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Abstract:  

Introduction -Gamma glutamyl transpeptidase (GGT) is responsible for transferring glutamyl groups linked through the 

gamma carboxylic acid from peptides such as glutathione to acceptors. Increased GGT activity, may be a response to 

oxidative stress, which can increase the transport of glutathione precursors into cells is an independent predictor of many 

diseases, including cardiovascular diseases, type 2 diabetes and inflammation.  

 Aim was to estimate levels of GGT, fasting plasma glucose (FPG) and glycated hemoglobin (HbA1c) in type2 DM subjects 

and to investigate possible correlation of GGT with glycemic control (FPG and HbA1c) in diabetic subjects. 

Methods – Fourty(40) diagnosed type2 Diabetes Mellitus patients between age group of 40-60 yrs, and fourty(40) age and 

sex matched healthy individuals were included in this cross sectional study. FPG, HbA1c and GGT were estimated using 

fully autoanalyser VITROS 5600 considering p value<0.05 as significant.  

Observations- We found highly significant increase in mean BMI, waist: hip ratio, serum GGT, FPG and HbA1C levels in 

type2 DM patients compared to controls (p<0.05). We also found significant positive correlation of GGT levels with BMI 

(p<0.05), waist to hip ratio (p<0.05), Disease duration (p<0.001), FPG (p<0.0001) and HbA1c (p<0.0001) diabetic cases.  

Results with Conclusion- oxidative stress due to poor glycemic control and it’s positive correlation with GGT probably 

indicates antioxidant role of GGT in response to oxidative stress. Therefore, it may be useful to determine serum GGT as a 

marker of oxidative stress in type2 DM patients with poor glycemic control. 

Key Words- Gamma glutamyl transpeptidase, glycated hemoglobin, fasting plasma glucose, oxidative stress. 

 

Introduction:  

Diabetes mellitus is not a single disease entity but 

rather a group of metabolic disorders sharing the 

common underlying feature of hyperglycemia. 

Hyperglycemia in diabetes results from defects in 

insulin secretion, insulin action or most commonly 

both
 (1)

 The prevalence of type2 diabetes mellitus is 

increasing regularly with International Diabetes 

Federation(IDF) reported in 2013 that there were 

387 million diabetic patients all over the world 

which is projected to increase up to 592 million in 

2035; a 53% increase
(2)

. For India, ICMR-INDIAB 

national study in 2011 reported that there were 62.4 

million people with type 2 diabetes (T2DM) and 77 

million people with pre-diabetes in India
 (3)

& these 

numbers are projected to increase to 101 million by 

the year 2030
 (4)

.  

Previous studies like Chait A. et al. showed that 

increased level of oxidative damage to lipids in 

diabetes and their presence was correlated with 

development of complications
(5)

. Some recent 

experimental findings have also suggested the 

involvement of overproduction of reactive oxygen 

species (ROS) in the initiation and development of 

vascular complications in diabetes
(6)(7)

.  
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Gamma glutamyl transpeptidase (GGT) is a 

membrane bound enzyme responsible for 

transferring glutamyl groups linked through the 

gamma carboxylic acid from peptides such as 

glutathione to acceptors. It’s main physiological 

function is to make cysteine available for 

regeneration of intracellular glutathione and protect 

against ROS causing oxidative stress
(8)

.  Whitfield 

JB. et al.
(9)

 also reported that increased GGT 

activity may be a response to oxidative stress, 

which can increase the transport of glutathione 

precursors into cells.  Type 2 diabetic patients are 

highly prone to liver function tests abnormalities 

than non-diabetic individuals. Previous studies 

have indicated that circulating concentration of 

liver function tests like gamma glutamyl 

transpeptidase (GGT ) , alanine aminotransferase 

(ALT) and aspartate aminotransferase (AST) are 

increased in individuals with insulin resistance and 

the metabolic syndrome(10),(11)(12). Numerous studies 

have found that GGT is not just a marker of alcohol 

consumption, but is an independent predictor of 

many diseases, including cardiovascular diseases, 

type 2 diabetes and inflammation and possibly 

underlies oxidative stress
 (10),(13),(14),(15)(16)

 

Also a recent meta-analysis have showed 

that both elevated ALT and GGT were associated 

with increased risk of diabetes, while GGT might 

be a stronger risk factor than ALT
(17)

.  

