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Abstract 

 

Background/Aim: Diabetes mellitus (DM) accelerates the development of neuropathy, and carpal tunnel 

syndrome (CTS) is the most common form of entrapment neuropathy. The pathogenesis of diabetic 

neuropathy is multifactorial with its vascular and metabolic factors. In this study, we aimed to evaluate 

the relationship among the electrophysiological severity of CTS, lipid profile and serum atherogenic index 

in patients with Type 2 DM.  

Methods: In this hospital-based retrospective cross-sectional study, we retrospectively evaluated 202 type 

2 DM patients, who presented to the electrophysiology laboratory of Zonguldak Bulent Ecevit University 

Faculty of Medicine between 2016-2019 and investigated the relationship among the electrophysiological 

severity of CTS, lipid profile and serum atherogenic index of 131 patients diagnosed with CTS. 

Results: The patients with CTS had significantly higher values of fasting blood glucose and HbA1c 

compared to those without CTS (P=0.010). In terms of the severity of CTS, the patients were divided into 

three groups as mild, moderate, severe. In terms of the lipid panel, the mean values of cholesterol, 

triglyceride, and HDL-C were similar among the groups (P=0.098, P=0.321, P=0.706), while LDL-C 

levels were higher in the severe CTS group. (P=0.024). There was a significant positive correlation 

between age (R=0.126 P=0.004), HbA1c (R=0.245, P=0.002) and CTS severity.  

Conclusion: We identified a relationship between CTS severity and LDL-C. CTS should be considered in 

patients with DM and hyperlipidemia. Further larger-scale studies with control groups are recommended.  
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Introduction 

Carpal tunnel syndrome (CTS) is the most common 

entrapment neuropathy, which occurs when the median nerve is 

compressed as it passes under the carpal ligament at the wrist [1]. 

It is more common in females [2]. Most CTS cases are 

idiopathic; however, there are many associated risk factors such 

as recurrent trauma, metabolic and hormonal changes, smoking, 

female gender, and obesity [1,3-6]. Diabetes mellitus (DM) 

accelerates CTS, and multiple etiopathogenetic factors, both 

vascular and metabolic, are responsible for the development of 

neuropathy [7]. Endothelial dysfunction and atherosclerosis have 

a significant impact on microvascular and macrovascular 

complications in patients with diabetes. Diabetic and entrapment 

neuropathies are the most common among the microvascular 

complications in diabetic patients [8]. Microangiopathic changes 

in vasonervorum due to atherosclerosis lead to the development 

of neuropathy by negatively affecting the nutrition of peripheral 

nerves. It also affects the neuronal membrane lipid content and 

causes the development of both entrapment neuropathy and 

polyneuropathy. Hypercholesterolemia, especially high low-

density lipoprotein cholesterol (LDL-C) has also been associated 

with fibrinogenesis in many organs and peripheral nerves [8,9].  

In this study, we aimed to evaluate the relationship 

between the electrophysiological severity of carpal tunnel 

syndrome, lipid profile and serum atherogenic index in patients 

with diabetes mellitus.  

Materials and methods 

In our study, we retrospectively evaluated 202 type 2 

DM patients who visited the electrophysiology laboratory of 

Zonguldak Bulent Ecevit University Faculty of Medicine 

between 2016-2019 and underwent Electromyography (EMG). 

We aimed to evaluate the relationship between the 

electrophysiological severity of CTS, lipid profile and serum 

atherogenic index of 131 patients diagnosed with CTS. EMG 

results, recent (including 3 months before and after the EMG 

date) blood test results (glycated hemoglobin a1c (HbA1c), 

fasting blood glucose, white blood cell, TSH, Free T4, LDL-C, 

high-density lipoprotein cholesterol (HDL-C), cholesterol, 

triglyceride), demographic data (age, gender), Body Mass Index 

(BMI) and duration of diabetes of each patient included in the 

study were obtained from the patient files.  

The exclusion criteria for the study included patients 

with chronic infection, malignancy, hypertension, peripheral 

artery disease, cerebrovascular diseases, entrapment 

neuropathies, and other diseases that cause neuropathy (B12 

deficiency, rheumatological diseases, chronic kidney disease, 

vasculitis, drug-related), and patients on antilipidemic drugs, 

with a BMI greater than 25 kg/m2 and with an EMG result 

indicating polyneuropathy. 

