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ABSTRACT- Gamma glutamyl transferase (GGT) is an enzyme in glutathione and cysteine metabolism. 
GGT is a standard liver enzyme test reflecting biliary tract involvement. It also has a prooxoidant activity and 
a modulating influence on endothelia dysfunction. GGT is associated with the metabolic syndrome and is 
often elevated in patients with NAFLD. There is also a role for GGT activity in  several aspects cardiovascular 
disease. There is an association between elevated GGT and  cardiovascular mortality, atrial fibrillation, 
exacerbation of congestive heart failure . In addition there is an association with obstructive sleep apnea. We 
review the evidence available and suggest that there is a need for further assessing the use of GGT, together 
with the presence of the metabolic syndrome as a prognostic marker. 
_______________________________________________________________________________________ 
 
INTRODUCTION 
 
Gamma glutamyl transferase (GGT) is a 
glycosylated protein embedded in the outer surface 
of the plasma membrane. It has a role in the 
homeostasis of both glutathione and cysteine (1).  

GGT is a microsomal enzyme that is 
responsible for transferring the glutamyl groups 
from gamma glutamyl peptides to other peptides. 
With the exception of muscle cells, GGT is 
distributed in all other organs. GGT catalyzes the 
synthesis and transmembrane transport of proteins, 
counteracts oxidative stress by providing cysteine 
for regeneration  of intracellular glutathione and 
contributes to the detoxication of ammonium of 
some drugs (2). 

Cobbina and Akhlaghi (3) reviewed  the 
possible mechanism of drug metabolizing system 
activation leading to nonalcoholic fatty liver 
disease (NAFLD) in human and experimental 
models. Induction of microsomal CYP2E1 also 
induces microsomal GGT activity.  

GGT has been proposed to be a predictive 
biomarker for cellular antioxidant deficiency and 
several disease states (4). GGT makes a significant 
contribution to oxidant activity. In addition there 
are variations in GGT level based on gender, ethnic 
and regional differences and an upward trend in 
levels which suggest an environmental factor. 
Glutathione (GSH) is an important antioxidant 
defence and its failure results in impaired 
endothelial mediated vasodilatation due to an 
unbuffered increase in free radicals (5). The 
oxidative stress that occurs from both insufficient 
antioxidant  defence and dysregulated glucose and 
lipid homeostasis, in the presence of vascular  

 
inflammation results in endothelial dysfunction. 
Endothelial dysfunction is linked to atherogenesis 
and microvascular disease. 

The liver , kidney, pancreas, bowel and 
prostate  are rich in GGT (6). Despite the kidney 
having ten times more GGT activity  than the liver, 
serum GGT is considered to be of biliary canaliculi 
origin and has been used as a liver test for many 
years (2). 

The liver isoenzyme, however, is especially 
important in diagnosing cholestatic liver disease 
and monitoring drug-induced liver damage. If the 
GGT is concomitantly elevated with alkaline 
phospatase (ALP) it is almost certain that the ALP 
is of hepatic origin. As a result, cholestatic liver 
disease is the cause of ALP activity. 

GGT is useful in evaluating the severity of 
liver disease in chronic alcoholics. Moreover, GGT 
is used to follow the evolution of alcoholic liver 
disease and assess the alcohol-drinking habits in 
chronic alcohol consumption.   

As a microsomal enzyme GGT is activated in 
alcohol metabolism since the liver microsomes  
oxidize ethanol. In 1968, Lieber and De Carli 
described the microsomal ethanol-oxidizing 
system (MEOS) for the first time (7). MEOS 
represents an enzyme complex cytochrome P450 
(CYP). The iso-enzyme CYP 2E1 plays a role in 
alcohol metabolism at high alcohol concentrations 
and microsomal oxidative stress. 
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The oxidative stress generates the reactive oxygen 
species (ROS). CYP 2E1 and ROS are involved in 
the initiation and perpetuation of alcoholic liver 
injury. Histopathologically alcoholic liver disease 
(ALD ) and non-alcoholic liver disease  (NAFLD) 
present common cellular changes . Cyp2E1 is also 
activated in NAFLD and is modified by food (8-
10) . 

GGT is elevated in heptobiliary disease due to 
de novo synthesis, increased release from cell 
membranes secondary to the detergent effect of 
bile salts, backflow into the bloodstream, increased 
permeability and biliary epithelial cell damage (2). 

GGT determination as a biomarker of 
increased glutathione demand  presents several 
advantages. These include low cost, sample 
stability and easy preparation, as well as the 
availability of clinical laboratory measurement 
(11). 

The metabolic syndrome consists of truncal 
obesity, hypertension, impaired glucose tolerance 
and hyperlipidemia. It is associated with multi-
organ disease. Non-alcoholic fatty liver disease is 
the hepatic manifestation of the metabolic 
syndrome (12). 

This is the leading cause of hepatic pathology 
including cirrhosis and hepatocellular carcinoma 
worldwide and is of epidemic proportions. GGT is 
often elevated in NAFLD (13). 

Other organ systems are involved in NAFLD 
related to the other components of the metabolic 
syndrome. These include kidney, cardiovascular 
and gastrointestinal systems. There is evidence  
involving the heart not just as a direct result of the 
cardiac risk factors that make up the metabolic 
syndrome. For example, diastolic dysfunction has 
been shown to be linked with NAFLD 
independently of the factors of the metabolic 
syndrome(14).  It is the purpose of this review to 
examine the relationship between GGT and the 
metabolic syndrome and the use of measurements 
of GGT as a prognostic indicator in several disease 
states. 
 
