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ABSTRACT

OBJECTIVES: Vertebrobasilar insufficiency (VBI) is a pathology arising from the reduction in flow rate of ver-
tebral arteries and mainly caused by inflammation and atherosclerosis. Gamma-glutamyltransferase (GGT) is
a marker which has been recently recognized as a marker of inflammation and atherosclerosis. We aimed to
investigate the relationship between GGT levels and VBI for the first time.

METHODS: In this cross-sectional study, of 3100 subjects who had vertebrobasilar doppler ultrasonography
(VBU) were evaluated and 1042 of them who met the inclusion criterias were included. VBU reports, GGT lev-
els, blood chemistry, lipid profile were received from patients’ files. Patients were evaluated according to VBU
measurements and divided into two groups,VBI and non-VBI.

RESULTS: Mean vertebral arterial blood flow volume values were 149.99+32.93 mL/m in VBI group and 286.88
+ 70.98 mL/m in non-VBI group. Mean GGT and CRP values were significantly higher in the VBI group than
in the non-VBY group (p < 0.001) ( p < 0.001), respectively. Vertebral artery blood flow volume was negatively
correlated with GGT (r: —0.208, p < 0.001) and CRP (r: —0.119, p < 0.001).

CONCLUSION: We demonstrated a significant correlation between serum GGT levels and VBI. In addition,
higher GGT level was an independent risk factor for the presence of vertebrobasilar system inflammation and
atherosclerosis (Tab. 2, Fig. 3, Ref. 27). Text in PDF www.elis.sk.
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Introduction

Plasma gamma-glutamyltransferase (GGT) is a marker of hep-
atobiliary disease and alcohol consumption. Recently it has been
recognized that, serum GGT activity represents a true marker of
inflammation and atherosclerosis and has prognostic importance.
GGT levels were found to be associated with atherosclerotic risk
factors, hypertension, stroke, metabolic syndrome and type 2 dia-
betes mellitus (DM) (1-4). One U/L higher GGT (on a log scale)
was associated with a 54 % increased risk of stroke and a 20 %
increased risk of coronary heart disease.

The posterior circulation, which supplies the brainstem and the
cerebellum, is supplied by the vertebrobasilar arteries. One fifth of
strokes occur in the posterior circulation. Of these, 20 % to 25 %
are believed to be due to vertebrobasilar insufficiency (VBI). VBI
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is a pathology arising from the reduction in flow rate of these ar-
teries or their branches, caused mainly by inflammation and ath-
erosclerosis and presents a complex varied clinical picture (5-9).
Although GGT which is a good surrogate marker of atheroscle-
rosis, has been examined in stroke and coronary artery disease;
the relation between GGT and VBI has not been evaluated to date
(10, 11). We aimed to investigate the relationship between GGT
levels and VBI for the first time.

Materials and methods

This cross-sectional study was performed between January
2010 and November 2014 in Afyon Kocatepe University School
of Medicine in Internal Medicine, Radiology, and Otorhinolaryn-
gology Departments. A total number of 3100 subjects who had
vertebrobasilar doppler ultrasonography were evaluated. Of 3100
subjects, 1042 who met the inclusion criteria were included in the
study. Patients who had any disease affecting GGT levels or any
systemic disease such as, diabetes mellitus, hyperlipidemia, hyper-
tension, chronic liver disease, alcohol consumption, malignancy,
hepatosteatosis, infection, acute or chronic renal failure, coronary
artery disease, any inflammatory disease, cerebrovascular disease,
smoking history and patients with poor ultrasonographic recording
quality and those who did not agree to be included in the study
were excluded from the study.
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Patients were questioned for age, sex, smoking, family his-
tory, heart disease, any risk factors, dietary compliance and drug
use. Vertebrobasilar doppler ultrasonography reports, GGT levels,
blood chemistry, lipid profile of the patients were recorded. Patients
were evaluated according to vertebrobasilar doppler ultrasonogra-
phy measurements and divided into two groups as VBI and non-
VBI. In total sonographic measurements, subjects with vertebral
artery (VA) flow volume less than 200 mL/m were designated as
VBI group , and subjects with VA flow volume more than 200
mL/m were designated as non-VBI group (12, 13).

