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ABSTRACT 
Objective — To study the Serum gamma-glutamyltransferase (GGT), other liver derived enzymes and 

lipid profile in patients of type 2 Diabetes mellitus (DM) and find out the any correlation of liver derived 

enzymes with diabetic related risk factor and association between enzyme level and blood sugar level in 

diabetic and non diabetic subjects. Research Design and Methods— This is a cross-sectional 

prospective study in 60 cases of type 2 DM randomly selected from medical wards of a tertiary care 

hospital and 30 age, sex matched controls. Blood sugar, Serum gamma-glutamyl transferase (GGT), other 

liver enzymes like SGOT, SGPT, ALP, Lipid profile, BMI, waist circumference and prevalence of 

obesity and hypertension were assessed. To define the type 2 Diabetes mellitus (DM) we used revised 

criteria of ADA, 1997. Results— GGT, Fasting Blood glucose and BMI increased statistically significant 

(p<0.00l) in type 2 DM subjects when compared with the control subjects. Statistically significant 

difference (p<0.05) in SGPT was found in subjects of type 2 DM. Comparison of other parameters like 

BP, alkaline phosphates, PL, TG and VLDL were also found Statistically significant difference (p<0.01). 

Conclusions— serum GGT level within its normal range predicted type 2 diabetes mellitus and may alter 

the association between body mass index, lipid profile and type 2 DM. 

____________________________________________________________________________________                                                                  

 

INTRODUCTION 

Gamma-glutamyltransferase (GGT) is located 

on the external surface of most cells and 

mediates the uptake of glutathione. It has been 

found as a useful indicator of an early liver cell 

damage or Cholestatic disease, due to alcohol 

consumption. (1) 

In addition to its diagnostic uses serum gamma- 

glutamyltransferase (GGT)  has substantial 

epidemiological significance(2).Prospective 

studies have shown a significant relationship 

between serum GGT and the development of 

specific conditions including coronary heart 

disease(CHD) and stroke(3,4). 

In addition to alcohol, obesity has been found 

(5) to have a major effect on serum GGT and 

there is increasing evidence (5-8) that linking 

raised serum GGT levels with other metabolic 

disturbance such as glycemic disorders, 

hypertension, hypertriglyceridemia and low 

HDL cholesterol.Non alcoholic fatty liver 

disease obesity, insulin resistance and 

hyperinsulinemia (9) are also closely associate 

with elevated serum GGT. These interrelations 

between Serum GGT with obesity and other 

metabolic disturbance raise the possibility –

which elevated Serum GGT levels can help in 

A STUDY OF GAMMA-GLUTAMYLTRANSFERASE (GGT) IN 

TYPE 2 DIABETES MELLITUS AND ITS RISK FACTORS 

 

Shrawan Kumar Meena
1
, Alka Meena

2
, Jitendra Ahuja

3
, Vishnu Dutt Bohra

1 

 

1
Dept. of Biochemistry, Jhalawar Medical College, And Hospital, Jhalawar (Raj) 

2
Dept. of Biochemistry, Lady Harding medical college and hospital, New Delhi 

3
Dept. of Biochemistry, Geetanjali Medical College and Hospital, Udaipur (Raj) 

 

 

E-mail of Corresponding Author: drjitendraahuja@yahoo.co.in 

 

 
 

 
 

 

 



90 

 

                                                             International Journal of Current Research and Review  www.ijcrr.com  

                                                        Vol. 04 issue 11 June 2012 

                                                                         

 

predicting the development of metabolic 

syndrome and type 2 diabetes. 

Furthermore serum GGT showed a strong and 

graded relation with diabetes which suggested a 

role of GGT in the pathogenesis of diseases 

(2,9,11).Now ,it is clear from several studies 

conducted in past decades the raised Serum 

GGT serves has an independent predictor for 

type 2 diabetes mellitus.(2,6,8,10,11). 

Keeping this in mind the present study was 

planned to evaluate the role of GGT in Diabetes. 

In Indian population such study was not 

conducted so far. Indians has specific diabetic 

phenotype which predisposes them to diabetes 

even earlier than other populations. 

 

MATERIAL AND METHOD 

This study were carried out on randomly 

selected 60 type 2 diabetes mellitus subjects in 

age from 35 to 65 years visiting out patients 

department of endocrinology and general 

medicine of a tertiary level hospital. A 

comparison was done with 30 age, sex; socio-

economic status matched healthy subjects 

serving as control. 

The questionnaire included age, gender, family 

history of DM, hypertension and stroke, food 

habit and physical, activity, social status, history 

of medication and history of alcohol intake.  

