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bstract

The clinical importance of �-glutamyltransferase (GGT) has recently been debated. Although some studies have suggested that the rela-
ionship between GGT and cardiovascular disease (CVD) mortality is independent of alcohol consumption, to our knowledge no studies have
eported the relationship between GGT and CVD mortality in never-drinker subgroups. Since Japanese women are known to have a lower
revalence of alcohol consumption, we examined whether GGT predicts CVD mortality in never-drinkers. We followed 2724 Japanese men and
122 Japanese women without prior CVD or liver dysfunction for 9.6 years and observed 83 and 82 CVD deaths, respectively. Current alcohol
rinkers comprised 59% of men and 7% of women. Among women, the multiple adjusted hazard ratio (HR) for CVD mortality compared
ith the reference group (GGT: 1–12 U/L) was 2.88 (95% confidence interval (CI), 1.14–7.28) for the elevated group (GGT ≥ 50 U/L). This
ositive relationship was unchanged in the never-drinkers subgroup (HR for log-transformed continuous GGT, 1.62 (95% CI, 1.11–2.37)).
o significant relationships were observed in men. GGT displays a strong positive association with CVD mortality among Japanese women,
or whom the prevalence of ever-drinkers is very low. Exploring the significance and biological mechanisms of GGT might provide useful
nsights into CVD prevention.

2006 Elsevier Ireland Ltd. All rights reserved.
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. Background

Serum �-glutamyltransferase (GGT) is a well-known
nzyme marker of alcohol consumption and liver disease
1]. However, several recent epidemiological studies have

evealed that GGT is a marker of oxidative stress [2], and is
ssociated with several cardiovascular risk factors [3,4]. Fur-
hermore, GGT is predictive of future hypertension, diabetes,
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troke and coronary heart disease (CHD) [5–12]. However,
ost studies investigating relationships between GGT and

troke, CHD and cardiovascular disease (CVD) mortality
9–13] have either not adjusted for alcohol consumption,
ince GGT was used as a marker of alcohol consumption
10,11] or did not obtain baseline alcohol information
12]. Although GGT might represent an important and

ndependent risk factor for CVD [9,13], little evidence
as suggested whether GGT itself is predictive of CVD
isease or merely a marker of alcohol consumption. As
he prevalence of alcohol drinking and smoking are very
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ow in Japanese women, particularly in middle to older
ge, analysis of such individuals should clarify whether
GT levels are predictive of CVD mortality even in never-
rinkers.

Our a priori hypothesis was that GGT would predict CVD
ven in never-drinkers. To test this, we analyzed 9.6-year
ollow-up data from the National Survey on Circulatory Dis-
rders, Japan, which was initiated in 1990.

. Methods and population

.1. Population

Cohort studies of the National Survey on Circulatory Dis-
rders, Japan, were called the National Integrated Project
or Prospective Observation of Non-communicable Disease
nd Its Trends in the Aged (NIPPON DATA). NIPPON
ATA comprised two cohort studies. Baseline surveys were
erformed in 1980 and 1990 (NIPPON DATA80 and NIP-
ON DATA90) [14–16]. The present study analyzed data
rom NIPPON DATA90 [15,16] as the baseline survey from
IPPON DATA80 did not include any measurement of

erum GGT levels. A total of 8384 community residents
3504 men, 4880 women; ≥30-years-old) from 300 ran-
omly selected districts participated in the survey and were
ollowed until November 15, 2000. The overall popula-
ion of ≥30-years-old in all districts was 10,956, and the
articipation rate in this survey was 76.5%. Accordingly,
hese participants were thought to be representative of the
apanese population [16]. Of the 8384 participants, 1538
ere excluded for the following reasons: no baseline GGT
easurement (n = 662), glutamic-oxaloacetic transaminase

GOT) level ≥50 U/L, glutamic pyruvic transaminase (GPT)
evel ≥50 U/L (n = 519), history of coronary heart disease
r stroke (n = 209), no measurement of confounding fac-
ors (n = 3) and participants for whom follow-up informa-
ion could not be obtained because of incomplete residential
ccess information at the first survey (n = 145). The remaining
846 participants (2724 men, 4122 women) were included in
he analysis.

