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Abstract

(1–5), obesity (5–8) and congestive heart failure (4, 9).
Longitudinal clinical studies show that GGT activity predicts
diabetes (10), development of diabetic complication (11),
and mortality from ischemic heart disease and all causes (4,
5, 12, 13).
But the mechanism by which GGT is associated with cardiovascular disease is not elucidated. Several risk factors for
cardiovascular disease, including body mass index (BMI),
systolic blood pressure (SBP), physical inactivity, serum
triglyceride (TG) and total cholesterol (TC), and fasting
plasma glucose (FPG) (5, 6) have been shown to correlate
with GGT. The correlation may partly explain the association between GGT and cardiovascular disease.
The association between GGT and total homocysteine
(tHcy) has not been reported to date. In the present study we
cross-sectionally analyzed the relationship between GGT and
risk factors for cardiovascular disease including tHcy (14,
15) in middle-aged men.

Objective To elucidate the mechanism of the reported
association between serum 
-glutamyl transferase (GGT)
activity and cardiovascular mortality.
Methods Cross-sectional analysis of the relationship
between serum GGT activity and the risk factors for cardiovascular disease was performed.
Patients and materials Middle-aged Japanese male
personnel of the Self-Defense Forces who underwent
retirement check-up.
Results Serum GGT activity was associated with total
cholesterol, triglyceride, fasting plasma glucose, total
homocysteine and systolic blood pressure. The association remained in the analysis adjusted for possible
confounders including cigarette smoking, ethanol consumption and body mass index.
Conclusion The observed association between serum
GGT and cardiovascular risk factors may partly explain
the reported relationship between serum GGT activity
Methods
and cardiovascular disease. Serum GGT activity may be
regarded as a marker of cardiovascular risk factors or
Middle-aged male personnel of the Self-Defense Forces
oxidative stress rather than a mere indicator of excessive (SDFs) who underwent retirement check-up were studied
ethanol consumption or obesity.
(age 51–59, n=974). Serum TC, triglyceride, GGT and tHcy,
(Internal Medicine 44: 538–541, 2005)
and SBP were measured and BMI was calculated. Blood
sample was collected early in the morning. Plasma tHcy was
Key words: 
-glutamyl transferase, cardiovascular risk fac- measured using a fluorescence polarization immunoassay kit
tor, glucose, cholesterol, homocysteine, blood (Abbott IMxTM Homocysteine, Dainabot, Tokyo, Japan) (16).
pressure
Information about cigarette smoking, drinking habit and
physical activity was obtained using a self-administered
questionnaire. The average number of cigarettes smoked per
day was asked. Daily consumption of ethanol was calculated
from the information about type and volume of alcoholic
Introduction
beverage consumed. Physical activity was presented as the

-Glutamyl transferase (GGT) is used as a sensitive indi- average frequency of physical activity (causing sweat) per
cator of hepatobiliary disorders including alcohol-related week. The frequency was significantly correlated with the
liver disease and fatty liver. Serum GGT activity is also asso- duration of both moderate and high intensity exercise in the
ciated with other pathological conditions, such as diabetes population studied. Informed consent was obtained in order
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Table 1. Characteristic of the Middle-aged Men Studied
to participate in the study. The study protocol was approved
by the Ethical Committee of the SDFs Central Hospital.
Number of cigarettes smoked
10.5±12.5/day
Means and standard deviation according to potential
Frequency of exercise
covariates were calculated. For continuous variables, categosufficient to induce a sweat
2.3±2.2/week
ries were defined as quartiles according to the distribution
Ethanol consumption
35±31 ml/day
across the entire study population. Subjects were categorized
Body mass index
23.6±2.4 kg/m2
by quartiles of levels of cardiovascular risk factors. Actually,
Serum 
-glutamyl transferase*
42 [21–84] IU/l
subjects were divided according to each variable, into four
Serum total cholesterol
213±33 mg/dl
groups such that the number in each group was similar; there
Serum creatinine
0.86±0.13 mg/dl
Plasma fasting glucose
101±13 mg/dl
were no overlapping of categories. For quartiles of continuPlasma homocysteine
9.6±2.8 mol/l
ous variables, a trend test consisted of assessing the signifiSystolic
blood
pressure
122±13 mmHg
cance of the regression coefficient corresponding to the
ordinal variables in the model. All analyses for GGT were
Values are mean±SD (n=974). *Geometric mean [95% confidence
done on logarithm of GGT, and the results were transformed interval].
back to the original scale. Thus, geometric means were used
for GGT. The 95% confidence interval of the geometric
mean was found by taking the antilogarithm of the 95% confidence interval of logarithm of GGT. The age was not taken
into account in the analysis since the age ranged from 51 to
59 years in the study population. To elucidate the possible
confounding effects of lifestyle factors, univariate regression
analysis was undertaken with GGT as the dependent variable, and cigarette smoking, physical activity, ethanol consumption and BMI as independent variables. Descriptive
data were expressed as mean±SD. Statistical analysis was
performed with the statistical program Stat View ver. 5.0.

