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RESEARCH DESIGN AND METHODS — This study included 2,957 metabolic syndrome–free men and 3,260 nondiabetic men aged 35–59 years who did not have medication for
hepatitis, alanine aminotransferase (ALT) levels higher than three times the upper limit of the
reference range, or a history of cardiovascular disease at study entry. Subjects were reexamined
at periodic annual health examinations over a 7-year period. We used a modified National
Cholesterol Education Program definition of metabolic syndrome with BMI instead of waist
circumference and the revised criteria of the American Diabetes Association for type 2 diabetes.
RESULTS — With adjustment for age, family history of diabetes, BMI, alcohol intake, cigarette smoking, regular physical activity (fasting plasma glucose for the risk of type 2 diabetes),
and white blood cell (WBC) count, the risk of metabolic syndrome and type 2 diabetes increased
in correlation with the levels of serum GGT, ALT, aspartate aminotransferase (AST), and alkaline
phosphatase. Additional adjustment for all of the other liver enzymes attenuated these associations, but serum GGT remained a significant risk factor for the risk of both metabolic syndrome
and type 2 diabetes (P for trend ⬍0.001 for both). Top one-fifth versus bottom one-fifth relative
risks of metabolic syndrome and type 2 diabetes were 2.23 (95% CI 1.51–3.30) and 2.44
(1.34 – 4.46), respectively.
CONCLUSIONS — These results indicate that serum GGT may be an important predictor
for developing metabolic syndrome and type 2 diabetes in middle-aged Japanese men.
Diabetes Care 27:1427–1432, 2004

I

n addition to its diagnostic uses, serum
␥-glutamyltransferase (GGT) has substantial epidemiologic significance (1).
Prospective studies (2,3) have shown a
significant relationship between serum
GGT and the development of specific
conditions including coronary heart disease (CHD) and stroke. In addition to al-

cohol, obesity has been found (4) to have
a major effect on serum GGT, and there is
increasing evidence (4 – 8) linking raised
serum GGT levels with other metabolic
disturbances, such as glycemic disorder,
hypertension, hypertriglyceridemia, and
low HDL cholesterol. Excess deposition
of fat in liver, usually termed nonalco-
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OBJECTIVE — To investigate the association between serum ␥-glutamyltransferase (GGT)
and risk of metabolic syndrome and type 2 diabetes in Japanese male office workers.

holic fatty liver disease, is closely associated with elevated serum GGT, obesity,
insulin resistance, and hyperinsulinemia
(9 –11). These interrelations between serum GGT, obesity, other metabolic disturbances, and plasma insulin raise the
possibility that elevated GGT levels can
help predict the development of metabolic syndrome and type 2 diabetes.
The Adult Treatment Panel III of the
National Cholesterol Education Program
(NCEP) recently proposed a definition of
the metabolic syndrome to aid identification of individuals at risk for both CHD
and type 2 diabetes (12). The definition
incorporates thresholds for five easily
measured variables linked to insulin resistance: waist circumference, triglyceride
level, HDL cholesterol level, fasting
plasma glucose level, and blood pressure.
The NCEP-defined metabolic syndrome
classification is triggered when predefined limits of any three of these five
criteria are exceeded. BMI, which most
observers would accept as a satisfactory
substitute for waist circumference in middle-aged men, is as effective as waist circumference for predicting the
development of type 2 diabetes and other
metabolic disturbances (13–15). Indeed,
BMI has been recently adopted instead of
waist circumference for analyses of metabolic syndrome (16,17).
Using a modified NCEP definition
with BMI instead of waist circumference,
we examined the association of serum
GGT with metabolic syndrome and type 2
diabetes (as diagnosed with the 1997 revised criteria of the American Diabetes
Association [18] for epidemiological
studies) in Japanese male office workers
and performed a longitudinal study to
prospectively examine the association of
serum GGT with the development of metabolic syndrome and type 2 diabetes. Possible associations between other liver
enzymes (aspartate aminotransferase
[AST], alanine aminotransferase [ALT],
and alkaline phosphatase) and risk of
metabolic syndrome and type 2 diabetes
were also examined.

