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Increased concentration of serum 
gamma‑glutamyl transferase in 
ischemic stroke patients
Teja Ram Kalirawna, Jitendra Rohilla1, Shyam Sunder Bairwa, 
Sunil Kumar Gothwal, Pinki Tak, Rajesh Jain

Abstract:
BACKGROUND: Stroke is responsible for the largest proportion of neurological disorders causing 
a significant morbidity. Gamma‑glutamyl transferase (GGT) enzyme has an active involvement in 
atherosclerosis through its role in oxidative and inflammatory mechanisms. Recent evidence suggests 
that serum GGT is related to the risk and prognosis of cerebrovascular diseases.
METHODS: A total of 200 patients (100 with acute ischemic stroke and 100 without stroke) were 
recruited from various medical wards and medical intensive care unit. Categorical variables were 
compared between two groups using Chi‑squared test and odds ratio (OR). Independent sample 
t‑test was used to see to compare mean GGT level of stroke patients with control.
RESULTS: There was no statistical difference with respect to distribution of age 
groups (χ2 = 1.25, P = 0.741) and gender (χ2 = 2.678, P = 0.1018) between cases and controls. 
Mean age of stroke patients (mean [M] = 61.7, standard deviation [SD] = 13.8) did not differ from 
controls (M = 62.2, SD = 13.6), P = 0.80. The odds of suffering from diabetes were significantly higher 
in stroke patients than cases (OR = 2.25, P = 0.005). Independent sample t‑test found a significant 
difference in serum GGT level between cases (M = 57.47, SD = 11.8) and control (M = 41.72, SD = 7.5), 
P ≤ 0.0001.
 CONCLUSIONS: Serum GGT was significantly higher in stroke patients than age‑sex‑matched 
nonstroke patients. Association remained significant in stroke patients irrespective of age, gender, 
and other risk factors. Stroke patients with diabetes, hypertension, dyslipidemia, obesity, and smoking 
had higher level serum GGT level than those without these risk factors. Prospective cohort studies 
can further explore the potential of GGT as a predictor of acute ischemic stroke.
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Introduction

Among all the neurological diseases 
of adult life, the most frequent and 

important are cerebrovascular diseases. 
According to the World Health Organization, 
stroke is the most common cause of death 
after heart disease.[1] It is responsible for 
the largest proportion of neurological 
disorders which are more often disabling 

than fatal and results in both physical and 
mental disability.[2] Community‑based 
studies in India have shown a huge 
variation in the prevalence of stroke, from 
147 to 922/100,000.[3,4] There are several 
risk factors associated with the stroke of 
which most important are aging, male 
sex, smoking, obesity, and dyslipidemia.[5] 
The identification of risk factors may help 
clinicians to identify patients at greater risk 
for stroke and plan early interventions.[6]

There are two types of brain stroke, 
hemorrhagic, and ischemic. Hemorrhagic 
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type, only 20% of total strokes, is due to rupture of blood 
vessels. Majority of stroke are ischemic type (80%) and 
they are due to interruption in the blood supply of the 
brain due to thrombosis or atherosclerosis.[7,8]

Gamma‐glutamyl transferase (GGT) has long been 
considered an indicator of hepatobiliary dysfunction 
and alcohol abuse. GGT is present on the cellular 
membrane and is responsible for intracellular ingress 
of amino acids and peptides in the form of 𝛾‑glutamyl 
peptides.[9] GGT mediates intracellular uptake of 
extracellular glutathione, which is produced during 
normal metabolic processes and thus plays a vital 
role in protecting the cells from oxidative stress.[10,11] 
Oxidative stress decreases intracellular glutathione 
levels and thus induce the formation of GGT enzyme 
to maintain the normal intracellular glutathione 
level. However, at times of increased oxidative stress, 
there is an increased requirement for glutathione and 
because of the presence of inadequate amounts of 
glutathione, oxidative stress exerts harmful effects 
on the cells.

