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Aim: Gamma-glutamyltransferase (GGT) is known to correlate well with alcohol consumption; however, the relation between GGT and diabetes and that between alcohol consumption and diabetes
mellitus (DM) is inconsistent. Thus, several questions, such as whether light to moderate drinkers
can be considered as low risk for diabetes incidence irrespective of their GGT level, is unresolved. In
this study, we investigated the relation of GGT or alcohol drinking with DM incidence considering
the body mass index (BMI) in healthy Japanese workers.
Methods: We followed 3095 men who did not have DM at baseline for 4 years. Incident diabetes was
defined as a fasting (non-fasting) plasma glucose level of ≥ 7.0 (11.1) mmol/L, or treatment of diabetes. Multiple adjusted hazard ratios (HR) were calculated using Cox proportional models.
Results: Participants with higher GGT (GGT ≥ 27 IU/L) showed an increased risk of diabetes incidence
even when their BMI level was low. Although a U-shaped relation between alcohol drinking and incident
diabetes was observed, the risk to light to moderate drinkers (alcohol ＜23 g/day) was not low if they were
either overweight (BMI ≥ 25 kg/m2) or had higher GGT (HR = 2.60, p = 0.08) or both overweight and
higher GGT (HR = 3.16, p = 0.07) compared with never drinkers without higher GGT and overweight.
Conclusions: Higher GGT was associated with a higher incidence of DM irrespective of drinking status
or obesity. Although a U-shaped relation between alcohol drinking and incident diabetes was observed,
the risk to light to moderate drinkers was not low if they were either overweight or had higher GGT.
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Introduction
Several prospective studies have reported that
serum gamma-glutamyltransferase (GGT), which is
widely used as a marker of alcohol-induced liver disease and fatty liver, is linearly related to diabetes mellitus (DM) incidence 1-12), which is an important risk
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factor of atherosclerosis.
Similarly, several studies have reported a relation
between alcohol consumption and the incidence of
DM 13-21); however, most of these studies showed a
lower risk for DM among moderate drinkers. Recent
meta-analyses of 15 prospective studies showed that
the risk of DM incidence was about 30% lower in
drinkers who consumed alcohol 12−24 g/day compared with abstainers 21).
Thus, discrepant results were observed between
the relation of alcohol consumption to DM and the
relation of GGT to DM. This discrepancy might be
because GGT is not only affected by alcohol drinking
but also by obesity, such as a fatty liver or non-alcoholic fatty liver disease (NAFLD) 1, 22).
Thus, the interpretation of the relation of GGT
or alcohol with DM incidence is complicated and
several questions, such as whether light to moderate
drinkers can be considered at low risk for DM incidence irrespective of GGT or BMI, is unresolved. In
this study, we investigated the relation of GGT or
alcohol drinking with DM incidence considering the
BMI in healthy Japanese workers.
Subjects, Materials and Methods
Study Population
A large intervention trial, the High-Risk and
Population Strategy for Occupational Health Promotion (HIPOP-OHP) study, was conducted; its details
have been published elsewhere 23-28). The baseline survey was conducted between 1999 and 2000 and the
intervention program was performed between 2000
and 2004. This study is a non-randomized control
trial of approximately 6500 participants in six intervention and six control companies. Our population
strategy is based on three factors, nutrition, physical
activity, and smoking. For each factor, a researcher’s
working team was organized and supported the intervention. A standardized method to obtain comparable
data was also been established. Approval for the study
was obtained from the Institutional Review Board of
Shiga University of Medical Science for ethical issues
(No. 10−16).
During 1999−2000, the baseline examination
was conducted for 7346 workers. Because very few
women (23%) have a drinking habit, we analyzed
only men in this study. Among the 5808 men who
participated in the baseline survey, we excluded 1735
participants in whom glucose levels were not measured at baseline and 2 participants who did not
report the time after their last meal. We also excluded
613 participants for whom no information on GGT,

