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Abstract
Objective: To investigate the correlation between gamma-
glutamyltransferase (GGT) and remnant-like particle choles-
terol (RLP-C) in dyslipidemic patients. Subjects and Meth-
ods: General cardiometabolic variables, plus serum GGT and
RLP-C levels, were measured in 118 dyslipidemic patients (59
males, mean age 58 * 13 years). Correlation analyses of GGT
with other variables, including RLP-C, were performed. Re-
sults: The median levels (interquartile ranges) of RLP-C and
GGT were 0.21 mmol/1(0.14-0.35) and 26 1U/I (17-39), respec-
tively. A stepwise multiple regression analysis revealed an
independent, significant and positive correlation between
GGT and RLP-C (3 = 0.351, p < 0.001), followed by male gen-
der and BMI. Conclusion: There was a significant positive as-
sociation between GGT and RLP-C, thereby indicating that
the association between GGT and cardiovascular disease
may be partly due to the interaction with RLP-C in dyslipid-
emic patients. Further research is therefore warranted to
confirm the observed relationship.
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Introduction

Gamma-glutamyltransferase (GGT) is commonly
used as an enzyme marker of liver dysfunction (i.e. fatty
liver) [1]. The GGT is also known as an emerging risk
marker for cardiovascular disease (CVD), regardless of
gender [2-4]. Although it remains unclear whether GGT
is an innocent bystander or a causal contributor to CVD
[2, 3], it is known that GGT participates in glutathione
metabolism with the extracellular degradation of the an-
tioxidant glutathione, GSH, possibly exerting an oxida-
tive stress-related function [2, 3]. In addition, GGT is as-
sociated with lipid abnormalities [4]; thus, the predictive
value of GGT for CVD may be assumed to be linked to
lipid metabolism.

Remnant-like particle cholesterol (RLP-C) has re-
ceived a lot of attention as a residual CVD risk marker
besides the traditional CVD risk factors [5, 6]. Remnant-
like particles can be taken up by macrophages (forming
foam cells), stimulate endothelial cells to express mono-
cyte-specific chemotactic factor, and increase monocyte
adhesion to the endothelium, thereby leading to athero-
sclerosis [5]. RLP-C reflects in vivo remnant lipoprotein/
lipid metabolism (remnant particles of chylomicron and
very-low-density lipoprotein in particular) in relation to
the liver function [7]. Although one would expect some
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association between RLP-C and GGT given their involve-
ment in the liver pathophysiology, their associations have
scarcely been examined. The aim of the present study was
to investigate the association between GGT and RLP-C
in dyslipidemic patients.

Subjects and Methods

A total of 118 dyslipidemic patients (59 male and 59 female,
meanage 58 * 13 years (range 30-80)) were enrolled in this study
among patients presenting at our clinic and in the health care set-
ting. Dyslipidemia was diagnosed according to the guidelines of
the Japan Atherosclerosis Society (circulating concentrations of
LDL cholesterol (LDL-C) =3.64 mmol/l, triglycerides (TG)
=1.69 mmol/l, high-density lipoprotein cholesterol (HDL-C)
<1.04 mmol/l). The inclusion criteria were nonsmokers, non-al-
cohol drinkers, and patients not taking current medications. The
exclusion criteria were individuals who were pregnant, had acute
infections or had a past history of cardio-/cerebrovascular, thy-
roid, collagen, kidney or viral liver diseases. The study was ap-
proved by the Kyoto Medical Center Ethics Committee, and all
subjects gave their informed consent for participation.

The BMI was calculated as the weight divided by the height
squared. The systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured in the right arm in a seated posi-
tion using a mercuric sphygmomanometer with appropriate size
cuffs. After an overnight fast, serum lipid panels, such as LDL-C,
TG and HDL-C, plasma glucose and alanine aminotransferase
(ALT) levels were measured with enzymatic methods. GGT was
measured with an enzyme kinetic assay using L-y-glutamyl-3-
carboxy-4-nitroanilide as a substrate [8]. RLP-C was measured
with a homogeneous assay, where the cholesterol levels in rem-
nants were assayed with the use of polyoxyethylene-polyoxybu-
tylene block copolymer and phospholipase-D in the presence of
cholesterol esterase and cholesterol oxidase [6].

