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Abstract  
Aim: Evaluation of serum γ-glutamyl transferase and its association with high sensitivity C - 
reactive protein and insulin levels in the patients with metabolic syndrome. 
Material and methods: This cross sectional observational study was carried out in the 
Department of  Medicine Nalanda Medical College and Hospital, Patna, Bihar, India for 1 year. 
5 ml of blood was collected from median cubital vein. The collected blood was allowed to clot 
for 30 minutes in a clean dry test tube and was subjected to centrifugation to separate the serum. 
The serum samples were stored in a Deep freezer at -800C till they were studied. 
Results: The mean±SD of the cases and controls were 51.4±9. 7 years old and 50.2±9 years 
old respectively, which suggested that metabolic syndrome was prevalent in late middle ages. 
Waist circumference (WC) and body mass index (BMI) are the two important anthropometric 
measurements among the various definitions of metabolic syndrome. The study proved the 
mean±SD for WC in that case as 104±9.5 cm and in the controls as 82.5±10.3 cm. And the 
mean BMI in that case was 29.58±3.96 kg/m2 and in the controls – 23.14±2.52 kg/m2. Both 
these parameters were significantly higher in the cases with p≤0.001.The biochemical 
characteristics of the study population are presented in Table 2. The mean concentration of 
fasting blood glucose in the controls was 4.1±0.93 mmol/L; in that case it was 6.5±2.1 mmol/L, 
which was significantly increased in the subjects with MS. Increased triacylglycerol’s and 
decreased HDL-cholesterol were potential markers of CVD In this study, mean Triglycerides 
in metabolic syndrome cases was 1.86±0.96 mmol/L and in the controls, it was 1.41±0.8 
mmol/L, which was significantly higher. HDL-cholesterol levels in cases were found to be 
0.73±0.2mmol/L and 0.96±0.3mmol/L in the controls. The lower HDL- cholesterol levels in 
that case was found to be significant with p<0.005. The mean±SD of γGT in that case was 
60.96±45.64 U/L and in the controls 29.78±18.01U/L with a P value <0.001**. The mean±SD 
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of serum insulin in that case was 29.34±26.94 μIU/ml and in the controls 11.97±5.98 μIU/ml 
with P value ≤0.01**. The mean±SD of hs-CRP in that case was 76.2±47.6 mmol/L and in the 
controls 27.6± 11.4 mmol/L with P value ≤0.001**. The mean±SD of HOMA- IR in that case 
was 9.44±4.39 and in the controls 2.32±1.48 with P value ≤0.001**. 
Conclusion: This study suggests that increased gamma-glutamyl transferase activity could be 
considered as harbinger of low-grade systematic inflammation and oxidative stress through 
mediation of glutathione transport.  
Keywords: oxidative stress, HOMA- IR, glutathione transport 
 
 
 
 
 
Introduction  
Metabolic syndrome (MS) is defined by a constellation of risk factors of cardiovascular disease 
(CVD), that include abdominal obesity, dyslipidemia, hypertension, and impaired glucose 
tolerance, which increase the risk of CVD and diabetes mellitus.1 MS has been considered as 
one of the threatening non comunicable public-health problem globally.2 Serum gamma-
glutamyl transferase (γGT) has long been considered a harbinger of hepatic dysfunction and 
alcohol intake.3 Recently, accumulating epidemiology studies have revealed that γGT 
contributes in several pathophysiological processes, including oxidative stress and lipid 
peroxidation, which are important for pathogenesis and development of insulin resistance as 
well as MS.4-6  In addition, when compared with other hepatic markers, γGT was the major 
predictor of type 2 diabetes.7-9  γGT is a possible risk factor and a prognostic indicator of CVD. 
Further information is needed regarding the magnitude of the risk associated with γGT activity 
and individual cardiometabolic disorders. Such a relationship could help to decipher a high 
prevalence of MS. 
 
Perhaps excessive energy consumption, which leads to obesity, is a more serious and frequent 
nutritional problem, but there can be a gradual and fairly predictable transition from simple 
obesity with no observable metabolic changes through insulin resistance. Insulin resistance 
arises from the inability of insulin to act normally in regulating nutrient metabolism in 
peripheral tissues. Increasing evidences of human population studies and animal research have 
established correlative as well as causative relations between chronic inflammation and insulin 
resistance.10 Chronic, systemic, sub- clinical inflammation has also been identified as a driving 
force for insulin resistance. Since hs-CRP is a marker of systemic inflammation, it might 
explain the prevalence of insulin resistance in MS. Nevertheless, the relationship remains 
uncertain and has not been well researched yet. Therefore, the aim of this study was to examine 
the associations of serum γGT, hs-CRP and insulin resistance in the individuals with MS as 
well as its components. 
 