Biochemical and haematological analyses

Plasma triglyceride, total cholesterol, LDL, HDL concen-
trations, and fasting glucose were measured using an automated
chemistry analyzer (Aeroset; Abbott, Holliston, MN, USA) with
commercial kits (Abbott). C-reactive protein (CRP) was measured
using an autoanalyzer (Aeroset; Abbott) with a spectrophotometric
commercial kit (Scil Diagnostics GmbH, Viernheim, Germany).
Serum GGT activities were measured with the enzymatic calori-
metric test (Roche/Hitachi analyzer, Mannheim, Germany) and the
normal range of GGT activity was identified as 7-49 U/I.

Doppler sonography examinations

All Doppler sonographic measurements were performed using
a Toshiba Aplio system (Tokyo, Japan) and examinations were per-
formed by the same experienced radiologists, who were unaware of
clinical data. Doppler sonography examinations were performed in
a dimly lighted room with a comfortable temperature (22-24 °C)
after an adaptation period for at least 15 min rest in supine posi-
tion. The vertebral arteries (VA) of both sides were explored with
a7.5-Mhz linear array transducer. All of the patients’ bilateral VAs
were examined in supine position with the head slightly turned
to the opposite side. Flow volume measurements were generally
taken in the C4 and C5 intertransverse segment of the VA. Net
vertebral artery flow volume was detected by calculating the sum
of the right and left vertebral artery flow volumes. The radiologic
criterion for VVBI was accepted as lower than 200 mL/min flow
volume of VAs (12, 13). All measurements were documented by
black-and-white video printer. The complete examination took
about 15 min for each case.

Statistical methods

Continuous variables were presented as mean + SD and cat-
egorical variables were expressed as percentage. Kolmogorov—
Smirnov test was used to evaluate the distribution of variables.
Student’s t-test (independent sample t-test) was used for continu-

Tab. 1. Demographic data of the groups.

Variables VBI group Non-VBI group p
(n=400) (n=642)
Age (year) 54,32+17.85 49.42+17.27  0.001
Male 179(%44.8) 252(%39.3)
Gender * 0.080
AT Female 221(%55.2) 390(%60.7)

All parameters are expressed as mean * standard deviation unless otherwise stated
* Data are expressed as number (%)

Tab. 2. Laboratory data of the groups.

. VBI grou Non-VBI grou
Variables (n=200)p (n=6 42) P
Xg\’:’e\t/’;?:j;'fry blood 1499943203  286.88+70.98  <0.001
GGT (UN) 51.27+33.31 346042323  <0.001
CRP (mg\d) 163+2.34 1058217 <0.001
Hb(ma\dl) 13.61+1.89 1383471 0307
Hitc (mg\di) 40.72%5.09 42182440  0.163
WBC 2778.96+3829.56 3116.23+3951.70 0.198
Total cholesterol (mg\dl) ~ 170.16+31.10 173.00+37.19 0.375
Triglycerides (mg\dl) 12046+76.11  11443+7536  0.403
LDL (mg\dl) 1045812626 1053929048  0.756
HDL (mg\d) 45.80+13.31 4754+1425  0.186

All parameters are expressed as mean + standard deviation unless otherwise stated
GGT - Gamma-glutamyltransferase, CRP — C-reactive protein, Hb — Hemoglobin,
Htc — hematocrit, WBC — White blood cell, LDL — Low-density lipoprotein choles-
terol, HDL - high-density lipoprotein cholesterol

ous variables with normal distribution and Mann-Whitney U test
was used for continuous variables without normal distribution.
Chi-square test was used for categorical variables. The parameters
were investigated using Spearman/Pearson correlation where ap-
propriate. Valeu p < 0.05 was accepted as significant level. For
statistical calculations, SPSS statistical software (SPSS for Win-
dows, version 17.0. inc. Chicago, IL, USA) was used.

Results

Of 1042 patients, 400 were with VBI (38.3 %). Mean age in
the VBI and non-VBI groups was 54.32 + 17.85 years and 49.42
+ 17.27 years, respectively. Male/Female ratio of patients with
VBI was 179/221, while it was 252/390 inthe non-VBI group.
Demographic data of the two groups are demostrated in Table 1.

Mean vertebral artery blood flow volume values were 149.99
+ 32.93 mL/m in VBI group and 286.88 + 70.98 mL/m in non-
VBI group. Laboratory data of the groups are outlined in Table 2.
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Fig. 1. Mean gamma-glutamyltransferase (GGT) values of the groups.
VBI — vertebrobasilar insufficiency.
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Fig. 2.The relationship between plasma gamma-glutamyltransferase
(GGT) and vertebral artery blood flow volume.
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Fig. 3.The relationship between plasma gamma-glutamyltransferase
and C-reactive protein levels.

