000 and 2030[1]. Diabetic 
polyneuropathy (DN) is the most common complication along with a 50% lifetime 
prevalence[2]. DM leads to various peripheral neuronal damages, but the most common 
type is the bilaterally symmetric, distal to the proximal severity of nerve damage 
known as stocking-glove neuropathy. Although 50% of the patients are asymptomatic, 
the progressive nerve damage results in instability, falls, and numb, insensate feet. DN 
negatively affects the quality of life and increases health expenses. The yearly medical 
expense for diabetes is $6632 per patient. However, the presence of DN doubles this 
amount, and the presence of severe neuropathy quadruples the amount[3].

For the early diagnosis, practical and reliable methods are essential[4]. Monofilament 
tests for superficial and vibratory stimulus for deep sensation may provide early data 
for neuropathy. Nerve conduction studies and skin biopsy are more detailed and 
useful but not practical methods[5,6]. The Toronto Consensus Panel defined diagnostic 
guidelines based on these methods[7]. Subjective Peripheral Neuropathy Screen (SPNS) 
and Michigan Neuropathy Screening Instrument (MNSI) are other reliable procedures 
that are simple and easily self-completed methods applied by the patient or the 
physician[8,9].

In the pathogenesis of neuropathy, the metabolic redox state, extreme production of 
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mitochondrial, and cytosolic reactive oxygen species of dorsal root ganglia and 
Schwann cells are the major determinants[10]. Reactive oxygen species are one of the 
major determinants in the pathophysiology of many diseases[11]. Increased reactive 
oxygen species are one of the factors leading to programmed cell death of neurons. 
Oxidative stress is an oxidant/antioxidant imbalance, and oxidative stress index (OSI) 
is the ratio of total oxidant status (TOS) to total antioxidant status (TAS)[12]. Thiols, 
functional SH groups, have been identified as one of the main antioxidants. The 
plasma thiols are albumin, cysteine, cysteinylglycine, glutathione, homocysteine, and 
γ-glutamylcysteine. Under oxidative status, thiols transform into their reversible 
oxidized disulfide forms. These disulfide bonds are not covalent. Thiols may return 
the reduced form, and thiol-disulfide balance is maintained. Thiol-disulfide provides 
homeostatic redox status, and it has been associated with many clinical disorders 
including DM[13,14]. Visfatin, a 52 kDa protein, is produced by visceral adipose tissue. It 
induces cytokine production and is accepted as a proinflammatory adipokine. In the 
clinical studies, the relationship between visfatin and intracerebral hemorrhage, acute 
ischemic stroke, acute pancreatitis, and myocardial infarction have been identified[15,16]. 
Although it was generally associated with long-term unfavorable outcomes, it has 
been shown to have a regulatory effect in myocardium, neurons, and even 
mitochondria[17,18]. Further studies are necessary to define the precise effect of this 
adipocytokine in critically ill patients.

In this study, patients with diabetes were evaluated using the Subjective Peripheral 
Neuropathy Screen and MNSI questionnaires and MNSI examination. For all patients, 
oxidative status, visfatin, and thiol-disulfide balance were determined. The measured 
parameters were compared to each other and differences of parameters between 
patients with and without DN clinical signs were compared.

MATERIALS AND METHODS
Study population
This study was performed at the Bezmialem Vakif University Internal Medicine and 
Endocrinology Department policlinics. In these clinics, our patients with diabetes 
come for routine control every 3 mo with an appointment. Between October 2018 and 
April 2019, we randomly included this group of patients in the study with informed 
consent. A total of 392 patients with neuropathy examinations were included in the 
study. Exclusion criteria were as follows: (1) Patients with acute infection or other 
lymphoproliferative and chronic infection like human immunodeficiency virus; (2) 
Patients with monoclonal gammopathy, vasculitis, alcoholism, chronic renal failure, 
sarcoidosis, Sjogren disease, amyloidosis, neoplasms, and paraneoplastic syndromes; 
and (3) Patients with a certain diagnosis for hereditary, demyelinating or multifocal 
neuropathies, radiculopathy, mononeuritis, cerebrovascular diseases, and chronic 
renal or hepatic failure. For the other possible macro and microvascular complications, 
we did not apply any exclusion. The age of the patients and diabetes duration was 
registered. Although the diabetic medications and other related disorders were 
registered, we were not able to group and compare the possible effect of related 
disorders and using agent drugs including vitamin B12.