Liver enzymes and metabolic syndrome
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Study design
Annual health examinations at study entry included medical history, physical examination, a questionnaire on healthrelated behavior, anthropometric
measurements, and biochemical measurements. The participants were asked
to fast for at least 8 h and to avoid heavy
physical activity for ⬎2 h before the examinations. Medical history and use of
prescription drugs were assessed by the
examining physicians. A family history of
diabetes was defined as having a mother,
father, sister, or brother with diagnosed
diabetes. As for health-related behavior,
data on alcohol intake, smoking habits,
and regular physical activity were obtained by interview. The questions about
alcohol intake included items about the
type of alcoholic beverage, the frequency
of alcohol consumption on a weekly basis, and the usual amount consumed
daily. Weekly alcohol intake was calculated and then converted to daily alcohol
consumption (grams of ethanol per day)
by using standard Japanese tables. The
questionnaire also asked about smoking
habits (never, past, or current smoker);
past or current smokers were asked about
the number of cigarettes smoked per day
and the duration of smoking in years. Participants were asked about the type and
frequency on a weekly basis of leisuretime physical activity. Physical exercise
was defined as participation in any physical activity, such as jogging, cycling,
swimming, or tennis, that was performed
long enough to cause sweating. BMI, calculated as weight divided by the square of
height in meters, was used as an index of
relative weight. After a 5-min rest in a
quiet room, systolic and diastolic blood
pressures were measured on the right arm
by using a standard mercury sphygmomanometer. Blood samples were drawn
from an antecubital vein. Serum total cholesterol, HDL cholesterol, and triglyceride
levels, fasting plasma glucose level, white
blood cell (WBC) count, and enzyme activities for GGT, AST, ALT, and alkaline
phosphatase were determined according
to standard laboratory procedures (7,19).
The five variables used to determine metabolic syndrome status (BMI, blood pressure, triglyceride, HDL cholesterol, and
fasting glucose) were also measured at annual health examinations in May from
1995 to 2001. Quality control of the laboratory was internal, and the coefficients
of variation within assays for serum tri-

