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Purpose: This study examined the relationship between serum gamma-glutamyltransferase 
concentration and the risk of cerebral infarction in the Koreans.
Materials and Methods: A total of 209,481 out of 223,551 participants in the National 
Health Information Database who received medical checkups in 2009 were included in the 
final analysis. The diagnosis code ICD I63 was used for identifying cerebral infarction cases 
and tracked the development of cerebral infarction by 2013. Cox proportional hazards model 
was used to calculate hazard ratios (HRs) for cerebral infarction and their confidence interval 
(CI).
Results: During a follow-up period of 915,387.5 person-years, 2403 incident cases of 
cerebral infarction developed between 2009 and 2013. After adjusting for multiple covari-
ates, the hazard ratios (95% confidence interval) for incident cerebral infarction, comparing 
the second, third, and fourth quartile of serum gamma-glutamyltransferase levels with the 
first quartile, were 1.11 (0.98–1.27), 1.39 (1.22–1.58), and 1.49 (1.29–1.71), respectively 
(P for trend <0.001).
Conclusion: Elevated serum gamma-glutamyltransferase levels were independently asso-
ciated with the future development of cerebral infarction in Koreans.
Keywords: gamma-glutamyltransferase, cerebral infarction, stroke

Introduction
Gamma-glutamyl transferase (GGT) is an enzyme localized on the external surface 
of the plasma membranes of various cells and tissues.1 GGT is a ubiquitous enzyme 
that catalyzes the hydrolysis of γ-glutamyl bonds in glutathione and glutamine, as 
well as the transfer of the released γ-glutamyl groups to amino acids or short 
peptides. GGT is involved in glutathione metabolism and plays an important role 
in antioxidant defense, detoxification, and inflammatory processes.2

GGT is the main enzyme that hydrolyzes the antioxidant glutathione. This 
hydrolysis reaction can increase the formation and development of atherosclerotic 
plaques by creating oxidation promoters.3 In second-generation enzymatic liver 
function tests, the GGT level was used as a sensitive enzymatic indicator of alcohol 
intake and many types of liver diseases.4 Many previous studies have considered 
GGT as a marker for alcohol consumption.5

Recently, serum GGT level was shown to be a predictive factor for cardiovas-
cular diseases.6 Several studies have shown that atherosclerosis is associated with 
serum GGT levels,7,8 which suggests that GGT can be used as an early marker of 
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atherosclerosis.9 Some studies have also shown that blood 
GGT activity is an independent biomarker of coronary 
artery calcification and that it is associated with cerebral 
infarctions.3,10,11 Studies with small sample sizes have 
shown a positive correlation between increased infarct 
area and elevated GGT levels in patients with acute 
ischemic strokes.12

Several epidemiological studies have shown that an ele-
vated GGT level increases the risks of cardiovascular dis-
ease (CVD) and subsequent death.4,13 The Framingham 
offspring study was one of the first epidemiological studies 
to test the association between GGT levels and the risk of 
cardiovascular diseases. The study also revealed that GGT 
might predict the metabolic and cardiovascular risks asso-
ciated with the onset of metabolic syndrome, incident CVD, 
and indicate whether the condition is fatal.13 However, GGT 
has not yet been used as a tool to predict the risk of strokes 
in clinical practice, for which more evidence is needed.

The National Health Insurance Corporation (NHIC) is 
a Korean national institution that provides the National 
Health Insurance Service (NHIS) to the Korean popula-
tion. The NHIS data were used to establish the NHIS– 
National Sample Cohort (NHIS-NSC) in 2002.14

In this study, we evaluated the risk of cerebral infarc-
tion based on GGT levels. An important objective was to 
assess the relationship GGT levels and cerebral infarction 
using retrospective cohort data of 209,481 Koreans from 
the NHIS-NSC database.

Materials and Methods
Data Sources
The national health insurance system is used by almost the 
entire population (more than 97%), which means that this 
database represents the use of medical services for all 
Koreans.14 Also, almost all Koreans over the age of 40 
must have a medical checkup at least once every two 
years. NHIC in South Korea collects and stores informa-
tion on all health checkups performed. Recently, after 
removing all information related to personal identification, 
the NHIS has provided the sample database for research 
purposes in the public interest. The incidence of cerebral 
infarction obtained by the National Statistical Office is 
linked information on health checkups included in the 
sample database provided by the NHIC.

