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Abstract
Background and Objectives: Diabetic Polyneuropathy is one of the common complications of diabetes 
mellitus (DM) and can lead to foot ulcers or amputation. The pathophysiology of Diabetic Polyneuropathy 
includes several factors such as metabolic, vascular, autoimmune, oxidative stress and neurohormonal 
growth-factor deficiency. The recent studies have suggested the use of serum gammaglutamyl transferase 
(GGT) as an early marker of oxidative stress. Therefore, we investigated whether serum GGT may be useful 
in predicting Diabetic Polyneuropathy.

Methods: The study was conducted in patients with diabetic polyneuropathy who meet the criteria for 
inclusion and exclusion in neurological outpatient clinic and EMG room departments of Neurology 
Dr.Soetomo General Hospital Surabaya consecutively started in June 2014 to April 2015. 

Result: We obtained 20 study subjects (8 subjects with increased serum levels of gamma GT and 12 subjects 
with normal serum levels of gamma GT). There was statistically no significant between serum levels of 
gamma GT with motoric nerve conduction velocity (NCV) of peroneal nerve (p = 0.582 ; Odds ratio 0.600).

Conclusion: There was no relationship between elevated levels of serum gamma GT with decreased motor 
nerve conductivity velocity peroneal nerve in patients with diabetic polyneuropathy.
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Introduction 

Neuropathy is a classic complication of diabetes. 
Distal polyneuropathy is the most frequently progressive 

diabetic neuropathy that progressively manifests slowly, 
symmetrically with glove and stocking patterns 1.  
Neuropathy is most common in diabetics patients age 
over 50 years, rarely happen in age under the 30s and 
very rarely in children 2. 

Neuropathy is a major complication of diabetes 
that conduces in high morbidity rates. There is a strong 
association between hyperglycemia and progression of 
neuropathy reported in many studies. Oxidative stress 
plays an important role in the etiology and pathogenesis 
of diabetes. There is a change in the production of reactive 
oxygen species (ROS) in mitochondria and antioxidant 
defense systems of mitochondria 3. Hyperglycemia, auto-
oxidation of glycated proteins, increased production of 
reactive oxygen species (ROS), decreased antioxidant 
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defense, increased lipid peroxidation and membrane 
degeneration are the main causes of apoptosis or 
necrosis, which is common in diabetes 4. 

The process of oxidative stress causes damage to 
cells and occurs in several types of cells in the nerves, 
including neurons (in axons and nerve terminals), 
glial cells, vascular endothelial cells. There are many 
changes that trigger the activation and recruitment of 
macrophages, which causes an inflammatory mechanism 
of stress and cell death. Until there is a difference from 
cellular stress happened that causes cell dysfunction or 
death and shows clinical manifestations as a neuropathy 
5. 

Early detection of diabetic neuropathy is very 
important in diabetes patients because prevention 
could reduce morbidity and mortality, but there is no 
gold standard to diagnose polyneuropathy. The San 
Antonio consensus recommends that a diagnosis of 
polyneuropathy should be measured in at least one of 
the five categories that measured by symptom scores, 
physical examination scores, quantitative sensory testing 
(QST), cardiovascular autonomic function (cAFT) 
and electrodiagnostic 6. Therefore, this study aims to 
determine the correlation of serum Gamma-GT levels 
and the nerve conduction velocity of Motor Peroneus 
Nerve in Diabetic Polyneuropathy Patients.

Methods

This study is cross-sectional to determine the 
association between serum Gamma-GT levels and 
motor peroneus nerve conduction velocity in type 2 of 
diabetes mellitus (DM) patients with polyneuropathy. 
This research was conducted between June 2014 to April 
2015 in Nerves Unit of Dr. Soetomo General Hospital, 
Surabaya. The sample of the study was diabetic 
polyneuropathy patient who had outpatient treatment. 
The inclusion criteria were; patients suffering from 
diabetic neuropathy based on the Toronto criteria, <65 
years old, were willing to participated in the study. As 
for the exclusion criteria were patients who have liver 
disorders, kidney disorders, heart problems, history 
of alcohol consumption, and obesity. The sampling 
technique of this study using consecutive sampling 7.