The study was performed based on the Helsinki Declaration, and ethical consent 
was obtained from Bezmialem Clinical Research Ethics Committee (Number 
2016/14823). Informed voluntary consent form was received from all patients.

Diagnosis for DN
The patients were examined on a stretcher in policlinic conditions. The researchers 
were educated and used the same instructions. Complaints of the patients were 
evaluated using the Subjective Peripheral Neuropathy Screen Questionnaire (SPNSQ) 
and MNSI[8,9]. SPNSQ contains 15 questions about the symptoms of neuropathy. The 
total score is obtained by counting the yes answers. The sum of the scores range from 0 
to 15 and determine the cases from no neuropathic symptoms to the severe 
neuropathic symptoms. MNSI questionnaire contains 15 “yes/no” questions regarding 
neuropathy. For the questions 1-3, 5-6, 8-9, 11-12, 14-15, “yes” answers and for the 
questions 7 and 13 “no” answers were scored as one point. Questions 4 and 10 were 
not included in the published scoring algorithm. The sum of the questionnaire score of 
7 ≥ was accepted as abnormal[9]. MNSI examination was performed by the physicians 
participating in the study. Each foot was examined for dryness, fissures, ulcers, and 
infections. The detected abnormality was scored with 1 point.

The feet were also inspected for ulcers and each foot with an ulcer received 1 point. 
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The Achilles reflex was evaluated. If it was absent, Jendrassic maneuver was 
performed. If it is present, the reflex was scored as 0.5 points for each foot. If the reflex 
was absent with the maneuver, it was scored as 1 point. Vibration sensation was 
evaluated using a tuning fork placed on the dorsal face of the big toe. With covered 
vision, the vibration was scored according to the duration of the sensation. Below 10 s, 
the sensation was accepted as reduced and scored as 0.5 points. The patient with no 
perception was scored as 1 point for each foot. For monofilament evaluation, the feet 
were rested on a flat, warm surface. The filament was applied perpendicularly and 
briefly (< 1 s) with 10 gr pressure to ten designated spots for each foot. Eight correct 
answers were considered normal. One to seven correct answers were considered 
decreased. No correct answers were considered a loss of sensation. The total MNSI 
score was over 10 points, and the score ≥ 2.5 was accepted as abnormal[19].

Sample collection
Fasting venous blood samples were provided from the antecubital vein. The samples 
were centrifuged at 3000 × g for 10 min to dissociate the serum. The serum samples 
were aliquoted and kept at -80 °C until further analysis.

Biochemical parameters
The biochemical parameters serum glucose, glycated hemoglobin (HbA1c), serum 
triglycerides, low density lipoprotein cholesterol, serum creatinine, alanine 
aminotransferase, aspartate aminotransferase, and vitamin B12 were analyzed using 
commercial assay kits.

Measurement of visfatin
Serum visfatin levels were analyzed using an enzyme-linked immunosorbent assay kit 
(Elabscience, Houston, TX, United States). Results were obtained by spectro-
photometric method according to the manufacturer‘s directions and specified in 
pg/mL.

Analyses of oxidative stress
Serum TAS was evaluated with the method based by Erel et al[20]. The method 
encompasses the formation of hydroxyl radicals, which is a potent reactive substance. 
A ferrous ion solution (reagent 1) is stirred with hydrogen peroxide (reagent 2). The 
antioxidative capacity of a sample can be measured in terms of the inhibition of free 
radical reactions initiated by the generation of the hydroxyl radical. The change in 
assay data was very low (< 3%), and results were in mmol Trolox Eq./L.

For TOS analysis, the oxidants formed in the serum oxidize the ferrous ion of an o-
dianisidine compound to the ferric ion. For the calibration of the analysis, hydrogen 
peroxide was used, and the results were presented with micromole hydrogen peroxide 
equivalents per liter (μmol H2O2 Eq./L).

OSI was calculated as OSI (arbitrary unit) = (TOS, μmol H2O2 Eq./L) / (TAS, mmol 
Trolox Eq./L)[21].

Determination of thiol-disulfide homeostasis
For the evaluation, dynamic disulfide bonds (–S–S–) in the serum sample were 
reduced to native thiol groups (–SH) by NaBH4. The total thiol ingredient was 
measured using a derivative of Ellman reagent. Native thiol was subtracted from the 
total thiol, and half of the obtained difference gave the disulfide bond amount. 
Biomarkers were measured using a spectrophotometer (Varioskan Flash Multimode 
Reader; Thermo, Waltham, MA, United States)[13]. After the measurement of native 
thiol and disulfide concentrations in the samples, the disulfide/native thiol ratio (-S-S-
/-SH) was calculated as dynamic thiol-disulfide homeostasis (TDH).

