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SREOOEMEY 2 v, BEOREIIET 2 LRE0BMHE, B
MR OO EREGER 2 EIoxt U CERT 5. BE, KERM L —
v K v 7 (intraaortic balloon pump ; IABP), BRI OB ZE

(percutaneous cardiopulmonary support ;s PCPS), #fi By A I O B

(ventricular assist device ; VAD) A ENRH O, OAEDOEIEE - fKEs
RFREN LB A EIC & > THWGT TS 2,

AN E

FHENTEER OIS & 72 IR - WEER1ICRT. ODAEER Z Uit
S HEMEESOHE (OESRZRI, OBZ, LGN ISk 0EMY
a vy, @HOLREORMEE, SMWORE, BOZOEOHTEEE
RH A ET, FRE  BOE - MERREELBRSL TR, 0bo
T, RISTRTIMTERES 583 L A WEEQOAREICH LT 2

FROBEZ S LBFIINTIRBEDOKE 2S5, FTIABPEEET
5. IABPOA TR AR+ 5Th %5, F72-IZIABPEZDIREES
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75 1HEE, PCPSIZ2BEMPNOREIZITS Z &2 <, MBI
R A2ZenPRENBHBAE, PCPSTRMBAR+HLELLN
L%E1CE, VADOEEABETT 2 BERD 5.
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&, RBICRY I TMREED ABPCPSWVADICHT R T &N
TEHY. HERENWMBSTEN, EROCOIEHHERENS |
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Original Article

Association between Gamma-Glutamyltransferase Levels and
Insulin Resistance According to Alcohol Consumption and Number
of Cigarettes Smoked

Nobukazu Ishizaka', Yuko Ishizaka?, Ei-lchi Toda?, Minoru Yamakado?, Kazuhiko Koike?, and Ryozo Nagai'

'Department of Cardiovascular Medicine, University of Tokyo Graduate School of Medicine, Tokyo, Japan
?Center for Multiphasic Health Testing and Services, Mitsui Memorial Hospital, Tokyo, Japan
*Department of Gastroenterology, University of Tokyo Graduate School of Medicine, Tokyo, Japan

Aim: Alcohol intake may increase serum gamma-glutamyltransferase (GGT) but reduce insulin resis-
tance. We analyzed the association between GGT and a marker of insulin resistance, homeostasis
model assessment for insulin resistance (HOMA-IR), according to the drinking and smoking status.
Methods: After excluding former smokers and/or former drinkers, the data of 10,482 men who
underwent general health screening were analyzed.

Results: Alcohol consumption showed a graded association with GGT. In men with current alcohol
consumption of 240 g per day, 220 cigarettes per day further increased GGT levels. Alcohol con-
sumption showed a U-shaped association with HOMA-IR. In contrast, smoking 20-39 and 240 cig-
arettes per day increased HOMA-IR as compared with never smokers. An interaction between alco-
hol consumption and smoking was present for GGT (»<0.001) and HOMA-IR (p=0.059). GGT
was not a significant negative predictive value for HOMA-IR regardless of the drinking or smoking
status.

Conclusions: Although alcohol intake showed a graded association with GGT and a U-shaped associ-
ation with HOMA-IR, serum GGT can be utilized as a predictor of insulin resistance in current
drinkers.

J Atheroscler Thromb, 2010; 17:000-000.