.2. Follow-up survey

Underlying causes of death for the National Vital Statistics
ere coded according to the 9th International Classification
f Disease (ICD-9) for deaths occurring up to the end of
994 and according to the 10th International Classification
f Disease (ICD-10) for deaths occurring from the begin-
ing of 1995. Details of the classification used in the present
tudy have been described elsewhere [14]. Permission to
se National Vital Statistics was obtained from the Manage-

ent and Coordination Agency of the Japanese Government.
pproval for this study was obtained from the Institutional
eview Board of Shiga University of Medical Science (No.
2–18, 2000).
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.3. Baseline examination

Non-fasting blood samples were obtained and serum
as separated and centrifuged soon after blood coagulation.
lasma samples were also obtained in a siliconized tube con-

aining sodium fluoride. All samples were shipped to the same
aboratory (SRL, Tokyo, Japan) for blood measurements.

GGT was measured using 3-carboxyl-4-nitroanilide
ubstrate methods. GOT and GPT were measured using
ltraviolet methods. Serum total-cholesterol and triglyc-
rides (TG) were measured enzymatically. High-density
ipoprotein cholesterol (HDL-C) was measured by the
recipitation method using heparin-calcium. Lipid measure-
ents were standardized using the Lipids Standardization
rogram from the Centers for Disease Control/National
eart, Lung and Blood Institute [17]. Plasma glucose was

lso measured enzymatically. Diabetes was defined as serum
lucose ≥200 mg/dL and/or self-reported history of diabetes.
aseline blood pressures (BP) were measured by trained
bservers using a standard mercury sphygmomanometer on
he right arm of the seated subject. Body mass index (BMI)
as calculated as weight in kilograms divided by the square
f height in meters. Public health nurses obtained informa-
ion on smoking, use of antihypertensive agents and medical
istories. For alcohol consumption, public health nurses
ategorized participants into the following drinking habit
ategories based on questioning: never-drinkers, ex-drinkers,
urrent drinkers. Current drinkers were defined as drinking
3 days/week and consuming ≥1 gou per drinking occasion.

f the participant was a current drinker, the nurse also asked
hem the amount of alcohol consumption using gou, the
raditional Japanese unit of sake, per drinking occasion. For
ake, 1 gou (180 mL) is equivalent to 23 g of alcohol, which
s also approximately two measures of whisky (70 mL) or
ne bottle of beer (633 mL) in terms of alcohol content.
abitual exercise was defined as: (1) exercise ≥2 days/week;

2) duration of exercise per exercise session ≥30 min; (3)
ontinuing the habit for ≥1 year. If participants answered that
hey did not have any exercise habit, the nurse asked whether
xercise was unable to be performed due to health reasons.

.4. Statistical analysis

To examine associations between GGT and CVD
ortality, GGT levels were classified into four groups.
hese groups were defined as follows: reference, 1–12 U/L;
oderate, 13–24 U/L; moderate high, 25–49 U/L; elevated,
50 U/L. Basic characteristics were compared among GGT

roups using means for continuous variables and percentages
or dichotomous variables. As the distribution of TG was
ositively skewed, geometric mean (antilogarithm of the
og-transformed mean) was used instead of arithmetic mean.
Crude mortality rates were estimated among groups.
ultivariate-adjusted hazard ratio (HR) and 95% confidence

ntervals (CI) were also estimated among groups. Cox
roportional hazard modeling was used to estimate adjusted
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R of CVD mortality. Models were constructed separately
or men and women. The reference GGT group was treated
s a reference group. Adjustment for confounding factors
as performed using three different approaches in this

tudy. First, we adjusted for age only (Model 1). Second,
e included other possible confounding factors as follows:

