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Abstract

Backgrounds ~Gamma-glutamyltransferase (GGT) is
an enzyme responsible for the extracellular catabolism
of the antioxidant glutathione and recently implicated
in the pathogenesis of atherosclerosis. Endothelial
dysfunction is a prodromal feature of atherogenesis.
Since oxidative stress is highly present in uremia and
causally linked to endothelial dysfunction, we hypoth-
esized that GGT may be a factor implicated in this
process.
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Methods Serum GGT and C-reactive protein (CRP)
levels, estimated glomerular filtration rate (eGFR),
and 24-h proteinuria were measured in 214 nondia-
betic stages 3—-5 CKD patients. The endothelium-
dependent vasodilatation (FMD) of the brachial artery
was assessed by using high-resolution ultrasound. We
investigated the relationship between FMD and
circulating serum GGT.

Results  Serum GGT levels were negatively associ-
ated with FMD (r = —0.41, p < 0.001) and eGFR
(r=-034, p<0.001) in univariate analysis.
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Multivariate regression analysis showed that the
association between GGT and FMD persisted after
adjustment for age, sex, smoking, renal function
(eGFR), inflammation (CRP), proteinuria, and homeo-
static model assessment index.

Conclusion Circulating GGT levels significantly
associate with endothelial dysfunction, an important
early feature of the atherogenic process. GGT might
be an early marker of oxidative or other cellular stress
that it is possibly directly related to the pathogenesis of
endothelial dysfunction.

Keywords Chronic kidney disease - Endothelial
dysfunction - Gamma-glutamyltransferase

Introduction

Cardiovascular diseases are a major cause of morbid-
ity and mortality in patients with chronic kidney
(CKD) [1]. The mechanisms underlying the increased
cardiovascular risk of CKD are not fully explained, but
endothelial damage is generally considered a pivotal
step in the development of atherosclerosis and
subsequent cardiovascular complications [2—4].
Indeed, endothelial dysfunction, as determined by
the dilation of the brachial artery following transient
occlusion, strongly predicts cardiovascular events
independently of arterial pressure levels and other
traditional and non-traditional risk factors [5, 6].
Among several relevant contributors to the nearly
ubiquitous ED, oxidative stress (also greatly increased
in CKD) is an important disruptor of endothelial
function in CKD patients [3].

Gamma-glutamyltransferase (GGT) is an enzyme
expressed intracellularly in virtually all tissues; the
liver being the major source of circulating GGT levels
[7]. GGT is responsible for the extracellular catabo-
lism of the antioxidant glutathione (GSH) allowing for
precursor amino acids to be assimilated and reutilized
for intracellular GSH synthesis. Paradoxically, some
experimental reports also suggest that cellular GGT
may in itself be involved in the generation of reactive
oxygen species [8, 9] and altogether a number of
epidemiological studies suggest that serum GGT even
within its normal range might be an early and sensitive
enzyme related to oxidative stress [10].
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In clinical practice, an increased serum GGT
enzyme activity is conventionally interpreted as a
marker of alcohol abuse and liver dysfunction. How-
ever, increasing number of prospective studies shows
that serum GGT activity directly relates to an
increased risk of death, major vascular and non-
vascular outcomes, hypertension and diabetes, even
after adjustment for alcohol consumption and estab-
lished risk factors [11-20]. Additionally, well-pow-
ered studies have also suggested GGT as a predictor of
incident CKD and/or incident microalbuminuria in
populations with manifest hypertension or diabetes
[21-23]. A study by Postorino et al. [24] demonstrated
that GGT levels are important predictors of mortality
in dialysis patients. In some of the above-mentioned
studies, further adjustments for liver disease and
markers of viral hepatitis did not affect the results.
Thus, viral hepatitis and alcohol consumption are
unlikely to fully explain these associations, supporting
the hypothesis that GGT reflects oxidative stress or
other pathogenic pathway involved in the process of
atherogenesis [25]. Oxidative stress is a prominent
feature in uremia and a causal agent in the develop-
ment of endothelial dysfunction and atherosclerosis
[26]. We hypothesized that circulating GGT is related
to endothelial dysfunction in CKD 3—4 patients. The
present study therefore aims to characterize GGT
levels in nondiabetic patients with CKD and investi-
gate plausible associations with flow-mediated dila-
tion (FMD), taken here as a surrogate of endothelial
dysfunction.