GGT is associated with the metabolic syndrome 
(MS). 
The Framingham offspring study conducted 
between 1978 and 1982 included data for cardiac 
risk factors including weight , BMI, smoking and 
alcohol use, serum lipid values, blood glucose and 
serum creatinine , CRP and the presence of 
diabetes. The total follow -up period was 20 years, 
with an interim assessment  after 8 years for the 
presence of metabolic syndrome.  The onset of MS 
was related to the baseline GGT (15). In addition, 
there was a dose-response relationship fo the GGT 
level to MS over all four quartiles quartile. After 

adjusting for age, gender and alcohol use, the 
hazard ratio for developing  MS was elevated by 
2.54 in the fourth quartile (p<0.001). At the end of 
the follow-up period (mean of 19 years), those 
subjects  in the highest GGT quartile had an 
adjusted 67% increase in the incidence of 
cardiovascular disease. Another study on this 
cohort with a mean follow-up of 23.6 years found 
that baseline  GGT levels above the gender median 
had a 1.71 times increase  risk of developing heart 
failure compared to those with GGT below the 
gender median (16). Thus a one-time 
determination of GGT may be a predictive marker 
for MS, CVD and heart failure.  In addition, GGT 
may be decreased by dietary manipulation (17). 

An increase in mortality in patients with an 
elevated baseline GGT  has been found in an 
Austrian population. For men with a GGT > than 
36 U/L and women  > 36 U/L the mortality rate 
was increased by 100%. The increased mortality 
was  due to cancer deaths and  cardiovascular 
deaths (18). A further study, from Finland, also 
showed a higher hazard ratio for both non-fatal 
myocardial infarction and  fatal coronary heart 
disease for subjects with elevated GGT (19). 
 
Cardiovascular diseases associated with GGT. 
Cardiovascular morbidity and mortality. 
GGT may have a role in predicting the 
development and outcome of cardiovascular 
morbidity and mortality. A study of more than 
3500 patients with coronary heart disease 
comparing the patients with a GGT level above the 
median to those with a GGT level below the 
median found an increase in all cause mortality  
(HR 1.32)  after multi-variate analysis but the 
presence of the metabolic syndrome was not 
included in the analysis (20). GGT has been shown 
to be a predictor of cardiovascular risk in 200 
patients with angiographically proven coronary 
artery disease. 59.5% of these patients had the 
metabolic syndrome (21). Multivariate analysis 
was not performed in this study. 

A study of 123  patients with acute coronary 
syndrome and a newly diagnosed ejection fraction 
less than 45% found that a GGT level greater than 
49 u/mL  had a 81% sensitivity for predicting 
hospitalization (22)  

A study from Iran of  367 patients undergoing 
elective angiography ( men < 45 years of age and 
females < 55 years of age) found an elevated GGT 
to be significantly associated with premature  
coronary artery disease (CAD) (23). Another 
group from India has also reported an association 
between premature CAD and elevated GGT (24). 
Serum GGT has also been linked to CAD in a 
Chinese population (25). A recently published 
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systematic review and meta-analysis found 
elevated serum GGT levels to be   an independent 
predictor of both cardiovascular mortality and all-
cause mortality in patients with CAD (26). 

There is a link between inflammation and 
cardiovascular disease. This is reflected by a link 
to elevated levels of C reactive protein (CRP) (27).  
The strong association between  GGT and CRP has 
been found in both genders and various ethnic 
categories (28). There is also a correlation with the 
Framingham risk score (29). In addition, there is a 
correlation between  a higher GGT quartile and 
severity of coronary calcification(30).  A study 
comparing 138 patients with coronary plaques  to 
121 without found higher levels of GGT (35.7 with 
acute coronary syndrome compared to controls/L  
with plaques versus 19.6 U/L without) (31). 

In addition, GGT elevation and coronary 
plaques  were linked  to  smoking, diabetes as 
judged by Hemoglobin A1c (HBA1c), as well as, 
hypertension. Biochemical markers such as 
hyperlipidemia, creatinine, triglycerides, uric acid, 
HBA1c and CRP have been utilized. Many of these 
biomarkers are components of the metabolic 
syndrome although this was not examined as a  
separate  entity. 

Serum GGT levels have been found to be 
higher in patients with acute coronary syndrome 
compared to control patients. In addition there was 
no difference  between the diabetic and non-
diabetic subgroups (32). 

A systematic review and meta-analysis of 35 
prospective observational studies  including 
571,511 subjects and 72,196 cases of mortality, 
found that elevated GGT was linked to an increase 
in all-cause mortality and cardiovascular mortality, 
even at physiological levels (33).  In addition, there 
was an increase in cardiovascular mortality in 
patients with coronary artery disease and type 2 
diabetes mellitus. 
 