This research procedure begins when all the 
subjects included in the inclusion criteria and the 

responsible family of the patient are informed of the 
purpose, usefulness, and the risk of the study. At the end 
of the explanation, the subject or family was asked to 
read and ask questions about things that have not been 
understood. If they have understood and agreed, they 
were required to sign an approval letter 8. Subjects who 
have signed the letter of consent recorded their identity 
and characteristics in the form. The data collection of 
research subjects was conducted by author and residents 
in training, with the following steps: a careful history, 
physical examination and neurologic, sample selection 
for appropriate cases of inclusion and exclusion criteria, 
recording of eligible samples and all clinical data 
required 9.

All the data collected was processed statistically 
using SPSS 22.0 (SPSS. Inc. Chicago IL). Univariate 
data analysis was used to describe each variable, either 
independent or dependent variable from case group and 
control group with frequency distribution table. The 
bivariate analysis was used to determine whether there 
a relationship between two variables, or can also be 
used to determine whether there a difference between 
independent variables with dependent variables by using 
chi-square test 10. 

For interpretation of results, this study uses the 
degree of significance (α) of 5%, with a note if p <0.05 
then Ho is rejected, if p> 0.05 then Ho accepted 11. While 
to know the amount of risk factor, then used Odd ratio 
analysis (OR) with interpretation as follows; if OR = 1 
means that the variable suspected as a risk factor has no 
effect on the occurrence of an effect, if OR> 1 and the 
range of confidence interval do not include number 1, 
then the exposure is a risk factor of effect, if OR <1 and 
the range of confidence interval do not include number 1, 
then the exposure under study can reduce the occurrence 
of effects (preventing factors) 12.

Result 

In this research, there were 20 subjects of DM 
polyneuropathy patient that consisting of 11 subjects 
with normal Gamma GT levels, the rest was not normal 
and from 20 subjects it was obtained an increase of NCV 
(nerve conduction velocity) by 8 subjects while the rest 
decreased. The mean age was 51.85 years with standard 
deviation ± 4.793 using the Kolmogorov-Smirnov test 
0.548 (p> 0.05) indicating that the normal distribution 
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(Table 1). 

Table 1. The relationship between age and and nerve conduction velocity (NCV) peroneus nerve motor

Nerve Conduction Velocity p

Averange Std.Dev

Age 51.85 ± 4.793 0.548

The overall subjects of the study were 20 subjects consisting of 4 men (20%) and 16 women (80%), wherein the 
group NCV (nerve conductivity velocity) decreased by 2 (50%) men and 6 people (37.5%) of women, whereas in 
the normal KHS group there were 2 (50%) male and 10 female (62.5%). The sex differences in each group were not 
statistically significant (p = 0.648) (Table 2)

Table 2. The relationship between sex , DM duration, TG serum duration and nerve conduction velocity 
(NCV) peroneus nerve motor

Nerve Conduction Velocity p

Decreased Normal

Sex

0.648Male 2 (50%) 2 (50%)

Female 6 (37.5%) 10 (82.5%)

DM duration

0.292>10 Years 3 (60%) 2 (40%)

<10 Years 5 (33.3%) 10 (66.7%)

TG serum duration

Normal	 5 (55.6%) 4 (44.4%) 0.199

Increased 3 (27.3%) 8 (72.7%)

In the subject group of DM polyneuropathy with 
decreased KHS has obtained 3 subjects (60%) who 
suffered DM >10 years and 5 subjects (33,3%) who 
suffer from DM <10 years, while patients with normal 
NCV got 2 subjects (40% ) who suffered DM 10 
years and 10 subjects (66.7%) who suffered from DM 
<10 years old. The percentage difference in lengths 
suffering from DM was not statistically significant (p = 
0.292) (Table.2). The subjects of polyneuropathy DM 
with NCV decreased by 5 people (55.6%) with serum 

triglyceride (TG) level and 3 (27.3%) patients whose 
serum TG levels increased while the patients with 
normal NCV were 4 (44.4 %) with normal serum TG 
levels and 8 people (72.7%) whose serum TG levels 
increased. The percentage difference in serum TG levels 
was not statistically significant (p = 0.199) (Table 2).