This study protocol and analysis of the data was 
approved by the Institutional Review Board of Kyung 
Hee University Hospital (KHUH 2018-12-020). The 

institutional review board waived the requirement for 
informed consent because researchers accessed databases 
that were not identified retrospectively for analysis 
purposes.

Study Participants
A total of 223,551 participants who underwent medical 
health checkups in 2009 were included in the NHIS 
Database. Among them, 2387 individuals who had 
a cerebral infarction (ICD I63) from 2002 to 2009 at the 
time of medical checkup were excluded. Of the 221,164 
participants, 11,683 were further excluded based on the 
following exclusion criteria that might influence cerebral 
infarction or GGT levels: 57 people did not have informa-
tion about baseline GGT in 2009 and 11,626 previously 
had a diagnosis of cancer (ICD C00-C97) between 2002 
and the time of the medical health examination in 2009. 
Because some participants met more than one exclusion 
criterion, the final subjects of analysis were 209,481, and 
they were observed the occurrence of cerebral infarction 
(Figure 1). The total follow-up period we calculated was 
915,387.5 person-years, and the average follow-up period 
was identified as 4.37 (standard deviation [SD], 0.48) 
person-years.

Health Survey Examinations and 
Laboratory Measurements
The general health checkup conducted by the NHIC is 
carried out in two stages. A large-scale screening test is 
the first stage in determining the presence or absence of 
disease among ordinary people without symptoms. 
The second stage involves counseling for screening 
tests and more detailed testing to determine the presence 
of diseases. These medical health examinations include 
surveys of lifestyle and past medical history. Research 
data includes physical activities, anthropometric mea-
surements, laboratory measurements, and information 
provided by questionnaires. Measurements of the 
amount of smoking was used on pack-years. Pack- 
years measurements were calculated based on responses 
to smoking-related questions in the questionnaire. 
Consuming of ˃3 drinks per week was defined as alco-
hol use. The definition of being physically active was to 
engage in moderate-intensity physical activity for at 
least 30 minutes per day for at least 4 days a week or 
vigorous-intensity physical activity for at least 20 min-
utes a day for more than 4 days per week. The weight 

https://doi.org/10.2147/NDT.S326450                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 2750

Lee et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(kg) divided by the square of the height (m) was calcu-
lated for body mass index (BMI). Systolic and diastolic 
blood pressure (BP) were measured by experienced 
examiners. Laboratory data such as fasting blood glu-
cose, total cholesterol, triglyceride, high-density lipopro-
tein cholesterol, low-density lipoprotein (LDL) 
cholesterol, serum creatinine (SCr), aspartate amino-
transferase (AST), alanine aminotransferase, and GGT 
were measured by these participants under health exam-
inations. The estimated glomerular filtration rate (eGFR) 
were calculated using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation to 
measure kidney function.15

Outcome Definitions
The NHIS database was merged in connection with the 
diagnosis of disease data from Statistics Korea. In this 
study, the start date was the first health checkup since 
2009, and the last date of follow-up observation was the 
time of diagnosis of cerebral infarction until end of 2013. 
The ICD code I63 was used to diagnose cerebral infarc-
tion. The denoted with ICD code I63 was used for the 
diagnosis of cerebral infarction. The primary clinical end-
point in this study was a composite of the development of 
cerebral infarction.

Statistical Analysis
Data are expressed as mean ± standard deviation or med-
ian (interquartile range) for continuous variables and as 
percentages of the number for categorical variables.

One-way analysis of variance and χ2-test were used to 
analyze the statistical differences among the characteristics 
of the study participants at the time of enrollment in 
relation to the quartile groups for baseline GGT levels.

The person-years were calculated as the sum of follow- 
up times from the baseline until the diagnosis of cerebral 
infarction development or until December 31, 2013.