Key words; Drinking, Cigarette smoking, Epidemiology, Insulin resistance, Liver function

strated that cigarette smoking may also increase serum
GGT levels, especially in men with moderate to heavy
alcohol consumption'. Furthermore, alcohol con-
sumption may improve insulin sensitivity and lower

Introduction

Recent epidemiological studies have shown that,
besides being a biomarker of alcohol intake', ele-

vated gamma-glutamyltransferase (GGT) may be a
predictor of cardiovascular events®, stroke, liver can-
cer”, metabolic syndrome and type 2 diabetes®, asso-
ciations that may also be present in nondrinkers?.
Several factors other than alcohol are known to affect
serum GGT levels, including coffee consumption'® 'V
and obesity'?. In addition, a recent study has demon-
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the incidence of metabolic syndrome''?; therefore,
drinking may increase GGT and decrease insulin resis-
tance. On the other hand, it has been reported thac
serum GGT has a positive association with insulin
resistance™™ Y. To this end, we investigated the effect
of drinking and smoking on GGT and HOMA-IR
values, and whether the mode of association between
GGT and insulin resistance was affected by drinking
and smoking in Japanese men who underwent general
health screening.

Methods

Study Population
The study was approved by the Ethics Commit-
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tee of Mitsui Memorial Hospital and the Faculty of
Medicine, University of Tokyo. Between January 2004
and April 2007, 33914 individuals underwent general
health screening, among which information on alco-
hol consumption was available in 26952. Of these
26952 individuals, information on smoking behavior
was further available in 24811, of which 15183 were
male individuals and were enrolled in the current study.
We were unable to identify any specific reasons to
explain why some subjects failed to complete the ques-
tionnaire about their smoking and drinking status.
Among 15183 individuals enrolled in the current
study, data on hepatitis C core antigen (HCcAg) and
hepatitis B surface antigen (HBsAg) were available in
14829 individuals (98%), of which 71 were positive
for HCcAg and 175 were positive for HBsAg. Indi-
viduals who were positive for either type of chronic
hepatitis virus infection were significantly older (56 =
10 years) than hepatitis-negative subjects (53 %10
years), although GGT levels were not different
between hepatitis-positive (52+52 TU/L) and -nega-
tive (58+84 TU/L) individuals. We did not exclude
individuals who were taking antihypertensive, antidia-
betic, or antidyslipidemic drugs, which might have
affected insulin resistance and serum GGT levels,
from the current study population.

In Japan, regular health check-ups for employees
are a legal requirement; all or most of the costs of the
screening are paid for either by the employee’s com-
pany (about two thirds of individuals attending our
institute) or by the subject themselves (abour one
third of individuals attending our institute). Blood
pressure was measured after about 10 min of rest by
an automated sphygmomanometer. Individuals were
judged to be former smokers and/or former drinkers,
if they had stopped cigarette smoking and/or alcohol
drinking, respectively, more than one month before
their attendance.

Laboratory Analysis

Blood samples were taken from the subjects after
an overnight fast. Serum levels of total cholesterol
(TC), HDL-cholesterol (HDL-C), and triglycerides
(TG) were determined enzymatically. Serum GGT
levels were measured enzymatically. Hemoglobin Alc
was determined by latex agglutination immunoassay.
Plasma glucose was measured by the hexokinase
method and serum insulin by enzyme immunoassay.
Homeostasis model assessment for insulin resistance
(HOMA-IR) was calculated according to the follow-
ing formula: HOMA-IR={[fasting immunoreactive
insulin (pU/mL) % fasting plasma glucose (FPG; mg/
dL)]/405.

published onhne: March 13, 2010

Statistical Analysis

Data are expressed as the mean = SID unless stated
otherwise. Analyses of variance with trend analysis,
Dunnett’s post-hoc analysis and multiple linear regres-
sion analysis were appropriate to assess the statistical
significance of differences between groups using com-
puter software, StatView ver. 5.0 (SAS Institute, NC)
and Dr. SPSS T (SPSS Inc., Chicago, IL). A value of
2<0.05 was significant.

Results

Baseline Characteristics

The baseline characteristics of the study subjects
are described in Table 1. Among 15183 men, 4534
were former smokers and 416 were former drinkers.
Individuals who were former smokers and/or drinkers
(n=4701) were significantly older than the remaining
10482 individuals.