glyceride and HDL cholesterol and
plasma glucose were no more than 3%
between 1994 and 2001.
The five thresholds used were BMI
ⱖ25 kg/m2, proposed by the Japan Society for the Study of Obesity (20), systolic
blood pressure ⱖ130 mmHg and/or diastolic blood pressure ⱖ85 mmHg, triglyceride level ⱖ1.69 mmol/l, HDL
cholesterol level ⬍1.03 mmol/l, and fasting plasma glucose level ⱖ6.1 mmol/l. Individuals met the criteria for high blood
pressure or high fasting plasma glucose
level if they were currently using blood
pressure medications or hypoglycemic diabetes control. Individuals with a previous physician diagnosis of hypertension
or diabetes who did not report medication use were not allocated to the metabolic syndrome group. Individuals were
classified as having metabolic syndrome if
they fulfilled three or more of the criteria.
Type 2 diabetes was defined according to
the criteria of the American Diabetes Association (18) and was defined as a fasting
plasma glucose concentration of ⱖ7.0
mmol/l or treatment with hypoglycemic
medications because not every subject
was given an oral glucose tolerance test.
Statistical analyses
The 2 test and one-way ANOVA were
used to analyze the statistical differences
among characteristics of the study participants at enrollment in relation to serum
GGT levels. Categories of serum GGT
comprised the following quintiles: ⬍15,
15–21, 22–31, 32–52, and ⱖ53 units/l.
For calculation of incidence density, person-years of follow-up were calculated
from the date of enrollment to the date of
the first incidence of the development of
the metabolic syndrome or type 2 diabetes or the date of follow-up where either
was diagnosed, whichever came first.
Cox’s proportional hazards models were
used to calculate adjusted hazard ratios in
separate models for metabolic syndrome
or type 2 diabetes. For the risk of incident
metabolic syndrome, data were adjusted
for family history of diabetes, BMI, alcohol consumption, cigarette smoking,
physical activity, WBC count, and liver
enzymes. For the risk of incident type 2
diabetes, data were also adjusted for fasting plasma glucose. Potentially confounding factors were treated as categorical
variables: age, BMI, WBC count, fasting
plasma glucose, GGT, AST, ALT, and alkaline phosphatase (graded from 1 to 5
DIABETES CARE, VOLUME 27, NUMBER 6, JUNE 2004
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RESEARCH DESIGN AND
METHODS — Our study is an ongoing cohort investigation, designed to clarify risk factors for major diseases,
including hypertension, dyslipidemia,
and diabetes, among Japanese men who
are office workers at one of the biggest
building contractors in Japan. A total of
3,681 Japanese males office workers
aged 35–59 years participated in cardiovascular risk surveys in May 1994,
with a participation rate of 99.6%. The
Industrial Safety and Health Law in Japan requires the employer to conduct
annual health examinations of all employees. The employee data, which are
anonymous, are available for research
with the approval of the employer. An
institutional review committee approved this study, and all subjects gave
their informed consent.
Of 3,681 potential participants, 82
(2.2%) were excluded: 34 (0.9%) were
receiving medical treatment for hepatitis,
23 (0.6%) showed ALT levels higher than
three times the upper limit of the reference range, and 32 (0.9%) had a past history of either CHD or stroke. Of the 3,599
remaining subjects, 575 (16.0%) were
identified as having the metabolic syndrome and 267 (7.4%) as having type 2
diabetes at the initial examination. The
metabolic syndrome–free cohort thus
comprised 3,024 men and the nondiabetic cohort 3,332 men, and they were
reexamined over 7 successive years until
May 2001. We also excluded 67 men
from the metabolic syndrome–free cohort
and 72 men from the nondiabetic cohort
who did not participate in consecutive annual health examinations during the follow-up. The final study cohorts for
analysis therefore consisted of 2,957 men
for development of the metabolic syndrome and 3,260 men for development of
type 2 diabetes. They were classified as
having the metabolic syndrome or type 2
diabetes when evidence of either of these
disorders was found at periodic annual
health examinations from May 1995
through May 2001. Sixty-seven participants who started taking medication for
diabetes during the observation period
were considered to have incidental cases
of type 2 diabetes. In view of the age range
of the study population, all subjects with
type 2 diabetes were diagnosed after 35
years of age.

Nakanishi, Suzuki, and Tatara

Table 1—Characteristics of 3,599 Japanese male office workers in relation to serum GGT levels
GGT (units/l)
Characteristics

⬍15

15–21

22–31

32–52

ⱖ53

⬍0.001
0.325
⬍0.001
⬍0.001
⬍0.001
0.143
⬍0.001
⬍0.001
⬍0.001
0.035
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001

Data are means ⫾ SD, percent, or median (interquartile range). *Quadratic trend for HDL cholesterol.

[first through fifth quintiles]); family history of diabetes (no or yes); alcohol consumption (graded as 1 [none] or as
quartile 1 [grade 2] to quartile 4 [grade 5]
for drinkers); cigarette smoking (graded
as 1 [none] or as quartile 1 [grade 2] to
quartile 4 [grade 5] for current smokers);
and regular physical exercise (graded
from 1 to 3 [hardly ever, once a week, or
twice or more a week]). The linear trends
in risks were evaluated by entering the
estimated quantitative median value for
each category of exposure.
Data were analyzed with the SPSS statistical package for PC (SPSS, Chicago,
IL). All reported P values are two tailed,
and those ⬍0.05 were considered statistically significant.
RESULTS — The characteristics of the
study sample in relation to serum GGT
levels are shown in Table 1. Tests for differences in characteristics across the five
serum GGT level groups were significant
except for family history of diabetes and
regular physical activity. Age, BMI, current drinking, current cigarette smoking,
systolic and diastolic blood pressures, total cholesterol, triglyceride, fasting
plasma glucose, WBC count, AST, ALT,
and alkaline phosphatase showed a linear
trend in relation to serum GGT. The perDIABETES CARE, VOLUME 27, NUMBER 6, JUNE 2004