alcohol consumption, or other confounding factors
was available. Finally, we excluded 136 participants
who had prevalent DM and 229 participants who did
not attend a follow-up exam. Thus, 3095 men were
eligible for this study.
Measurements
In the HIPOP-OHP study, the study group used
a common self-administered questionnaire to obtain
information within all companies. We used this questionnaire to assess the participants’ alcohol drinking
(never-drinker, quit drinking, current drinker), smoking (never-smoker, quit smoking, current smoker),
and exercise habit (yes, no). Drinking habits for each
subject were assessed by a questionnaire common to
all companies. The frequency of alcohol consumption
during a typical week and the total alcohol intake on
each occasion was determined and used to calculate
the alcohol intake per week 24). In this study, we
defined one drink as 11.5 g ethanol, a value nearly
equal to a ‘standard’ drink in most countries. Serum
GGT was measured using a colorimetric method.
The protocol of the HIPOP-OHP research group
standardized physical and laboratory data 23). Data from
the resulting physical examinations, including blood
pressure, height, weight, and biological data, such as
plasma glucose level and cholesterol, were measured at
baseline and thereafter at annual check-ups. DM was
defined as a fasting plasma glucose level of ≥ 7 mmol/L
(126 mg/dL), a non-fasting plasma glucose level of
≥ 11.1 mmol/L (200 mg/dL), or active therapy for
DM. The proportion of participants examined under
fasting conditions was 88.8% at baseline, 87.5% at
the 1-year follow-up, 84.0% at the 2-year follow-up,
85.5% at the 3-year follow-up, and 87.5% at the
4-year follow-up. Borderline hyperglycemia was
defined as a plasma glucose level of ≥ 6.1 mmol/L (110
mg/dL) or a non-fasting plasma glucose level of ≥ 7.78
mmol/L (140 mg/dL). BMI was calculated as weight
(kg) divided by the square of the height (m2).
Follow-Up Survey
Participants were followed up annually for 4 years
except for one company, which was followed up for
only 3 years due to a corporate merger. At each visit, a
participant’s blood glucose level and use of antidiabetic medication were assessed. The date of the exam
at which DM was first diagnosed in a participant was
considered to be his incident day. The date of the final
visit without a diagnosis of DM was considered to be
the censored day.
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Statistical Analysis
We analyzed cross-sectional data using analysis of
variance for continuous variables and the chi-squared
test for categorical analyses. We calculated hazard ratio
for DM incidence using Cox proportional hazard
models adjusted for age, smoking status, BMI, allocated group (intervention or control), walking time
(less than 30 min/day vs. more), and family history of
DM. For alcohol consumption, drinking groups were
separated by never drank, past drinker, current drinker
with alcohol consumption of less than one drink per
day, 1−2 drinks/day, 2−4 drinks/day, and more than 4
drinks/day. For GGT analyses, quartiles of GGT were
used.
To understand whether the risk of incident DM
in never drank with higher GGT (GGT ≥ 27IU/L,
median) is high, we assessed the risk of the combination of alcohol drinking and higher GGT. Due to the
small sample, we summarized alcohol drinking into 3
categories (never, light to moderate: ＜ 2drink/day, and
heavy: ≥ 2 drink/day).
To understand whether leaner participants with a
higher GGT or obese participants without a higher
GGT are at high risk for DM incidence, we also analyzed the combination of BMI category (BMI ＜ 22.8
kg/m2, BMI 22.8−24.9 kg/m2, and BMI 25 kg/m2)
and GGT category (below and above median,
GGT = 27 IU/L). The cut-off of BMI (BMI = 22.8)
was defined as median BMI of this study population.