Statistical methods
All of the statistical analyses were performed using the IBM SPSS 22.0. Mean standard 
deviation and percentages are presented as descriptive statistics. When comparing the 
groups for categorical data MNSI neuropathy score categories, the chi-square test was 
used. For the cuts of averages, the independent sample t-test was used. The Pearson 
correlation coefficient was calculated for the relationship between variables. For all 
data, P < 0.05 was accepted as significant.
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RESULTS
A total of 392 patients were evaluated (271 female, 121 male). The mean age of the 
patients was 57.5 ± 9.0 years. The mean diabetes period was 12.00 ± 7.29 years. For all 
patients the mean SPNSQ score was 5.6 ± 3.6, the mean MNSI questionnaire score was 
4.5 ± 2.3, and the mean MNSI exam score was 2.4 ± 2.0 points. SPNSQ, MNSI 
questionnaire, and MNSI exam scores were correlated with each other (P < 0.005). 
Between the disease duration and SPNSQ, MNSI questionnaire, and MNSI 
examination, significant positive correlation was observed (P < 0.005, r = 0.275, P < 
0.005, r = 0.242, P = 0.027, r = 0.119). However, there was no correlation between the 
disease duration and all other measured parameters.

MNSI questionnaire score was less than seven points in 311 patients (79.3%). In 81 
patients it was more than seven points (20.7%). MNSI examination score of less than 
2.5 points was observed in 220 patients (56.1%), and it was more than 2.5 points in 172 
patients (43.9%). In females, the disease duration was much longer (P = 0.003), and 
both questionnaire scores were much higher than males (P = 0.001 and P = 0.044). But 
in terms of MNSI examination, there was no difference between males and females (P 
= 0.059).

There was no correlation between questionnaire results and the biochemical 
parameters, visfatin, oxidative stress biomarkers, and TDH. There was a positive linear 
relationship between MNSI examination scores and HbA1c, visfatin, TOS, and OSI. 
The same correlation was observed in the divided MNSI score analysis. These 
correlations with detailed information are presented in Tables 1 and 2.

Serum HbA1c was correlated with TOS and OSI in the same direction and 
oppositely with TAS (P < 0.005, r = 0.503, r = 0.702, r = -0.593). Visfatin was positively 
correlated with higher glucose, HbA1c, TOS, and OSI (P < 0.005, r = 0.537, r = 0.753, r = 
0.407, r = 0.587), and it was negatively correlated with TAS (r = -0.499).

Total and native thiol were negatively correlated with glucose, HbA1c, TOS, and 
OSI, but it was positively correlated with TAS. There were oppositely directed 
correlations between thiol-disulfide and the same parameters. Detailed results and 
correlations of all these parameters are presented in Table 3.

There was no significant correlation between visfatin and thiol-disulfide (P = 0.092, r 
= 0.086). However, a statistically significant negative correlation was detected between 
visfatin and total with native thiol (P < 0.005, r = - 0.338), (P < 0.005, r = -0.448). All 
correlations between visfatin and oxidative stress biomarkers and TDH were 
presented in Figures 1-6.

DISCUSSION
Type 2 DM is a major health problem worldwide. Along with increased cardiovascular 
risk, severe chronic complications, retinopathy, nephropathy, and neuropathy are 
associated with morbidity and mortality. DN is a common complication and affects 
more than one-third of patients. Although there are routine protocols for early 
diagnosis of retinopathy and nephropathy, there is no practical method with proven 
reliability for DN.

Microalbuminuria is controlled quarterly, and retinopathy is examined yearly if 
there are no additional problems. However, there is no standardized follow-up 
protocol and reliable methods for DN. The sensitivity of the surveys used is weak. 
Also in our patients, SPNSQ average score was 5.6 ± 3.6 over fifteen questions. SPNSQ 
is simple and easy to apply method. This survey was used to screen neuropathy in 
patients with human immunodeficiency virus and presented with 70% positive 
predictivity and 67% diagnostic efficacy[9]. This survey was compared with the 
Neuropathy Symptoms Score and DN 4 in patients with diabetes and reported as a 
proposed method for neuropathy screening. But sensitivity and reliability are 
insufficient because of subjective property as in our patient group[22].