Serum Gamma-GT levels with NCV decreased 
by 5 subjects (45.5%) that considered as normal and 
3 subjects (33.3%) with elevated levels. While, serum 
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Gamma-GT level with normal NCV was 6 subjects (54.4%) as normal and 6 subjects (66,7%) with increasing rate. 
The association of serum Gamma-GT levels with nerve conduction velocity in diabetic polyneuropathy patients was 
not statistically significant with p = 0,582. The value of Odds ratios obtained was 0.600, with a confidence interval 
range of 0.097 - 3.720 (CI 95%) (Table 3).

Table 3. The relationship between serum Gamma GT levels and nerve conduction velocity (NCV) peroneus 
nerve motor

Nerve Conduction Velocity

p OR

Decreased Normal

Gamma-GT serum level

0.582

0.600 (CI : 95% ; 0.097 – 
3.720)

Normal 5 (45.5%) 6 (45.5%)

Increased 3 (33.3%) 6 (66.7%)

Discussion 

Based on the theory, on normal subjects, age and 
sex might be affected NCV. Older subjects had longer 
latency, smaller amplitude, and slower NCV than the 
younger subjects. While in female is have a higher 
amplitude, and difference in latency in each extremity 
than male. In one study 15% of people with type 2 
diabetes had symptoms of neuropathy and almost 50% 
obtained NVC deceleration. Another case-control study 
with electrocardiographic-Nerve Conduction Velocity 
(EMG-NCV) test obtained significant differences in 
age and sex in diabetic neuropathy patients compared to 
normal control. However, this study found no significant 
association between age, and sex of NCV in diabetic 
polyneuropathy patients 13. This result was possible 
because of the research method used differently from 
previous studies.

The duration of DM patients also has an effect on 
the nerve conduction velocity, as in previous studies 
on the presence of complications of DM microvascular 
along with the length of DM associated with low nerve 
conductivity. Triglyceride levels also indirectly affect the 
nerve conduction velocity, hyperlipidemia is important 

in the development of diabetic polyneuropathy because 
elevated serum TG levels correlate with decreased 
myelin fiber density, independent of other variables such 
as age, DM length, DM control, and other variables 14. 

In this study, there was no significant correlation 
between duration of type 2 diabetes and triglyceride 
levels with peroneus nerve conductive motor velocity 
in diabetic polyneuropathy patients. This was because 
there were differences in study design where this study 
using cross-sectional study that only shows the condition 
of the patient during the examination, while the process 
of poly polyneuropathy was a chronic process 15.

Theoretically, there is a close relationship 
between serum gamma-GT concentration and diabetic 
polyneuropathy in type 2 DM patients. This correlation 
also inversely proportional to nerve conductivity velocity 
16. It was mentioned that the higher serum gamma-GT 
the lower the speed of nerve conduction. In a study that 
comparing the group of type 2 DM with the normal 
group showed a significant increases in serum gamma-
GT (P <0.001) in all DM type 2 groups, whereas serum 
gamma-GT levels in diabetic polyneuropathy patients, 
were significantly increased compared to type 2 DM 
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patients with velocity normal nerve conduction (65.7 
Vs 40.6 IU/L, P = 0.002).  The results of this study did 
not statistically found a significant relationship between 
serum Gamma-GT levels and nerve conduction velocity 
of motor peroneus. This may be due to different types 
of studies with previous studies, patients with controlled 
blood sugar, and may require a larger sample 17.

Conclusion 

Based on the result of the research, it can be 
concluded that there was no correlation between serum 
gamma-GT level and nerve conduction velocity of motor 
peroneus in diabetic polyneuropathy patients.

Ethical Clearance: The research process involves 
participants in the survey using a questionnaire that was 
accordant with the ethical research principle based on 
the regulation of research ethic committee. The present 
study was carried out in accordance with the research 
principles. This study implemented the basic principle 
ethics of respect, beneficence, nonmaleficence, and 
justice.

Conflict of Interest: The author reports no conflict 
of interest of this work.

Source of Funding: This study is done with 
individual funding.