Atrial fibrillation 
There is also a connection between atrial 
fibrillation (AF) and GGT. A study of 809 patients 
with atrial fibrillation on admission out of 5501 
CAD patients showed that GGT activity was 
independently associated with AF (34). However, 
a prospective study of 1428 men aged 60-79 years 
of age  who developed AF did not show a 
relationship between AF and change in GGT after 
adjusting for N-terminal pro-brain natriuretic 
peptide (35).  A study from Korea from a national 
database of 266,550 people with a mean age of 53 
who underwent a national insurance health check 
up found an increase in  AF incidence with 
increasing quartiles of GGT  and after adjusting for 
BMI the  GGT was a good predictor of AF only in 

the non-obese population (36). Serum GGT has 
also been shown to be elevated in nonvalular AF 
(37). Patients with hepatic steatosis on  ultrasound 
have not been found to have increased AF whereas 
increased levels of alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) and  
especially GGT have been linked with AF. 

Catheter ablation is increasingly being 
employed for treatment of atrial fibrillation. A 
study of 102 patients with paroxysmal atrial 
fibrillation undergoing  cryoballoon catheter 
abltion found that elevation of GGT to >23.5U/L 
was an independent  predictor for recurrence of AF 
after ablation (38). 
 
Heart failure 
A study of 323 heart failure patients, found that 
higher central venous pressure was related to an 
increase in serum GGT, and elevated ALT, AST or 
direct bilirubin were associated with higher CVP 
and a low cardiac index (39). A study of 1033 
consecutive ambulatory heart failure patients with 
a mean follow up of 34.4 months found that 
increased  GGT was associated with increasing  
severity of heart failure in terms of NYHA class, 
LV ejection fraction and BNP. In addition 
increased GGT was an independent predictor of 
death or cardiac transplantation (40). A Chinese 
study of 165 patients with heart failure after 
percutaneous coronary intervention (PCI) from a 
cohort  of 5638 patients found that a baseline serum 
GGT level of less than 19.6 U/L pr more than 32.9 
U/L increased the risk for developing heart failure 
following PCI (41). However, a smaller 
prospective study of  60 patients with heart failure 
from India did not find a predictive role for serum 
GGT but did for BNP and tumor necrosis factor 
(TNF)- (42). 

In patients admitted with acute coronary 
syndrome (ACS), GGT may help in predicting 
those patients with new onset heart failure  in those 
with  left ventricular systolic  dysfunction. A study 
from Turkey of 123 patients with  ACS and a 
systolic function less than 45% were followed up 
for a mean period of 15 months. An admission 
GGT of more than 49 U/L had a sensitivity of 
81.7% and specificity of 65.2% for predicting 
hospitalization. On multivariate analysis GGT > 49 
U/L and hypertension were independent predictive 
factors (22). A similar conclusion of an elevated 
GGT as a poor prognostic factor, with an increased 
risk for mortality, in patients with reduced systolic 
function ,was reported from another group in 
Turkey (43).  
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Obstructive sleep apnea (OSA) and NAFLD 
Obstructive sleep apnea (OSA) is characterized by  
repeated partial or total airway collapse during 
sleep. It affects 4% of men and 2% of women. OSA 
increases the risk for cardiovascular disease and 
also for NAFLD[44]. This is accompanied by 
systemic inflammation and endothelial 
dysfunction. OSA with excessive daytime 
sleepiness has also been  shown to be associated 
with NAFLD independently of the amount of 
abdominal visceral fat (45). 

In addition OSA has been shown to be linked 
to   more severe liver fibrosis in patients with 
NAFLD (46). 
OSA is also associated with increased levels of 
GGT.  A study from Turkey of 320 patients with 
OSA found that serum GGT levels were  
associated with and increased apnea-hypopnea 
index. In this study increased GGT was also linked 
to cardiovascular disease (47) 

Thus there is a link between elevated GGT and 
OSA with both OSA and cardiovascular 
pathology. Table 1 summarizes the data regarding 
the link between GGT and CVS disease. 

 
Table 1. Author: Provide a self-explanatory legend, and in a footnote define abbreviations. ED. 
GGT  Result  Result  References 
Met S onset  related to baseline GGT  OR 2.54 upper quartile 15 

       
       
CVS  Increased  OR 1.67 upper quartile 15 

       
Heart failure Increased  1.71  16 
All cause Mortality Increased  2  18 
non fatal MI                               Increased 
and fatal CHD  

 OR 1.57 men, OR 1.44 women 19 

GGT CVS 
All cause mortality Increased  1.32  20,26 
Cardiovascular risk Predictor of 

CVS risk 
   21 

Hospitalization    81% predictive sensitivity 22 
Premature CAD    10 unit increase GGT, OR 13.34 23 
    highest tertile, OR 2.1 24 
    coronary complexity 25 
Coronary calcification   independent risk factor 30 
Coronary plaques   Higher GGT, independent risk 

factor 
31 

ACS    Higher GGT levels and also in 
diabetics 

32 

       
GGT AF  Association  OR 1.66  34 

    no relationship after adjusting for 
BNP 

35 

  only non-obese   36 
  non-valvular    37 

  recurrence after catheter ablation  38 
GGT Heart failure      
higher CVP   Higher GGT 

P<0.001 
   39 

low CI  Higher GGT 
P<0.001 

   39 

NYHA  Increase in 
NYHA class, 
decrease EF  

   40 

BNP  Increase BNP    40 
Post PCI  increased risk for developing HF  41 
Hospitalization GGT >49  HR 2.663, p=0.047  22 
GGT OSA 
increased GGT levels  linked to severe OSA p<0.001  47 
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Liver disease and cardiovascular events 
Cirrhotic patients are known to have more 
extensive and severe CAD as compared to a 
control group of patients referred with new-onset 
chest pain (48), although in this study the majority 
of the patients had cirrhosis due to alcohol 
consumption. Recently, GGT activity has been  
shown to be associated with coronary artery 
atherosclerotic plaque vulnerability (49). 
Furthermore  the serum GGT level has been found 
to be linked to significant coronary atherosclerosis 
and the level of GGT increased with the increasing 
severity of arterial obstruction (50). As in previous 
studies the metabolic syndrome was not included 
as a variable in the multivariate analysis.  