Recent data indicate an active involvement of GGT in 
the pathogenesis of atherosclerosis through oxidative 
and inflammatory mechanisms.[12] Oxidative stress 
predisposes to vascular injury/endothelial dysfunction, 
leading to atherosclerosis, cardiovascular disease, and 
stroke.[13] Many studies have found a positive correlation 
between serum GGT and stroke.[11,14]

Evidence is gradually emerging to suggest that increased 
serum GGT level is associated with a higher prevalence 
of silent brain stroke in a neurologically healthy 
population.[15] It is related to both the risk and prognosis 
of cerebrovascular diseases.[16]

In population‑based studies, after exclusion of 
alcohol consumption, a positive correlation has 
been demonstrated between higher GGT levels and 
advanced age, male gender, increases in body mass 
index, smoking, sedentary lifestyle, hypertension, 
tachycardia, hyperglycemia, increased low‑density 
lipoprotein cholesterol, and decreased high‑density 
lipoprotein‑cholesterol levels, hypertriglyceridemia, 
menopause, and oral contraceptive use.[17,18] A recent 
meta‑analysis suggested a high level of GGT increases 
the risk of stroke independent of alcohol use.[19]

This study was conducted to find out the difference in 
serum GGT level between Indian patients with acute 
ischemic stroke and age‑sex‑matched patients without 
stroke. The study also examined the association of 
serum GGT level with various risk factors such as 
age/gender/hypertension/diabetes/dyslipidemia/
smoking/obesity.

Methods

This study was conducted among 100 patients of acute 
ischemic stroke (cases) in a tertiary care hospital in North 
India. Another 100 subjects (age and sex matched) who do 
not have stroke were taken as control. The subjects were 
selected from the patients attending medical outdoor and 
admitted in various medical wards and medical intensive 
care unit from January 2018 to October 2019.

Exclusion criterion were hemorrhagic stroke or 
extradural hemorrhage or subdural hemorrhage or 
other space‑occupying lesions as identified on the brain 
imaging study; past history of transient ischemic attacks 
or cerebrovascular.

Cerebrovascular accident; history of road traffic accidents 
or other types of traumatic injury; history of use of drugs 
which might alter GGT levels (phenytoin, barbiturates, 
fibrates, rifampicin, and oral contraceptives); past history 
of the coronary vascular event and known cardiac 
disease and newly onset angina, myocardial infarction, 
and advanced heart failure; history of chronic liver or 
renal diseases, diseases of biliary tract or pancreas or 
gallbladder; carcinoma of prostrate, history of alcohol 
abuse or dependence.

In control group, subjects attended hospital for various 
medical problems such as complication of diabetes 
such as hypoglycemic episodes and ketoacidosis (23), 
neurological conditions such as neuropathy, myelopathy, 
and movement disorder (17); headache like migraine and 
cluster headache (13); worsening of pulmonary conditions 
such as COPD and asthma (11); gastrointestinal problems 
such as gastritis and acid peptic disease (8); viral fever like 
dengue and malaria (8); emergency allergic conditions 
such as anaphylaxis and angioedema (7); urinary tract 
infection (6); and hypertensive crisis (4) and others (3). 
After obtaining informed consent from participants, 
a semi‑structured questionnaire was used to record 
sociodemographic details and history of various vascular 
risk factors such as diabetes, hypertension, smoking, 
alcohol, and dyslipidemia.

Measurement of serum GGT: Randox Gamma 
GT (Colorimetric Method) (GT3817) system was used 
for quantitative in vitro determination of L‑GGT activity 
in serum. This product is suitable for use on RX series 
instruments which includes the RX Daytona and 
the RX Imola. The colorimetric method is an optimized 
standard method according to the European Committee 
for Clinical Laboratory standards.[20]

Statistical analysis
D a t a  c o l l e c t e d  w e r e  a n a l y z e d  u s i n g  S P S S 
software (IBM SPSS Statistics for Windows, Version 21.0. 
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Armonk, NY: IBM Corp., Released 2012). The significance 
of the distribution of number was tested using the 
Chi‑square test. Risk factors for stroke were compared 
between cases and control by calculating odds ratio (OR). 
The difference in the mean level of serum GGT between 
different groups was calculated using independent 
sample t‑test. P values lower than 0.05 were considered 
as statistically significant.