centage of those who had the metabolic
syndrome and type 2 diabetes also increased in correlation with an increase in
serum GGT. HDL cholesterol showed a
U-shaped association with serum GGT.
Table 2 shows the risk of incidence of
the metabolic syndrome among 2,957
metabolic syndrome–free Japanese men
during 7 years of follow-up in terms of
serum liver enzyme levels. Of these, 608
men developed the metabolic syndrome
during 16,758 person-years of follow-up.
After adjustment for age, family history of
diabetes, BMI, alcohol intake, cigarette
smoking, regular physical activity, and
WBC count, the relative risks of metabolic
syndrome across quintiles of serum GGT
were 1.00, 1.49, 1.55, 2.28, and 2.92 (P
for trend ⬍0.001). The relative risks of
metabolic syndrome across quintiles of
serum ALT, AST, and alkaline phosphatase were 1.00, 0.99, 1.25, 1.64, and 2.06
(P for trend ⬍0.001); 1.00, 1.18, 1.12,
1.70, and 1.75 (P for trend ⬍0.001); and
1.00, 1.40, 1.44, 1.82, and 1.66 (P for
trend ⬍0.001), respectively. Additional
adjustment for all of the other liver enzymes attenuated these associations, but
serum GGT and alkaline phosphatase remained significant risk factors for the risk
of metabolic syndrome (P for trend
⬍0.001 and 0.003, respectively). Top

one-fifth versus bottom one-fifth relative
risks for metabolic syndrome were 2.23
(95% CI 1.51–3.30) for serum GGT and
1.49 (1.13–1.95) for serum alkaline
phosphatase.
Table 3 shows the risk of incidence of
type 2 diabetes among 3,260 nondiabetic
Japanese men during 7 years of follow-up
in terms of serum liver enzyme levels. Of
these, 276 developed type 2 diabetes during 20,051 person-years of follow-up. After adjustment for age, family history of
diabetes, BMI, alcohol intake, cigarette
smoking, regular physical activity, fasting
plasma glucose, and WBC count, the relative risks of type 2 diabetes across quintiles of serum GGT were 1.00, 1.79, 2.04,
2.68, and 3.06 (P for trend ⬍0.001). The
relative risks of type 2 diabetes across
quintiles of serum ALT, AST, and alkaline
phosphatase were 1.00, 1.30, 1.71, 1.71,
and 2.47 (P for trend ⬍0.001); 1.00,
0.90, 1.28, 1.50, and 1.54 (P for trend ⫽
0.002); and 1.00, 1.28, 1.33, 1.38, and
1.73 (P for trend ⫽ 0.008), respectively.
Additional adjustment for all of the other
liver enzymes lowered the magnitude of
these associations, but the risk of type 2
diabetes increased in a dose-response
manner as serum GGT and ALT increased
(P for trend ⬍0.001 and 0.030, respectively). Top one-fifth versus bottom one1429
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n
663
775
712
695
754
Age (years)
46.5 ⫾ 6.7
47.3 ⫾ 6.4
47.0 ⫾ 6.3
47.6 ⫾ 6.1
47.9 ⫾ 5.7
Family history of diabetes
7.7
9.4
9.8
7.5
10.3
BMI (kg/m2)
22.2 ⫾ 2.2
23.1 ⫾ 2.4
23.7 ⫾ 2.6
24.2 ⫾ 2.7
24.3 ⫾ 2.8
Current drinkers
71.0
81.9
86.7
91.2
93.9
Current smokers
43.7
46.3
51.5
53.4
56.4
Regular physical activity at least once
51.3
52.1
52.1
57.0
53.3
a week
Systolic blood pressure (mmHg)
122.8 ⫾ 14.8
126.2 ⫾ 14.3
127.7 ⫾ 14.2
130.5 ⫾ 15.1
133.8 ⫾ 15.4
Diastolic blood pressure (mmHg)
73.9 ⫾ 10.6
76.5 ⫾ 10.6
78.3 ⫾ 10.4
80.2 ⫾ 11.1
82.4 ⫾ 11.1
Total cholesterol (mmol/l)
4.68 ⫾ 0.70
4.95 ⫾ 0.73
5.04 ⫾ 0.81
5.13 ⫾ 0.82
5.28 ⫾ 0.91
HDL cholesterol (mmol/l)
1.42 ⫾ 0.30
1.39 ⫾ 0.32
1.37 ⫾ 0.36
1.38 ⫾ 0.36
1.41 ⫾ 0.34
Triglycerides (mmol/l)
0.86 (0.64–0.19) 1.04 (0.78–1.47) 1.20 (0.85–1.74) 1.35 (1.00–2.04) 1.70 (1.14–2.54)
Fasting plasma glucose (mmol/l)
5.03 ⫾ 0.77
5.13 ⫾ 0.65
5.20 ⫾ 0.92
5.27 ⫾ 0.94
5.38 ⫾ 1.05
WBC count (109 cells/l)
6.12 ⫾ 1.71
6.36 ⫾ 1.58
6.59 ⫾ 1.69
6.68 ⫾ 1.77
6.82 ⫾ 1.67
AST (units/l)
17 (15–20)
19 (17–22)
20 (17–24)
22 (20–27)
27 (23–35)
ALT (units/l)
14 (11–17)
17 (14–23)
21 (16–28)
24 (18–33)
31 (24–42)
Alkaline phosphatase (units/l)
161 (142–183) 161 (143–186) 164 (146–186) 164 (144–188) 172 (151–197)
Metabolic syndrome
4.4
9.0
14.6
23.2
28.0
Type 2 diabetes
3.2
5.8
7.0
9.5
11.3