Elevated GGT is well known to be a 
consequence of NAFLD (51). In addition GGT is 
linked to an increased risk of type 2 diabetes 
melitus (52).  A systematic review of 24 cohort 
studies with 177,307patients, of whom  11,155 had 
type 2 DM  found a non-linear relationship 
between type 2 DM  and elevated GGT level with 
an odds ratio of 1.34  for the upper third of GGT 
levels. 

NAFLD scans a spectrum of disease from 
steatosis through steatohepatitis and resulting in 
fibrosis, cirrhosis and its complications including 
hepatocellular carcinoma (12, 53).  Liver fibrosis 
has been shown to be linked to long-term outcomes 
of patients with NAFLD. A retrospective study of 
619 patients diagnosed with NAFLD from 1975 to 
2005 in the United States, Europe and Thailand, 
found liver fibrosis to be the only histological 
feature associated with long term outcomes (54). 
In this study the mean BMI was 30.7 kg/m2 and 
37.5%  of the population had diabetes mellitus. No 
data was available regarding GGT in this study. 
Furthermore 38.3% of the patients died as a result 
of cardiovascular disease. Another long term 
population study from Sweden (55) of 229 patients 
with biopsy proven NAFLD followed up for a 
mean of 26.4 years, found a HR of 1.29 for 
NAFLD patients, with increased risks of 
cardiovascular disease, HCC and cirrhosis. 
Cardiovascular mortality was the cause of 43% of 
the deaths, whereas HCC and cirrhosis were only 
responsible for 5% and 4% of mortality 
respectively. 

Furthermore, data regarding smoking, 
presence of the metabolic syndrome and 
medication was not available for the study group.  
Since approximately one third of the Swedish 
population is obese it is highly likely that there 
were lots patients with DM in the control group.  
Overall mortality was increased with patients with 
F3-4 fibrosis. Once more no data was presented 
regarding GGT. Chronic kidney disease has also 

been shown to be linked to the presence and 
severity of NAFLD (56). 
NAFLD has been shown to  be connected  with an 
increased risk of 1 year all-cause mortality and 
cardiac rehospitalization in elderly patients 
admitted with acute heart failure (57). In addition 
NAFLD has been shown to be linked to aortic 
valve sclerosis in patients with type 2 DM (58).  

In addition although it is clear that in NAFLD 
fibrosis is a major determinant of mortality it is not 
clear if this is independent of the components of 
the metabolic syndrome. This is  of more than 
academic interest since billions of dollars are being 
spent in drug development which can decrease 
hepatic fibrosis as an end point in trials. This may 
not show benefit in  reduction of overall mortality 
or decreasing the associated cardiovascular 
morbidity. 

The gold standard for assessing fibrosis  is 
liver biopsy. This is of course an invasive 
procedure with a small risk of complications 
including hemorrhage. It is not easily available as 
a method for performing long-term follow up of 
NAFLD patients to assess fibrosis progression. 
There are several methods for assessing fibrosis in 
NAFLD that do not require biopsy (59). These 
include the NAFLD fibrosis score, the BARD 
score, the FIB-4 score, the fibrometer NAFLD and 
the hepascore. In addition there is the AST:platelet 
ratio index (APRI), although this is of more use in 
identifying those patients unlikely to have 
advanced fibrosis (60). The FIB4 index appears to 
be superior to the other simple, inexpensive tests 
available for measuring hepatic fibrosis (61).  

In addition the  GGT:platelet ratio has been 
found to be predictive of advanced fibrosis in 
Chinese patients with both chronic HBV hepatitis 
and NAFLD (62). FIBI-4 index has been shown to 
be an independent  predictor of all cause mortality 
in in patients with heart failure (63) and the 
NAFLD fibrosis score  has been shown to be linked 
with unfavorable outcomes in patients with CHF 
(64). The interactions between GGT and  
cardiovascular end-points are summarized in the 
Figure 1. 

There is little data in the literature regarding 
the GGT levels in different ethnic populations. 
GGT levels are influenced by weight, alcohol 
consumption, and exposure to toxins. Very few 
studies have reported data on different ethnic 
populations in healthy people after controlling for 
these variables.  

In the Framingham study the upper limit of 
normal for  GGT was < 50 iU/L in men and < 40 
iU/L in women (65). After excluding patients with 
the metabolic syndrome the mean GGT was 24.9 
iU/L for men and 18.9 iU/L for women. 
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This suggests that in a similar fashion to ALT the 
reference numbers for GGT need to be adjusted 
downwards.  The British Womens’ Heart and 
Health Study of 3511 women with no history of 
stroke or  coronary heart disease (66) gave no 
numbers for GGT just the quintiles of the 
distribution . 

A study from Iran comparing GGT levels in 3 
different ethnic  groups, found a mean  BMI of 28 
kg/m2 and a GGT value that  was significantly 
different between the 3 regions. 