Finally, to understand whether the U-shaped
association between alcohol consumption and incident DM is observed irrespective of being overweight
or having a higher GGT, we also assessed the risk of
the combination of GGT (below and above median,
GGT = 27 IU/L), drinking (never, light to moderate:
＜ 2drink/day, and heavy: ≥ 2 drink/day), and and
BMI (normal and overweight) simultaneously. In the
analysis, we set never drank with normal BMI and
lower GGT as the reference category. We excluded
ex-drinkers in these combined analyses.
Because only one company had a program of
population strategy program for drinking habit, we
analyzed all companies together and adjusted for the
information in this study.
Results
The mean age (±standard deviation, SD) of participants in this study was 41.5 (±9.4) years and
62.4% of participants consumed alcohol daily. Table 1
shows the baseline characteristics of study participants.
The mean age was higher in drinkers with greater
alcohol consumption. The smoking rate and the pro-
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portion of participants who had GGT levels above the
median were higher in drinkers with greater alcohol
consumption. The proportion of borderline hyperglycemia was smaller in current drinkers who consumed
less than one drink per day and those who consumed
1−2 drinks per day. Participants with higher GGT
levels were older, consumed more alcohol, were more
obese, and were more likely to currently smoke. The
proportion of borderline hyperglycemia was linearly
associated with the GGT level.
During the 3.4-year follow-up period, 118 incidents of DM were observed. Table 2 shows the relation of alcohol consumption to DM incidence. Compared with those who never drank, current drinkers
who consumed less than one drink per day showed a
lower risk of DM incidence. Otherwise, no apparent
associations were observed.
Table 2 also shows the relation of GGT to DM
incidence. Compared with the lowest GGT quartile, a
significant increased risk of DM was observed in the
third quartile. Although the relation was marginal, a
linear relation of log transformed GGT to DM incidence remained after adjustment for possible confounding factors.
Fig. 1 shows the relation of the combination of
alcohol drinking and GGT with incident DM. Higher
GGT participants consistently showed a higher risk of
incident DM. Significant risk increase was observed in
never drank with higher GGT and heavy drinking
with higher GGT.
Fig. 2 shows the relation of the combination of
BMI and GGT with incident DM. Participants who
had either higher GGT or overweight consistently
showed a significant risk increase of incident DM.
Fig. 3 shows the relation of the combination of
numbers of higher GGT or overweight and drinking
status (never, light to moderate, heavy) with incident
DM. A U-shaped relation between alcohol drinking
and incident DM was observed in group with either
higher GGT or overweight and in the group with
both higher GGT and overweight. However, the risks
of DM in these light to moderate drinking categories
were not low, although these risks did not reach statistical significance (HR = 2.60, p = 0.08 in either higher
GGT or overweight group and HR = 3.16, p = 0.07 in
both higher GGT and overweight group).
Discussion
DM is known as an important risk factor of atherosclerosis. The guideline of the Japanese Atherosclerosis Society for Diagnosis and Prevention of Atherosclerotic Cardiovascular Diseases for Japanese catego-
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Table 1. Relation of alcohol consumption and risk factors for diabetes mellitus (DM) by drinking status or quartile of gamma-glutamyltransferase (GGT) among men participating in the HIPOP-OHP Study, 1999−2000
Drinking status
Current drinker (drink/day)