The sensitivity of electrophysiological studies was observed in the preclinical period 
of DN[23]. Among the surveys, MNSI has been reported to have a linear relationship 
with the electrophysiological studies[24]. In our study, along with the MNSI 
questionnaire, 20.7% of the patients had neuropathy related symptoms. But 
examination findings were detected in 43.9% of the patients. Screening only symptoms 
does not seem like an effective and sensitive method. Neuropathy examination 
appears to be part of the clinical evaluation in these patients. We detected higher 
positive examination findings than similar studies[25,26]. Mean diabetes duration of 12.00 
± 7.29 years was significantly correlated with questionnaires and examination scores, 
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Table 1 The median of the parameters and the correlation between neuropathy clinical scores and biochemical parameters, visfatin, 
and oxidative stress biomarkers

SPNSQ score, 5.66 ± 3.64 MNSI q, 4.5 ± 2.28 MNSI exam, 2.42 ± 1.99

Glucose, mg/dL, 154.0 ± 57.5 P = 0.099, r = 0.084 P = 0.110, r = 0.081 P = 0.110, r = 0.081

HbA1c, 7.68 ± 1.52 P = 0.099, r = 0.084 P = 0.062, r = 0.094 bP < 0.01, r = 0.170

Creatinine, mg/dL, 0.81 ± 0.13 P = 0.017, r = -0.121 P = 0.053, r = -0.098 P = 0.143, r = 0.074

ALT, U/L, 22.3 ± 12.8 P = 0.177, r = 0.000 P = 0.518, r = 0.033 P = 0.585, r = 0.028

AST, U/L, 18.6 ± 7.8 P = 0.587, r = 0.028 P = 0.676, r = 0.021 P = 0.810, r = -0.012

LDL cholesterol, mg/dL, 118.12 ± 28.00 P = 0.077, r = 0.090 P = 0.151, r = 0.073 P = 0.868, r = 0.008

Triglycerides, mg/dL, 160.3 ± 85.0 P =0.123, r = 0.078 P = 0.355, r = 0.047 P = 0.994, r = 0.000

Vitamin B12, pg/mL, 425.5 ± 32.0 aP < 0.05, r = 0.132 P = 0.062, r = 0.095 P = 0.049, r = 0.100

Visfatin, pg/mL, 19.34 ± 8.07 P = 0.579, r = 0.028 P = 0.330, r = 0.049 aP < 0.05, r = 0.122

TOS, μmol H2O2/L, 12.91 ± 1.92 P = 0.417, r = 0.041 P = 0.340, r = 0.048 aP < 0.05, r = 0.155

TAS, mmol Trolox Eq./L, 0.87 ± 0.14 P = 0.385, r = 0.044 P = 0.160, r = -0.071 aP < 0.05, r = -0.127

OSI (Arbitrary units), r = 0.20, 15.29 ± 4.12 P = 0.283, r = 0.054 P = 0.170, r = 0,069 bP < 0.01, P = 0.000

Total thiol, mmol/L, 0.51 ± 0.05 P = 0.070, r = -0.092 P = 0.053, r = -0.098 P = 0.251, r = -0.05

Native thiol, mmol/L, 0.35 ± 0.05 P = 0.822, r = 0.011 P = 0.903, r = -0.006 P = 0.864, r = -0.009

Thiol-disulfide, mmol/L, 0.08 ± 0.03 P = 0.059, r = -0.096 P = 0.069, r = -0.092 P = 0.270, r = -0.056

aP < 0.05, 
bP < 0.01. SPNSQ: Subjective Peripheral Neuropathy Screen Questionnaire; MNSI q: Michigan Neuropathy Screening Instrument questionnaire; MNSI 
exam: Michigan Neuropathy Screening Instrument examination; HbA1c: Glycosylated hemoglobin; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; TOS: Total oxidant status; TAS: Total antioxidant status; OSI: Oxidative stress index; LDL: Low density lipoprotein.