An additional study from Korea (67)  (5th 
National Health and Nutrition Examination 
Survey) with 8863 participants from 2010-2011 
reported a mean GGT level of 33.9 iU/L and 
women 18.8 iU/L . In this study, however, 18% of 
the men had moderate alcohol consumption vs 3% 
of the women. Furthermore based on the NHANES 
data from 1999-2010 it appears that coffee 
consumption decreases liver enzymes.In this study 
65.1% of the participants were non-Hispanic 
whites and 15.3% non-Hispanic blacks. 28.7% of 
the participants consumed less than one drink per 
week (68). Thus, the data are not available to 
enable clear conclusions regarding the effect of 
ethnicity on serum GGT levels and this will need 
to be addressed by further studies. 

In view of the data presented above linking 
elevated GGT to worsened cardiovascular events 
and the link between GGT and MS, there is a need 
to examine if  the presence of the metabolic 
syndrome could be an independent marker for poor 
outcomes in patients with cardiovascular 
pathology including heart failure. If this were to be 
the case , it would underline the need to have rigid 
cardiovascular outcomes in ongoing trials of 
treatment of NAFLD. 
 
REFERENCES  
 
1.  Jiang S, et al. Role of gamma-glutamyltransferase 

in cardiovascular diseases. Exp Clin Cardiol 
[Internet] 2013;18:53–6 [PMID: 
24294039]Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/24294039%
0Ahttp://www.pubmedcentral.nih.gov/articlerende
r.fcgi?artid=PMC3716505 

2.  Sotil EU JD. Serum enzymes associated with 
cholestasis. Clin Liver Dis 2004;8:41–54 [DOI: 
10.1016/S1089-3261(03)00136-3] 

3.  Cobbina E and Akhlaghi F. Non-alcoholic fatty 
liver disease (NAFLD)–pathogenesis, 
classification, and effect on drug metabolizing 
enzymes and transporters. Drug Metab Rev 
2017;49:197–211 [DOI: 
10.1080/03602532.2017.1293683] 

4.  Koenig G and Seneff S. Gamma-
Glutamyltransferase: A Predictive Biomarker of 
Cellular Antioxidant Inadequacy and Disease Risk. 

Dis Markers 2015;2015:1–18 [DOI: 
10.1155/2015/818570] 

5.  Franco R,  et al. The central role of glutathione in 
the pathophysiology of human diseases. Arch 
Physiol Biochem 2007;113:234–58 [DOI: 
10.1080/13813450701661198] 

6.  Green RM and Flamm S. AGA technical review on 
the evaluation of liver chemistry tests. 
Gastroenterology 2002;123:1367–84 [DOI: 
10.1053/gast.2002.36061] 

7.  Lieber CS and DeCarli LM. Ethanol oxidation by 
hepatic microsomes: Adaptive increase after 
ethanol feeding. Science (80- ) 1968;162:917–8 
[DOI: 10.1126/science.162.3856.917] 

8.  Chalasani N et al. Hepatic cytochrome P450 2E1 
activity in nondiabetic patients with nonalcoholic 
steatohepatitis. Hepatology 2003;37:544–50 [DOI: 
10.1053/jhep.2003.50095] 

9.  Abdelmegeed MA  et al. Critical role of 
cytochrome P450 2E1 (CYP2E1) in the 
development of high fat-induced non-alcoholic 
steatohepatitis. J Hepatol 2012;57:860–6 [DOI: 
10.1016/j.jhep.2012.05.019] 

10.  Abenavoli L,  et al. Alimentary regimen in non-
alcoholic fatty liver disease: Mediterranean diet. 
World J Gastroenterol 2014;20:16831–40 [DOI: 
10.3748/wjg.v20.i45.16831] 

11.  Bradley RD,  et al. Associations between γ-
glutamyltransferase (GGT) and biomarkers of 
atherosclerosis: The multi-ethnic study of 
atherosclerosis (MESA). Atherosclerosis [Internet] 
2014;233:387–93 [DOI: 
10.1016/j.atherosclerosis.2014.01.010]Available 
from: 
http://dx.doi.org/10.1016/j.atherosclerosis.2014.01
.010 

12.  Sanyal AJ. Past, present and future perspectives in 
nonalcoholic fatty liver disease [Internet]. Nat. 
Rev. Gastroenterol. Hepatol.2019;[DOI: 
10.1038/s41575-019-0144-8]Available from: 
http://dx.doi.org/10.1038/s41575-019-0144-8 

13.  Alam S,  et al. Nonalcoholic steatohepatitis in 
nonalcoholic fatty liver disease patients of 
Bangladesh. World J Hepatol 2013;5:281–7 [DOI: 
10.4254/wjh.v5.i5.281] 

14.  Goland S,  et al . Cardiac abnormalities as a new 
manifestation of nonalcoholic fatty liver disease: 
echocardiographic and tissue Doppler imaging 
assessment. J Clin Gastroenterol [Internet] 
2006;40:949–55 Available from: $$Prevalence 

15.  Lee DS,  et al. Gamma glutamyl transferase and 
metabolic syndrome, cardiovascular disease, and 
mortality risk: The Framingham Heart Study. 
Arterioscler Thromb Vasc Biol 2007;27:127–33 
[DOI: 10.1161/01.ATV.0000251993.20372.40] 

16.  Dhingra R,  et al. Serum γ-glutamyl transferase and 
risk of heart failure in the community. Arterioscler 
Thromb Vasc Biol 2010;30:1855–60 [DOI: 
10.1161/ATVBAHA.110.207340] 