Anthropometric measurements like BMI, waist 

circumference were recorded as they are two 

important predisposing factors for development 

of insulin resistance.  

 

Sample collection: 

Blood sample drawn from anticubital vein in 

plan via from all subjects after overnight fast of 

12-14 hours.Sample was analyzed for sugar, 

bilirubin, enzymes and lipids.  

1. Subject (Case) selection:- 

(a) Inclusion criteria: Subjects having fasting 

blood sugar level >126 mg/dl or subjects on 

medication for DM. 

(b) Exclusion criteria: alcohol abuse, obstructive 

liver disease, hepatitis and presence of any 

malignancy. 

2. Control selection:- 

(a) Inclusion criteria: (a) Subjects having fasting 

blood sugar level <126 mg/dl. 

(b) Exclusion criteria: Same as considered in 

subject selection. 

Statistical analysis-Comparison  were made 

using unpaired student ―t‖ Test, between mean 

value of control group with those of diabetes 

mellitus type 2 group. A ―p‖ value of > 0.05 was 

taken as insignificant < 0.05 as significant and 

<0.001 as highly significant. Coefficient of 

correlation ―r‖ was determined between two 

comparable groups with help of SPSS package. 

 

RESULTS 

The present study was carried out in department 

of biochemistry at SMS hospital on randomly 

selected 60 previously diagnosed patients of 

type 2 diabetes mellitus and 30 age and sex 

matched healthy volunteers served as control 

and assessed correlation of GGT and other risk 

factors. 
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Table no.1 Mean ± SD of various parameters of case and control group patients 
Parameters Mean ± SD P-Value Significance 

Case Control 

BMI 27.51±4.34 24.50±2.94 < 0.001 Sig 

SBP 127.50±8.32 122.70±6.80 < 0.01 Sig 

DBP 83.73±6.80 80.00±4.47 < 0.01 Sig 

Glucose 152.31±66.41 81.30±8.40 < 0.001 HS 

SGOT 28.07±8.79 24.80±6.97 > 0.05 NS 

SGPT 32.96±14.66 26.80±10.80 > 0.05 Sig 

ALP 222.19±56.72 189.7±49.38 < 0.01 Sig 

Cholesterol 185.22±29.13 176.20±30.07 > 0.05 NS 

PL 210.97±38.87 188.40±34.85 < 0.01 Sig 

TG 198.33±157.56 131.10±68.13 < 0.01 Sig 

HDL 44.74±5.17 43.80±4.82 > 0.05 NS 

LDL 102.75±27.64 107.7±28.62 > 0.05 NS 

VLDL 39.66±31.51 26.20±13.63 < 0.01 Sig 

GGT 33.73±13.57 19.50±4.74 < 0.001 HS 

 

Abbreviations :BMI –body mass index, SBP-Systolic blood pressure, DBP-Diastolic blood pressure, 

SGOT-Serum glutamate oxaloacetate transaminase, SGOT-Serum Glutamate Pyruvate Ttransaminase, 

ALP-Alkaline phosphatase, PL-phospholipids, TG-triglycerides, HDL-high density lipoprotein, Low 

density Lipoprotein, VLDL-very low density lipoprotein, GGT- Gamma-glutamyltransferase. 

 

Table no. 1 shows that a high value of serum 

GGT in type 2 DM subjects statistically highly 

significant (p < 0.001) when compare with the 

control group. Statistically significant difference 

(p < 0.001) in BMI was found in subjects of DM 

2 when compared with normal subjects. 

BP was also found statistically significant (p< 

0.01) in diabetic patient on comparison with  

 

controls.  Fasting blood glucose was come 

across statistically significantly different (p < 

0.001) between case and control. SGPT is 

another liver marker which was statistically 

significantly different (0.05) between case and 

control groups. 

Statistically significant difference (p < 0.001) in 

alkaline phosphatase, PL, TG and VLDL were 

obtained in subjects of type 2 DM when 

compared with normal subjects. 