P for trend*

Liver enzymes and metabolic syndrome

Table 2—The risk of incidence of the metabolic syndrome among 2,957 metabolic syndrome–free Japanese men during 7 years of follow-up in
relation to serum liver enzyme levels
Liver enzyme
Outcome

Quintile 2

Quintile 3

Quintile 4

Quintile 5

P for trend

⬍14 (n ⫽ 526)
42/3,235
13.0

14–19 (n ⫽ 602)
96/3,557
27.0

20–28 (n ⫽ 638)
118/3,669
32.2

29–48 (n ⫽ 594)
161/3,213
50.1

ⱖ49 (n ⫽ 597)
191/3,085
61.9

1.0 (referent)
1.0 (referent)
1.0 (referent)
⬍14 (n ⫽ 560)
59/3,384
17.4

2.05 (1.43–2.95)
1.49 (1.03–2.15)
1.37 (0.95–1.98)
14–16 (n ⫽ 457)
54/2,704
20.0

2.44 (1.72–3.47)
1.55 (1.08–2.22)
1.35 (0.93–1.95)
17–21 (n ⫽ 692)
116/4,014
28.9

3.74 (2.66–5.25) 4.56 (3.26–6.37) ⬍0.001
2.28 (1.61–3.25) 2.92 (2.05–4.17) ⬍0.001
1.91 (1.31–2.77) 2.23 (1.51–3.30) ⬍0.001
22–28 (n ⫽ 631) ⱖ29 (n ⫽ 617)
160/3,491
219/3,165
45.8
69.2

1.0 (referent)
1.0 (referent)
1.0 (referent)
⬍17 (n ⫽ 511)
68/3,070
22.1

1.13 (0.78–1.63)
0.99 (0.68–1.43)
0.89 (0.61–1.30)
17–18 (n ⫽ 455)
74/2,664
27.8

1.63 (1.19–2.23)
1.25 (0.91–1.71)
1.07 (0.76–1.49)
19–21 (n ⫽ 743)
129/4,332
29.8