17.  Lee DH, Steffen LM, Jacobs DR. Association 
between serum γ-glutamyltransferase and dietary 
factors: The Coronary Artery Risk Development in 
Young Adults (CARDIA) Study. Am J Clin Nutr 



J Pharm Pharm Sci (www.cspsCanada.org) 23, xxx - xxx, 2020 

 
8 

2004;79:600–5 [DOI: 10.1093/ajcn/79.4.600] 
18.  Kazemi-Shirazi L,  et al. Gamma 

glutamyltransferase and long-term survival: Is it 
just the liver? Clin Chem 2007;53:940–6 [DOI: 
10.1373/clinchem.2006.081620] 

19.  Lee DH,  et al. Serum gamma-glutamyltransferase 
predicts non-fatal myocardial infarction and fatal 
coronary heart disease among 28,838 middle-aged 
men and women. Eur Heart J 2006;27:2170–6 
[PMID: 16772340 DOI: 10.1093/eurheartj/ehl086] 

20.  Ndrepepa G,  et al. A comparison of gamma-
glutamyl transferase and alkaline phosphatase as 
prognostic markers in patients with coronary heart 
disease. Nutr Metab Cardiovasc Dis [Internet] 
2018;28:64–70 [DOI: 
10.1016/j.numecd.2017.09.005]Available from: 
https://doi.org/10.1016/j.numecd.2017.09.005 

21.  Bharani V,  et al. Evaluation of gamma glutamyl 
transferase as a marker of cardiovascular risk, in 
200 angiographically proven coronary artery 
disease patients. Indian Heart J [Internet] 
2017;69:325–7 [DOI: 
10.1016/j.ihj.2017.03.010]Available from: 
http://dx.doi.org/10.1016/j.ihj.2017.03.010 

22.  Sarikaya S,  et al. Usefulness of admission gamma-
glutamyltransferase level for predicting new-onset 
heart failure in patients with acute coronary 
syndrome with left ventricular systolic dysfunction. 
Turk Kardiyol Dern Ars 2014;42:236–44 [DOI: 
10.5543/tkda.2014.27547] 

23.  Sheikh M,  et al. Association of serum gamma-
glutamyltransferase and premature coronary artery 
disease. Netherlands Hear J 2017;25:439–45 [DOI: 
10.1007/s12471-017-0964-5] 

24.  Ghatge M, Sharma A, Vangala RK. Association of 
γ-glutamyl transferase with premature coronary 
artery disease. Biomed Reports 2016;4:307–12 
[DOI: 10.3892/br.2016.576] 

25.  Mao Y,  et al. Serum Gamma-glutamyl transferase: 
A novel biomarker for coronary artery disease. Med 
Sci Monit 2014;20:706–10 [DOI: 
10.12659/MSM.890245] 

26.  Yang P,  et al. Association Between γ-
Glutamyltransferase Level and Cardiovascular or 
All-Cause Mortality in Patients With Coronary 
Artery Disease: A Systematic Review and Meta-
Analysis. Angiology 2019;70:844–52 [DOI: 
10.1177/0003319719850058] 

27.  Lim JS,  et al. Is serum gamma-glutamyltransferase 
inversely associated with serum antioxidants as a 
marker of oxidative stress? Free Radic Biol Med 
2004;37:1018–23 [PMID: 15336318 DOI: 
10.1016/j.freeradbiomed.2004.06.032] 

28.  Lee DH JDJ. Association between serum gamma-
glutamyltransferase and C-reactive protein. 
Atherosclerosis 2005;178:327–30 [PMID: 
15694941 DOI: 
10.1016/j.atherosclerosis.2004.08.027] 

29.  Kim KN,  et al. Serum gamma-glutamyltransferase 
concentration correlates with Framingham risk 
score in Koreans. J Korean Med Sci 2011;26:1305–
9 [DOI: 10.3346/jkms.2011.26.10.1305] 

30.  Atar AI,  et al. Association between gamma-

glutamyltransferase and coronary artery 
calcification. Int J Cardiol [Internet] 
2013;167:1264–7 [DOI: 
10.1016/j.ijcard.2012.03.157]Available from: 
http://dx.doi.org/10.1016/j.ijcard.2012.03.157 

31.  Celik O,  et al. The relationship between gamma-
glutamyl transferase levels and coronary plaque 
burdens and plaque structures in young adults with 
coronary atherosclerosis. Clin Cardiol 
2014;37:552–7 [DOI: 10.1002/clc.22307] 

32.  Emiroglu MY, et al. GGT levels in type II diabetic 
patients with acute coronary syndrome (does 
diabetes have any effect on GGT levels in acute 
coronary syndrome?). Acta Diabetol 2013;50:21–5 
[DOI: 10.1007/s00592-010-0208-2] 

33.  Long Y,  et al. Gamma-glutamyltransferase 
predicts increased risk of mortality: A systematic 
review and meta-Analysis of prospective 
observational studies. Free Radic Res 
2014;48:716–28 [DOI: 
10.3109/10715762.2014.902055] 

34.  Ndrepepa G,  et al. Gamma-glutamyl transferase 
and atrial fibrillation in patients with coronary 
artery disease. Clin Chim Acta [Internet] 
2017;465:17–21 [DOI: 
10.1016/j.cca.2016.12.003]Available from: 
http://dx.doi.org/10.1016/j.cca.2016.12.003 