Never
Exdrinker drinker
N
Age
BMI (kg/m2)
Current smoking
Group (% control)
Alcohol (g/day)
GGT ≥ 27 IU/L (Median)
Family history of DM
Walking time (% ＜ 30 min/day)
Borderline hyperglycemia

923
39.5
23.1
50.2%
65.2%
0
34.2%
17.6%
17.3%
4.3%

193
41.0
23.6
53.9%
63.7%
0
45.6%
15.5%
10.4%
6.7%

GGT (IU/L)
p-value＊

−0.9

1−1.9

2−3.9

4−

463
39.4
22.9
47.3%
68.3%
6.2
41.5%
16.8%
15.8%
3.5%

488
42.5
22.9
52.5%
62.7%
16.8
52.0%
16.8%
15.4%
3.7%

526
43.2
23.1
59.5%
61.6%
33.6
62.2%
17.7%
15.4%
6.8%

502
44.4
23.2
64.7%
62.5%
70.4
73.7%
16.8%
14.4%
8.5%

＜ 0.01

0.04
＜ 0.01
0.23
＜ 0.01
＜ 0.01
0.99
0.23
＜ 0.01

Q1
Q2
Q3
1−17.9 18−26.9 27−44.9
723
37.4
21.8
52.3%
53.7%
10.5
0%
16.1%
15.9%
2.6%

825
41.4
22.7
51.1%
70.2%
16.2
0%
17.0%
13.9%
3.8%

766
42.8
23.6
56.3%
68.7%
23.0
100%
18.1%
15.3%
6.9%

Q4
45−
781
43.9
24.1
57.5%
66.6%
32.9
100%
17.0%
17.8%
7.9%

p-value＊

＜ 0.01
＜ 0.01

0.05
＜ 0.01
＜ 0.01
＜ 0.01

0.84
0.18
＜ 0.01

One drink corresponds to alcohol consumption 11.5 g/day
Analysis of variance for continuous variables and the chi-squared test for categorical analyses.

＊

Table 2. Relation of drinking status or gamma-glutamyltransferase (GGT) with incident diabetes (DM). HIPOP-OHP
Study, 4 years of follow-up

Drinking status
Never drinker
Ex-drinker
Current drinker

GGT
Quartile 1
Quartile 2
Quartile 3
Quartile 4

−0.9 drinks/day
1−1.9 drinks/day
2−3.9 drinks/day
4− drinks/day
1−17.9 IU/L
18−26.9 IU/L
27−44.9 IU/L
45− IU/L
P for linear analyses＊

Number of
participants

Number of
incident DM

HR1

HR2

923
193
463
488
526
502

36
10
7
15
29
21

1
1.32 (0.65−2.66)
0.38 (0.17−0.85)
0.73 (0.40−1.34)
1.25 (0.77−2.05)
0.91 (0.53−1.57)

1
1.26 (0.63−2.55)
0.46 (0.20−1.03)
0.86 (0.47−1.59)
1.43 (0.87−2.35)
0.96 (0.55−1.66)

723
825
766
781
3,095

10
24
44
40
118

1
1.83 (0.87−3.84)
3.51 (1.76−7.02)
3.10 (1.54−6.23)
＜ 0.01

1
1.51 (0.72−3.18)
2.33 (1.16−4.71)
1.88 (0.92−3.83)
0.06

HR1: Age-adjusted hazard ratio
HR2: hazard ratio adjusted for age, body mass index, current smoking, intervention group, walking time, and family history of DM
＊
Log-transformed GGT was used to calculate the p-value.

rized patients with DM as well as those with a history
of cerebral infarction or atherosclerosis obliterance as a
high-risk group 29); thus, knowing the risk factors for
DM is important for preventing atherosclerosis. In
this study, we found a strong correlation between alcohol consumption and the GGT level at baseline; however, the relation of alcohol consumption to incident
DM and that of GGT to incident DM was inconsistent, i.e., a U-shaped relation was observed in alcohol
consumption analyses and a linear association was

observed in GGT analyses. We also found that GGT
was associated with DM independent of the BMI category, i.e., higher GGT participants should be treated
as high risk for incident DM even if their BMI is
within the normal range. We also found that overweight participants had a higher risk of incident DM
irrespective of their GGT level. Although the risk to
light to moderate drinkers was lower than that to
never drank and current drinkers who consumed more
than 2 drinks/day, their risk was also substantial if
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Fig. 1. Relation of combination of gamma-glutamyltransferase (GGT) and drinking
with incident diabetes: the HIPOP-OHP study.
Hazard ratios were adjusted for age, current smoking, intervention group, body mass index,
walking time, and family history of diabetes.
Vertical lines denote 95% confidence intervals.