The data are expressed as the means * SDs for parametric
variables or the medians (interquartile ranges) for nonparametric
variables. The parametric or nonparametric variables were deter-
mined based on Shapiro-Wilk and Kolmogorov-Smirnov analy-
ses as well as the distribution figures of variable values. Differ-
ences between the groups were compared using unpaired t test.
Pearson’s correlation test (coefficient r) for the univariate rela-
tionship and a (stepwise) multiple linear regression analysis ad-
justed for all measured variables were utilized to examine the cor-
relation between GGT and the measured variables, including
RLP-C. The values of TG, RLP-C, ALT and GGT (as nonparamet-
ric variables) were log-transformed for these correlation analyses
because of their skewed distributions. Spearman’s rank correla-
tion test (coefficient p) was also utilized for a univariate analysis
of the relationship for nonparametric variables. In addition, a sub-
group analysis by glucose states (hyperglycemic state defined as
=7.0 mmol/l of fasting plasma glucose level [9, 10]) was similarly
performed in 26 patients (males 6, females 20) with a mean age of
61 * 11 years. This was compared to 92 patients (males 53, fe-
males 39) with a mean age of 57 % 13 years who were not in a
hyperglycemic state. p < 0.05 was considered statistically signifi-
cant. The analyses were carried out using the SPSS® statistical
package, version 16.0 (SPSS Inc., Chicago, Ill., USA).
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Table 1. Correlation of each variable with GGT

r (p value) B (p value)
Age, years -0.133 (0.151) not extracted
Gender, male 0.439 (<0.001)  0.268 (0.001)
BMI, kg/m2 0.389 (<0.001)  0.223 (0.005)
SBP, mm Hg 0.039 (0.672) not extracted
DBP, mm Hg 0.201 (0.030) not extracted

not extracted
not extracted
not extracted
not extracted
0.351 (<0.001)

LDL cholesterol, mmol/l
Triglycerides, mmol/l
HDL cholesterol, mmol/l
Plasma glucose, mmol/l
RLP cholesterol, mmol/l

0.034 (0.719)
0.487 (<0.001)
-0.317 (<0.001)
0.171 (0.063)
0.515 (<0.001)

The data are expressed as r (Pearson’s correlation coefficient)
and B (regression coefficient by a stepwise multiple regression
analysis adjusted for all listed variables). The GGT, triglycerides
and RLP cholesterol values were analyzed after log-transforma-
tion because of their skewed distributions. Significance level: p <
0.05.

Results

The mean/median levels of the measured variables
were as follows: BMI24.1 + 3.5kg/m% SBP 136 * 21 mm
Hg; DBP 79 * 11 mm Hg; LDL-C 4.17 % 0.79 mmol/];
TG 1.44 (1.03-2.47) mmol/l; HDL-C 1.62 * 0.49 mmol/];
RLP-C0.21 (0.14-0.35) mmol/l, and GGT 26 (17-39) IU/L

The correlations between the GGT level and other
variables are listed in table 1. Pearson’s correlation test
showed that the GGT level was significantly and posi-
tively correlated with male gender, BMI, DBP, TG and
RLP-C, while it was significantly and inversely correlat-
ed with HDL-C. Spearman’s rank correlation test also
showed the GGT level to correlate significantly and posi-
tively with TG (p = 0.486, p < 0.001) and RLP-C (p =
0.500, p < 0.001).

A subsequent stepwise multiple linear regression anal-
ysis for GGT revealed that there was an independent, sig-
nificant and positive correlation between GGT and RLP-
C, followed by male gender and BMI (table 1). There was
an independent, significant and positive correlation be-
tween GGT and RLP-C (3 = 0.385, p < 0.001), followed
by male gender (8 =0.309, p = 0.001) and BMI (8 = 0.233,
p = 0.008), when the multiple linear regression analysis
for GGT was performed in a forced entry method of ad-
justment with all measured variables of age, gender, BMI,
SBP, LDL-C, HDL-C, glucose and RLP-C (SBP and RLP-
C only were entered into this model because of a close
colinearity with DBP (for SBP, r = 0.750, p < 0.001) and
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Table 2. Correlation of each variable with GGT according to the fasting plasma glucose levels

Glucose <7.0 mmol/l (n = 92)

Glucose >7.0 mmol/l (n = 26)

B (p value)

r (p value)

B (p value)

r (p value)
Age, years -0.116 (0.272)
Gender, male 0.446 (<0.001)
BMI, kg/m? 0.332 (0.001)
SBP, mm Hg 0.007 (0.949)
DBP, mm Hg 0.130 (0.216)

LDL cholesterol, mmol/l
Triglycerides, mmol/l
HDL cholesterol, mmol/l

~0.393 (<0.001)
0.393 (<0.001)
0.400 (<0.001)

not extracted
0.332 (<0.001)
0.210 (0.021)
not extracted
not extracted
not extracted
not extracted
not extracted
not extracted

~0.300 (0.136)
0.291 (0.150)
0.470 (0.015)

-0.111 (0.590)
0.268 (0.185)
0.146 (0.477)

not extracted
not extracted
0.220 (0.176)
not extracted
not extracted
not extracted

~0.009 (0.935)
0.427 (<0.001)

Plasma glucose, mmol/l
RLP cholesterol, mmol/l

0.289 (0.002)

0.686 (<0.001) not extracted
-0.219 (0.282) not extracted
0.138 (0.500) not extracted
0.696 (<0.001) 0.605 (0.001)

The data are expressed as r (Pearson’s correlation coefficient) and 3 (regression coefficient by a stepwise multiple regression anal-
ysis adjusted for all listed variables). The GGT, triglycerides and RLP cholesterol values were analyzed after log-transformation because

of their skewed distributions. Significance level: p < 0.05.