35.  Schutte R,  et al. Liver enzymes are not directly 
involved in atrial fibrillation: a prospective cohort 
study. Eur J Clin Invest 2017;47:583–90 [DOI: 
10.1111/eci.12779] 

36.  Lee SR,  et al. Association between γ-
glutamyltransferase level and incidence of atrial 
fibrillation: A nationwide population-based study. 
Int J Cardiol [Internet] 2017;245:149–55 [DOI: 
10.1016/j.ijcard.2017.07.067]Available from: 
http://dx.doi.org/10.1016/j.ijcard.2017.07.067 

37.  Tekin G,  et al. Serum γ-glutamyltransferase 
activity in patients with nonvalvular atrial 
fibrillation. Angiology 2013;64:157–60 [DOI: 
10.1177/0003319712438956] 

38.  Fatih Mehmet Uçar, et al. Gamma-glutamyl 
Transferase Predicts Recurrences of Atrial 
Fibrillation After Catheter Ablation. Acta Cardiol 
2016;71:205–10 [PMID: 27090043 DOI: 
10.2143/AC.71.2.3141851] 

39.  van Deursen VM,  et al. Abnormal Liver Function 
in Relation to Hemodynamic Profile in Heart 
Failure Patients. J Card Fail [Internet] 2010;16:84–
90 [DOI: 10.1016/j.cardfail.2009.08.002]Available 
from: 
http://dx.doi.org/10.1016/j.cardfail.2009.08.002 

40.  Poelzl G,  et al. Prevalence and prognostic 
significance of elevated γ- glutamyltransferase in 
chronic heart failure. Circ Hear Fail 2009;2:294–
302 [DOI: 
10.1161/CIRCHEARTFAILURE.108.826735] 

41.  Zheng YY,  et al. Moderate Serum γ-Glutamyl 
Transferase Level Is Beneficial for Heart Failure 
After Percutaneous Coronary Intervention. Metab 
Syndr Relat Disord 2019;17:266–71 [PMID: 
30990355 DOI: 10.1089/met.2019.0009] 

42.  Sudharshana Murthy KA, Ashoka HG, Aparna AN. 



J Pharm Pharm Sci (www.cspsCanada.org) 23, xxx - xxx, 2020 

 
9 

Evaluation and comparison of biomarkers in heart 
failure. Indian Heart J [Internet] 2016;68:S22–8 
[DOI: 10.1016/j.ihj.2015.09.003]Available from: 
http://dx.doi.org/10.1016/j.ihj.2015.09.003 

43.  Turfan M,  et al. Serum gamma-glutamyl 
transferase levels and in-hospital mortality in 
patients with acute heart failure. Kardiol Pol 
2014;72:735–9 [DOI: 10.5603/KP.a2014.0048] 

44.  Drager LF,  et al. Obstructive sleep apnea: a 
cardiometabolic risk in obesity and the metabolic 
syndrome. J Am Coll Cardiol [Internet] 
2013;62:569–76 [DOI: 
10.1016/j.jacc.2013.05.045]Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23770180 

45.  Yu JH,  et al. Obstructive sleep apnea with 
excessive daytime sleepiness is associated with 
non-alcoholic fatty liver disease regardless of 
visceral fat. Korean J Intern Med 2015;30:846–55 
[DOI: 10.3904/kjim.2015.30.6.846] 

46.  Petta S,  et al. Obstructive sleep apnea is associated 
with liver damage and atherosclerosis in patients 
with non-alcoholic fatty liver disease. PLoS One 
2015;10:1–15 [DOI: 
10.1371/journal.pone.0142210] 

47.  Koseoglu HI,  et al. Serum levels of γ-glutamyl 
transferase are associated with cardiovascular 
disease in obstructive sleep apnea syndrome. Ann 
Saudi Med 2013;33:584–90 [DOI: 10.5144/0256-
4947.2013.584] 

48.  Kazankov K,  et al. High burden of coronary 
atherosclerosis in patients with cirrhosis. Eur J Clin 
Invest 2017;47:565–73 [DOI: 10.1111/eci.12777] 

49.  Wang J, et al. Asociation between Gamma-
Glutamyl Transferase and Coronary 
Atherosclerotic Plaque Vulnerability: An Optical 
Coherence Tomography Study. Biomed Res Int 
2019;2019:1–11 [DOI: 10.1155/2019/9602783] 

50.  Arasteh S,  et al. Serum level of gamma-glutamyl 
transferase as a biomarker for predicting stenosis 
severity in patients with coronary artery disease. 
Indian Heart J [Internet] 2018;70:788–92 [DOI: 
10.1016/j.ihj.2017.11.017]Available from: 
https://doi.org/10.1016/j.ihj.2017.11.017 

51.  K. C-M and L. C-C. Clinical criteria correlated with 
the incidence of patients with non-alcoholic fatty 
liver disease. Ann Clin Lab Sci [Internet] 
2017;47:191–200 Available from: 
http://www.embase.com/search/results?subaction=
viewrecord&from=export&id=L615860943%0Aht
tp://library.deakin.edu.au/resserv?sid=EMBASE&
issn=15508080&id=doi:&atitle=Clinical+criteria+
correlated+with+the+incidence+of+patients+with
+non-alcoholic+fatty+liver+d 