To evaluate the associations between the quartile 
groups of baseline GGT levels and incident cerebral 
infarction, we used Cox proportional hazards models to 
estimate adjusted hazard ratios (HRs) and 95% confidence 
intervals (CIs) for incident cerebral infarction by compar-
ing the three highest quartiles of baseline GGT levels with 
the lowest quartile. The Cox proportional hazard models 
were adjusted for multiple confounding factors. In the 
multivariate models, this study included variables that 
could confuse the relationship between GGT and incident 
cerebral infarction, including age, sex, BMI, systolic BP, 
fasting blood glucose, total cholesterol, eGFR, smoking 
amount (pack-years), alcohol intake, and physical activity. 
We verified the proportional hazard assumption and tested 
the validity of the Cox proportional hazard models.

Figure 1 Flow chart of enrolled study subjects.
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The proportional hazard assumption was evaluated 
using the log-minus-log survival function, and graphically 
non-violations were found. A p-value less than 0.05 (P < 
0.05) is statistically significant. Statistical analyses were 
performed using the program SAS (Statistical Analysis 
Software 9.4, SAS Institute Inc, Cary, North 
Carolina, USA).

Results
During the 915,387.5 person-years of follow-up, 2403 
(1.15%) incident cases of cerebral infarction developed 
between 2009 and 2013. In Table 1, the baseline charac-
teristics of the study participants related to the quartile 
groups at baseline GGT levels are presented. At the base-
line of the study, the mean (± SD) age of participants was 
57.8 (± 8.6) years and the BMI was 24.0 (± 2.9) kg/m2. 
Significant differences were shown between all the listed 
variables and quartile groups of the baseline GGT levels.

Participants with incident cerebral infarction were older 
(67.7 vs 57.7 years) than those without incident cerebral 
infarction, and had relatively poor metabolic profile at base-
line. As expected, significant statistical differences were 
identified in all clinical variables, except BMI, total choles-
terol, LDL-cholesterol, SCr, and AST (Table 2).

Table 3 shows the HRs and 95% CIs for cerebral 
infarction according to baseline GGT levels. In the unad-
justed model, comparisons of incident cerebral infarction 
in quartiles 2, 3, and 4 vs quartile 1 (reference group) 
showed that the HRs and 95% CIs were 1.26 (1.10– 
1.42), 1.52 (1.35–1.72), and 1.54 (1.36–1.73), respectively 
(P for trend <0.001).

These associations remained statistically significant 
even after further adjustments for covariates in the multi-
variate adjusted model. The adjusted HRs and 95% CIs for 
incident cerebral infarction were 1.11 (0.98–1.27), 1.39 
(1.22–1.58), and 1.49 (1.29–1.71), respectively (P for 
trend <0.001).

Discussion
It has been confirmed through this study that serum GGT 
activity in both men and women was significantly corre-
lated with the risk of cerebral infarction. The risk of 
cerebral infarction was also proportional to GGT levels, 
even after adjusting for stroke-related risk factors. 
Therefore, this study demonstrates that GGT, which has 
been known as a predictive factor for alcohol consump-
tion, has potential usefulness as a risk factor for cerebral 
infarction.

It also suggests the possibility that GGT may play 
a role in reducing the incidence of cerebral infarction 
and related disease burdens from a public health 
perspective.

Some evidence have been identified for the relation-
ship between GGT levels and the risk of stroke. The 
EUROSTROKE study have confirmed that high levels 
of GGT and increased risk of stroke are involved in 
three European cohorts. In this study, hemorrhagic 
stroke was more linked to GGT than cerebral 
infarction.16 In a cohort study of Korean subjects, 
serum GGT values are independently associated and 
are significant dose-response relationship with the risk 
of hemorrhagic stroke, not ischemic stroke or ischemic 
heart disease.17 However, there are another cohort 
study that have found that GGT is more consistently 
correlated with ischemic stroke.18 A Finnish study has 
confirmed that serum GGT was associated with the risk 
of ischemic stroke as well as overall stroke. The 
Finnish study showed the risk ratios for men and 
women in total stroke were 1.45 and 1.48 while 
ischemic stroke was 1.51 and 1.59, respectively, over 
7- or 12-year follow-up periods.11,19 The findings of 
the present study are valuable because it highlights the 
relationship between GGT levels and cerebral infarc-
tion, especially in case of ischemic stroke. Another 
cohort study found that GGT level in patients with 
acute ischemic stroke were correlated with all-cause 
or cardiovascular disease mortality.20

