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ABSTRACT 
 
Previous studies have reported that metabolic syndrome (MetS) is associated with an increased risk of 
major cardiovascular events and levels of C-Reactive protein (CRP) can be considered as markers of MetS 
and its constituent components. Oxidative stress plays a major role in the development of MetS, and levels 
of gamma-glutamyl transferase (GGT) change with response to oxidative stress are also associated with 
MetS, which may be modulated by CRP. This study was conducted to identify the role of GGT and CRP as 
biomarkers in the diagnosis of MetS, a high-risk factor for cardiovascular diseases. One hundred and fifty 
patients meeting the diagnostic criteria of MetS and an equal number of controls were included in the study. 
The cases were selected from pathology and molecular biology laboratories, Karachi, while the controls 
came from the general population. Anthropometric indices of adiposity and blood pressure were recorded for 
both cases and controls. Blood samples were taken from all subjects to determine the levels of CRP and 
GGT. All those cases and control height, weight, hip waist circumference were noted and the comparison of 
CRP and GGT by applying students' t-test as markers for detection of metabolic syndrome. p-value 0.001 
was considered as significant. This study suggests that in patients with metabolic syndrome were found to 
have raised the basal metabolic rate, C-reactive protein and GGT were synergistically associated with MetS 
independently of another confounding factor in the general population. 
 
Keywords: C-reactive protein (CRP), Gama glutamyl transferase (GGT), metabolic syndrome, (Met-S), 
inflammation, body mass index. 
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INTRODUCTION 
 
Metabolic syndrome (MetS) is a multifactorial disease 
that can cause a combination of health issues such as 
obesity, diabetes, hypertension, dyslipidemias, and 
insulin resistance. These individuals are at high risk of 
developing cardiovascular diseases. Early diagnosis and 

management are required to avoid these complications. 
This is associated with insulin resistance, increased body 
mass index, dyslipidemia which is characterized by an 
increase in plasma cholesterol, triglycerides (TGs), or 
both,  and  a  low   amount   of   high-density   lipoprotein 
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cholesterol, all of which lead to atherosclerosis, 
hypertension, and macro-albumin-urea (Saklayen, 2018; 
Rochlani et al., 2017). 

Although the MetS have recently been related to raised 
levels of CRP and GGT (Mahajan et al., 2012), some 
studies have found that those with GGT in the normal 
range have an increased risk of a variety of illnesses (Lee 
et al., 2009). In recent researches, the correlation is 
linked with metabolic abnormalities and other diseases 
with elevated levels of C-reactive protein (CRP) and 
gamma glutamyl transferase (GGT) (Wannamethee et 
al., 2008). It is reported that in recent years, associations 
have sparked interest in GGT as a marker of extra-
hepatic diseases. High serum transaminases, serum 
alkaline phosphatase (ALP), GGT, and elevated 
triglyceride (TG) levels are the most common changes in 
the biochemical profile of these patients (Pardhe et al., 
2018). 

According to Adult Treatment Panel III (ATP III) or 
International Diabetic Federation (IDF), and frequently 
seen with metabolic syndrome but not included in the 
ATP III criteria are prothrombotic and proinflammatory 
tendencies (Sulistiowati and Sihombing, 2016). MetS is 
diagnosed based on central adiposity (increased waist 
circumference), raised triglycerides, low HDL, increased 
glucose and blood pressure. The presence of MetS 
raises the risk of cardiovascular disease and type 2 
diabetes (Lee et al., 2020). 

Abnormal circulating levels of hepatic enzymes are 
frequently found in hyperlipidemic patients. Ratziu et al. 
(2007) analyzed the relationships between serum levels 
of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and GGT and correlated them 
with cardiovascular and metabolic risk factors in a cohort 
hyperlipidemia patient; they discovered that 28% of 
individuals with abnormal ALT had high blood pressure, 
BMI, and blood glucose, total cholesterol, and triglyceride 
levels in their serum.  

Because these irregularities may be linked to liver 
disease, more research is needed to pinpoint which 
hyperlipidemic individuals are at risk of severe liver 
damage (Kim et al., 2014).