52.  Kunutsor SK, Abbasi A, Adler AI. Gamma-
glutamyl transferase and risk of type II diabetes: An 
updated systematic review and dose-response 
meta-analysis. Ann Epidemiol [Internet] 
2014;24:809–16 [DOI: 
10.1016/j.annepidem.2014.09.001]Available from: 
http://dx.doi.org/10.1016/j.annepidem.2014.09.00
1 

53.  Byrne CD and Targher G. NAFLD: A multisystem 
disease. J. Hepatol.2015;62 [PMID: 25920090 

DOI: 10.1016/j.jhep.2014.12.012] 
54.  Angulo P,  et al. Liver fibrosis, but no other 

histologic features, is associated with long-term 
outcomes of patients with nonalcoholic fatty liver 
disease. Gastroenterology 2015;149 [PMID: 
25792328 DOI: 10.1053/j.gastro.2015.04.043] 

55.  Ekstedt M,  et al. Fibrosis stage is the strongest 
predictor for disease-specific mortality in NAFLD 
after up to 33 years of follow-up. Hepatology 
2015;61 [PMID: 25125077 DOI: 
10.1002/hep.27368] 

56.  Musso G,  et al. Association of Non-alcoholic Fatty 
Liver Disease with Chronic Kidney Disease: A 
Systematic Review and Meta-analysis. PLoS Med 
2014;11 [DOI: 10.1371/journal.pmed.1001680] 

57.  Valbusa F,  et al. Nonalcoholic fatty liver disease 
and increased risk of 1-year all-cause and cardiac 
hospital readmissions in elderly patients admitted 
for acute heart failure. PLoS One 2017;12:1–14 
[DOI: 10.1371/journal.pone.0173398] 

58.  Bonapace S,  et al. Nonalcoholic fatty liver disease 
is associated with aortic valve sclerosis in patients 
with type 2 diabetes mellitus. PLoS One [Internet] 
2014;9:e88371 [DOI: 
10.1371/journal.pone.0088371]Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/24505484 

59.  Oh H,  et al. Non-alcoholic fatty liver diseases: 
update on the challenge of diagnosis and treatment. 
Clin Mol Hepatol 2016;22 [PMID: 27729634 DOI: 
10.3350/cmh.2016.0049] 

60.  Castera L, Vilgrain V, Angulo P. Noninvasive 
evaluation of NAFLD. Nat Publ Gr [Internet] 
2013;10:666–75 [DOI: 
10.1038/nrgastro.2013.175]Available from: 
http://dx.doi.org/10.1038/nrgastro.2013.175 

61.  Kruger FC,  et al. APRI: A simple bedside marker 
for advanced fibrosis that can avoid liver biopsy in 
patients with NAFLD/NASH. South African Med J 
2011;101:477–80  

62.  Shah AMYG,  et al. Comparison of Noninvasive 
Markers of Fibrosis in Patients With Nonalcoholic 
Fatty Liver Disease. YJCGH [Internet] 
2019;7:1104–12 [DOI: 
10.1016/j.cgh.2009.05.033]Available from: 
http://dx.doi.org/10.1016/j.cgh.2009.05.033 

63.  Sato Y, et al. Liver stiffness assessed by Fibrosis-4 
index predicts mortality in patients with heart 
failure. Open Hear 2017;4:1–7 [DOI: 
10.1136/openhrt-2017-000598] 

64.  Takahashi T,  et al. The impact of non-alcoholic 
fatty liver disease fibrosis score on cardiac 
prognosis in patients with chronic heart failure. 
Heart Vessels [Internet] 2018;33:733–9 [DOI: 
10.1007/s00380-017-1113-1]Available from: 
https://doi.org/10.1007/s00380-017-1113-1. 

65. Fraser, A., Harris, R., Sattar, N., Ebrahim, S., 
Smith, G. D., & Lawlor, D. A. (2007). Gamma-
glutamyltransferase is associated with incident 
vascular events independently of alcohol intake: 
Analysis of the British Women’s Heart and Health 
study and meta-analysis. Arteriosclerosis, 
Thrombosis, and Vascular Biology, 27(12), 2729–
2735. 



J Pharm Pharm Sci (www.cspsCanada.org) 23, xxx - xxx, 2020 

 
10 

https://doi.org/10.1161/ATVBAHA.107.152298 
66. Ko, S. H., Baeg, M. K., Han, K. do, Ko, S. H., & 

Ahn, Y. B. (2015). Increased liver markers are 
associated with higher risk of type 2 diabetes. 
World Journal of Gastroenterology, 21(24), 7478–
7487. https://doi.org/10.3748/wjg.v21.i24.7478 

67. Lee, D. S., Evans, J. C., Robins, S. J., Wilson, P. 
W., Albano, I., Fox, C. S., … Vasan, R. S. (2007). 
Gamma glutamyl transferase and metabolic 
syndrome, cardiovascular disease, and mortality 

risk: The Framingham Heart Study. 
Arteriosclerosis, Thrombosis, and Vascular 
Biology, 27(1), 127–133. 
https://doi.org/10.1161/01.ATV.0000251993.2037
2.40 

68. Xiao, Q., Sinha, R., Graubard, B. I., & Freedman, 
N. D. (1999). Inverse Associations of Total and 
Decaffeinated Coffee With Liver Enzyme Levels in 
National Health and Nutrition Examination. 
https://doi.org/10.1002/hep.27367/suppinfo 

 