Material and methods  
This cross sectional observational study was carried out in the Department of  Medicine 
Nalanda Medical College and Hospital, Patna, Bihar, India for 1 year. 
 
Methodology 
All subjects were diagnosed according to National Cholesterol Education Program, Adult 
Treatment Panel III criteria and it required the presence of 3 or  more of the following  [2]: 
fasting  blood  glucose  ≥  6.105  mmol/L; serum triglyceride ≥1.71 mmol/L or being on lipid 
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lowering therapy; c) Serum HDL < 2.220 mmol/L in men and < 2.775 mmol/L in women or 
being on antilipidemic therapy; blood pressure ≥130 mmHg systolic and/or ≥85 mmHg 
diastolic or being on antihypertensive therapy; and e) waist circumference >102 cm in men and 
>88 cm in women. The subjects with following history were excluded. Alcohol intake more 
than 30 g/day (≈38 ml of 100% alcohol) and the patients with smoking history, Hepatitis B or 
C infection or other known liver diseases, liver enzymes exceeding the upper reference range 
in three times, use of hepatotoxic drugs, acute infectious/inflammatory conditions, familial 
hyperlipidemia, New York Heart Association class 3-4 heart failure. 
After consulting a statistician, sample size was estimated to be 120, with 60 cases and 60 age 
and gender matched healthy controls. 
 
The informed consents were taken from the patients and control subjects. The selected subject’s 
blood samples were collected with all aseptic precautions. 5 ml of blood was collected from 
median cubital vein. The collected blood was allowed to clot for 30 minutes in a clean dry test 
tube and was subjected to centrifugation to separate the serum. The serum samples were stored 
in a Deep freezer at -800C till they were studied. 
 
Results  
The clinical characteristics of the study population are presented in Table 1. The current study 
is a case control study, in which the serum γGT, hs-CRP and insulin levels were determined in 
60 metabolic syndrome subjects and were compared with 60 healthy age and sex matched 
controls. The results were tabulated and statistically analyzed. 
 
The metabolic syndrome patients were diagnosed according to the National Cholesterol 
Education Program’s Adult Treatment Panel III criteria (NCEP ATP III criteria). The study 
population belonged to age group ranging 40- 70 years old, which was similar in the controls 
as well. The mean±SD of the cases and controls were 51.4±9. 7 years old and 50.2±9 years old 
respectively, which suggested that metabolic syndrome was prevalent in late middle ages. 
Waist circumference (WC) and body mass index (BMI) are the two important anthropometric 
measurements among the various definitions of metabolic syndrome. The study proved the 
mean±SD for WC in that case as 104±9.5 cm and in the controls as 82.5±10.3 cm. And the 
mean BMI in that case was 29.58±3.96 kg/m2 and in the controls – 23.14±2.52 kg/m2. Both 
these parameters were significantly higher in the cases with p≤0.001.The biochemical 
characteristics of the study population are presented in Table 2. The mean concentration of 
fasting blood glucose in the controls was 4.1±0.93 mmol/L; in that case it was 6.5±2.1 mmol/L, 
which was significantly increased in the subjects with MS. Increased triacylglycerol’s and 
decreased HDL-cholesterol were potential markers of CVD In this study, mean Triglycerides 
in metabolic syndrome cases was 1.86±0.96 mmol/L and in the controls, it was 1.41±0.8 
mmol/L, which was significantly higher. HDL-cholesterol levels in cases were found to be 
0.73±0.2mmol/L and 0.96±0.3mmol/L in the controls. The lower HDL- cholesterol levels in 
that case was found to be significant with p<0.005. 
 
The mean±SD of γGT in that case was 60.96±45.64 U/L and in the controls 29.78±18.01U/L 
with a P value <0.001**. The mean±SD of serum insulin in that case was 29.34±26.94 μIU/ml 
and in the controls 11.97±5.98 μIU/ml with P value ≤0.01**. The mean±SD of hs-CRP in that 
case was 76.2±47.6 mmol/L and in the controls 27.6± 11.4 mmol/L with P value ≤0.001**. 
The mean±SD of HOMA- IR in that case was 9.44±4.39 and in the controls 2.32±1.48 with P 
value ≤0.001**. 
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The comparison of γGT, insulin, hs-CRP, HOMA-IR is presented in Table 3. Pearson 
correlation was completed to analyse the relationship between γGT, hs-CRP and HOMA-IR in 
MS cases are as presented in Table 4. γGT  showed a positive correlation with HOMA IR and 
hs-CRP which was of suggestive significance. 
 