Table 2 The correlation between the Michigan Neuropathy Screening Instrument neuropathy scores and visfatin with oxidative stress 
biomarkers

MNSI q < 7 MNSI q ≥ 7 P value MNSI exam < 2.5 MNSI exam ≥ 2.5 P value

Visfatin 19.15 ± 7.93 20.08 ± 8.62 0.357 18.32 ± 6.97 20.64 ± 9.16 < 0.01

TOS 12.88 ± 1.90 13.04 ± 2.01 0.486 12.64 ± 1.63 13.26 ± 2.20 < 0.05

TAS 0.88 ± 0.14 0.85 ± 0.13 0.102 0.88 ± 0.12 0.85 ± 0.15 < 0.05

OSI 15.14 ± 4.09 15.84 ± 4.23 0.178 14.62 ± 3.45 16.64 ± 4.72 < 0.01

Total thiol 0.51 ± 0.00 0.51 ± 0.05 0.385 0.52 ± 0.05 0.51 ± 0.05 0.228

Native thiol 0.35 ± 0.05 0.34 ± 0.06 0.570 0.35 ± 0.05 0.35 ± 0.06 0.638

Thiol-disulfide 0.08 ± 0.03 0.08 ± 0.03 0.850 0.08 ± 0.03 0.08 ± 0.03 0.399

MNSI q: Michigan Neuropathy Screening Instrument questionnaire; MNSI exam: Michigan Neuropathy Screening Instrument examination; TOS: Total 
oxidant status; TAS: Total antioxidant status; OSI: Oxidative stress index.

and we thought that long term disease duration may be partly responsible for this 
result.

In patients with diabetes, microvascular complications are associated with glycemic 
regulation. For DN, this relationship is more evident in patients with type 1 
diabetes[27]. A series of systemic and cellular imbalances were responsible in this 
process: Increased oxidative/nitrosative stress, activation of poly-ADP ribosylation, 
activation of the polyol and protein kinase C pathways, endothelial dysfunction, 
altered Na+/K+-ATPase pump function, cyclooxygenase-2 activation, endoplasmic 
reticulum stress, and impaired C-peptide-related pathways. These factors lead to 
cytokine and chemokine generation that induce cellular oxidative/nitrosative stress 
and finally neuronal damage[28,29]. In a large cohort with over one thousand 
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Table 3 The median of the parameters and the correlation between glucose, serum oxidative stress biomarkers, and visfatin with thiol 
groups

Visfatin, 19.34 ± 8.07 Total thiol, 0.51 ± 0.05 Native thiol, 0.35 ± 0.05 Thiol-disulfide, 0.08 ± 0.03

Glucose, 154.0 ± 57.5 P < 0.05, r = 0.537 P < 0.01, r = -0.2041 P < 0.051,  r = -0.4521 P < 0.01, r = 0.206

HbA1c, 7.68 ± 1.52 P < 0.05, r = 0.753 P < 0.01, r = -0.3511 P < 0.051, r  = -0.5971 P < 0.01,  r = 0.194

TOS, 12.91 ± 1.92 P < 0.05, r = 0.407 P < 0.05, r = -0.2361 P < 0.051, r  = -0.3521 P < 0.01,  r = 0.094

TAS, 0.87 ± 0.14 P < 0.05, r = -0.4991 P < 0.01, r = 0.243 P < 0.05, r  = 0.408 P < 0.01, r = -0.1341

OSI, 15.29 ± 4.12 P < 0.05, r = 0.587 P < 0.05, r = -0.3221 P < 0.051,r  = -0.4851 P < 0.01, r = 0.132

Visfatin P < 0.01, r = -0.3381 P < 0.011,r  = -0.4481 P = 0.092

1Correlations with negative directions are presented. HbA1c: Glycosylated hemoglobin; TOS: Total oxidant status; TAS: Total antioxidant status; OSI: 
Oxidative stress index.

Figure 1  Positive correlation between visfatin and total oxidant status (P < 0.05, r = 0.407). TOS: Total oxidant status.

Figure 2  Positive correlation between visfatin and oxidative stress index (P < 0.05, r = 0.587). OSI: Oxidative stress index.

participants, the relationship between IL-1β, IL-6, and measures of DN was 
demonstrated[30]. In another study with a small number of patients, it was shown that 
antioxidant activity evaluated by superoxide dismutase, catalase, and glutathione 
peroxidase decreased in patients with DN[31]. In our patients, the examination findings 
associated with neuropathy were more pronounced in patients with poor glycemic 
control. Also, a statistically significant higher level of TOS, OSI, visfatin and lower TAS 
levels were observed in this patient group. These results show that oxidative balance is 
one of the main determinants for the development of DN, and visfatin is likely to be 
effective in the oxidative direction.

With this result, the place of adipose tissue dysfunction in the pathogenesis of 
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Figure 3  Negative correlation between visfatin and total antioxidant status (P < 0.05, r = -0.499). TAS: Total antioxidant status.