 

Table no.2 Correlations between GGT and other risk factors 
Correlation r-value p-value significance 

GGT vs. BMI + 0.060 > 0.05 NS 

GGT vs. SBP -0.123 > 0.05 NS 

GGT vs. DBP -0.113 > 0.05 NS 

GGT vs. Glucose + 0.329 <0.05 Sig 

GGT vs. SGOT +0.485 <0.01 Sig 

GGT vs. SGPT +0.387 <0.01 Sig 

GGT vs. ALP -0.015 > 0.05 NS 

GGT vs. Cholesterol +0.060 > 0.05 NS 

GGT vs. PL +0.161 > 0.05 NS 

GGT vs. TG +0.325 < 0.05 Sig 

GGT vs.  HDL -0.179 > 0.05 NS 

GGT vs.  LDL -0.273 > 0.05 NS 

GGT vs.  VLDL +0.325 < 0.05 Sig 
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It was observed that there was a positive 

correlation between GGT and BMI, GGT and 

Glucose, GGT and SGOT, GGT and SGPT, 

GGT and cholesterol, GGT and PL, GGT and 

TG, GGT and VLDL. The correlation between 

GGT vs. SGOT, SGPT, Glucose, TG and VLDL 

was established to be good correlation. It was 

also observed that there was a negative 

correlation between GGT vs. BP, ALK, HDL, 

and LDL. 

 

DISCUSSION 

DM is a very common clinical condition over 50 

year of age in developed countries but the 

prevalence  of diabetes in India is 13-15 % and 

expected to rise further .India has already 

become the diabetic capital of world. Various 

studies have been conducted and are in progress 

all over the world for early detection and 

prevention of DM. 

The object of our study is weighing the 

relationship of risk factor of DM 2 like HT, age, 

BP, BMI, dyslipidemia and liver derived 

enzymes.GGT is liver derived enzyme and our 

aim to identify the role of GGT in DM2.  

This study was conducted on randomly selected 

60 type 2 DM patients and 30 age and sex 

matched controls. In all subjects who were 

selected for this study a through history taking 

and physical examination was performed. Cases 

and controls were investigated and all the 

observations were analyzed. 

This present study showed that the mean BMI of 

the type 2 DM group was 27.51 ± 4.34 while 

that of control group was 24.5 0±2.94, 

statistically significant difference (p<0.00l was 

noted when comparison was made between 

them. Bombellli M et.al.2011 also found 

significant difference exist (p<0.0001) between 

BMI of DM and control group (12). Correlation 

between GGT and BMI were not significant 

(r=0.060, P>0.05 in study group). 

20 out of 60 (33.3%) in type 2 DM group and in 

control group only 2/30 (3.3%) were 

hypertensive. The mean SBP ± SD and DBP 

±SD in case and control groups were 

127.50±8.32 / 122.70±6.80 and 83.73±6.80 / 

80.00±4.47respectively which is statistically 

significant different (p<0.00l) when comparison 

were made between Type 2 DM and controls. 

Duk-Hee Lee et al (2003) showed correlation 

between BP and DM2 (13).The correlation 

between GGT and BP were not significant (SBP 

= r-0.123, DBP = r-0.1 13). 

This study revealed that 34/60 subjects had 

blood glucose >126 mg% out of which 12 had 

abnormal GGT and 22 had normal GGT. 26 out 

of 60 subjects were 70-126 mg% FBS in which 

20 had normal GGT and rest 6 had abnormal 

GGT. 

The mean FBS ± SD of all subjects of DM2 and 

control were 173.41±57.31 and 81.30±8.40 

respectively. Which was statistically significant 

difference (p=0.01).Correlation between GGT 

and BMI (r=+0.329, p<0.05) were significant in 

study groups.  

Hepatic dysfunction resulting from the insulin 

resistance syndrome may contribute to the 

development type 2 diabetes (14) Alanine 

arninotransferase (ALT) is the most specific 

marker of this hepatic pathology. Gamma- 

glutamyltransferase (GGT) is considered to be 

sensitive indicator of liver damage but if not 

specific (15). Obesity also affects that GGT. A 

number of Prospective studies (6,8,9,11,16,17) 

have shown that S. GGT or ALT help predict the 

development of type 2 diabetes independent of 

obesity and alcohol intake. These are an 

independent risk factor for the development of 

type 2 diabetes and It is hypothesized that 

S.GGT might be a marker for visceral and 

hepatic fat deposition and, by inference, marker 

of hepatic insulin resistance (4). A number of 

cross-sectional studies (7) have since shown 

relationships between GGT/ALT and the 
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metabolic syndrome and insulin resistance, 

suggesting that GGT/ALT may serve as a 

marker for insulin resistance. (18) 

Several possible mechanisms, how serum GGT 

increases the risk of type 2 diabetes. Elevation of 

serum GGT could he the expression of an excess 

deposition of fat in the liver, termed 

nonalcoholic fatty liver disease. Fatty liver is 

though to cause hepatic insulin resistance and to 

contribute to the development of systemic 

insulin resistance and hyperinsulinaemia. GGT 

could serve as a marker of the insulin resistance 

syndrome in the pathogenesis of diabetes. 

Another possible mechanism is that GGT plays 

an important role in antioxidant systems. 