Patients underwent standard electrophysiological study. 

All physiological studies were performed with 2 channeled 

Medelec EMG device. In all recordings, superficial electrodes 

were used. In motor conduction studies, the median, ulnar, 

peroneal and tibial nerves were stimulated, and compound 

muscle action potentials (CMAPs), distal latency (DL) and nerve 

conduction velocities (NCVs) were recorded. Sensory responses 

were obtained with orthodromic methods. In sensory conduction 

studies, the median, ulnar and sural nerves were stimulated, and 

sensory conduction velocities (SCVs), sensory response peak 

latencies and sensory action potentials (SAPs) were recorded. 

Nerve conduction velocities below 50 m/s in the upper 

limb and 40 m/s in the lower limb, median nerve SAP amplitude 

below 12 µV, CMAP amplitude below 5 mV and motor DL 

values above 4.0 ms, ulnar nerve SAP amplitude values below 8 

µV, CMAP amplitude below 5 mV and motor distal latency 

above 4.0 ms, posterior tibial nerve CMAP amplitude values 

below 4 mV, peroneal nerve CMAP amplitude below 2 mV, and 

sural nerve SAP amplitude below 10 µV were considered 

abnormal values. 

Electrophysiological classification of all subjects in 

terms of CTS severity is as follows [10].  

Mild Carpal Tunnel Syndrome: Prolonged median 

sensory latency ± reduced amplitude of median sensory nerve 

action potential below the normal values  

Moderate Carpal Tunnel Syndrome: Prolonged 

median sensory latency and prolonged median motor distal 

latency 

Severe Carpal Tunnel Syndrome: Prolonged median 

motor and sensory distal latency with low or absent median 

compound muscle action potential 

Statistical analysis 

The data obtained in the research were analyzed using 

SPSS (Statistical Package for Social Sciences) for Windows 22.0 

software package. Number, percentage, mean, and standard 

deviation were used as descriptive statistical methods in the 

evaluation of the data. Mann Whitney U test was used to 

compare two non-normally distributed groups of variables and 

Chi-square tests were used for categorical variables. One-way 

ANOVA and Kruskal Wallis tests were used in groups showing 

normal and non-normal distributions, respectively, to determine 

the significant differences among the means of three or more 

independent groups. Ordinal Logistic Regression Analysis was 

used to examine the adjusted relationships. For all statistical 

analyses, P-value<0.05 indicated significance. 

Results 

CTS was observed in 131 of 202 patients. The patients 

with CTS had significantly higher values of fasting blood 

glucose and HbA1c compared to those without (P=0.010) (Table 

1). 

Forty-five patients had mild, 50 patients had moderate, 

and 36 patients had severe CTS. There were sixty females, and 

71 males. Patients with mild, moderate, and severe CTS had 

mean ages of 61.44 (10.77) years, 62.4 (11.20) years, and 65.58 

(10.03) years, respectively (P=0.229). CTS was more severe 

among females (P=0.045) (Table 2). The mean duration of 

diabetes, HbA1c, and fasting blood glucose levels of the groups 

were similar (P=0.481, P=0.379, P=0.364), just as mean 

25(OH) Vitamin D levels. There was no statistical difference 

among the groups in terms of kidney function tests and 

electrolytes (Table 3). The mean values of cholesterol, 

triglyceride, and HDL-C did not significantly differ between the 

groups (P=0.098, P=0.321, P=0.706), while the LDL-C levels 

did (P=0.024). The mean values of Triglyceride/HDL-C, 
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Cholesterol/HDL-C, and LDL-C/HDL-C, which are approved as 

the atherogenic index, were similar among all groups (P=0.237, 

P=0.202, P=0.660) (Table 3). 

The ordinal logistic regression analysis, which was 

carried out to determine the cause-effect relationship between 

LDL-C, HDL-C, TG, age, and HbA1c and the severity of CTS, 

was significant. There was a significant positive correlation 

between age (R=0.126 P=0.004), HbA1c (R=0.245, P=0.002) 

and CTS severity (Table 4). 
 