ge, HDL-C, total-cholesterol, TG (log-transformed), BMI
<18.5, 18.5–24.9 or ≥25), smoking status (never-smoker,
x-smoker or current smoker), drinking status (never-drinker,
x-drinker and current drinker), GOT, GPT and exercise
abit (Model 2). For men, we further categorized current
moking and current drinking into two categories each.
igarette smoking was classified as 1–20 cigarettes/day or
21 cigarettes/day. Current drinking was classified as equal

o drinking 1 gou (23 g of alcohol) per occasion and 2 gou or
ore. Systolic BP, antihypertensive medication and diabetes
ere not included in Model 2. Since GGT is known to predict

uture hypertension and diabetes [5–8], adjusting for BP and

iabetes might represent an over-adjustment. We therefore
reated another model (Model 3) using the same factors as
odel 2 with the addition of systolic BP, use of antihyper-

ensive medication and diabetes. In each model, the HR of

w
l
t
w

able 1
ean and prevalence of baseline characteristics stratified by �-glutamyltransferase

Men

Reference Moderate Moderate h
1–12a 13–24a 25–49a

183 937 913
ge (years) 57.0 54.5 52.9
MI (kg/m2) 20.9 21.9 23.1
otal-cholesterol (mg/dL) 177.6 191.2 202.5
DL-cholesterol (mg/dL) 50.1 50.3 50.3
riglyceride* (mg/dL) 4.5 4.6 4.9
OT (U/L) 20.2 21.5 23.9
PT (U/L) 15.1 18.3 23.2
ystolic BP (mmHg) 131.0 134.8 137.5
iastolic BP (mmHg) 78.9 80.9 83.6
se of antihypertensive medication
(mmHg)

7.1 11.1 14.8

iabetes (%) 6.0 5.2 5.5

moking
Never (%) 26.8 24.1 21.0
Ex-smoker (%) 25.7 23.5 24.0
Current (≤1–20 cigarettes/day, %) 15.9 16.7 16.0
Current (≥21cigarettes/day, %) 31.7 35.8 39.0

rinking
Never (%) 61.2 49.2 32.5
Ex-drinker (%) 6.6 7.3 5.3
Current (=22.8 g per one occasion, %) 24.0 29.7 32.0
Current (>22.8 g per one occasion, %) 8.2 13.9 30.2

abitual exercise (not exercising due to
ill health, %)

7.1 4.8 4.5

abitual exercise (not exercising for
reasons other than ill health, %)

68.9 72.3 71.7

abitual exercise (yes, %) 24.0 23.0 23.8

, numbers of participants; BMI, body mass index; HDL, high-density lipoprotein;
nase; BP, blood pressure; ‘*’, log-transformed; participants were not fasting when

a GGT (U/L).
is 194 (2007) 498–504

VD mortality was also estimated using continuous serum
GT values. When GGT levels were used as continuous
ariables, log-transformed values were used because GGT
evel is skewed. Values of P < 0.05 were considered statis-
ically significant. SAS software (Version 9.1) was used for
nalyses.

. Results

Median GGT level was 27 U/L (interquartile range,
8–43 U/L) for men and 14 U/L (interquartile range,
1–21 U/L) for women. Proportions of current, ex- and never-
rinkers were 59, 7 and 35% for men and 7, 1 and 93%
or women, respectively. Table 1 shows baseline character-
stics for study participants according to GGT level. GGT
evels were higher in men than in women. For men, mean
ge was lower in higher GGT groups. Conversely, mean age

as higher in GGT groups for women. Mean HDL level was

ower in higher GGT groups in women, while no associa-
ion was observed in men. Otherwise, determinants of GGT
ere similar in men and women, comprising higher BMI,

(GGT) level at the baseline survey in 1990, NIPPON DATA90

Women

igh Elevated Reference Moderate Moderate high Elevated
50–468a 1–12a 13–24a 25–49a 50–295a