2.58 (1.91–3.47) 3.87 (2.90–5.16) ⬍0.001
1.64 (1.21–2.22) 2.06 (1.54–2.77) ⬍0.001
1.27 (0.89–1.80) 1.42 (0.95–2.11)
0.093
22–25 (n ⫽ 624) ⱖ26 (n ⫽ 624)
159/3,370
178/3,322
47.2
53.6

1.0 (referent)
1.0 (referent)
1.0 (referent)
⬍140 (n ⫽ 583)
84/3,433
24.5

1.24 (0.90–1.73)
1.18 (0.84–1.63)
1.00 (0.71–1.40)
140–155 (n ⫽ 586)
121/3,334
36.3

1.33 (0.99–1.79)
1.12 (0.83–1.50)
0.85 (0.62–1.17)
156–170 (n ⫽ 590)
122/3,348
36.4

2.07 (1.56–2.75) 2.34 (1.77–3.10) ⬍0.001
1.70 (1.27–2.27) 1.75 (1.32–2.32) ⬍0.001
1.04 (0.73–1.48) 0.92 (0.63–1.34)
0.774
171–191 (n ⫽ 578) ⱖ192 (n ⫽ 620)
131/3,225
150/3,419
40.6
43.9

1.0 (referent)
1.0 (referent)
1.0 (referent)

1.47 (1.11–1.94)
1.40 (1.06–1.86)
1.39 (1.05–1.84)

1.48 (1.12–1.96)
1.44 (1.09–1.90)
1.41 (1.06–1.86)

1.64 (1.25–2.16) 1.76 (1.35–2.30) ⬍0.001
1.82 (1.38–2.40) 1.66 (1.27–2.18) ⬍0.001
1.73 (1.31–2.28) 1.49 (1.13–1.95)
0.003

*Model 1: adjustment for age; †model 2: model 1 plus adjustment for family history of diabetes, BMI, alcohol intake, cigarette smoking, regular physical activity,
and WBC count; ‡model 3: model 2 plus adjustment for all of the other liver enzymes.

fifth relative risks for type 2 diabetes were
2.44 (95% CI 1.34 – 4.46) for serum GGT
and 2.07 (1.07–3.98) for serum ALT.
CONCLUSIONS — Results of this
study showed that the risk of incidence of
the metabolic syndrome and type 2 diabetes increased in correlation with an increase in serum GGT. Other liver
enzymes, such as serum AST, ALT, and
alkaline phosphatase, were also significantly associated with the risk of the metabolic syndrome and type 2 diabetes, but
the increase in the risks associated with
these liver enzymes was substantially
lower than that related to serum GGT.
Our results suggest that liver enzymes are
closely associated with the risk of meta1430

bolic syndrome and type 2 diabetes and
that among these enzymes serum GGT is
the most powerful risk indicator for developing the metabolic syndrome and
type 2 diabetes.
Our results are consistent with those
of previous studies (5– 8,21) and indicate
that elevated serum GGT is associated
with an increased risk of the metabolic
syndrome and type 2 diabetes. However,
the mechanism of how liver enzymes increase the risks of metabolic syndrome
and diabetes remains to be elucidated.
One explanation for our findings is that
the elevation of liver enzymes could be
expression of excess deposition of fat in
liver, which is regarded as a feature of the
insulin resistance syndrome (9 –11). This

hypothesis is supported by the finding
that increased serum GGT levels are
strongly associated with an increased risk
of developing type 2 diabetes. Another
possible pathophysiological mechanism
is that elevated liver enzymes may reflect
inflammation, which impairs insulin signaling both in the liver and systemically
(11,22,23). In this population, mean
WBC count increased with an increase in
serum GGT. Because WBCs, a major component of the inflammatory process, are
activated by cytokines, especially interleukin-6 and interleukin-8 (24), elevated
GGT could reflect subclinical inflammation, which would represent the underlying mechanism. In addition, certain
mechanisms related to oxidative stress
DIABETES CARE, VOLUME 27, NUMBER 6, JUNE 2004
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GGT (units/l)
Cases/person-years
Incidence density (per 1,000
person-years)
Adjusted relative risk (95% CI)
Model 1*
Model 2†
Model 3‡
ALT (units/l)
Cases/person-years
Incidence density (per 1,000
person-years)
Adjusted relative risk (95% CI)
Model 1*
Model 2†
Model 3‡
AST (units/l)
Cases/person-years
Incidence density (per 1,000
person-years)
Adjusted relative risk (95% CI)
Model 1*
Model 2†
Model 3‡
Alkaline phosphatase (units/l)
Cases/person-years
Incidence density (per 1,000
person-years)
Adjusted relative risk (95% CI)
Model 1*
Model 2†
Model 3‡