Table 1: Laboratory characteristics of patients with and without CTS 
 

 Without CTS With CTS  

Median  

(Min-Max) 

Median  

(Min-Max) 

P-value 

Glycated HbA1c (%) 6.9 (4.6-13.1) 7.9 (5.3-14.2) 0.010 

Fasting blood glucose level (mg/dl) 125 (85-374) 163 (85-532) 0.010 

Cholesterol(mg/dl) 193 (36-372) 187 (71-356) 0.726 

LDL-C(mg/dl) 111 (43-281) 113 (51-213) 0.750 

Triglyceride(mg/dl) 153 (90-538) 157 (55-1287) 0.613 

HDL-C(mg/dl) 47 (28-140) 44 (42.5-85) 0.083 

Triglyceride /HDL-C (AIP) 3.3 (0.06- 14.38) 3.35 (0.14-45.96) 0.312 

Cholesterol /HDL-C 4.28 (0.26-7.55) 4.37 (0.2- 12.71) 0.378 

LDL-C/HDL-C 2.37 (0.75-5.98) 2.5 (0.12- 5.71) 0.487 

25(OH) Vitamin D 21.65 (5-73.7) 18.4 (1.1- 53.2) 0.181 

Urea 33 (15-222) 39,5 (15-189) 0.009 

Creatinine 0.8 (0.1-7.3) 0.9 (0.5-5.9) 0.021 

GFR 87 (10-125) 78.5 (10-149) 0.120 

Calcium 9.6 (7.1-10.8) 9.6 (7.7-11.4) 0.369 

Magnesium 1.9 (1.4-2.8) 1.96 (1.4-2.8) 0.101 

Sodium 140 (134-145) 139 (134-141) 0.445 
 

CTS: Carpal Tunnel Syndrome, LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density 

lipoprotein cholesterol, AIP: atherogenic index of plasma, GFR: Glomerular Filtration Rate 
 

Table 2: Gender among CTS groups of increasing electrophysiological severity 
 

 n=131 Female (n=60) Male (n=71) P-value 

Mild CTS 45 15 30 0.045 

Moderate CTS 50 23 27 

Severe CTS 36 22 14 
  

CTS: Carpal Tunnel Syndrome 
 

Table 3: Laboratory characteristics of CTS groups of electrophysiological severity 
 

 Mild CTS* 

Median  

(min-max) 

Moderate CTS 

Median  

(min-max) 

Severe CTS 

Median  

(min-max) 

P-

value 

Age 62 (29-79) 64 (31-88) 65 (43-84) 0.229 

Duration of diabetes 10 (3-30) 15 (1-41) 12 (3-28) 0.481 

Glycated HbA1c (%) 7.8 (5.3-14.2) 8.4 (5.6-13.1) 7.75 (5.5-13.7) 0.379 

Fasting blood glucose level 

(mg/dl) 

152.5 (85-418) 165.5 (85- 532) 188 (93-442) 0.364 

Cholesterol(mg/dl) 193 (110-306) 174 (71-290) 1915 (90-356) 0.098 

LDL-C(mg/dl) 116 (58-202) 92 (51-213) 125 (44-209) 0.024 

Triglyceride(mg/dl) 128 (55-465) 168 (62-570) 164 (74-1287) 0.321 

HDL-C(mg/dl) 47 (28-85) 42,5 (19-76) 44 (23-74) 0.706 

Triglyceride /HDL-C (AIP) 2.88 (0.75-

10.81) 

3.96 (0.22-

14.16) 

3.45 (0.14-

45.96) 

0.237 

Cholesterol /HDL-C 4.21 (2.05-

6.86) 

4.26 (0.02-

7.08) 

4.57 (2.96-

12.71) 

0.202 

LDL-C/HDL-C 2.42 (0.91-

4.45) 

2.37 (0.12-

5.11) 

2.74 (1.45-

5.71) 

0.660 

25(OH) Vitamin D 14.4 (5.7-53.2) 18.4 (3-45.3) 17.25 (1.1-

45.5) 

0.523 

Urea 38.5 (22-155) 38 (15-173) 42.5 (31-189) 0.611 

Creatinine 0.8 (0.5-5.40) 0.9 (0.5-6.1) 0.9 (0.5- 5.9) 0.339 

GFR 80 (15-117) 81 (10-149) 67 (15-118) 0.395 

Calcium 9.6(8-10.5) 9.6 (7.3-11.10) 9.5 (8.20-

11.40) 

0.890 

Magnesium 2.0 (1.6-2.6) 1.9 (1.5-2.8) 1.9 (1.4-2.6) 0.369 

Potassium 4.4 (3.3-5.6) 4.7 (2-5.8) 4.7 (3.5-5.7) 0.119 

Sodium  140.5 (134-

147) 