Based on recent findings, GGT has drawn attention 
for its close association with the occurrence of atrial 
fibrillation, one of the major risk factor for ischemic 
stroke. Elevated GGT levels induce atrial fibrillation, 
which has been shown to lead to stroke. Increased 
GGT levels may indirectly reflect the increased oxida-
tive stress and inflammatory processes, which may be 
a risk factor for cardiac metabolism or predisposition 
to atrial fibrillation.21–25 Nevertheless, follow-up stu-
dies are needed to investigate whether and how 
mechanisms associated with GGT levels differ depend-
ing on the subtype of ischemic stroke.

The main strengths of this longitudinal cohort study 
are the use of national database from population-based 
registers and well-organized anthropometric and 
laboratory measurements. These researchers are there-
fore determined to have obtained reliable metabolic 
components and diagnostic information related to cere-
bral infarction. In addition, participants with diseases 

https://doi.org/10.2147/NDT.S326450                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 2752

Lee et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
1 

Ba
se

lin
e 

C
ha

ra
ct

er
is

tic
s 

of
 P

ar
tic

ip
an

ts
 A

cc
or

di
ng

 t
o 

Q
ua

rt
ile

 G
ro

up
s 

of
 S

er
um

 G
G

T
 L

ev
el

s 
(N

=2
09

,4
81

)

C
ha

ra
ct

er
is

ti
c

O
ve

ra
ll

γ-
G

lu
ta

m
yl

tr
an

sf
er

as
e 

(U
/L

)

Q
ua

rt
ile

 1
 (

<1
6,

 
n=

49
,8

24
)

Q
ua

rt
ile

 2
 (

≥1
6,

 <
24

, 
n=

52
,9

37
)

Q
ua

rt
ile

 3
 (

≥2
4,

 <
41

, 
n=

54
,7

48
)

Q
ua

rt
ile

 4
 (

≥4
1,

 
n=

51
,9

72
)

P-
fo

r 
Tr

en
d*

Pe
rs

on
-y

ea
r 

(t
ot

al
)

91
5,

38
7.

5
21

9,
35

3.
7

23
2,

18
3.

8
23

9,
00

4.
2

22
4,

84
5.

8

Pe
rs

on
-y

ea
r 

(a
ve

ra
ge

)
4.

37
 ±

 (
0.

48
)

4.
40

 ±
 (

0.
44

)
4.

39
 ±

 (
0.

47
)

4.
36

 ±
 (

0.
48

)
4.

33
 ±

 (
0.

53
)

<0
.0

01

A
ge

 (
ye

ar
s)

57
.8

 ±
 (

8.
6)

58
.3

 ±
 (

9.
1)

58
.7

 ±
 (

8.
9)

57
.8

 ±
 (

8.
5)

56
.4

 ±
 (

7.
8)

<0
.0

01

G
en

de
r

<0
.0

01
M

al
e 

(%
)

11
8,

37
5 

(5
6.

5)
11

,6
03

 (
23

.3
)

25
,1

32
 (

47
.5

)
37

,8
09

 (
69

.1
)

43
,8

31
 (

84
.3

)

Fe
m

al
e 

(%
)

91
,1

06
 (

43
.5

)
38

,2
21

 (
76

.7
)

27
,8

05
 (

52
.5

)
16

,9
39

 (
30

.9
)

81
41

 (
15

.7
)

BM
I (

kg
/m

2 )
24

.0
 ±

 (
2.

9)
23

.1
 ±

 (
2.

7)
23

.7
 ±

 (
2.

8)
24

.4
 ±

 (
2.

9)
24

.8
 ±

 (
2.

9)
<0

.0
01

Sy
st

ol
ic

 B
P 

(m
m

H
g)

12
5.

2 
± 

(1
5.

2)
12

2.
0 

± 
(1

5.
3)

12
4.

3 
± 

(1
4.

9)
12

6.
1 

± 
(1

4.
7)

12
8.

5 
± 

(1
5.