Ethical consideration
The study was approved by the institutional ethics 
committee (Letter No 2370/Acad‑III/MCA/2016 Dated 
December 18, 2018). Informed consent was obtained from 
all participants.

Results

The distribution of age group, gender, and risk factors 
for stroke in study participants is given in Table 1. Males 
dominated both samples, case and control. There was no 
statistical difference with respect to the distribution of age 
groups (χ2 = 1.25, P = 0.741) and gender (χ2 = 2.678, P = 0.1018) 
between cases and controls. Mean age of stroke 
cases (mean [M] = 61.7, standard deviation [SD] = 13.8) 
did not differ from controls (M = 62.2, SD = 13.6), P = 0.80.

Prevalence of risk factors was high in both groups, 
the most common being diabetes and hypertension. 
However, the odds of suffering from diabetes were 
significantly higher in stroke patients than cases, 
OR = 2.25, P = 0.005. Smoking was also more common in 
cases followed by dyslipidemia and obesity. However, 
the association for any of them, except diabetes, was 
found significant as confidence interval was below 1 
and P > 0.05. Hypertension was equally common in 
both groups.

Serum GGT level in different age groups and its 
association with various risk factors has been shown in 

Table 2. Distribution of serum GGT and its comparison 
between stroke patients and control subject is shown 
in Figures 1 and 2. Independent sample t‑test found 
a significant difference in serum GGT level between 
cases (M = 57.47, SD = 11.8) and control (M = 41.72, SD = 7.5) 
conditions; P ≤ 0.0001. The difference remained 
significant after the separate analysis was done for age 
groups, gender and risk factors between two groups.

Table 3 shows the comparison of serum GGT level in cases 
with respect to gender and the presence of risk factors. 
Male stroke patients (M = 59.5, SD = 11.7) had significantly 
higher level than female patients (M = 54.3, SD = 11.4); 
P = 0.030. Patients with diabetes, hypertension, 
dyslipidemia, obesity, and smoking had higher serum 
GGT level than stroke without these risk factors.

Discussion

Stroke is considered as one of the leading causes of death 
and disability worldwide.[7,8] Mortality and morbidity 
associated with stroke can be reduced if patients at 
risk are identified early, thereby enabling the physician 
to plan primary prevention strategies promptly. 
GGT accelerates the process of atherosclerosis through 
oxidative and inflammatory mechanisms.[10‑12] As serum 
GGT is a widely and easily available biochemical test, 
it was worth exploring and comparing GGT activity in 
stroke patients with controls.

In this study, stroke patients (cases) were compared 
with patients without stroke (control). No significant 
difference was noted with respect to distribution 
of  age groups (χ 2 = 1.2465,  P = 0.7419) and 
gender (χ2 = 2.6773, P = 0.1018) between two groups. 
Ischemic stroke was more prevalent after the age of 
40 years. More than half of the stroke patients were 
males and aged 61–80 years old, as also found in other 
hospital‑based studies.[21‑23]

Table 1: Details of participants: Age, gender,  and  risk  factors
Patients with stroke (n=100) Patients without stroke (n=100) Chi‑squared test, P OR (95% CI), P

Age group (years)
21‑40 8 7 1.246, 0.742
41‑60 38 32
61‑80 48 51
>80 6 10

Gender
Male 60 71 2.677, 0.102 0.61 (0.34‑1.10), 0.103
Female 40 29

Risk factors
Diabetes 62 42 8.013, 0.005 2.25 (1.28‑3.97), 0.005
Hypertension 46 46 0, 1 1.00 (0.57‑1.74), 1.000
Dyslipidaemia 44 39 0.515, 0.473 1.23 (0.70‑2.16), 0.473
Obesity 39 35 0.343, 0.558 1.19 (0.67‑2.11), 0.558
Smoking 62 52 2.04, 0.153 1.51 (0.86‑2.64), 0.154