Figure 4  Negative correlation between visfatin and total thiol (P < 0.05, r = -0.338).

Figure 5  Negative correlation between visfatin and native thiol (P < 0.05, r = -0.448).

neuropathy once again became evident. Adipokines have endocrine, autocrine, and 
paracrine effects and are responsible for appetite regulation, insulin resistance, lipid 
metabolism, immunity, inflammation, vascular homeostasis, angiogenesis, and 
endothelial function. Visfatin is one of these adipokines, and it induces immune cell 
activation by β cell maturation and leukocyte, TNF/IL-6/IL-1b, and NFkB activation. 
At the same time, it leads to immune cell support on endothelial cells and vascular 
smooth muscle[32]. Although visfatin has been studied in many chronic disorders and 
has been associated with long-term unfavorable clinical outcomes and disease severity, 
its pathogenic or protective role has not been well established, especially in 
cardiovascular and cerebrovascular events[15,16].

Visfatin has been shown as a potential marker of inflammation and endothelial 
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Figure 6  There is no statistical relationship between visfatin and thiol-disulfide (P = 0.092, r = 0.086).

dysfunction in patients with myocardial infarction in a clinical trial[33]. In another case-
controlled study in overweight patients with diabetes, visfatin, leptin, resistin, 
monocyte chemoattractive protein-1, and retinol-binding protein 4 were evaluated. 
Visfatin was associated with higher HbA1c and HOMA-β levels[34]. Visfatin has been 
evaluated in the pathogenesis of diabetic nephropathy. Patients with renal failure in 
different stages were compared with each other, and a major difference was not 
observed between the patient groups[35]. However, in another study, high visfatin was 
associated with a decrease in kidney function in patients with diabetic nephropathy[36]. 
Visfatin is possibly upregulated in a dose dependent manner for the stability of pro- 
and anti-inflammatory cytokines. The possible place of visfatin on the pathogenesis of 
DN was first investigated in our study. Our patients with neuropathy findings had 
higher levels of visfatin. Also, it had a positive linear relationship with the oxidative 
status of the patients (TOS and OSI). There are studies in the literature confirming our 
results. Increased visfatin along with resistin was associated with increased diabetes 
and cardiovascular risk in obese patients[37]. In another study, higher visfatin and TOS 
and lower TAS levels were observed in infants born to mothers who smoked[38]. 
Patients with psoriasis were evaluated for the same relationship. Increased oxidative 
stress associated with visfatin has been associated with chronic inflammation in 
patients with nonsevere psoriasis[39].

One of the parameters studied on oxidative stress in recent years is TDH. TDH has 
been associated with several pathophysiologies[40,41]. In our study, TAS had a positive 
correlation with total and native thiol and a negative correlation with thiol-disulfide. 
We also found a negative correlation between total and native thiol and HbA1c, TOS, 
and OSI. TDH appears to have antioxidant properties. In the literature, there are a few 
studies in which TDH is studied in patients with diabetes. In a study where 
prediabetic patients were compared with the control, lower native and total thiol and 
higher disulfide ratios were observed in the prediabetic group[14]. In another study, 
high levels of TDH were associated with poor glycemic control in patients with 
diabetes[42]. We also obtained similar results in terms of TDH and glycemic control. 
TDH was evaluated in patients with diabetic retinopathy, and it was found that 
disulfide ratios were higher in the advanced stage of retinopathy[43].

There is only one study that investigated TDH in DN pathogenesis. Patients with 
and without diabetes who were predominantly diagnosed with axonal 
polyneuropathy were evaluated in terms of TDH with the control group. In that study, 
total and native thiol levels were lower in patients with neuropathy than the control 
group, but there was no significant difference between patients with and without 
diabetes. However, patients with DN had higher disulfide levels than patients with 
nondiabetic polyneuropathy. In that study, it was emphasized that, regardless of 
etiology, TDH may be the last common pathway in patients with axonal damage 
polyneuropathy[44]. Our study is the first in the literature in which TDH was evaluated 
with visfatin. We did not find a significant correlation between visfatin and thiol-
disulfide. However, we observed a significant negative correlation between visfatin 
and total native thiol. When the relationship between visfatin and TDH is evaluated 
together with other results of our study, it becomes evident that the effect of this 
adipokine on oxidative stress warrants further studies.