0)
<0

.0
01

D
ia

st
ol

ic
 B

P 
(m

m
H

g)
77

.7
 ±

 (
9.

9)
75

.2
 ±

 (
9.

8)
76

.9
 ±

 (
9.

7)
78

.3
 ±

 (
9.

7)
80

.3
 ±

 (
9.

9)
<0

.0
01

To
ta

l c
ho

le
st

er
ol

 (
m

g/
dL

)
20

0.
4 

± 
(3

7.
4)

19
5.

8 
± 

(3
5.

6)
19

9.
8 

± 
(3

6.
6)

20
1.

6 
± 

(3
6.

9)
20

4.
0 

± 
(3

9.
8)

<0
.0

01

Tr
ig

ly
ce

ri
de

 (
m

g/
dL

)
11

8 
(8

3–
17

1)
95

 (
69

–1
31

)
10

9 
(7

9–
15

2)
12

6 
(8

9–
17

7)
15

3 
(1

07
–2

25
)

<0
.0

01

H
D

L-
ch

ol
es

te
ro

l (
m

g/
dL

)
55

.4
 ±

 (
32

.2
)

57
.2

 ±
 (

32
.2

)
55

.9
 ±

 (
33

.8
)

54
.1

 ±
 (

30
.9

)
54

.6
 ±

 (
31

.9
)

<0
.0

01

LD
L-

ch
ol

es
te

ro
l (

m
g/

dL
)

11
8.

6 
± 

(3
9.

0)
11

8.
6 

± 
(3

5.
6)

12
0.

9 
± 

(3
8.

8)
12

0.
2 

± 
(3

8.
5)

11
4.

4 
± 

(4
2.

4)
<0

.0
01

Fa
st

in
g 

bl
oo

d 
gl

uc
os

e 
(m

g/
dL

)
10

0.
7 

± 
(2

5.
2)

95
.0

 ±
 (

18
.4

)
98

.4
 ±

 (
22

.1
)

10
1.

7 
± 

(2
6.

1)
10

7.
5 

± 
(3

0.
7)

<0
.0

01

SC
r 

(m
g/

dL
)

1.
15

 ±
 (

1.
49

)
1.

01
 ±

 (
1.

24
)

1.
12

 ±
 (

1.
49

)
1.

21
 ±

 (
1.

56
)

1.
25

 ±
 (

1.
62

)
<0

.0
01

eG
FR

 (
m

L/
m

in
 p

er
 1

.7
3m

2 )
80

.8
 ±

 (
20

.1
)

82
.1

 ±
 (

19
.6

)
80

.3
 ±

 (
20

.0
)

79
.9

 ±
 (

20
.4

)
81

.1
 ±

 (
20

.5
)

<0
.0

01

A
ST

 (
U

/L
)

24
 (

20
–2

9)
21

 (
18

–2
5)

22
 (

19
–2

6)
24

 (
20

–2
9)

29
 (

23
–3

7)
<0

.0
01

A
LT

 (
U

/L
)

21
 (

16
–2

9)
16

 (
13

–2
0)

19
 (

15
–2

4)
23

 (
18

–3
0)

30
 (

22
–4

3)
<0

.0
01

Sm
ok

in
g 

am
ou

nt
 (

pa
ck

-y
ea

r)
7.

8 
± 

(1
3.

8)
2.

5 
± 

(8
.5

)
5.

8 
± 

(1
2.

0)
9.

3 
± 

(1
4.

5)
13

.5
 ±

 (
16

.4
)

<0
.0

01

A
lc

oh
ol

 in
ta

ke
 (

%
)

14
.6

3.
1

7.
4

14
.9

32
.7

<0
.0

01

Ph
ys

ic
al

 a
ct

iv
ity

 (
%

)
16

.8
16

.5
17

.3
17

.3
16

.1
<0

.0
01

D
ev

el
op

m
en

t 
of

 c
er

eb
ra

l 

in
fa

rc
tio

n 
(%

)

24
03

 (
1.