 
The highly sensitive C-

reactive protein (hs-CRP), a well-known inflammatory 
biomarker, is a predictor of a variety of disorders, 
including cardiovascular disease and depression (Lee 
and Jacobs, 2005). C-reactive protein (CRP) and (GGT) 
are two independent risk factors for cardiovascular 
disease, as well as increased morbidity and death.  

Although previous research has revealed that both 
GGT and hs-CRP are linked to metabolic abnormalities 
(Kawamoto et al., 2010), the degree of the link between 
GGT as an oxidative stress marker and hs-CRP 
independent of cardiometabolic concerns has yet to be 
determined. Our goal is to determine the relationship 
between GGT and subclinical inflammation (hs-CRP) and 
how  this  relationship   changes  with  different  levels   of  

metabolic health. 
The link association between GGT and cardiovascular 

disease is investigated, as well as the possibility of a link 
between serum GGT activity and Met S. It is also a 
potential association between GGT levels and cardiac 
risk with inflammatory marker CRP.  

The purpose of this study is to employ a large aged 
population to expand the existing evidence base for GGT 
and CRP as alternative markers of metabolic disorders. 
We wanted to assess if there were any direct links 
between elevated levels of these biomarkers and 
dyslipidemia or hypertriglyceridemia in our population. 
 

 
MATERIALS AND METHODS 
 

All the samples were drawn from patients coming to Pathological 
and Molecular Laboratories as well as the control cases were also 
drawn from the Pathological and Molecular Laboratories. coming for 
the blood test and following the criteria of MetS. The patients and 
control cases included both the genders and their anthropometric 
indices of obesity and blood pressure were measured. C-Reactive 
Protein and Gamma Glutamyl Transferase levels were measured in 
all of the participants' blood samples.  

This was a case-control study involving patients from all across 
Karachi who came to Pathological and Molecular Laboratories. 
From the general community, 150 patients who fit the diagnostic 
criteria for metabolic syndrome and an equivalent number of 
controls were chosen. The data was collected from January 2019 to 
December 2020. During our study, all the consent was shared with 
the participants and general parameters were asked and taken 
before collecting blood samples. Out of a total of 150 cases, all had 
MetS components to varying degrees, including hypertension, type 
2 diabetes, impaired glucose fasting glucose, obesity, and 
dyslipidemia. 

A commercial stadiometer was used to measure the height in cm 
and weight in kg with a digital scale was used. The waist 
circumference was taken at a position halfway between the ribs and 
the iliac crest. The BMI was computed by dividing the weight in kg 
by the height in meters squared. A mercury sphygmomanometer 
was used to measure systolic and diastolic pressures. After a 12-
hour overnight fast, a 5ml blood sample was taken. Total 
cholesterol, LDL-C, and HDL-C levels were tested using Merck's 
Inuolin kit.  

The GGT was quantified using an enzymatic colorimetric assay 
using L-γ-glutamyl-3-carboxy-4-nitroanilide as the donor substrate 
at 37°C. A Merck kit was used and examined with a Mindray 
Instrument. The CRP was measured quantitatively using an 
established turbidimetric assay (reagents Proline, Sweden) and the 
Oet-N10 multichannel analyzers kit.  
 

 
Inclusion and exclusion criteria 
 

All those patients with increased central obesity, systolic blood 
pressure, LFT with raised CRP and gamma-glutamyl transferase 
were included in the study with an equal number of controls. 
Patients with an altered LFT as a result of any other medical 
condition were not included in the study. 
 
 

Data analysis 
 

All of the data was imported into SPSS 25.0 and evaluated
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quantitatively using the students' t-test. All the categorical data was 
interpreted as mean, and percentages (IBM Corp (2017). IBM 
SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM 
Corp.) 

 
 
RESULTS 
 
Out of the 300 subjects in both the genders were 
enrolled, including 150 cases, meeting the diagnostic 
criteria of MetS and 150 were controls. There were 50 
(33%) men and 100 (67%) women in the study, with a 
mean age of 68.44 years (range 60 to 85 years). The 
study was carried out in both genders and the general 
characteristics for the metabolic syndrome were 
determined. Table 1 presents the descriptive 
characteristics of the study population. The difference in 
mean  values  was  tested  using  an  independent 
sample t-test (Table 1). At the time of taking history, 
height and weight were also taken and blood pressure  
was  noted  before  drawing  the  blood   samples.   Upon  

history smoking and alcohol consumption was more 
common in males. They were also found to have 
diabetes and cardiovascular disease and were on 
medication.  