691 1538 1812 593 179
51.1 49.8 52.4 55.2 56.0
23.8 22.0 22.9 23.9 23.9

206.1 197.9 208.1 219.4 221.4
51.9 58.0 56.8 56.0 54.5
5.0 4.5 4.7 4.8 5.0

27.1 18.6 20.6 23.4 27.3
28.8 13.8 17.2 23.2 28.1

142.2 128.7 134.2 138.5 141.0
87.2 76.8 80.0 82.2 84.1
13.5 9.2 15.8 25.3 22.9

9.0 2.1 4.0 9.8 10.6

14.8 91.0 87.9 85.3 86.0
22.0 2.7 2.4 1.9 2.8
14.2 4.9 6.8 7.4 6.7
49.1 1.4 3.0 5.4 4.5

12.3 96.0 92.0 88.9 81.0
4.3 0.6 1.2 0.8 0.6

31.0 3.0 5.9 7.4 11.2
52.4 0.5 1.0 2.9 7.3

3.3 5.7 6.4 8.3 10.1

76.1 77.0 74.5 71.0 70.4

20.6 17.4 19.1 20.7 19.6

GOT, glutamic-oxaloacetic transaminase; GPT, glutamic pyruvic transam-
the blood samples were drawn.
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Table 2
Relative hazards (95% confidence interval (CI)) for CVD mortality according to �-glutamyltransferase (GGT) level in women

Reference Moderate Moderate high Elevated Continuousa

1–12b 13–24b 25–49b 50–295b

Person-years 14982 17548 5682 1707 39918
N of CVD mortality 27 32 17 6 82
CVD mortality rate/1000 person-years 1.80 1.82 2.99 3.52 2.05

Model 1 1 1.10 (0.66–1.84) 1.59 (0.86–2.93) 2.20 (0.90–5.40) 1.50 (1.06–2.12)
Model 2 1 1.17 (0.69–1.98) 1.86 (0.98–3.53) 2.88 (1.14–7.28) 1.71 (1.18–2.47)
Model 3 1 1.16 (0.68–1.98) 1.89 (0.95–3.75) 2.97 (1.06–8.34) 1.73 (1.13–2.63)

NIPPON DATA90, 1990–2000. N, numbers of participants; HDL, high-density lipoprotein; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic pyruvic
transaminase; BP, blood pressure; Model 1, adjusted for age; Model 2, adjusted for age, alcohol consumption (never, past and current), cigarette smoking (never,
past and current), HDL-cholesterol, total-cholesterol, triglyceride*, GOT, GPT, body mass index (<18.5, 18.5–24.9 and ≥25 kg/m2) and habitual exercise (yes,
n ); Mode
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a Log-transformed.
b GGT (U/L).

otal-cholesterol, log-transformed TG, GOT, GPT, systolic
nd diastolic BP, use of antihypertensive medication and
revalence of diabetes in higher GGT groups. Prevalence of
ever-drinkers and never-smokers was lower in higher GGT
roups. For men, the prevalence of current drinkers was >80%
n the highest GGT groups. Conversely, for women, the preva-
ence of current drinkers was <20% even in the highest GGT
roups.

Table 2 shows follow-up information and risk of GGT for
VD mortality in women. From a total of 39,918 person-
ears, 82 CVD deaths were observed (stroke, n = 38; CHD,
= 12; other heart disease, n = 27; other CVD, n = 5). CVD
ortality rates according to GGT category were 1.80/1000

erson-years for the reference group, 1.82/1000 person-years
or moderate, 2.99/1000 person-years for moderate-high and
.52/1000 person-years for elevated. Compared with the ref-
rence group, multivariate adjusted HRs (Model 2) were sig-
ificantly higher in the elevated category (HR, 2.88; 95% CI,
.14–7.28). These findings were unchanged when quartiles

f GGT were used. These positive significant relationships
etween GGT and CVD mortality were also apparent when
og-transformed GGT level was used as a continuous vari-
ble (HR, 1.71; 95% CI, 1.18–2.47). These relationships were

u
o
l
(

able 3
elative hazards (95% confidence interval (CI)) for CVD mortality according to �-