Fig. 2. Relation of combination of gamma-glutamyltransferase (GGT) and body mass
index with incident diabetes: the HIPOP-OHP study.
Hazard ratios were adjusted for age, current smoking, intervention group, drinking status,
walking time, and family history of diabetes.
Vertical lines denote 95% confidence intervals.
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Fig. 3. Relation of combination of gamma-glutamyltransferase (GGT), body mass index, and drinking status
with incident diabetes: the HIPOP-OHP study.
Hazard ratios were adjusted for age, current smoking, intervention group, walking time, and family history of diabetes.
Vertical lines denote 95% confidence intervals.

they were overweight or had higher GGT.
The strength of this study was in using a precise
questionnaire to assess alcohol consumption. Another
was the similar socioeconomic status among participants. Because the participants were employees of relatively large companies, they could be considered to be
healthy workers with a relatively high socioeconomic
status. Finally, in this study, we distinguished between
those who had never drunk throughout their lifetime
and ex-drinkers.
In this study, we found a risk reduction in current drinkers who consumed less than one drink per
day. This finding was consistent with the meta-analyses of 15 original prospective cohort studies 21). Several
mechanisms have been proposed to explain the protective effect of moderate alcohol consumption on
DM. One is the inverse relation of alcohol consumption to insulin or high-density lipoprotein cholesterol. Wannamethee et al. reported that these factors
explained the protective effect of alcohol on DM for
20% of the population 17). Other researchers reported
that the protective effect might be due to the antiinflammatory effect of alcohol consumption 21). In our
data, the U-shaped relation was apparent in participants with higher GGT or higher BMI. Since both

GGT and BMI were strongly related to the inflammation level, such as CRP 30), our finding also suggests
that the protective effect of light to moderate drinking
might be due to the anti-inflammatory effect. However, the most recent study reported that the U-shaped
relation was observed even in the lowest GGT tertiles 11). Further studies might be required to confirm
the effect modification between alcohol intake and
GGT or BMI for incident DM.
We found that participants with higher GGT
showed a higher risk of incident DM irrespective of
the BMI. This finding is consistent with previous
studies that reported a higher risk of GGT for DM
with a lower BMI 2, 5, 10). Fig. 2 clearly shows that participants with higher GGT should be treated as highrisk participants even if they have normal BMI. The
figure also shows that overweight participants also
should be treated as high risk even if their GGT is
lower. The increased risk of higher GGT or higher
BMI was also observed even in light to moderate
drinkers. Participants who were overweight or had
higher GGT should be treated as being at high risk of
their DM incidence irrespective of drinking status.
Several limitations of this study should be noted.
This study had a follow-up period of 3.4 years with
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only 118 cases of incident DM; thus, some risks did
not reach statistical significance. However, even in this
short period of follow-up, we made several important
findings, such as that higher GGT participants should
be carefully followed even if they are not overweight.
Second, this study was the prospective analysis of a
controlled trial of lifestyle modification. Although, as
we reported previously, no differences in trend between
the intervention group and control group regarding
BMI and alcohol consumption were observed 25), lifestyle changes, such as nutrition, physical activity, and
smoking might affect other risk factors for DM. To
control for these effects, we adjusted for groups (intervention and control) and found that groups (intervention and control) did not alter the findings, and stratified analyses between the control group and intervention group revealed similar results. Thus, we considered that this did not largely affect our results; however, we should mention that these lifestyle changes
might underestimate the strength of the relation of
alcohol, GGT, and BMI with DM incidence. Third,
in this study, lower BMI participants with GGT ≥ 27
IU/L clearly showed a higher risk for DM than lower
BMI participants with GGT ＜ 27 IU/L; however, due
to the smaller numbers of events, it is difficult to
define the threshold level of GGT in this study. Thus,
larger prospective studies will be required to define the
cut-off point of GGT for light drinkers (with nonobese participants) in clinical practice.
In conclusion, participants with higher GGT
should be treated as being at high risk for incident
DM irrespective of their BMI, i.e., GGT should be
assessed even if their BMI is within the normal range.
Although a U-shaped relation between drinking status
and incident DM was observed, their risk was high if
they were overweight or had higher GGT. Thus, the
DM risk of light to moderate drinkers should not be
overlooked if they have higher GGT or are obese.
Since DM is an important risk factor for atherosclerotic diseases, further studies, targeting the relation of
alcohol, GGT with progression of subclinical atherosclerosis or incident cardiovascular diseases, might be
required.
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