OR: Odds ratio, CI: Confidence interval
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Table 2: Serum gamma‑glutamyl  transferase  level  in cases and control
Mean serum GGT (SD) Difference in mean (SD) t P

Patients with stroke n=100 Patients with stroke n=100
Mean age (SD) 57.47 (11.8) 41.72 (7.5) 15.75 (1.398) 11.265 <0.0001
Age groups

21-40 52.2 (11.4) 8 39.8 (7.7) 7 12.4 (4.9714) 2.4284 0.0304
41-60 53.9 (8.2) 38 40.1 (7.2) 32 13.8 (1.8411) 7.4119 <0.0001
61-80 60.7 (13.4) 48 42.6 (7.7) 51 18.1 (2.2144) 8.301 <0.0001
>80 60.8 (12.6) 6 43.6 (7.9) 10 17.2 (5.7185) 3.385 0.0044

Gender
Male 59.5 (11.7) 60 41.4 (7.5) 71 18.1 (1.7532) 10.695 <0.0001
Female 54.3 (11.4) 40 42.5 (7.8) 29 11.800 (2.3123) 4.8124 <0.0001

Diabetes
Present 61.7 (12.5) 62 49.9 (1.18) 42 11.8 (1.5979) 6.09 <0.0001
Absent 50.5 (6.04) 38 35.8 (3.4) 58 14.7 (1.0767) 15.237 <0.0001

Hypertension
Present 66.4 (11.1) 46 42.1 (7.9) 46 24.3 (2.009) 12.097 <0.0001
Absent 49.8 (5.3) 54 41.4 (7.3) 54 8.4 (1.2276) 6.8425 <0.0001

Dyslipidaemia
Present 67.4 (10.5) 44 39.7 (6.9) 39 27.7 (1.9304) 14.0063 <0.0001
Absent 49.6 (4.7) 56 43.4 (7.7) 61 6.2 (1.1689) 5.2005 <0.0001

Obesity
Present 68.5 (10.4) 39 39.2 (6.9) 35 29.300 (2.0331) 14.1076 <0.0001
Absent 50.4 (5.7) 61 43.1 (7.5) 65 7.3 (1.1824) 6.1213 <0.0001

Smoking
Present 62.2 (12.4) 62 40.8 (7.4) 52 21.400 (1.8796) 10.9165 <0.0001
Absent 49.7 (4.5) 28 42.5 (7.6) 48 7.2 (1.388) 4.5607 <0.0001

t: Independent sample test, SD: Standard deviation, GGT: Gamma‑glutamyl transferase

Table 3: Risk  factors and serum gamma‑glutamyl  transferase  level  in stoke patients
n=100 Mean serum GGT (SD) Difference in mean (SD) t P

Gender
Male 60 59.5 (11.7) 5.2 (2.3517) 2.1996 0.0302
Female 40 54.3 (11.4)

Diabetes
Present 62 61.7 (12.5) 11.2 (1.8655) 5.1592 <0.0001
Absent 38 50.5 (6.04)

Hypertension
Present 46 66.4 (11.1) 16.6 (1.7885) 9.766 <0.0001
Absent 54 49.8 (5.3)

Dyslipidaemia
Present 44 67.4 (10.5) 17.8 (1.703) 11.33 <0.0001
Absent 56 49.6 (4.7)

Obesity
Present 39 68.5 (10.4) 18.1 (1.8182) 11.2272 <0.0001
Absent 61 50.4 (5.7)

Smoking
Present 62 62.2 (12.4) 12.5 (1.7358) 5.9681 <0.0001
Absent 38 49.7 (4.5)

t: Independent sample test, SD: Standard deviation, GGT: Gamma‑glutamyl transferase