Quintile 1

Nakanishi, Suzuki, and Tatara

Table 3—The risk of incidence of type 2 diabetes among 3,260 nondiabetic Japanese men during 7 years of follow-up in relation to serum liver
enzyme levels
Liver enzyme
Outcome

Quintile 2

Quintile 3

Quintile 4

Quintile 5

⬍15 (n ⫽ 625)
18/3,984
4.5

15–20 (n ⫽ 595)
40/3,713
10.8

21–30 (n ⫽ 709)
58/4,353
13.3

31–52 (n ⫽ 679)
77/4,091
18.8

ⱖ53 (n ⫽ 652)
83/3,909
21.2

1.0 (referent)
1.0 (referent)
1.0 (referent)
⬍14 (n ⫽ 568)
23/3,577
6.4

2.31 (1.33–4.03)
1.79 (1.02–3.13)
1.55 (0.88–2.72)
14–17 (n ⫽ 717)
40/4,451
9.0

2.89 (1.70–4.90)
2.04 (1.19–3.51)
1.77 (1.01–3.08)
18–22 (n ⫽ 575)
48/3,566
13.5

4.01 (2.40–6.70) 4.42 (2.65–7.36) ⬍0.001
2.68 (1.57–4.57) 3.06 (1.77–5.30) ⬍0.001
2.08 (1.18–3.66) 2.44 (1.34–4.46) ⬍0.001
23–30 (n ⫽ 700) ⱖ31 (n ⫽ 700)
59/4,319
106/4,138
13.7
25.6

1.0 (referent)
1.0 (referent)
1.0 (referent)
⬍17 (n ⫽ 512)
29/3,227
9.0

1.36 (0.81–2.27)
1.30 (0.78–2.17)
1.23 (0.72–2.07)
17–19 (n ⫽ 749)
42/4,705
8.9

2.07 (1.26–3.40)
1.71 (1.04–2.81)
1.55 (0.90–2.67)
20–21 (n ⫽ 519)
40/3,276
12.2

2.15 (1.33–3.49) 4.07 (2.59–6.39) ⬍0.001
1.71 (1.05–2.81) 2.47 (1.54–3.95) ⬍0.001
1.52 (0.85–2.72) 2.07 (1.07–3.98)
0.030
22–26 (n ⫽ 813) ⱖ27 (n ⫽ 667)
84/4,879
81/3,964
17.2
20.4

1.0 (referent)
0.97 (0.67–1.56)
1.0 (referent)
0.90 (0.56–1.44)
1.0 (referent)
0.73 (0.45–1.19)
⬍140 (n ⫽ 632)
38/3,954
50/3,992
9.6
12.5

1.33 (0.83–2.15)
1.28 (0.79–2.07)
0.92 (0.55–1.55)
ⱖ193 (n ⫽ 670)
52/4,155
12.5

1.84 (1.20–2.80) 2.20 (1.44–3.37) ⬍0.001
1.50 (0.98–2.31) 1.54 (1.00–2.38)
0.002
0.89 (0.52–1.51) 0.75 (0.41–1.36)
0.659

1.32 (0.87–2.01)
1.33 (0.88–2.03)
1.23 (0.81–1.88)