References
1. 	 Pop-Busui R, Boulton AJM, Feldman EL, Bril V, 

Freeman R, Malik RA, et al. Diabetic neuropathy: 
a position statement by the American Diabetes 
Association. Diabetes Care. 2017;40(1):136–54. 

2. 	 Javed S, Petropoulos IN, Alam U, Malik RA. 
Treatment of painful diabetic neuropathy. Ther 
Adv Chronic Dis. 2015;6(1):15–28. 

3. 	 Vinik AI, Ziegler D. Diabetic cardiovascular 
autonomic neuropathy. Circulation. 
2007;115(3):387–97. 

4. 	 Balducci S, Iacobellis G, Parisi L, Di Biase 
N, Calandriello E, Leonetti F, et al. Exercise 
training can modify the natural history of diabetic 
peripheral neuropathy. J Diabetes Complications. 
2006;20(4):216–23. 

5. 	 Kristensen AG, Bostock H, Finnerup NB, Andersen 
H, Jensen TS, Gylfadottir S, et al. Detection of early 

motor involvement in diabetic polyneuropathy 
using a novel MUNE method–MScanFit MUNE. 
Clin Neurophysiol. 2019; 

6. 	 Gutierrez EM, Helber MD, Dealva D, Ashton-
Miller JA, Richardson JK. Mild diabetic neuropathy 
affects ankle motor function. Clin Biomech. 
2001;16(6):522–8. 

7. 	 Widyowati R, Agil M. Chemical constituents and 
bioactivities of several Indonesian plants typically 
used in jamu. Chem Pharm Bull. 2018;66(5):506–
18. 

8. 	 Nursalam N, Octavia M, Tristiana RD, Efendi F. 
Association between insomnia and social network 
site use in Indonesian adolescents. In: Nursing 
forum. Wiley Online Library; 2019. p. 149–56. 

9. 	 Miftahussurur M, Yamaoka Y. Diagnostic methods 
of Helicobacter pylori infection for epidemiological 
studies: critical importance of indirect test 
validation. Biomed Res Int. 2016;2016. 

10. 	 Kurniasari SF, Ulfiana E, Efendi F. The effect of 
sleep hygiene and brain gym on increasing elderly 
comfort and sleep quality. Indian J Public Heal Res 
Dev. 2018;9(12):589–94. 

11. 	 Rasuna G, Sabila MP, Bramantoro T, Setijanto D, 
Zamzam A. Strawberry utilization empowerment 
program in low-temperature environment as a dental 
health promotion. J Int Oral Heal. 2019;11(7):26. 

12. 	 Sunariani J, Khoswanto C, Irmalia WR. Difference 
of brain-derived neurotrophic factor expression and 
pyramid cell count during mastication of food with 
varying hardness. J Appl Oral Sci. 2019;27. 

13. 	 Feldman EL, Nave K-A, Jensen TS, Bennett DLH. 
New horizons in diabetic neuropathy: mechanisms, 
bioenergetics, and pain. Neuron. 2017;93(6):1296–
313. 

14. 	 Volmer-Thole M, Lobmann R. Neuropathy 
and diabetic foot syndrome. Int J Mol Sci. 
2016;17(6):917. 

15. 	 Amara F, Hafez S, Orabi A, El Etriby A, Abdel 
Rahim AA, Zakaria E, et al. Review of Diabetic 
Polyneuropathy: Pathogenesis, Diagnosis and 
Management According to the Consensus 
of Egyptian Experts. Curr Diabetes Rev. 
2019;15(4):340–5. 

16. 	 Solanki JD, Patel KJ, Lalwani N, Mehta HB, Shah 
CJ, Lakhtaria MN. Effect of coexisting hypertension, 



1864      Indian Journal of Forensic Medicine & Toxicology, January-March 2021, Vol. 15, No. 1

blood pressure control, and antihypertensive 
treatment on QT interval parameters in type 2 
diabetics: A cross-sectional study. J Pharmacol 

Pharmacother. 2018;9(1):21. 
17. 	 Vinik AI. Diabetic sensory and motor neuropathy. 

N Engl J Med. 2016;374(15):1455–64. 