Materials and methods
Population

Subjects included in this cross-sectional study were
prevalent patients with CKD 3-5 referred to the
Nephrology outpatient clinics of Gulhane School of
Medicine (Ankara, Turkey) between May 2005 and
May 2010. All patients received for the first time a
diagnosis of CKD, and estimated glomerular filtration
rate (eGFR) was calculated by the simplified version
of the Modification of Diet, in Renal Disease formula
as defined by Levey et al. [27]. Patients taking renin—
angiotensin system blockers, oral contraceptives and
anticonvulsants, and consuming alcohol were
excluded from the study. Patients with established
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atherosclerotic complication (coronary artery disease,
congestive heart failure, or peripheral vascular dis-
ease), nephrotic syndrome, diabetes mellitus, cirrho-
sis, cholestatic jaundice and on dialysis were neither
included in order to reduce confounders that may
influence the association between GGT and endothe-
lial function. After exclusion criteria, 214 nondiabetic
CKD patients were eventually selected for the study.
Body mass index (BMI) (weight in kilograms divided
by height in meters squared) was calculated for each
subject.

Blood pressure measurements

A physician measured the arterial blood pressure three
times after a 15-min resting period in the morning, and
mean values were calculated for systolic blood
pressure (SBP) and diastolic blood pressure (DBP)
for all participants. Hypertension was defined as
SBP > 140 mmHg or DBP > 90 mmHg on repeated
measurements or the use of antihypertensive drugs.

Laboratory measurements

Blood samples (6-8 ml) from venous blood were
collected in the morning between 8:00 a.m. and 9:00
a.m., after an overnight fast from all patients. After
clot formation, the samples were centrifuged
(4,000 rpm) at room temperature for 10 min. The
serum samples were stored at —80 °C until the time of
the assay. In all patients, we measured fasting serum
GGT, glucose, low-density lipoprotein (LDL) choles-
terol, s-albumin, high-sensitivity C-reactive protein
(hsCRP), urea, creatinine, and proteinuria by using
original kits. The normal reference value of the serum
GGT level for a healthy subject was 5-65 U/L in our
laboratory. Twenty-four-hour urine collection was
performed 3 times, and the average of three 24-h
proteinuria measurements was taken as representative
of each participant 24-h protein excretion rate. Basal
insulin level was measured by the coated tube method
(DPC-USA), and an insulin resistance score homeo-
stasis model assessment-insulin resistance (HOMA-
IR) was calculated [28].

Brachial artery measurements

The endothelium-dependent vasodilatation (FMD) of
the brachial artery was assessed by using high-

resolution ultrasound according to the method of
Celermajer et al. [29]. Measurements of FMD were
made by a single observer using an ATL 5000
ultrasound system (Advanced Technology Laborato-
ries, Bothell, WA) with a 12-MHz probe. All vasoac-
tive medications were withheld for 24-h before the
procedure. The subjects remained at rest in the supine
position for at least 15 min before the examination
started. The participant’s arm was comfortably immo-
bilized in the extended position to allow consistent
recording of the brachial artery 2—4 cm above the
antecubital fossa. Three adjacent measurements of
end-diastolic brachial artery diameter were made from
single two-dimensional frames. All ultrasound images
were recorded on S-VHS videotape for subsequent
blinded analysis. A pneumatic tourniquet was inflated
to 200 mmHg with obliteration of the radial pulse.
After 5 min, the cuff was deflated. Flow measure-
ments were made at 60 s after deflation. The maxi-
mum FMD dilation diameters were calculated as the
average of the three consecutive maximum diameter
measurements. The FMD was then calculated as the
percentage change in diameter compared with base-
line resting diameters. All measurements were per-
formed by a single investigator blinded to clinical and
biochemical data of the patients. Intraobserver vari-
ability for brachial artery measurements was 3 %.

Statistical analyses

All analyses were conducted using SPSS 15.0 (SPSS
Inc., USA). Unless otherwise stated, all data are
presented as mean = standard deviation (SD). The
groups were compared using the Student’s #-test for
continuous variables and chi-squared test for cate-
gorical variables. Pearson’s coefficient of correlation
analyses were used to test univariate relations. The
nonparametric Spearman’s rho coefficient of corre-
lation was used to assess correlations between
variables with non-normal distribution. Significant
determinants identified from this analysis were
studied in a stepwise multiple regression model
using the F statistics. All variables associated with
these parameters with a level of significance <0.1
were included in the tested model. Variables were
forced in the model using a stepwise procedure. A
p <0.05 for the final model was considered as
statistically significant.
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Results

A total of 214 newly diagnosed stages 3-5 CKD
patients were included in the study. Seventy-seven
(36 %) patients had stage 3 CKD, 63 (29.4 %) stage 4
CKD, and 74 (34.6 %) stage 5 CKD. None of the
patients had acute infection at the time of the study. As
per protocol, 190 (89 %) patients were not using any
antihypertensive drug, 20 (9.3 %) patients were using
calcium channel blocker, 2 (0.9 %) patients were
using beta-blocker, and 2 (0.9 %) patients were using
loop diuretics. None of the patients were on treatment
with erythropoietin-stimulating agents. Demographics
of the patients were shown in Table 1.