Reference Moderate
1–12b 13–24b

erson-years 1651 8787
of CVD mortality 10 39
VD mortality rate/1000 person-years 6.06 4.44

odel 1 1 1.03 (0.51–2.06)
odel 2 1 1.14 (0.56–2.35)
odel 3 1 0.99 (0.48–2.04)

IPPON DATA90 1990–2000. N, numbers of participants; HDL, high-density lipo
ransaminase; BP, blood pressure; Model 1, adjusted for age; Model 2, adjusted
moking (never, past, current: ≤1–20 cigarettes/day and current: ≥21cigarettes/day
ndex (<18.5, 18.5–24.9 and ≥25 kg/m2) and habitual exercise (yes, not exercising

odel 2 + systolic BP, use of antihypertensive medication and diabetes.
a Log-transformed.
b GGT (U/L).
l 3, Model 2 + systolic BP, use of antihypertensive medication and diabetes.

nchanged even after adjusting for systolic BP, use of antihy-
ertensive medication and diabetes (Model 3). A significant
elationship was also identified between GGT and CVD mor-
ality among never-drinkers (HR, 1.62; 95% CI, 1.11–2.37;

odel 2). These results were unchanged when we excluded
he few subjects with very high GGT (GGT ≥100 U/L). The
elationship between GGT and overall mortality in women
274 deaths) was also investigated. Overall mortality was sig-
ificantly increased in elevated category (Model 2) (HR, 2.07;
5% CI, 1.20–3.59) compared with the reference category.
ositive significant relationships between log-transformed
ontinuous GGT and overall mortality were also observed
HR, 1.36; 95% CI, 1.10–1.68).

Table 3 shows the relationship between GGT level and
VD mortality among men. During 25,830 person-years,
e observed 83 CVD mortality cases (stroke, n = 29; CHD,
= 23; other heart disease, n = 26; other CVD, n = 5). In con-

rast to women, no significant associations were observed.
his is true even after adjusting for alcohol consumption

sing more detailed definitions. Analysis of the small number
f never-drinker men revealed no significant findings (HR of
og-transformed continuous GGT with CVD mortality, 0.58
95% CI, 0.29–1.13). No significant association was identi-

glutamyltransferase (GGT) level in men

Moderate high Elevated Continuousa

25–49b 50–468b

8706 6687 25830
24 10 83
2.76 1.50 3.21

0.77 (0.37–1.61) 0.61 (0.25–1.49) 0.80 (0.58–1.09)
0.95 (0.43–2.10) 0.87 (0.33–2.33) 0.95 (0.67–1.36)
0.77 (0.34–1.76) 0.84 (0.30–2.39) 0.93 (0.62–1.41)

protein; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic pyruvic
for age, alcohol consumption (never, past, 1 go, 2 go or more), cigarette
), HDL-cholesterol, total-cholesterol, triglyceride*, GOT, GPT, body mass
for reasons other than ill health, not exercising due to ill health); Model 3,
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ed between log-transformed continuous GGT and overall
ortality (292 deaths) in men (HR, 1.14; 95% CI, 0.95–1.37).

. Discussion

This prospective study tested the hypothesis that GGT
ould predict CVD mortality even in never-drinkers in the

apanese population. For Japanese women, for whom the
revalence of drinking is very low, GGT was independently
nd positively associated with CVD mortality. In contrast,
e did not identify any relationship between GGT and CVD
ortality among Japanese men, for whom the prevalence of

moking and drinking is high.
The strengths of the present study are as follows: (1) study

articipants were selected randomly from a representative
ample of the Japanese population with a high participation
ate (76.5%); (2) because most Japanese women at that time
id not drink (93% in this study), the effects of alcohol con-
umption did not need to be considered; (3) we excluded
articipants who might have potential liver dysfunction such
s chronic hepatitis, that is high GOT or GPT, to focus on the
isks associated with GGT.