Results
Characteristics of the population studied are shown in
Table 1. Serum GGT values did not show normal distribution (Fig. 1). Serum GGT activity was associated positively
with cigarette smoking, ethanol consumption and BMI but
not with physical activity in a simple regression analysis
(Table 2). Serum GGT activity [geometric mean (95% confidence interval)] of current smokers was significantly higher
than that of non-current smokers [44 (21–91) IU/l vs 40 (20–
78) IU/l, p=0.019].
The association between serum GGT activity and quartiles of cardiovascular risk factors is presented in Table 3. A
significant positive association between serum GGT activity Figure 1. Distribution of serum -glutamyl transferase activity.
and TC, TG, FPG, tHcy and SBP was observed. The associa- Inset: Detailed distribution of the 24 subjects with a level of
tion was also observed in the analysis adjusted for lifestyle- over 200 IU/l.
associated confounders including cigarette smoking, ethanol
consumption, physical activity and BMI (Table 3).

Discussion

Table 2. Simple regression analysis of the correlation between
serum 
-glutamyl transferase (logarithm) and lifestyle
factors

In the present study tHcy correlated with GGT activity. It

has been shown that plasma tHcy is correlated with serum
Number of cigarettes smoked, /day
0.104
GGT activity in recipients of liver transplantation in
Frequency
of
exercise,
/week
–0.043
univariate analysis but not in multivariate analysis (17).
Ethanol consumption, ml/day
0.327
Cigarette smokers show elevated tHcy levels and GGT activBody mass index, kg/m2
0.196
ity. But, the correlation between tHcy and GGT activity does
not seem to be simply explained by cigarette smoking, since n=974. The logarithm of 
-glutamyl transferase is the
the correlation remained significant after adjustment for the variable. , standard regression coefficient.
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P value
0.001
0.176
<0.001
<0.001
dependent
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Table 3. Serum 
-glutamyl transferase activity (geometric mean [95% confidence interval]) by
quartiles of cardiovascular risk factors
Quartile
P for trend
TC, mg/dl
Case, n
GGT, IU/l
TG, mg/dl
Case, n
GGT, IU/l
FPG, mg/dl
Case, n
GGT, IU/l
tHcy, mol/l
Case, n
GGT, IU/l
SBP, mmHg
Case, n
GGT, IU/l

1

2

3

4

–189
243
35 [18–36]
–94
246
32 [16–63]
–93
232
33 [18–61]
–7.89
240
39 [21–73]
–112
235
31 [17–56]

190–212
246
39 [20–78]
95–126
242
37 [20–68]
94–98
255
39 [21–73]
7.90–9.10
253
39 [21–75]
113–121
266
41 [21–84]

231–235
238
45 [22–94]
127–169
241
45 [24–86]
99–104
232
40 [21–74]
9.11–10.69
234
43 [21–88]
122–130
241
45 [22–93]

236–
247
48 [24–96]
170–
245
56 [27–115]
105–
255
54 [24–121]
10.70–
247
45 [21–97]
131–
232
52 [26–104]

<0.001
0.001*
<0.001
<0.001*
<0.001
<0.001*
0.015
0.009*
<0.001
<0.001*

*P values: adjusted for daily ethanol consumption, daily number of cigarettes smoked and body mass
index. TC: total cholesterol, TG: triglyceride, FPG: fasting plasma glucose, tHcy: total homocysteine,
SBP: systolic blood pressure.

number of cigarettes smoked and other lifestyle factors
(Table 3). Furthermore, it remains to be significant in a
stratified analysis confined to non-smokers (data not shown).
Alcohol abuse is associated with higher levels of tHcy (18),
but the relationship between tHcy levels and GGT activity
may not be explained by alcoholism since alcoholics were
not included in the present study. As far as we know, this is
the first report which showed the positive association between tHcy levels and GGT activity in a relatively healthy
population. This finding may partly explain the mechanism
by which GGT activity predicts cardiovascular disease.
Free radical production leads to depletion of glutathione,
induces the expression of GGT in liver (19) and subsequently elevates serum activity of GGT (20). It has been
shown that GGT counteracts oxidative stress by breaking
down extracellular glutathione and making component
amino acids of glutathione available to the cells (20) and
GGT inhibits tHcy-induced LDL oxidation in vitro (21).
Homocysteine is a prooxidant. Thus, the prooxidant property
of tHcy might explain the association between tHcy and
GGT. Increased 
-GT might reflect a counter-reaction of
human bodies against increased oxidative stress. The association between tHcy and direct markers of oxidative stress,
however, must be investigated before proposing the hypothesis. In the present study TC, TG, FPG and SBP were also
correlated with GGT. Interestingly these factors are implicated for the free radical production (21–26).
Alternatively, elevation of GGT might precede tHcy elevation. It has been shown that GGT shows a prooxidant
property at the extracellular level, while GGT exerts a
540

protective effect at intracellular levels (20). Although the
mechanism has not been elucidated, GGT elevation precedes
the occurrence of diabetes (10) and cardiovascular disease
(4, 5). In this homology, GGT might precede tHcy elevation,
but to clarify this, a prospective cohort study is necessary.
In conclusion, a significant association was observed between serum GGT activity and the cardiovascular risk factors studied including TC, TG, FPG, tHcy and SBP,
independent of lifestyle factors.
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