Mean GGT values were 51.27 + 33.31 U/l in VVBI group and
34.60 £ 23.23 U/l in the non-VBY group. GGT values of the VBI
group were significantly higher than in the non-VBY group (p <
0.001) (Fig. 1). Mean CRP values were 1.63 + 2.34 mg/dl in the VBI
group and 1.05 + 2.17 mg/dl in the non-VBY group (p < 0.001).

Vertebral artery blood flow volume was negatively correlated
with GGT (r: -0.208, p < 0.001) and CRP (r: -0.119, p < 0.001)
(Fig. 2). There was a positive correlation between GGT and CRP
levels (r: 0.252, p < 0.001) (Fig. 3). Besides GGT was positive-
ly correlated with triglyceride, total cholesterol, LDL and HDL
cholesterol.

Discussion

This is the first study investigating the relationship between
VBI, inflammation and atherosclerosis via GGT levels. And our
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results showed that GGT levels were independently associated
with VBI and reduction in flow rate of vertebrobasilar system.

Although the evaluation of serum GGT is a well-established
diagnostic test for hepatobiliary disease, recently it was found as
areliable marker of atherosclerosis and shown in many inflamma-
tory and atherosclerotic conditions. Higher serum GGT activity has
been reported in atherosclerotic plaques and foam cells (14, 15).

Epidemiologic studies have reported that GGT is significantly
associated with cardiovascular mortality and stroke ( 16, 17).
Dogan et al showed a relationship between higher GGT concentra-
tions and coronary atherosclerosis (18). Shankar et al found a
positive association between GGT level and peripheral arterial
atherosclerosis (19). Moreover, serum GGT activity was associ-
ated with carotid atherosclerosis (20).

Although the relationship between GGT and atherosclerosis
is well known, the exact mechanisms underlying the relation be-
tween GGT and atherosclerosis remain unclear. Possible causes
could include some theories. Firstly, GGT is related to many
atherosclerotic risk factors. Previous studies showed that serum
GGT levels were found to be related to hypertension, metabolic
syndrome and DM (1-4). In our study, there was no patient with
hypertension, metabolic syndrome or DM. But despite this, in
our study GGT levels were found to be associated with VBI and
atherosclerotic risk factors such as total cholesterol, LDL choles-
terol, HDL cholesterol and triglyceride. This result may indicate
that GGT is associated with atherosclerosis alone. The other pos-
sible cause may be the relationship between GGT and oxidative
stres. GGT is a catalytic enzyme in the extracellular degradation
of glutathione which is the major thiol antioxidant in the body.
GGT has been shown to be present in the atherosclerotic plaque,
acting as a pro-oxidant factor by increasing production of free
radicals and reactive oxygen species (21, 22). Previous studies
showed that an increase in serum GGT concentrations can be used
as a marker for increased oxidative stress (23). In addition, serum
GGT activities are negatively related with several antioxidants
such as beta carotene and vitamin C, and positively associated
with oxidative stress parameters such as F-2 isoprostanes (2, 24).
Another possible cause may be the relationship between inflam-
mation, CRP and GGT. Atherosclerosis is generally accepted as a
chronic inflammatory disorder (25). The relationship between GGT
and inflammation is well known (26). In the present study, GGT
levels were associated with CRP levels. In paralel with our study,
previous studies have found significant correlations between GGT
and CRP, suggesting that this enzyme represents the expression
of subclinical inflammation (2, 26, 27). In addition to oxidative
stres and atherosclerotic processes, systemic inflammation may
be a bridge for the relationship between VBI and GGT activity.

In coclusion, although the relationship between GGT, stroke,
coronary artery and peripheral arterial disease were evaluated
before, the relation between GGT and VBI has not been studied
so far. We demonstrated a significant correlation between serum
GGT levels and VBI. In addition GGT was an independent risk
factor for the presence of vertebrobasilar system atherosclerosis
and inflammation. By examining GGT levels, early treatment can
be started in patients who were admitted with findings suggest-
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ing VBI such as vertigo, dizziness,etc, and it may be possible to
improve the quality of life of these patients.
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