During this study female cases were also considered 
and on history, it was noted that they were also taking 
medicine for blood pressure and they were diabetic and 
dyslipidemia.  

We assessed the clinical characteristics of study 
participants who had MetS against those who did not. It 
was observed that all the parameters were significantly 
higher in MetS subjects as compared to controls (p < 
0.001) as shown in Table 2. 

The inflammatory markers GGT and CRP were found 
to be considerably increased in metabolic syndrome 
patients when compared to controls (Table 3). Pearson’s 
correlation coefficient was generated between CRP and 
GGT among metabolic syndrome cases and controls 
(Figure 1). Both CRP and GGT were positive and 
significantly associated with MetS (r = 0.587) as well as in 
controls (r = 0.120) when compared. 

 
 
 

Table 1. Descriptive measures of study population, N = 150. 
 

 M ± SD [95% CI] Range 

Age, years 68.44 ± 8.04 [67.52, 69.35] 60 – 90 

    

Anthropometric indices of obesity 

Weight, kg 62.47 ± 15.77 [60.68, 64.26] 38 – 134 

Body Mass Index, kg/m
2
 23.67 ± 5.84 [23.24, 24.34] 15.90 – 50.40 

Waist Circumference, cm 84.42 ± 11.64 [83.10, 85.74] 63.50 – 152.40 

Waist-Hip Ratio 0.88 ± 0.08 [0.87, 0.89] 0.69 – 1.23 

    

Clinical examination 

Systolic BP, mmHg 131.27 ± 17.27 [129.30, 133.23] 100.0 – 180.0 

Diastolic BP, mmHg 81.47 ± 11.76 [80.14, 82.81] 60.0 – 120.0 

MAP, mmHg 98.07 ± 12.27 [96.67, 99.46] 76.67 – 136.67 

    

Biochemical    

FBS, mg/dl  96.80 ± 27.79 [93.64, 99.96] 59 – 277 

CHO, mg/dl 178.26 ± 50.80 [172.48, 184.03] 60 – 389 

TG, mg/dl 136.88 ± 46.05 [131.65, 142.11] 45 – 288 

LDL, mg/dl 118.76 ± 67.40 [111.10, 126.42] 29 – 477.2 

HDL, mg/dl 38.77 ± 19.41 [36.56, 40.97] 24 – 126 

SGPT, U/L 73.76 ± 58.52 [67.11, 80.41] 17 – 226 

SGOT, U/L 73.80 ± 56.95 [67.33, 80.27] 12 – 214 

ALP, U/L 248.64 ± 67.40 [240.98, 256.30] 118 – 456 

GGT, U/L 42.81 ± 25.97 [39.86, 45.76] 13 – 99 

CRP, mg/dl 10.50 ± 8.34 [9.55, 11.44] 1.2 – 28.2 
 

Abbreviations: BP, blood pressure; MAP, mean arterial pressure; FBS, fasting blood sugar; CHO, cholesterol; TG, 
triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; SGOT, serum glutamic oxaloacetic transaminase; 
SGPT, serum glutamic-pyruvic transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; CRP, C-
reactive protein; CI, confidence interval; SD, standard deviation. 
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Table 2. Comparison of diagnostic criteria of metabolic syndrome between cases and 
controls. 
 

 MetS (n = 150) Controls (n = 150)  

WC, cm 94.07 ± 13.73 82.42 ± 9.89 < .001*** 

FBS, mg/dl 105.36 ± 36.27 88.24 ± 9.31 < .001*** 

TG, mg/dl 156.68 ± 50.72 117.08 ± 29.89 < .001*** 

HDL-C, mg/dl 34.12 ± 6.54 43.42 ± 25.89 < .001*** 

SBP, mmHg 168 ± 17.61 120 ± 16.95 < .001*** 

DBP, mmHg 90 ± 12.55 76 ± 10.91 < .001*** 
 

Note: Values given as M±SD, mean ± standard deviation. Independent sample t test was used to 
compare means between subjects having MetS and Controls. *p < .05, significant; **p < .01, very 
significant; ***p < .001, extremely significant. 
Abbreviations: MetS, metabolic syndrome; WC, waist circumference; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure.