Meisinger et al. (2005) postulated that 

GGT is possibly a marker for increased risk of type 

2 diabetes as- (a) elevated serum GGT could 

indicate excess fat deposits in the liver, which may 

cause hepatic insulin resistance and increase the 

risk of type 2 diabetes by contributing to systemic 

insulin resistance; (b) increased GGT is a marker 

for oxidative stress; and (c) increased GGT may be 

the expression of inflammation
(18)

.  Lee H. et al.
(19)

 

(2003) studied a group of 4,088 healthy, male 

Korean workers and found a strong dose response 

relationship between serum GGT levels at baseline 

and incident type 2 diabetes after 4 years of follow 

up. 

Therefore considering the unique geographical 

location, ethnicity, distinct culture and dietary 

habits of the people of North Eastern part of India, 

the aim was to estimate and compare serum levels 

of GGT, FPG (Fasting plasma glucose) and HbA1c 

in type2 diabetic patients with that in age and sex 

matched healthy controls to see any significant 

changes of these measured parameters in type2 DM 

patients in this part of the country.The aim was also 

to find out any possible correlation of GGT with 

other measured biochemical parameters in type2 

diabetic patients.  

Materials and methods: 

The study was conducted after the approval from 

institutional ethics committee. 40 diagnosed 

patients of type2 Diabetes Mellitus between age 

group of 40-60 yrs, of either sex, attending OPD of 

Gauhati Medical College & Hospital and 40 age 

and sex matched healthy individuals were included 

in this cross sectional study. Informed consent duly 

signed by each participant was taken. Persons with 

history of infectious and hepatocellular diseases, 

renal diseases, Cardio-vascular diseases, 

alcoholism and smoking and female taking oral 

contraceptives were excluded from the study. 

Taking aseptic and antiseptic precautions, about 6 

ml of fasting blood was collected by venous 

puncture and transferred to appropriate sterile vials. 

For estimation of glycated hemoglobin and fasting 

plasma glucose, blood was collected in EDTA and 

fluoride vials respectively while for estimation of 

GGT, blood was collected without any 

anticoagulant. The serum/plasma was seperated by 

centrifugation at 3000 r.p.m. for 5 minutes in a 

centrifuge machine and immediately used for 

analysis on fully auto analyzer VITROS 5600. 

GGT was estimated by method recommended by 
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the International Federation of Clinical Chemistry 

(IFCC)
(20)

 and plasma glucose was estimated by 

hexokinase method 
(21)

 while HbA1c was estimated 

by turbidometric immunoassey method(22).   

Statistical analysis: 

Statistical analysis was done using GraphPad InStat 

version 3.0. Data were expressed as mean ± SD. 

Comparisons between case group and control group 

were done by unpaired T-test while Correlations 

were observed by using Pearson’s correlation 

coefficient and probability (p value) < 0.05 was 

considered significant. 

Observations and results: 

On comparing the baseline characteristics of our 

study groups, we found highly significant increase 

in mean BMI (p<0.0001) and Waist: Hip ratio 

(p<0.05) in type2 Diabetes Mellitus patients (case 

group) compared to age and sex matched controls 

(Table1, Fig 2,3) . Also there was a significant 

positive correlation of GGT levels with BMI 

(r=0.46, p<0.05), waist to hip ratio (r=0.43, p<0.05) 

and with Disease duration (r=0.59, p<0.001) in 

diabetic patients of our study (Table8, Fig 9-11). 

On comparing the biochemical parameters, we 

found highly significant increase in mean serum 

gamma glutamyl transpeptidase (GGT) level in 

type2 Diabetes Mellitus patients (case group) 

compared to age and sex matched 

controls(p<0.0001) (Table 4, Fig 5). Also, both 

mean fasting plasma glucose (FPG) level and 

glycated hemoglobin (HbA1c) concentration were 

found significantly increased in type2 Diabetes 

Mellitus patients (p<0.0001) compared to controls 

(Table4, Fig 6,7) and there was a highly significant 

positive correlation of GGT with FPG (r=0.72, 

p<0.0001)  and HbA1c  (r=0.69, p<0.0001) in 

diabetic patients of our study (Table 12, Fig 13,14). 

Discussion: 

The study was conducted with a purpose to 

estimate and compare serum GGT level in type2 

DM with that in age and sex matched healthy 

controls so as to evaluate the effect of 

hyperglycemia on GGT, a liver enzyme. In our 

study, BMI and Waist to hip ratio, the indicators of 

obesity were found to be increased significantly in 

diabetic patients compared to healthy controls 

(p<0.0001and p<0.05 respectively) and there was a 

positive correlation between serum GGT level and 

BMI as well as with waist to hip ratio in diabetic 

patients (case group). 