139 (129-146) 139 (135-143) 0.107 

 

CTS: Carpal Tunnel Syndrome, LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density 

lipoprotein cholesterol, AIP: atherogenic index of plasma, GFR: Glomerular Filtration Rate 
 

Table 4: Correlation between Glycated HbA1c, age and CTS severity 
 

 Variable   r P-value 

 Glycated HbA1c 0.245 0.002 

Age  0.126 0.004 
  

Discussion 

DM is a chronic systemic disorder with a variety of 

complications, including the musculoskeletal system [11]. It is 

one of the important risk factors for CTS, and it is thought that 

the lifetime risk of symptomatic CTS in Type I diabetes mellitus 

is high [12]. In many studies, higher rates of CTS were observed 

in patients with type 2 DM [11-15]. In our study, CTS was 

observed in 65.5% of patients with type 2 DM, which is 

consistent with other studies.  

Carpal tunnel syndrome is more common in female 

patients and frequently affects those aged between 40-60 years 

[6]. Similar to these findings, in the present study, the patients 

with CTS were aged 62.83±10.85 years. In contrast to many 

studies, 54.5% of the patients in the present study were male 

[13,16]. Fasting blood glucose and HbA1c values were 

significantly higher in patients with CTS. Perkins et al., and 

Islam et al. found that patients with CTS had higher HbA1c in 

comparison to patients without CTS in their study, similar to our 

findings [17,18]. Pasnoor et al. showed that in diabetic patients, 

vascular disorders, such as hypoxia or ischemia due to chronic 

hyperglycemia, cause focal and multifocal neuropathies, while 

symmetrical polyneuropathies mostly result from metabolic 

causes [15,19].  

In this study, most cases were mild and moderate in 

terms of CTS severity. Similar results were also found in many 

previous studies regarding severity [20-22]. We also observed 

that CTS was more severe among females.  

In this study, age and HbA1c were independent risk 

factors for CTS severity.  

The results of the studies investigating the relationship between 

age and CTS severity were similar [20,23].  

A low axonal density may lead to median nerve 

neuropathy. Advanced glycation end‐products have been found 

to increase the production of circulating inflammatory cytokines 

and vascular endothelial growth factor may cause impaired 

microvascular circulation, resulting in demyelination and axonal 

degeneration in the median nerve [24]. HbA1c values were 

significantly higher in patients with CTS but a few studies have 

determined the relationship between electrophysiological 

severity of CTS and HbA1c [25].  

Hypercholesterolemia and especially the increase in 

high LDL-C levels were associated with CTS [26]. A study by 

Nakamichi and Tachibana [9] showed that high LDL-C levels 

increased its prevalence. In another study, a correlation was 

found between the LDL-C level and the severity of CTS [26]. 

Hypercholesterolemia and particularly high LDL-C have been 

associated with fibrogenesis. In idiopathic CTS, the proliferation 

of the intraneural connective tissue causes enlargement of the 

median nerve within the carpal tunnel. Physiologically, the 

amount of connective tissue in the median nerve in the carpal 

tunnel is increased compared to the areas without entrapment, 

and in CTS, connective tissue reproduces, and the nerve expands. 

Oxidative LDL-C, which increases collagen production through 

transforming growth factor-beta, a highly fibrogenic cytokine, 

thus increasing fibrogenesis, causes CTS [6,9]. In this study, we 

found that high LDL-C levels were significantly correlated to the 

electrophysiological severity of CTS, especially in patients with 

severe CTS. There are few studies on the relationship between 

fat levels and the electrophysiological severity of carpal tunnel 

syndrome [23]. Atherogenic index of plasma (AIP) is calculated 

as the ratio between the triglyceride value and high density 

lipoprotein value (mg/dL). (TG/ HDL-C) AIP is a major risk 

factor for metabolic syndrome and cardiovascular diseases [27]. 

The high TG / HDL ratio causes endothelial dysfunction, 

impaired endoneuronal blood flow, nerve hypoxia and ischemia, 
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and consequently, neuropathy. Miric et al. [28] showed that AIP 

was higher in patients with type 2 DM who developed 

neuropathy. In our study, patients with moderate and severe CTS 

had insignificantly higher AIP values than those with mild CTS. 

Future case-control studies with larger samples are 

recommended. 