 
 
 

Table 3. Comparison of GGT and CRT between MetS cases and non-MetS controls. 
 

 MetS (n = 150) Controls (n = 150)  

GGT, U/L 64.72 ± 19.29 20.91 ± 3.98 < .001*** 

CRP, mg/dl 18.02 ± 5.01 2.97 ± 0.89 < .001*** 
 

Compare means between subjects having MetS and Controls. *p < .05, significant; **p < .01, 
very significant; ***p < .001, extremely significant. 
Abbreviations: MetS, metabolic syndrome; GGT, gamma-glutamyl transferase; CRP, C-reactive 
protein. 

 
 
 

 
 

Figure 1. Comparison of the correlated graph between CRP and GGT in MS cases (r=0.587) and control cases (r=0.120). 
 
 
 

DISCUSSION 
 
The present study demonstrated the increased activity of  
GGT in MetS and high CRP, a marker for systemic 
inflammation. In the previous study, it has been 
demonstrated that serum GGT levels even within the 
normal range are associated with some atherosclerotic 

risk factors and are predictors of future heart disease 
(Wannamethee et al., 1995; Lee et al., 2003; Bozbaş et 
al., 2011). 

In our study, we observed increased BMI, blood 
pressure, and liver enzymes (GGT, CRP) are all linked to 
metabolic syndrome, which increases the risk of 
cardiovascular   disease   and  type  2    diabetes.   When  

                    MetS cases                                    Non-MetS Controls 
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compared to controls, the factors connected to MetS 
were considerably higher in this study. GGT and C-RP 
levels were also significantly elevated. Gamma-glutamyl 
transferase is a biomarker for hepatobiliary diseases. It 
promotes inflammation by assisting the conversion of 
glutathione-containing mediator leukoterine C4 to D4. 
Increased GGT levels have been linked to an increased 
risk of cardiovascular disease, diabetes, and metabolic 
syndrome (Lee and Jacobs, 2005). Hypertension, 
ischemic heart disease, congestive cardiac failure, and 
cardiac arrhythmias are examples of cardiovascular 
diseases. Elevated GGT was independently linked with 
the risk of 3-year all-cause mortality in individuals with 
diabetes and CAD

 
(Lee et al., 2007; Ndrepepa and 

Kastrati, 2016; Mason et al., 2010; Kunutsor et al., 2015; 
Ndrepepa et al., 2016). CRP is an inflammatory blood 
measure linked to an elevated risk of cardiovascular 
disease and metabolic syndrome (Ndrepepa et al., 2016; 
Melvin et al., 2012). 

Gamma-glutamyl transferase (GGT) is an enzyme 
located on the external surface of cellular membranes. It 
helps to maintain physiological cytoplasmic glutathione 
concentrations and cellular defense against oxidative 
stress by cleaving extracellular glutathione and 
increasing the availability of amino acids for intracellular 
glutathione synthesis. Increased GGT activity is a sign of 
deficiency in antioxidants and oxidative stress. Many 
research reported that elevated GGT activity is linked to 
an increased risk of cardiovascular diseases (CVD) such 
as coronary heart disease (CHD), stroke, arterial 
hypertension, heart failure, cardiac arrhythmias and all-
cause and CVD-related mortality.  

In a previous study, the exact mechanism of gamma-
GT activity with cardiovascular diseases has yet to be 
established. But the most important mechanisms 
proposed for the relationship between gamma-GT and 
cardiovascular disease is the effects of gamma-GT on 
oxidative stress and glutathione mechanism. The activity 
of GGT has been detected within the atheroma plaque of 
carotid and coronary arteries, and gamma-GT found in 
the atherosclerotic plaques has been suggested to play a 
role in the formation and rupture of the plaques via 
catalysis of the oxidation of LDL (Emdin et al., 2005; 
Bozkus et al., 2016). 