1.49 (0.99–2.25) 2.04 (1.39–3.00) ⬍0.001
1.38 (0.91–2.10) 1.73 (1.16–2.59)
0.008
1.25 (0.82–1.90) 1.48 (0.99–2.23)
0.084

1.0 (referent)
1.0 (referent)
1.0 (referent)

1.30 (0.85–1.99)
1.28 (0.84–1.96)
1.24 (0.81–1.90)

56/3,919
14.3

P for trend

80/4,031
19.8

*Model 1: adjustment for age; †model 2: model 1 plus adjustment for family history of diabetes, BMI, alcohol intake, cigarette smoking, regular physical activity,
fasting plasma glucose level, and WBC count; ‡model 3: model 2 plus adjustment for all of the other liver enzymes.

might play a role because cellular GGT
has a central role in glutathione homeostasis by initiating the breakdown of
extracellular glutathione, a critical antioxidant defense for the cell (1,25). Increases
in serum GGT activity may be a response
to oxidative stress, making increased
transport of glutathione into cells. Supporting a role of serum GGT in the inflammation and oxidative stress, serum GGT
level predicted future levels of inflammation and oxidative stress markers, such as
fibrinogen, uric acid, C-reactive protein,
and F2-isoprostanes, in a dose-response
manner (8).
Our study has several limitations.
First, serum GGT during follow-up was
not included in the analysis. In this study,
DIABETES CARE, VOLUME 27, NUMBER 6, JUNE 2004

serum GGT at study entry was strongly
associated with that at the date of diagnosis of metabolic syndrome and type 2 diabetes or at the end of follow-up
(Spearman’s rank correlation coefficient
0.751 and 0.750, respectively; P ⬍ 0.001
for both). This indicates that those who
had the higher serum GGT at study entry
tended to continue to do so during follow-up. The observed associations between serum GGT at baseline and the
increased risk of metabolic syndrome and
type 2 diabetes may thus reflect the effects
of serum GGT during a given observation
period.
Second, bias in case finding could
have occurred. Specifically, men with
high serum GGT levels are more likely to

visit a doctor for reasons other than metabolic syndrome and diabetes, so the metabolic syndrome and diabetes could have
been found by chance. However, because
all incidental cases were found during periodic annual screenings in our study,
such a bias is unlikely to have occurred.
Finally, we could not include several
confounding variables in this study, such
as waist circumference and fasting insulin
level. The central pattern of distribution,
with its higher weighting of waist circumference, is associated with more insulin
resistance than the peripheral pattern of
distribution (26). Some data (13,15)
show that waist circumference predicts
diabetes marginally better than BMI. Nevertheless, most physicians routinely as1431
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GGT (units/l)
Cases/person-years
Incidence density (per 1,000
person-years)
Adjusted relative risk (95% CI)
Model 1*
Model 2†
Model 3‡
ALT (units/l)
Cases/person-years
Incidence density (per 1,000
person-years)
Adjusted relative risk (95% CI)
Model 1*
Model 2†
Model 3‡
AST (units/l)
Cases/person-years
Incidence density (per 1,000
person-years)
Adjusted relative risk (95% CI)
Model 1*
Model 2†
Model 3‡
Alkaline phosphatase (units/l)
Cases/person-years
Incidence density (per 1,000
person-years)
Adjusted relative risk (95% CI)
Model 1*
Model 2†
Model 3‡

Quintile 1

Liver enzymes and metabolic syndrome
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sess BMI, whereas the value of waist
measurements in clinical practice has not
been thoroughly examined and may require modification for different ethnic
groups. A number of investigations (13–
15) have also shown that BMI can predict
the development of type 2 diabetes and
other metabolic disturbances as robustly
as waist circumference. Moreover, the use
of BMI versus waist measurements has
been favorably evaluated (16,17) as a determinant of the metabolic syndrome and
type 2 diabetes.
Despite these potential limitations,
our findings, which were obtained from a
cohort of middle-aged Japanese men,
support the conclusion that elevated, although still normal, serum GGT is associated with a higher risk of the metabolic
syndrome and type 2 diabetes.