Table 1: Clinical characteristics of the study population 
Parameters Controls Cases P value 
None of the subjects 60 60  
Sex (male/female) 23/37 25/35 0.61 
Age 50.2±9 51.4±9.7 <0.05* 
BMI (kg/m2) 21.5±3.5 29.6±3.9 <0.001** 
Waist circumference (cm) 82.5±10.3 104±9.5 <0.001** 

 
Table 2: Biochemical characteristics of the study population 

Variables Controls Cases P value 
Glucose (mmol/L) 4.1±0.93 6.5±2.1 <0.01* 
Total cholesterol (mmol/L) 3.8±1.16 4.3±1.38 <0.05* 
Triglycerides (mmol/L) 1.41±0.8 1.86±0.96 <0.05* 
HDL cholesterol (mmol/L) 0.96±0.3 0.73±0.2 <0.05* 
Serum albumin (mmol/L) 36.7±8.2 31.8±7.4 <0.01** 
Aspartate aminotransferase (U/L) 19.8±7.9 24.26±15 0.06 
Alanine aminotransferase (U/L) 17±9.7 22.38±12.1 <0.01** 
Alkaline phosphatase (U/L) 71.4±25.6 83.5±33.9 <0.05* 
Serum phosphate (mmol/L) 1.1±0.2 0.9±0.2 <0.01** 
Serum creatinine (μmol/L) 61.9±26.5 53.5±0.3 <0.01** 

 
 

Table 3: Comparison of γ-GT, insulin, hs-CRP, HOMA-IR in both study groups 
Parameters Controls Cases P value 
γ-GT (U/L) 29.78±18.01 60.96±45.64 <0.001** 
Insulin (μIU/ml) 11.97±5.98 29.34±26.94 <0.01* 
hs-CRP (mmol/L) 27.6±11.4 76.2±47.6 <0.001** 
HOMA-IR 2.32±1.48 9.44±4.39 <0.01* 

 
Table 4: Pearson correlation of γ-GT, HOMA-IR, hs-CRP in metabolic syndrome 

Parameters 
Metabolic syndrome 
(n=60) 
r value P value 

γGT vs HOMA-IR 0.26 0.060+ 
γGT vs hs-CRP 0.252 0.078+ 
hs-CRP vs HOMA-IR 0.207 0.15 

 
Discussion 
MS comprises a group of atherogenic factors.11 Besides, the gathered data have reported of 
many biochemical and anthropometric parameters associated with MS, together with 
parameters of obesity and products released by adipose tissue, plasma insulin levels, liver 
enzymes, and CRP.12,13  
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Many epidemiology studies have proved that circulating serum γGT levels may be associated 
with the evolvement and clinical progression of CVD, even after adjusting for confounding 
factor like alcohol consumption.14,15  Although high levels of γGT have been speculated to be 
directly atherogenic16 just like several other biomarkers for MS, a direct causation of 
atherosclerosis remains to be elucidated. As presented in Table 3, a higher γGT along with 
insulin resistance levels in MS involves a potentially greater risk for subsequent development 
of type 2 diabetes. 
 
The increasing evidences have proved that the circulating γGT, which is primarily synthesized 
from liver, is a key target organ for development of MS. A number of studies have also shown 
that the serum level of γGT directly correlates with an increased risk of MS.17 This was 
evidenced by significant correlations between γGT levels and all MetS components, 
independently of age and gender, except for blood pressure values.18 Hardly any studies have 
proved increased γGT activity in hypertensives, which could be associated with the relation 
between γGT and MS.19,20   
 
The association between the serum γGT and hs-CRP (Table 2), which is, as put forward by 
Ortega et al.21,22  the low-grade inflammation in liver caused by hepatic steatosis in MS, could 
have caused increase in γGT levels. hs-CRP, an acute-phase reactant of hepatic origin and a 
sensitive marker for systemic inflammation, predicts the occurrence of diabetes, metabolic 
syndrome and atherosclerotic diseases in healthy subjects.23  [It has been hypothesized that 
increased γGT levels might occur before elevation in CRP, and the related oxidative stress 
would give rise to a subsequent inflammatory response.24 Also, fatty infiltration in liver might 
have enhanced oxidative stress, leading to glutathione metabolism with compensatory increase 
in γGT secretion. As γGT activity reflects oxidative stress and inflammation, the increased 
levels can actively predict the incidence of MS.17   
 
Conclusion  
This study suggests that increased gamma- glutamyl transferase activity could be considered 
as harbinger of low-grade systematic inflammation and oxidative stress through mediation of 
glutathione transport. Current study contributes to the increasing number of evidences that 
gamma-glutamyl transferase estimation in metabolic syndrome, which is simple and 
inexpensive, could be considered among the strongest serum predictors of insulin resistance, 
imminent type 2 diabetes and cardiovascular events. 
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