Previous studies have reported a positive significant rela-
ionship between GGT and CVD incidence or mortality
9–13]. However, such studies have typically used GGT as
marker of alcohol consumption [10–12], and thus did not

djust for alcohol consumption. However, findings using self-
eported alcohol consumption and CVD mortality differ from
ndings using GGT, with the former showing a U- or J-shaped
elationship and the latter showing a linear relationship [12].

Finnish study that directly compared relationships between
elf-reported alcohol consumption and stroke incidence with
he relationship between GGT and stroke showed that stroke
ncidence was not predicted by self-reported alcohol con-
umption, but was strongly predicted by GGT [10]. These
ndings suggest that GGT is not only a marker of alcohol con-
umption, but also has an independent role in CVD mortality.
indings from a British study showed that GGT predicts

schemic heart disease independent of alcohol consumption
r other factors relating to GGT, supporting this finding
9]. Similarly, a recent report confirmed a positive relation-
hip between GGT and coronary events after adjusting for
lcohol consumption, with positive relationships observed
or both <20 and ≥20 g/day [13]. However, to the best of
ur knowledge, no studies have investigated the pathologi-
al importance of GGT among never-drinkers and our study
f Japanese women might be the first to clarify that GGT
redicts CVD mortality in never-drinkers.

Other mechanisms are considered to explain the relation-
hip between GGT and CVD. First, GGT is known to be
ncreased in participants with high TG, cholesterol and glu-

ose levels [3,4]. However, adjusting for these factors did
ot attenuate the relationship in the present study. Second,
ecent experimental work has reported that active GGT is
resent in atherosclerotic plaques of coronary and cerebral

i
A

is 194 (2007) 498–504

rteries [18,19]. GGT could thus be considered as a marker
f subclinical atherosclerosis. Third, recent epidemiological
tudies have reported that GGT level is inversely associ-
ted with antioxidant levels [2]. The Coronary Artery Risk
evelopment in Young Adults Study reported that GGT level
ithin the normal range is inversely associated with serum

arotenoid levels [20], and positively associated with future
2-isoprostane [7]. Following these study series, several epi-
emiological investigations have confirmed these findings,
uch as NHANES III [21] and various Japanese studies
22,23]. GGT is thus thought to be a marker of oxidative
tress and enhanced lipid oxidization can be more enhanced
n participants with high GGT than in those with lower GGT.
lthough the biological mechanisms remain unclear, some

xperimental evidence indicates that GGT is directly involved
n the generation of reactive oxygen species under physiolog-
cal conditions [2].

To date, most studies have shown a positive association
etween GGT and CVD mortality or CVD incidence in both
en and women [9–13]. However, our findings are incon-

istent in this regard. We considered that we did not find
positive association between GGT and CVD mortality in
en because of the difficulty in controlling for the effects of

lcohol consumption, and reverse causality may be present.
articipants who had problems with health or liver conditions
ight display reduced alcohol consumption. Conversely, par-

icipants might drink more when they have less concern
or their health. However, we could not find any significant
esults even in the few male participants without any drink-
ng history. Thus, the lack of relationship between GGT and
VD mortality in Japanese men might not be fully explained
y the confounding to alcohol consumption. Further studies
hould be needed to clarify whether a relation of GGT with
VD mortality is observed in Japanese men.

Some methodological limitations were present in this
tudy. Since we did not have incidence data, the possibility
xists that GGT does not predict CVD incidence, but instead
epresents a marker of prognosis after the CVD event. How-
ver, relationships between risk factors and CVD mortality
nd CVD incidence are usually similar. We thus did not con-
ider this limitation as critical. Second, we had only 83 and 82
ases of CVD mortality for women and men, respectively, and
hus could not analyze cause-specific relationships between
GT and CVD mortality.
In conclusion, GGT displays a strong positive association

ith CVD mortality among Japanese women, for whom the
revalence of ever-drinkers is very low. Exploring the sig-
ificance and biological mechanisms of GGT might provide
seful insights into CVD prevention.
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