The evidence for an association between high GGT 
activity and acute ischemic episodes and myocardial 
infarction is weaker. The close relationship between GGT 
and traditional CVD risk factors and comorbidities, such 
as non-alcoholic fatty liver disease, alcohol consumption, 
oxidative stress, metabolic syndrome, insulin resistance, 
and systemic inflammation, may explain the risk of CVD 
or CVD-related mortality mediated by GGT (Ndrepepa et 
al., 2018). The discovery of GGT activity in atherosclerotic 
plaques, as well as a correlation between intra-plaque 
GGT activity and histological markers of plaque 
instability, may point to GGT's role in the pathogenesis of 

CVD, particularly atherosclerosis. However, it is unclear 
whether GGT plays a direct role in the pathogenesis of 
CVD or is an epiphenomenon of concomitant CVD risk 
factors or comorbidities, and Hill's criteria for a causal link 
between GGT and CVD have not been met.  

In a further study, Lee DH and Jacobs DR Jr. reported 
that GGT was weakly correlated with CRP and in prior 
studies, CRP did not abrogate the predictive value of 
GGT for clinical events (Lee et al., 2007; Lee and Jacobs, 
2005). 

Future studies should investigate whether GGT 
provides prognostic information in addition to that 
provided by known cardiovascular risk factors for CVD or 
CVD-related outcomes, as well as the molecular 
mechanisms of GGT involvement in the pathophysiology 
of CVD and the eventual use of interventions to reduce 
circulating GGT activity (Lee et al., 2020). Ren et al. 
(2010) found in the Chinese population that high GGT 
was an independent risk factor for diabetes and that the 
effect of elevated CRP on diabetes was mediated by 
obesity. These markers were found to be predictive of the 
risk of disorders usually linked with altered metabolic 
profiles in the current investigation (Ren et al., 2010). 
GGT levels in the blood predict the start of metabolic 
syndrome, CVD, and death, implying that GGT is a 
metabolic and cardiovascular risk marker. 
 
 
CONCLUSION 
 
In conclusion, the current investigation found that high 
CRP and GGT levels in the general population are 
closely linked to MS or its components. In previous 
investigations, GGT and CRP were found to be linked to 
aberrant  metabolic  profiles.  These  markers  were 
found to be predictive of the risk of disorders usually 
linked with altered metabolic profiles in the current 
investigation. We also looked into possible links between 
GGT levels in the blood and cardiac risk factors, as well 
as the levels of other liver enzymes and C-reactive 
protein. Intervention studies to see if lifestyle 
modifications can lower GGT and CRP levels might be 
beneficial in this area. More study is needed in this area 
to better understand the mechanism underlying the 
association between these routinely used indicators, 
disrupted metabolic profiles, and the risk of acquiring 
diseases like CVD and cancer. 
 
 
Research highlights 
 
These parameters were considered in this study because 
there were many cases in which it was not known why 
the inflammatory marker (CRP) was high with GGT, a 
biomarker for hepatobiliary diseases in elderly patients 
with  Metabolic  syndrome,  and  a comparison was made  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kastrati%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28149843
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melvin%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://pubmed.ncbi.nlm.nih.gov/?term=Ndrepepa+G&cauthor_id=29175647
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with non-metabolic syndrome cases of the same age and 
lifestyle. 
 
 
Limitation  
 
We also sought to test glycosylated hemoglobin for 
diabetes confirmation in this investigation. We also 
intended to detect other inflammatory markers, but due to 
a shortage of funds, we were unable to do so. 
 

 
Conflict of Interest  
 

The author declares that they have no conflict of 
interests. 
 

 
ACKNOWLEDGEMENTS 
 
We all highly acknowledge, Pathological and Molecular 
for the support by providing all the data collected from the 
patients coming to the lab for the routine checkup. During 
this project, it was requested from the patients that we 
are taking the physical and biochemical examination and 
results will be provided to you.  
 
 
Funding 
 
This study was not funded by any institute. It was self-
funded by authors who participated in this research. 
 
 
REFERENCES 
 
Bozbaş H, Yıldırır A, Karaçağlar E, Demir Q, Ulus T, Eroğlu S, Aydınalp 

A, Özin B, Müderrisoğlu H, 2011. Increased serum gamma-
glutamyltransferase activity in patients with metabolic syndrome. Türk 
Kardiyol Dern Arş - Arch Turk Soc Cardiol, 9(2): 122-128. 

Bozkus F, Dikmen N, Sahin H, Samur A, 2016. Serum gamma-glutamyl 
transferase activity as a potential novel cardiovascular biomarker in 
COPD. Respir Care, 61(11): 1465-1471. 