Experimental studies have reported that GGT 

has a central role in the maintenance of 

intracellular antioxidant defenses transport into 

most types of cells. Hence, raised GGT 

concentrations could be a marker of oxidative 

stress, which might also pay a role in the cause 

and development of diabetes. Other studies 

suggested that elevated serum GGT could be the 

expression of subclinical inflammation which 

also contributes to the development of type 2 

diabetes. (19) 

Nakanishi et al (2003) said that the risk for 

development of IFG or type 2 diabetes increased 

in a dose-dependent manner as serum GGT 

increased in middle-aged Japanese men. The 

increased relative risk for IFG or more 

pronounced in obese men. (8) 

Noriyuki et al (2004) revealed with adjustment 

for age, family history of diabetes. BMI alcohol 

intake, cigarette smoking, regular physical 

activity (fasting plasma glucose the risk for type 

2) and white blood cell (WBC) count, the risk of 

metabolic syndrome an type 2 diabetes increased 

in correlation with the levels of serum GGT, 

ALT aspartate aminotransferase (AST) and 

alkaline phosphatase.These concluded serum 

GGT may be an important predictor for 

developing metabolic syndrome and type-2 

diabetes in middle aged Japanese men. (10) 

A.O. Rantala et al (2000) revealed that 

significant association between GGT and the 

components of the metabolic syndrome. 

Elevated levels of GGT may not always indicate 

increased alcohol consumption, but may also 

suggest the existence of the metabolic syndrome 

with its subsequent deleterious consequences. 

(7) 

Lee DH, et al (2005): GGT within the 

physiologic range predicted microalbuminuria 

among patients with hypertension or diabetes 

and may act as a predictor of microvascular and 

/ or renal complications in these vulnerable 

groups. (20). 

Up to 57% diabetics, especially those with 

vascular Complications have raised Gamma - 

glutamyltransferase activities. Such rises occur 

in the absence of liver disease, and the 

possibility of enzyme induction was put forward 

after a study of a group of serum enzyme values, 

such as alkaline phosphatase and glucose 6-

phosphatase with increased activity in some 

diabetic patients. (15)  

 Serum GGT showed a strong and graded 

relation with DM (Messinger et al 2005). 

(19)Association between serum GGT and risk 

for diabetes Perry et. al. has recently 

demonstrated that a raised serum GGT is an 

independent risk factor for the development of 

type 2 DM.(6) 

Out of 60 subjects in DM2 group 1 had 

abnormal SGOT and GGT and rest 59 had 

normal SGOT.All controls had normal GGT and 

SGOT.The mean SGOT ± SD of all subjects of 

DM2 and controls were 28.07±8.79 and 

24.80±6.97 respectively. Taken together, 

statistically insignificant difference (p>0.05) 

was noted when comparison were made between 

type 2 DM and control. Correlation between 

GGT and SGOT were significant (r=+0.485, 

p=<0.Ol). 
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Association between other liver enzyme SGOT, 

SGPT and ALP and development of IFG or type 

2 DM have also been observed by Perry et al 

1998 and Nakanishi et al 2003 (6,8). 

The mean SGPT±SD of all subjects of DM2 and 

controls were 32.96±14.66 and 26.80±10.80 

respectively. Comparison were made between 

diabetes mellitus type 2 and control groups, 

statistically significant difference (p<0.01) was 

noted. Correlation between GGT and ALP were 

not significant (r=-O.015, I p>0.05) in our study 

group. 

The mean PL ± SD subjects of DM2 and control 

were 2 10.97±38.87 and 188.40±34.85 

respectively. Which was statistically significant 

difference (p<0.01). The mean TG ± SD subjects 

of DM2 and control were 198.33±157.56 and 

131.10±68.13 respectively. The mean TG ± SD 

were also showed statistically significant 

difference (p<0.001). Lee et al (2003), observed 

association between serum GGT and high 

fasting TG, high blood cholesterol and low 

blood HDL (11). But in our study observed that 

the correlations were normal between serum 

GGT v/s TG and serum GGT v/s VLDL. 

In conclusion, above study recommend that 

serum GGT is a superior predictor of type 2 

diabetes, irrespective of alcohol consumption. 

We hypothesize that it might be had some role in 

the pathogenesis in diabetes. The first 

explanation it might be related with oxidative 

stress and secondly associations of obesity 

(BMI) with diabetes may be modified by serum 

GGT level. For the prophecy of type 2 diabetes 

in obese subjects, it may be helpful to establish 

serum GGT because it is simple, easy and 

economical to measure and modifies the obesity 

related type 2 diabetes risk. 
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