TG (for RLP-C, r =0.802, p<0.001; p = 0.800, p <0.001),
respectively).

In addition, the subanalysis by glucose states showed
that the patients in a hyperglycemic state (0.30 (0.21-
0.65) mmol/l) exhibited a significantly higher RLP-C
level than those that were not in a hyperglycemic state
(0.18 (0.13-0.32) mmol/l, p = 0.018). The patients in a hy-
perglycemic state tended to show a higher GGT level (24
(16-37) IU/1) relative to those that were not in a hyper-
glycemic state (34 (21-40) IU/L, p = 0.061). The correla-
tions between the GGT level and other variables by glu-
cose states are listed in table 2. Pearson’s correlation test
showed that the GGT level was significantly and posi-
tively correlated with male gender, BMI, TG, HDL-C and
RLP-C, and it was significantly and inversely correlated
with LDL-C in the patients that were not in a the hyper-
glycemic state, while the GGT level was significantly and
positively correlated with BMI, TG and RLP-Cin the pa-
tients in a hyperglycemic state. Spearman’s rank correla-
tion test also showed that the GGT level was significant-
ly and positively correlated with TG (p = 0.399, p <0.001
in the patients who were not in a hyperglycemic state;
p = 0.582, p = 0.002 in the patients in a hyperglycemic
state) and RLP-C (p = 0.402, p<0.001 in the patients who
were not in a hyperglycemic state; p = 0.631, p = 0.001 in
the patients in a hyperglycemic state). A subsequent step-
wise multiple linear regression analysis revealed an in-
dependent, significant and positive correlation between
GGT and RLP-C, male gender or BMI in the patients that
were not in a hyperglycemic state, while there was an in-

RLP-C and y-GT in Dyslipidemic
Patients

dependent, significant and positive correlation between
GGT and RLP-C in the patients in a hyperglycemic state
(table 2). When a multiple linear regression analysis was
performed in a forced entry method of adjustment with
all measured variables as aforementioned similarly, there
was an independent, significant and positive correlation
between GGT and RLP-C (B = 0.310, p = 0.003), male
gender (3 =0.349, p=0.001) or BMI (8 = 0.240, p = 0.018)
in the patients who were not in a hyperglycemic state,
while an independent, significant and positive correla-
tion was seen between GGT and RLP-C (3 = 0.700, p =
0.003) in the patients in a hyperglycemic state.

Furthermore, the median level of ALT was 19 (14-26)
IU/lin all of the patients. The GGT level significantly and
positively correlated with ALT (r = 0.550, p < 0.001; p =
0.551, p<0.001). The ALT level was significantly and pos-
itively correlated with RLP-C (r = 0.345, p < 0.001; p =
0.500, p <0.001). Using the ALT level, instead of GGT, as
adependent variable, a multiple linear regression analysis
(as aforementioned) showed no significant correlation
between ALT and RLP-C according to a stepwise model
(not extracted) or a forced entry model of adjustment
with all variables (B = 0.140, p = 0.164).

Discussion
The present study demonstrated that GGT was in-

dependently, significantly and positively associated with
RLP-C in dyslipidemic patients. The significant correla-
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tion of GGT with male gender and BMI was expected
based on previous studies [2, 4]. The significant correla-
tion between GGT and RLP-C suggests that the link be-
tween the GGT level and the development of CVD may
be, in part, due to its association with RLP-C in these pa-
tients. This finding is considered to be important and
valuable since the roles of GGT on the incidence of CVD
have not yet been completely elucidated [2, 3].

The precise mechanisms responsible for the relation-
ship between the GGT level and RLP-C are unclear, but
GGT is presumably correlated with RLP-C. Hepatic dys-
function leads to hepatic overproduction of remnant par-
ticles [7]. In fact, hypertriglyceridemia and existing tri-
glyceride-rich lipoproteins, partly linked with the metab-
olism of remnants, can be significantly related to elevated
GGT or fatty liver [11], although it has been debated
whether (nonalcoholic) fatty liver is closely associated
with GGT [4, 11, 12]. Currently, the liver is recognized as
one of the organs that mediates oxidative stress and lipo-
protein/lipid metabolism [13]. The GGT and ALT levels
showed nearly normal ranges in the present study pa-
tients, so even though there was hepatic dysfunction, the
degree was possibly not very severe. Therefore, this indi-
cates that GGT may not have a threshold to increase RLP-
C. In addition, the present study showed that there was
a clear correlation between GGT and RLP-C relative to
the correlation between ALT and RLP-C. Both GGT and
ALT can reflect hepatic dysfunction, but it is suggested
that GGT has a greater influence on atherosclerosis, rela-
tive to AST [14]. Simultaneous consideration of GGT and
RLP-C may be useful to evaluate the pathophysiological
processes of oxidative stress and lipoprotein metabolism
in the liver in association with the development of CVD.
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