The mean serum GGT level in this population was
39.7 £ 16.4 U/L (range 12.9-92.5 U/L). We divided
the patients into two groups according to median
serum GGT level (34.1 U/L). Age, gender, BMI,
hypertension, and smoking status were similar in both
groups (Table 1). Blood pressure, hsCRP, LDL-cho-
lesterol, glucose, and s-albumin levels were also
similar (Table 2). Proteinuria and eGFR were signif-
icantly higher, and HOMA-IR was significantly lower
in the patients with GGT below the median value.
Also, FMD levels were significantly higher in patients
with low GGT as compared with those with high GGT
(6.7 £ 0.8 vs 6.0 £ 0.9, p < 0.0001).

Correlation analysis

Serum GGT levels were closely associated with FMD
(r=-041,p < 0.001, Fig. 1) and eGFR (r = —0.34,
p < 0.001), but were not related to age, BMI, blood
pressure, HOMA-IR, LDL-cholesterol, hsCRP, or
proteinuria.

To determine the independent contribution of
serum GGT level to FMD variance, we constructed a
series of multiple regression models based on

traditional and non-traditional risk factors. All param-
eters that significantly correlated with the FMD, as
well as other risk factors considered physiologically as
potentially relevant for FMD, were introduced in a
standard multivariate regression analysis with a three
step procedure, using the enter method (Table 3). In a
first step, we evaluated the independent influence of
Framingham risk factors in the association between
serum GGT level and FMD: serum GGT level (f =
—0.40; p < 0.001) and SBP (f = —0.13, p = 0.03)
were the only statistically significant independent
predictors of FMD. In a second step, we further
adjusted for the presence of proteinuria and eGFR, and
this time serum GGT (f = —0.24, p < 0.001) and
eGFR (i = 0.49, p < 0.001) remained as statistically
significant FMD predictors. In a third step, we further
adjusted for the presence of HOMA-IR and hsCRP,
and in this final model, serum GGT (f = —0.26,
p < 0.001),hsCRP (f = —0.13, p = 0.02), and eGFR
(f =042, p <0.001) remained as significant and
independent predictors of FMD.

Discussion

This cross-sectional study demonstrates, for the first
time in CKD and in any other pathology, that serum
GGT levels strongly and inversely associate with
endothelial function as assessed by FMD. Importantly,
this strong inverse association was not confounded by
various traditional and non-traditional cardiovascular
risk factors. The results are compatible with the
hypothesis that the link between GGT and adverse
clinical outcomes depends on the fundamental role of
this enzyme in oxidative stress mechanism(s).
Several biological mechanisms may explain the
association of serum GGT with endothelial function in
our study. GGT has been found in atherosclerotic

Table 1 Demographics of the patients according to median GGT values

Parameters All patients (n = 214) Patients with lower GGT Patients with higher GGT
(n =107) (n =107)

Sex (men) 100 50 50

Age (years) 52 £ 12 524 £ 12 52.1 £ 12

BMI (kg/m?) 259+ 2.7 25942 258 +2

Hypertension (yes/no) 28/186 15/92 13/92

Smokers (1) 93 45 48

GGT gamma-glutamyltransferase, BMI body mass index, no significant differences were found between the groups
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Table 2 Laboratory parameters of the patients according to median GGT values

Parameters All patients Patients with lower GGT Patients with higher GGT p value
(n = 214) (n = 107) (n = 107)

SBP (mmHg) 133 £ 10 132 £ 10 135+ 10 NS

DBP (mmHg) 84 +5 84 +5 84 + 4 NS

HOMA-IR 1.6 £ 0.7 1.6 £ 0.7 1.7 £ 0.6 0.04

eGFR (mL/min/ 26 + 17 33+ 16 20 £ 15 <0.0001
1.73 m?)

Proteinuria (mg/24 h) 1949 £ 1137 2068 + 1153 1830 £ 1114 0.03

hsCRP (mg/L) 20+ 7 19+£6 21 £ 8 NS

LDL-cholesterol 126 £+ 16 125 £ 16 126 + 17 NS
(mg/dL)

Glucose (mg/dL) 95 £ 27 94 + 28 96 + 26 NS

Albumin (g/dL) 40403 40103 39 +£03 NS

GGT (U/L) 39+ 16 27+5 52 £ 13 -

GGT gamma-glutamyltransferase, eGFR estimated glomerular filtration rate, SBP systolic blood pressure, DBP diastolic blood
pressure, HOMA-IR homeostasis model assessment-insulin resistance, ~sCRP high-sensitivity C-reactive protein, NS not significant

100~
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1 |
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o
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|

20—

F 5q Lmear = 0,169

T T T T T T
4.0 5.0 6.0 7.0 8.0 9.0

Flow mediated dilatation (%)