Limitations 

This was a hospital-based retrospective cross-sectional 

study. Our sample size was limited to only 131 individuals. 

Further large-scale prospective studies are recommended. 

Conclusion  

Our study identified a relationship between CTS 

severity and LDL-C. HbA1c and age were independent risk 

factors for CTS severity. Diabetes is a well-known risk factor for 

CTS, a disease which should be considered in patients with DM 

and hyperlipidemia. 

References 

1. Alanazy MH. Clinical and electrophysiological evaluation of carpal tunnel syndrome: approach and 

pitfalls. Neurosciences. 2017;22.3:169. doi: 10.17712/nsj.2017.3.20160638 

2. Gelfman R, Melton LJ, Yawn BP, Wollan PC, Amadio PC, Stevens JC. Long-term trends in carpal 

tunnel syndrome. Neurology. 2009;72:33–41. doi: 10.1212/01.wnl.0000338533.88960.b9 

3. de Krom MC, de Krom CJ, Spaans F. Carpal tunnel syndrome: diagnosis,treatment, prevention and its 

relevance to dentistry. Ned Tijdschr Tandheelkd. 2009;116:97-101. 

4. Yalçın Ü. Vitamin D eksikliği ve karpal tünel sendromu arasındaki ilişkinin değerlendirilmesi. Ahi 

Evran Med J. 2019;3(3):98-103. 

5. Aydemir ŞU, Tekeşin A, Yıldırım A. Karpal Tünel Sendromu-Metabolik Sendrom İlişkisi. Bakırköy 

Tıp Dergisi. 2019;15:250-8. doi: 10.4274/BTDMJB.galenos.2019.20181227115429 

6. Gül Yurdakul F, Bodur H, Öztop Çakmak Ö, Ateş C, Sivas F, Eser F, et al. On the Severity of Carpal 

Tunnel Syndrome: Diabetes or Metabolic Syndrome. J Clin Neurol. 2015;11:234-40. doi: 

10.3988/jcn.2015.11.3.234 

7. Alp R, Sargın H, Bulut G, Sargın M, Boru ÜT, Yayla A. Tip 1 Diyabetlilerde Periferik Nöropati ve 

Semptomatik Karap Tünel Sendromu Sıklığı. Kartal Eğitim ve Araştırma Hastanesi Tıp Dergisi. 

2004;15(2):87-9. 

8. Pençe HH, Aktaş HŞ. Diyabetik Nöropatisi Olan Kişilerde Monosit/HDL Kolesterol Oranı ile 

Kardiyovasküler Risk Arasındaki İlişki. Online Türk Sağlık Bilimleri Dergisi. 2019;4(4):526-38. doi: 

10.26453/otjhs.620725 

9. Nakamichi KI, Tachibana S.Hypercholesterolemia as a risk factor for idiopathic carpal tunnel 

syndrome. Muscle & Nerve. 2005;32(3):364-7. doi: 10.1002/mus.20363 

10. Watson JC. Electrodiagnostic approach to carpal tunnel syndrome. Neurol Clin. 2012;30:457–78. doi: 

10.1016/j.ncl.2011.12.001 

11. Nawar S, Alotaibi S, Saad S and Alqahtani M. The Prevalence and Patterns of Carpal Tunnel 

Syndrome and Their Associated Risk Factors Among Diabetic Population In South-West of Kingdom 

of Saudi Arabia. The Egyptian Journal of Hospital Medicine. 2018;70(7):1152-8. doi: 

10.12816/0044542 

12. Ebrahimzadeh MH, Mashhadinejad H, Moradi, Kachooei AR. Carpal tunnel release in diabetic and 

nondiabetic patients. Arch Bone Jt Surg. 2013;1(1):23-7. 

13. Paranthakan C, Govindarajan PK. A study on carpal tunnel syndrome among diabetes patients in 

tertiary care hospital. Int J Community Med Public Health. 2016;3:805-7. doi: 10.18203/2394-

6040.ijcmph20160908 

14. Oktayoglu P, Nas K, Kilinc F, Tasdemir N, Bozkurt M, Yildiz I. Assessment of the Presence of 

Carpal Tunnel Syndrome in Patients with Diabetes Mellitus, Hypothyroidism and Acromegaly. J Clin 

Diagn Res. 2015;9(6):14-8. doi: 10.7860/JCDR/2015/13149.6101 

15. Rydberg M, Zimmerman M, Gottsäter A, Nilsson PM, Melander O, Dahlin LB. Diabetes mellitus as a 

risk factor for compression neuropathy: a longitudinal cohort study from southern Sweden. BMJ Open 

Diab Res Care. 2020;8:e001298. doi: 10.1136 /bmjdrc-2020-001298 

16. Akulwar AS, Ghugare BW, Singh R, Kanchankar N, Joshi M, Ramavat M. Clinical and 

electrophysiological evaluation of carpal tunnel syndrome in diabetes mellitus to assess association of 

age, gender and duration of diabetes on median neuropathy at wrist. The Health Agenda. 