Emdin M, Pompella A, Paolicchi A, 2005. Gamma-glutamyl transferase, 
atherosclerosis and cardiovascular disease: triggering oxidative 
stress within the plaque. Circulation, 112(14): 2078-2080. 

Kawamoto R, Tabara Y, Kohara K, Miki T, Kusunoki T, Takayama S, 
Abe M, Katoh T, Ohtsuka N, 2010. High-sensitivity C-reactive protein 
and gamma-glutamyl transferase levels are synergistically associated 
with metabolic syndrome in community-dwelling persons. Cardiovasc 
Diabetol, 9: 87. 

Kim NH, Park J, Kim SH, Kim YH, Kim DH, Cho GY, Baik I, Lim HE, 
Kim EJ, Na JO, Lee JB, Lee SK, Shin C, 2014. Non-alcoholic fatty  

    liver disease, metabolic syndrome and subclinical cardiovascular 
changes in the general population. Heart, 100(12):938-43. doi: 
10.1136/heartjnl-2013-305099. 

Kunutsor SK, Bakker SJ, Kootstra-Ros JE, Gansevoort RT, Dullaart 
RP, 2015. Circulating gamma glutamyltransferase and prediction of 
cardiovascular disease. Atherosclerosis, 238(2): 356-64. doi: 
10.1016/j.atherosclerosis.2014.12.045.  

Lee DH, Buijsse B, Steffen L, Holtzman J, Luepker R, Jacobs DR Jr, 
2009. Association between serum gamma-glutamyl transferase and 

cardiovascular mortality varies by age: the Minnesota Heart Survey. 
Eur J Cardiovasc Prev Rehabil, 16: 16-20. 

Lee DH, Jacobs DR Jr, 2005. Association between serum gamma 
glutamyl transferase and C-reactive protein. Atherosclerosis, 178(2): 
327–330. 

Lee DH, Jacobs DR Jr, Gross M, Kiefe CI, Roseman J, Lewis CE, 
Steffes M, 2003. Gamma-glutamyltransferase is a predictor of 
incident diabetes and hypertension: the Coronary Artery Risk 
Development in Young Adults (CARDIA) Study. Clin Chem, 
49(8):1358-66. doi: 10.1373/49.8.1358. 

Lee DS, Evans JC, Robins SJ, Wilson PW, Albano I, Fox CS, Wang TJ, 
Benjamin EJ, D’Agostino RB, Vasan RS, 2007. Gamma Glutamyl 
Transferase and Metabolic Syndrome, Cardiovascular Disease, and 
Mortality Risk. Arterioscler Thromb Vasc Biol, 27(1): 127-133. 

Lee MK, Han K, Kim MK, Koh ES, Kim ES, Nam GE, Kwon HS, 2020. 
Changes in metabolic syndrome and its components and the risk of 
type 2 diabetes: a nationwide cohort study. Sci Rep, 10(1):2313. doi: 
10.1038/s41598-020-59203-z. 

Mahajan A, Jaiswal A, Tabassum R, Podder A, Ghosh S, Madhu SV, 
Mathur SK, Tandon N and Bharadwaj D, 2012. Elevated levels of C-
reactive protein as a risk factor for Metabolic Syndrome in Indians. 
Atherosclerosis, 220: 275-281. 

Mason JE, Starke RD, Van Kirk JE, 2010. Gamma-glutamyl 
transferase: a novel cardiovascular risk biomarker. Prev Cardiol, 13: 
36-41. doi: 10.1111/j.1751-7141.2009.00054. 

Melvin JC, Rodrigues C,  Holmberg L,  Garmo H, Hammar N, Jungner 
I, Walldius G,  Lambe M, Jassem W, Hemelrijck

 
MV, 2012. Gamma-

glutamyl transferase and C-reactive protein as alternative markers of 
metabolic abnormalities and their associated comorbidites: a 
prospective cohort study. Int J Mol Epidemiol Genet, 3(4): 276–285. 

Ndrepepa G
 
,  Colleran

 
R,  Kastrati

 
A, 2018. Gamma-glutamyl 

transferase and the risk of atherosclerosis and coronary heart 
disease. Clin Chim Acta, 476: 130-138. doi: 
10.1016/j.cca.2017.11.026. 