Fig. 1 Linear regression showing the association between
serum GGT levels and FMD in nondiabetic nondialyzed CKD
patients stages 3-5

plaques and suggested to catalyze oxidation of LDL
lipoproteins, contributing to plaque evolution and
rupture [30]. GGT is also present on the surface of
most cell types and is the enzyme responsible for the
extracellular catabolism of the antioxidant glutathi-
one. Circulating GGT has been implicated in the
generation of reactive oxygen species, and evidence
supports its role as a marker of systemic oxidative
stress [10]. In light of this, it is also possible to
hypothesize that the strong association of serum GGT
with endothelial function in our study might be
partially explained by a mechanism related to

oxidative stress [30—32]. This conclusion is indirectly
supported by prospective studies showing a stronger
association of serum GGT with diabetes risk and
vascular outcomes than alanine-aminotransferase
(ALT), which is instead considered a marker of liver
injury but not of systemic oxidative stress [33, 34].
Other recent studies hypothesize that serum GGT
activity can mark exposure to various environmental
pollutants [35, 36]. Cellular GGT is a pre-requisite for
metabolism of GSH conjugates that detoxify xenobi-
otics to mercapturic acid. According to this concept,
serum GGT may increase with increasing exposure to
environmental pollutants, which need to be conjugated
to GSH. This principle nevertheless may also apply to
the detoxification of uremic toxins.

Previous studies reported that GGT associates with
age, obesity, serum cholesterol, blood pressure, and
microalbuminuria [37-39]. In contrast, our study in a
selected population of advanced CKD patients could
not observe such associations. When interpreting these
results, we should first allude to the design of our
study, whose strict exclusion criteria aimed to study
putative and unconfounded associations with endo-
thelial dysfunction. Therefore, our selected population
may not be representative of the average advanced
CKD patients. Additionally, we found an inverse and
significant association between serum GGT level and
eGFR, being plausible that reduced kidney function
per se or retention of other substances alters the overall
redox status in general and/or the synthesis and
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Table 3 Multiple regression models showing the association between GGT and flow-mediated dilatation in CKD 3-5 patients

Model 1 (B, p) (¥ = 0.22) Model 2 (8, p) (* = 0.43) Model 3 (B, p) (¥ = 0.45)

Crude (f, p)
Serum GGT —0.41 (<0.001) —0.40 (<0.001)
Age 0.05 (0.36)
Sex 0.05 (0.42)
Systolic blood pressure —0.13 (0.03)
LDL-cholesterol 0.10 (0.10)
Smoking 0.02 (0.70)
Body mass index 0.04 (0.42)
eGFR
Proteinuria

C-reactive protein
HOMA-IR

—0.24 (<0.001) —0.26 (<0.001)

0.06 (0.21) 0.04 (0.35)
0.04 (0.41) 0.05 (0.27)
—0.06 (0.23) —0.06 (0.23)
0.04 (0.40) 0.05 (0.35)
0.03 (0.55) 0.01 (0.82)
0.04 (0.40) 0.05 (0.28)
0.49 (<0.001) 0.42 (<0.001)
0.05 (0.29) 0.05 (0.31)
—0.13 (0.02)
—0.02 (0.63)

GGT gamma-glutamyltransferase, ¢eGFR estimated glomerular filtration rate, HOMA-IR homeostasis model assessment-insulin

resistance, AsCRP high-sensitivity C-reactive protein

extracellular deposition of GGT in particular. Further
studies are needed to clarify this issue. Additional
limitations include the lack of screening for hepatitis C
antibodies and the cross-sectional nature of our
analysis, which cannot preclude causality in these
associations. Thus, we cannot rule out the possibility
that increased ectoplasmic GGT may be the conse-
quence of intracellular stress in the disturbed endo-
thelium. Nevertheless, the current understanding of
the atherogenic process contemplates oxidative stress
as an initiating insult in the disturbances that lead to
the atheromatous plaque formation [3, 4, 32].

In conclusion, this study in advance CKD patients
demonstrates that serum GGT level is strongly asso-
ciated with endothelial dysfunction, an important early
feature of the atherogenic process. Overall, the current
evidence suggests that increased serum GGT activity
might be a marker rather than a true causal risk factor
for vascular outcomes. Thus, we speculate that serum
GGT might be an early marker of oxidative or other
cellular stress and that it is possibly directly related to
the pathogenesis of endothelial dysfunction. Still,
serum GGT activity remains a non-specific laboratory
test, but our study evidences its potential as an
inexpensive marker to monitor endothelial dysfunc-
tion and ultimately cardiovascular risk. A recently
described methodology based on gel filtration chro-
matography permitted quantification of four GGT
fractions of different molecular weight in the plasma
of healthy volunteers [40]. Plasma GGT fraction
analysis could improve the specificity of current GGT
assays, contributing to a better understanding of the

@ Springer

complex links between this enzyme and vascular
outcomes.
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