15
)

43
3 

(0
.8

7)
57

6 
(1

.0
9)

71
6 

(1
.3

1)
67

8 
(1

.3
0)

<0
.0

01

N
ot

es
: D

at
a 

ar
e 

m
ea

ns
 (

st
an

da
rd

 d
ev

ia
tio

n)
, m

ed
ia

ns
 (

in
te

rq
ua

rt
ile

 r
an

ge
), 

or
 p

er
ce

nt
ag

es
. *

P-
va

lu
e 

by
 A

N
O

VA
-t

es
t 

fo
r 

co
nt

in
uo

us
 v

ar
ia

bl
es

 a
nd

 C
hi

 s
qu

ar
e 

te
st

 fo
r 

ca
te

go
ri

ca
l v

ar
ia

bl
es

.

Neuropsychiatric Disease and Treatment 2021:17                                                                              https://doi.org/10.2147/NDT.S326450                                                                                                                                                                                                                       

DovePress                                                                                                                       
2753

Dovepress                                                                                                                                                              Lee et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


that could affect cerebral infarction or GGT levels were 
excluded from the analysis. This process allowed us to 
quantify the robust effects of GGT on cerebral infarc-
tion. Another advantage of this study is that a single 
ICD code (I63) selected by the physician who per-
formed the diagnosis was analyzed.

There are a number of limitations related to the analy-
sis in this research. First, our results were based on raw 
data from medical examinations and related question-
naires; there may therefore be a collection bias. Second, 
the follow-up period of this study was 4.37 years, rela-
tively short to confirm the long-term effects of GGT on 
cerebral infarction. Further research should be conducted 
to overcome these limitations.

Conclusion
These results indicated that increased GGT levels may be 
associated with the risk of cerebral infarction. This asso-
ciation was significant even after adjustment for multiple 
baseline covariates.

Clinical Implication
The results of this study show that a high level of GGT 
increase the risk of cerebral infarction, in addition to the 
previously known increased risk of alcohol intake. In addi-
tion to known association with alcohol consumption, GGT is 
meaningful as an indicator of oxidative damage and is 
clinically useful because it can be easily identified through 
simple routine blood chemistry in general clinical setting.

Table 2 Comparison Between Participants with and without Incident Cerebral Infarction

Characteristic Without Incident Cerebral 
Infarction (N=207,078)

With Incident Cerebral 
Infarction (N=2403)

P-value*

Age (years) 57.7 ± (8.6) 66.7 ± (9.4) <0.001

Gender <0.001
Male (%) 116,882 (56.4) 1493 (62.1)

Female (%) 90,196 (43.6) 910 (37.9)

BMI (kg/m2) 24.0 ± (2.9) 24.1 ± (2.9) 0.188

Systolic BP (mmHg) 125.2 ± (15.1) 131.9 ± (17.3) <0.001

Diastolic BP (mmHg) 77.7 ± (9.9) 80.1 ± (10.8) <0.001

Total cholesterol (mg/dL) 200.4 ± (37.4) 201.4 ± (40.0) 0.229

Triglyceride (mg/dL) 142.0 ± (94.3) 154.9 ± (97.8) <0.001

HDL-cholesterol (mg/dL) 55.4 ± (32.3) 52.6 ± (29.8) <0.001

LDL-cholesterol (mg/dL) 118.5 ± (39.0) 119.2 ± (39.9) 0.401

Fasting blood glucose (mg/dL) 100.6 ± (25.1) 108.7 ± (35.5) <0.001

SCr (mg/dL) 1.15 ± (1.49) 1.14 ± (1.28) 0.597

eGFR (mL/min per 1.73m2) 80.9 ± (20.2) 74.3 ± (19.3) <0.001

AST (U/L) 26.5 ± (16.3) 27.0 ± (24.4) 0.421

ALT (U/L) 25.4 ± (19.2) 24.4 ± (22.2) 0.025

GGT (U/L) 39.1 ± (53.9) 43.8 ± (60.7) <0.001

Smoking amount (pack-year) 7.8 ± (13.8) 10.3 ± (16.6) <0.001

Alcohol intake (%) 14.6 16.5 0.010

Physical activity (%) 16.8 15.1 0.029

Notes: Data are expressed as means (standard deviation) or percentages. *P-value by t-test for continuous variables and Chi square test for categorical variables.
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