Ndrepepa G, Braun S, Schunkert H, Laugwitz KL, Kastrati A, 2016. 
Gamma-glutamyl transferase and prognosis in patients with coronary 
artery disease. Clin Chim Acta, 452: 155-60. 

Ndrepepa G, Colleran R, Luttert A, Braun S, Cassese S, Kufner S, 
Hieber J, Fusaro M, Laugwitz KL, Schunkert H, Kastrati A, 2016. 
Prognostic value of gamma-glutamyl transferase in patients with 
diabetes mellitus and coronary artery disease. Clin Biochem, 
49(15):1127-1132. doi: 10.1016/j.clinbiochem.2016.05.018. 

Ndrepepa G, Kastrati A, 2016. Gamma-glutamyl transferase and 
cardiovascular disease. Ann Transl Med, 4(24): 481. doi: 
10.21037/atm.2016.12.27. 

Pardhe BD, Shakya S, Bhetwal A, Mathias J, Khanal PR, Pandit R, 
Shakya J, Joshi H and Babu S, 2018. Metabolic syndrome and 
biochemical changes among non-alcoholic fatty liver disease patients 
attending a tertiary care hospital of Nepal. BMC Gastroenterol, 
volume 18, Article number: 109.  

Ratziu V, Munteanuà PG, Messous D, Mercadier A, Bernard M, Morra 
R, Imbert-bismut F, Bruckert E, Poynard T, 2007. Screening for liver 
disease using non-invasive biomarkers (FibroTest, SteatoTest and 
NashTest) in patients with hyperlipidaemia. Aliment Pharmacol Ther, 
25, 207-218. 

Ren J, Pang ZC, Gao WG, Nan HR, Wang SJ, Zhang L, Qiao Q, 2010. 
C-Reactive Protein and Gamma-Glutamyl transferase Concentrations 
in Relation to the Prevalence of Type 2 Diabetes Diagnosed by 
Glucose or HbA1c Criteria in Chinese Adults in Qingdao, China. Exp 
Diabetes Res, pg 1-8. 

Rochlani Y, Pothineni NV, Kovelamudi S, Mehta JL, 2017. Metabolic 
syndrome: pathophysiology, management, and modulation by natural 
compounds. Adv Cardiovasc Dis, 11(8): 215 –225. doi: 10.1177/ 
1753944717711379. 

Saklayen MG, 2018. The Global Epidemic of the Metabolic Syndrome. 
Curr Hypertens Rep, 20: 12. https://doi.org/10.1007/s11906-018-
0812-z. 

Sulistiowati E, Sihombing M, 2016. NCEP-ATP III and IDF criteria for 
metabolic syndrome predict type 2 diabetes mellitus. Universa 
Medicina, 35(1): 46-55. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Melvin%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodrigues%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holmberg%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garmo%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hammar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jungner%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walldius%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lambe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jassem%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Hemelrijck%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23205179
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3508539/
https://pubmed.ncbi.nlm.nih.gov/?term=Ndrepepa+G&cauthor_id=29175647
https://pubmed.ncbi.nlm.nih.gov/?term=Colleran+R&cauthor_id=29175647
https://pubmed.ncbi.nlm.nih.gov/?term=Kastrati+A&cauthor_id=29175647
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5233492/
https://bmcgastroenterol.biomedcentral.com/


 

 

 
 
 
 
Wannamethee G, Ebrahim S, Shaper AG, 1995. Gamma-glutamyl 

transferase: determinants and association with mortality from 
ischemic heart disease and all causes. Am J Epidemiol, 142: 699-
708. 

Wannamethee SG, Lennon L, Shaper AG, 2008. The value of gamma-
glutamyl transferase in cardiovascular risk prediction in men without 
diagnosed cardiovascular disease or diabetes. Atherosclerosis, 201: 
168-175. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Int Res J Med Med Sci              124 
 
 
 

 
Citation: Ghani R, Hingorjo MR, Khan SP, Naseeb U, Emad S, Khattak 
AK, Iqbal AF, Sarhadi M, Sarhadi N, 2021. Role of C-reactive protein 
and gamma-glutamyl transferase in the diagnosis of metabolic 
syndrome. Int Res J Med Med Sci, 9(4): 118-124. 
 