The finding of our study was in corroboration with 

studies by Lawlor DA.et al.
(23)

, Kang YH. et al
(24)

 

and Nakanishi N. et al
(12)

 who found similar 

increase in GGT values when compared with 

increase in waist hip ratio and BMI in diabetic 

patients.  It can be explained by observation of  

Iqbal A et al
(25)

 that this enzyme acts as an 

intervening factor in the association between 

obesity and diabetes and that generation of free 

radicals, which can occur in fatty liver and central 

obesity, may deplete intracellular glutathione and 

thus induce the activity of GGT in the circulation 

as GGT has a known protective effect in 

maintaining the hepatic glutathione levels, which 

are crucial in antioxidant defences
(26)

 . 

In our study, we also found significantly increased 

mean level of serum GGT, FPG and HbA1c in type2 

DM patients when compared with control group 

(p<0.0001) and GGT levels showed a highly 

significant positive correlation with FPG and 

HbA1c in diabetic patients (p<0.0001). The findings 

of our study were in corroboration with the study 

by Gohel M.G.et al
(27)

 who found increased level 

of serum GGT and it’s significant positive 

correlations with markers of glycemic control 

(Fasting Blood Sugar and HbA1c ) in diabetic 

patients compared to healthy controls. Similar 

study by Khubchandani A et al also found 

increased level of GGT and it’s significant 
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correlation with increased blood sugar level in 

diabetic patients compared to normal controls.  

The mean levels± SD of FPG and HbA1c were 

196± 54.28 mg/dl and 8.50± 1.85 % respectively 

indicating poor glycemic control which might 

cause long term complications due to formation of 

advanced glycation products and oxidants in 

diabetic patients of our study. Our observation can 

be supported by Dyck PJ. et al 
(28)

  who explained 

that the toxic effects of hyperglycemia and its 

pathophysiologic derivatives such as oxidants, 

hyperosmolarity or glycation products can be 

exerted indirectly on tissues or  can cause sustained 

alteration in cell signalling pathways (such as 

changes in phospholipids or kinases) induced by 

the products of glucose metabolism.Elevated serum 

GGT could also indicate excess fat deposits in the 

liver, which may cause hepatic insulin resistance 

and increase the risk of type 2 diabetes by 

contributing to systemic insulin resistance(18). 

Primary function of GGT is to maintain the 

intracellular concentrations of glutathione (GSH), a 

critical antioxidant defence for the cell. So 

increased activity of GGT can be a response to 

oxidative stress, facilitating increased transport of 

GSH precursors into cells. In addition, GGT is 

leaked into the serum possibly because of various 

mechanisms such as increase in oxidative stress, 

proteolysis, glycosylation, and endothelial cell 

damage
(29)

.  

Numerous studies have found that GGT is 

not just a marker of alcohol consumption, but is an 

independent predictor of many diseases, including 

cardiovascular diseases, type 2 diabetes, 

inflammation possibly underlying oxidative stress.
 

(10),(13),(14),(15)(16) Implication of oxidative stress in the 

pathogenesis of diabetes is suggested, not only by 

oxygen free-radical generation, but also due to 

nonenzymatic protein glycosylation, autooxidation 

of glucose, impaired glutathione metabolism 

alteration in antioxidant enzymes, lipid peroxides 

formation and decreased ascorbic acid levels. 

Oxidative stress and inflammatory markers should 

be used in addition to HbA1c for assessment of 

increased cardiac risk in uncontrolled diabetic 

patients because of accelerated atherosclerosis due 

to free radical injury
(30)

.  Significantly increased 

level of FPG and HbA1c in diabetic patients of our 

study probably signifies poor glycemic control 

which could lead to oxidative stress and it’s 

positive correlation with GGT probably indicates 

it’s antioxidant role in response to oxidative stress. 

It can be explained by observations of Karp DR. et 

al 
(31)

 and Lee DH. et al 
(19)

 that  raised GGT 

concentrations could be a marker of oxidative 

stress, which might also play a role in the cause and 

development of diabetes and its complications. 

Limitation: 

Limitation of our study was small sample size. 

Conclusion:  

In summary, this study indicates that increased 

levels of serum GGT is significantly correlated 

with increased levels of FPG and HbA1c, markers 

of glycemic control of patients with type2 DM. 