In conclusion, DN is one of the common complications of diabetes. Although there 
are many studies in terms of pathogenesis, there is currently no evidence-based and 
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practical method for early diagnosis. Surveys and clinical examinations are insufficient 
and time-consuming methods. Oxidative stress has an important place in the 
pathogenesis of DN, and our results are consistent with the literature. In this study, 
oxidative stress was evaluated with visfatin and TDH in patients with DN, and 
significant correlations were found between these markers. We believe that more 
comprehensive studies involving TDH and visfatin are needed in the clinical 
management of DN.

ARTICLE HIGHLIGHTS
Research background
Diabetic polyneuropathy is the most common complication of type 2 diabetes. 
However, there is no standard method for clinical follow-up and early diagnosis.

Research motivation
Diagnosis of neuropathy is possible only with special examination methods before 
clinical signs and symptoms. Studies on pathogenesis continue to be conducted on the 
basis of evidence. However, there is a need for practical methods for early diagnosis.

Research objectives
With this study, we aimed to investigate the frequency of neuropathy in our patients, 
to test the sensitivity of the interrogation methods used, and to investigate the location 
of visfatin and thiol balance, which have not yet been studied in pathogenesis.

Research methods
Neuropathy examinations were completed with two defined questionnaires and 
examination methods: Subjective Peripheral Neuropathy Screen and Michigan 
Neuropathy Screening Instrument (MNSI). At the same time, venous samples were 
taken and stored under appropriate conditions until analysis. The analysis included 
biochemistry panels, oxidative stress parameters, visfatin, and thiol disulfide balance. 
The last two parameters were evaluated for the first time specifically for this patient 
group.

Research results
A total of 392 patients were evaluated (271 female, 121 male). The mean age of the 
patients was 57.5 ± 9.0 years. The mean diabetes period was 12.00 ± 7.29 years. The 
mean Subjective Peripheral Neuropathy Screen Questionnaire score was 5.6 ± 3.6, the 
mean MNSI questionnaire score was 4.5 ± 2.3, and the mean MNSI exam score was 2.4 
± 2.0 points. Subjective Peripheral Neuropathy Screen Questionnaire, MNSI 
questionnaire, and MNSI exam scores were correlated with each other (P < 0.005). 
There was a positive linear relationship between MNSI examination scores and 
glycated hemoglobin, visfatin, total oxidant status, and oxidative stress index. Visfatin 
was positively correlated with higher glucose, glycated hemoglobin, total oxidant 
status and oxidative stress index (P < 0.005, r = 0.537, r = 0.753, r = 0.407, r = 0.587), and 
it was negatively correlated with total antioxidant status (r = -0.499). Total and native 
thiol was negatively correlated with glucose, glycated hemoglobin, total oxidant 
status, and oxidative stress index, but it was positively correlated with total 
antioxidant status. A statistically significant negative correlation was detected between 
visfatin and total with native thiol (P < 0.005, r = -0.338), (P < 0.005, r = -0.448).

Research conclusions
The sensitivity of the survey methods is low in the diagnosis of neuropathy. The place 
of oxidative stress in pathogenesis is indisputable. Neuropathy complaints must be 
included in the clinical examination of the patient, but its reliability is low. The 
sensitivity of the neuropathy examination is partially higher. However, its 
applicability is time consuming and difficult in the internal medicine clinic. Increased 
oxidative stress starts nerve damage in these patients without any clinical symptoms. 
Visfatin and thiol disulfide balance are being investigated in the pathogenesis of many 
diseases. It has been shown with this study that they may have a role in the 
development of polyneuropathy in pathogenesis. Routine monitoring of these 
parameters in patients with diabetes may be a practical approach for early diagnosis. 
However, the sensitivity levels of these techniques should be tested together with 
standard methods. In addition, comparisons for these parameters between patients 



Buyukaydin B et al. Diabetic polyneuropathy pathogenesis and early diagnosis

WJD https://www.wjgnet.com 319 July 15, 2020 Volume 11 Issue 7

with different levels of neuropathy, comorbidities, glycemic regulation, and using 
drugs are promising studies.

Research perspectives
With this study, we observed how often neuropathy was in patients admitted to 
internal medicine clinics. We found that there is a need for a practical method for early 
diagnosis within the clinic. The pathogenesis of neuropathy is one of the issues 
illuminated in many aspects. These markers, which are thought to be involved in the 
pathogenesis, should continue to be studied, and their practical use should be 
evaluated.
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