This study found that elderly subjects (>60 years) have 
higher level of serum GGT in both groups. This is a 
well‑known finding seen in many previous studies.[24,25] 
A study exploring age‑related changes in serum GGT 
activity and ethanol intake found that GGT activities 
increases with ethanol use but in age‑dependent 

manner.[26] A significant difference in serum GGT level 
was seen between male and female subjects in the current 
study. A study by Mijovic et al. in 929 healthy volunteer 
blood donors also demonstrated that males had higher 
level of GGT compared to females at all age levels.[27] 
Previous studies conducted among stroke patients have 
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given mixed findings regarding gender difference in 
GGT level. While few supports the positive relationship 
between male gender and GGT activity;[25,28] other do 
not.[11,24] In a Japanese study conducted by Shimizu et al., 
serum GGT was positively associated with risk of total 
stroke for women subjects but not for men.[29]

As expected, the study found that stroke patients 
have a higher level of serum GGT than control. 
Although previous studies have shown raised serum 
GGT in stroke patients, it is important to mention 
their differences compared to this study. Singh et al. 
found that mean GGT level in stroke patients was 
higher (54.95 ± 20.54 IU/L) compared to subjects in 
control group in their study (32.14 ± 5.07 IU/L).[24] 
However, control subjects in their study were healthy 
attendants of patients compared to nonstroke patients 
in our study and this may explain the lower mean 
value of serum GGT in their control group compared to 
ours. Ganesh et al. reported raised serum GGT level in 
32 out of 50 subjects with acute stroke.[25] It is important 
to note here that the above study had patients with both 
types of stoke and 70% of patients with ischemic stroke 
had higher serum GGT compared to only 40% with 
hemorrhagic stroke. Mean GGT level in patients with 
hemorrahic stroke (28.6 ± 20.5) was much lower than 
ischemic stroke (51.1 ± 24.0).

In the current study, stroke patients with risk factors had 
higher serum GGT compared to those without. Previous 
research also supports positive association of GGT with 
diabetes, hypertension, smoking, and obesity.[24,30,31]

On comparing serum GGT level in subjects without risk 
factors, it is seen that stroke patients have significantly 
higher level compared to control. In case–control 
study, Korantzopoulos et al. examined 163 elderly 
patients (>70 years) with first ever acute ischemic/
embolic stroke and serum GGT had positive association 

with stroke independent of established cardiovascular 
and metabolic risk factors.[30] The “EUROSTROKE 
PROJECT,” a nested case–control study, revealed that the 
association between GGT and stroke did not attenuate 
even after adjusting for variables such as myocardial 
infarction, total cholesterol, and diabetes mellitus.[28] 
The elevated levels of GGT in stroke patients could be 
the result of increased production to decreased levels 
of intracellular glutathione at times of oxidative stress.

Conclusion

Traditionally, serum GGT is seen as a marker of alcohol 
use and liver function, this study showed that its level 
was significantly higher in stroke patients compared to 
age‑sex‑matched nonstroke patients. Although patients 
with established risk factors for stroke had higher level 
of serum GGT, the association remained significant 
irrespective of age, gender, and other risk factors such 
as diabetes, hypertension, dyslipidemia, obesity, and 
smoking. Therefore, it is worth to further explore the 
role of measuring GGT level for estimating the risk 
of stroke, particularly in patient with established risk 
factors. Prospective cohort studies with large sample size 
can help establish the potential of GGT as a predictor of 
acute ischemic stroke.

Limitation of the study
It is hospital‑based observation study and therefore 
causal relationship between serum GGT and stroke 
cannot established. Moreover, repeat measurement 
of serum GGT was not done and it may be a source 
of potential bias. The study might have not included 
stroke patients who expired or left against medical 
advice within few hours of reaching emergency and 
before blood sample collected after reaching emergency 
ward.

Figure 2: Histogram of gamma‑glutamyl transferase level in stroke patient (cases) 
and control

Figure 1: Boxplot – gamma‑glutamyl transferase level in stroke 
patients (cases) and control
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