Also significant correlation between GGT and 

increased levels of both BMI and waist to hip ratio 

probably indicates an association between obesity, 

insulin resistance and increased activity of GGT in 

response to depletion of hepatic glutathione levels 

in diabetic patients of our study. Therefore, it may 

be useful to determine serum GGT as a marker of 

oxidative stress in type2 DM patients with poor 

glycemic control to prevent it’s long term 

complications though further studies are necessary 

in a large scale of populations to confirm the 

findings of our study 
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Table 1: Showing comparison of baseline characteristics between control group and 

case group.  

BASELINE 

CHARACTERISTICS 

CONTROLS(n=40) 

Mean± SD  

 

CASES(n=40) 

Mean± SD  

 

       P Value  

 

BMI 24.22 ± 0.70 26.22 ± 1.95 <0.0001 

W:H Ratio 0.81 ± 0.029 0.83 ± 0.041 <0.05 

DISEASE DURATION 

(YEARS) 

 7.06 ± 2.76  

*BMI- Body Mass Index, † W:H - waist To hip Ratio 

 

  Fig 2: Showing means of BMI in the control and case group. 

 

                

              

              Fig3: Showing means of waist to hip ratio in the control and case  

                                 group. 

 

 

24.22

26.22

23

24

25

26

27

CONTROL GROUP CASE GROUP

B
O

D
Y

 M
A

S
S

 I
N

D
E

X
 (

B
M

I)

MEANS OF BMI IN THE STUDIED GROUPS

CONTROL GROUP CASE GROUP

0.81

0.83

0.8

0.805

0.81

0.815

0.82

0.825

0.83

0.835

CONTROL GROUP CASE GROUP

W
A

IS
T

 T
O

 H
IP

 R
A

T
IO

 (
W

:H
)

MEANS OF WAIST TO HIP RATIO (W:H) IN THE STUDIED GROUPS

CONTROL GROUP CASE GROUP

611 



Indian Journal of Basic and Applied Medical Research; December 2015: Vol.-5, Issue- 1, P. 607-618 
 

 

609 

 

Table 4: Showing comparison of biochemical parameters between control group and 

case group. 

BIOCHEMICAL 

PARAMETERS 

NORMAL 

VALUES 

CONTROLS(n=40) 

Mean± SD  

 

CASES(n=40) 

Mean± SD  

 

P Value  

 

FPG (mg/dl) 70-110 90.43 ± 9.86  

 

196.76 ± 54.28  

 

<0.0001 

HbA1C (%) <6.0  5.11 ±  0.286 

 

8.50 ± 1.85 

 

<0.0001 

GGT (U/L) 12-58 25.73 ± 6.84 

 

44.36 ± 12.05 

 

<0.0001 

*FPG- Fasting plasma glucose, † HbA1c- Glycated hemoglobin, ‡ GGT-Gamma 

glutamyl transpeptidase. 

 

Fig 5: Showing means of GGT in the control and case group. 
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Fig 6: Showing means of fasting plasma glucose in the control  and case group.            

 

       Fig 7: Showing means of HbA1c in the control and case group 

 

 

Table 8: Showing   Pearson’s correlation between GGT and baseline characteristics in 

case group.  

PARAMETER PARAMETERS CORRELATION 

COEFFICIENT 

(r value) 

TWO TAILED 

p VALUE 

 

        GGT 

BMI 0.46 <0.05 

W:H Ratio 0.43 <0.05 

Disease Duration 0.59 <0.001 

*BMI- Body Mass Index, † W: H - waist To hip Ratio. 
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  Fig 9– Showing Pearson’s correlation between GGT and BMI in case group. 

 

        

 

 

       Fig 10– Showing Pearson’s correlation between GGT and W:H ratio in case    

          group 
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      Fig 11– Showing Pearson’s correlation between GGT and disease duration in   

             case group 

 

 

Table 12: Showing Pearson’s correlation between GGT and other biochemical       

parameters in case group. 

PARAMETER PARAMETERS CORRELATION 

COEFFICIENT    

      (r value) 

TWO TAILED  

      p VALUE 

 

        GGT 

FPG 0.72 <0.0001 

HbA1c 0.69 <0.0001 

*FPG- Fasting plasma glucose, †HbA1c- Glycated hemoglobin, ‡GGT-Gamma glutamyl 

transpeptidase.  

       Fig 13 – Showing Pearson’s correlation between GGT and FPG in case group 
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Fig 14– Showing Pearson’s correlation between GGT and HbA1c in case    

          group 
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