2013;1(3):71-6. 

17. Islam MR, Rahman T, Islam RN, Habib R, Rahman A, Bhowmik NB, et al. Frequency of Carpal 

Tunnel Syndrome in Patients Having Diabetes Mellitus with Neuropathy in a Tertiary Care Hospital 

of Bangladesh. BIRDEM Medical Journal. 2018;8(3):240-5. doi: 10.3329/birdem.v8i3.38131 

18. Perkins BA, David O, Vera B. Carpal tunnel syndrome in patients with diabetic polyneuropathy. 

Diabetes Care. 2002;25(3):565-9. doi: 10.2337/diacare.25.3.565 

19. Pasnoor M, Dimachkie MM, Kluding P, Barohn RJ. Diabetic neuropathy part 1: overview and 

symmetric phenotypes. Neurol Clin. 2013;31(2):425-5. doi: 10.1016/j.ncl.2013.02.004 

20. Komurcu HF, Kilic S, Anlar O. Relationship of age, body mass index, wrist and waist circumference 

to carpal tunnel severity. Neurol Med Chir. 2014;54:395-400. doi: 10.2176/nmc.oa2013-0028 

21. Mansoor S, Siddiqui M , Mateen F , Saadat S , Khan ZH , Zahid M, et al. Prevalence of Obesity in 

Carpal Tunnel Syndrome Patients: A Cross-Sectional Survey. Cureus. 2017;9(7):1519-23. doi: 

10.7759/cureus.1519 

22. Nageeb RS, Shehta N, Nageeb GS, Omran AA. Body mass index and vitamin D level in carpal tunnel 

syndrome patients. The Egyptian journal of neurology psychiatry and neurosurgery. 2018;54(1):14. 

doi: 10.1186/s41983-018-0009-z 

23. Awad El Gharieb H, Abd El Aleem El Gendy A, Aleem E, Hamed Rashad M, Mohammad Al Bazza 

O. Serum lipid profile in middle aged female patients with carpal tunnel syndrome. Al-Azhar Medical 

Journal. 2020;49(1):219-28. doi: 10.12816/amj.2020.67552 

24. Pourmemari MH, R Shiri. Diabetes as a risk factor for carpal tunnel syndrome: a systematic review 

and meta‐analysis. Diabetic Medicine. 2016;33(1):10-6. doi: 10.1111/dme.12855 

25. Nazish S, Zafar A, Shahid R, Al Sulaiman A, Alabdali M, Aljaafari D, et al. Electrophysiologic 

severity of carpal tunnel syndrome in diabetic patients of the Saudi population. Neurosciences 

(Riyadh, Saudi Arabia). 2019;24(1):22-8. doi: 10.17712/nsj.2019.1.20180217 

26. Önder B, Yalçın E, Selçuk B, Kurtaran A, Akyüz M. Carpal tunnel syndrome and metabolic 

syndrome co-occurrence. Rheumatology international. 2013;33(3):583-6. doi: 10.1007/s00296-012-

2417-1. 

27. Söğüt E, Avcı E, Üstüner F, Arıkan E. Serum aterojenite indeksi olarak (TG/HDL-K) oranının 

değerlendirilmesi. Türk Klinik Biyokimya Derg. 2006;4:1-8. 

28. Miric DJ, Kisic BM, Filipovic-Danic S, Grbic R, Dragojevic I, Miric MB,Puhalo-Sladoje D. Xanthine 

oxidase activity in type 2 diabetes mellitus patients with and without diabetic peripheral neuropathy. 

Journal of diabetes research. 2016;4370490. doi: 10.1155/2016/4370490. 
 

This paper has been checked for language accuracy by JOSAM editors. 

The National Library of Medicine (NLM) citation style guide has been used in this paper. 
 