GGT and HOMA-IR According to Smoking and
Drinking Status

Current smokers who smoked 1-9, 10-19, and
20-39 cigarettes per day were significantly younger
than never smokers (Fig.1A). The daily amount of
alcohol consumption showed a negative graded associ-
ation with age. The number of cigarettes smoked
showed a positive graded association with GGT
(Fig. 1B) and, as compared with never smokers, indi-
viduals who currently smoked 1-9, 10-19, 20-39, and
240 cigarettes per day had significantly higher GGT
levels (by Dunnett’s post-hoc analysis). Similarly, the
daily amount of alcohol consumption showed a
graded association with GGT, and individuals who
drank 1-19, 20-39, 40-59, and 260 g per day had
significantly higher GGT levels than never drinkers (by
Dunnett’s post-hoc analysis). Individuals who smoked
20-39 and 240 cigarettes per day had significantly
higher HOMA-IR than never-smokers (Fig. 1C). On
the other hand, as compared with never drinkers,
individuals who drank 1-19, 20-39, and 40-59 g
alcohol per day had significantly lower HOMA-IR
levels (by Dunnett’s post-hoc analysis), demonstrating
a U-shaped association.

GGT and HOMA-IR According to Cross Strata
of Number of Cigarettes Smoked and Alcohol
Consumption

In the following analysis, we analyzed the data
from 10482 individuals after excluding former smok-
ers and/or former drinkers. The mean GGT levels and
HOMA-IR values according to the smoking and
drinking category are shown in Table 2. Current
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Table 1. Baseline characteristics

Former smokers Except former smokers p value

Variables Whole and/or drinkers {A] and drinkers [B} . ([A] vs. [B])
N 15,183 4,701 10,482
Age, years 52.9%10.4 55.69.9 517104 <0.001
Height, cm 169.6£6.0 169.1£5.9 169.7£6.0 <0.001
Weight, kg 68.3%9.5 68.5%8.9 68.2£9.7 0.117
Body mass index, kg/m? 23.7+2.8 23927 23.6+2.9 <0.001
Systolic blood pressure, mmHg 124.7+18.6 127.6%18.5 123.3x18.4 <0.001
Diastolic blood pressure, mmHg 79.0+11.3 81.0+11.0 78.2x11.3 <0.001
Heart rate, bpm 63.3%9.5 63.4£9.6 63.2%9.5 0.373
LDL-cholesterol, mg/dL 126.7 £30.5 127.3%£30.0 126.5%30.8 0.112
HDL-cholesterol, mg/dL 55.3%13.4 56.9%13.4 54.6%13.3 <0.001
Triglycerides, mg/dL 133.7+94.2 129.8+83.9 135.5+98.4 0.001
AST, TU/L 23.8x12.1 24.0£10.5 237127 0.208
ALT, TU/L 27.3%19.4 26.5%18.8 27.6%19.6 0.001
GGT, TU/L. 58.2+82.9 58.3%67.0 58.1%x89.1 0.926
Fasting glucose, mg/dL 100.3x20.5 101.7£20.8 99.7+£20.4 <0.001
Hemoglobin Alc, % 5.38%20.74 5.41%0.72 5.36%0.75 <0.001
HOMA-IR 1.69%1.52 1.74%=1.31 1.67%1.60 0.007
Auntihypertensive medication, N (9) 1,909 (12.6) 831 (17.7) 1,078 (10.3) <0.001
Antidiabetic medication, N (%) 474 (3.1) 169 (3.6) 305 (2.9) 0.026
Anddyslipidemic medication, N (%) 674 (4.4) 276 (5.9) 398 (3.8) <0.001
Smoking and drinking status
Never smoker
Never drinker, N (%) 791 (14.1) 0(0) 791 (14.3)
Former drinker. N (%) 90 (1.6) 90 (100) 0(0)
Current drinker, N (%) 4,744 (84.3) 0(0) 4,744 (85.7)
Former smoker
Never drinker, N (%) 263 (1.7) 263 (1.7) 0 ()
Former drinker, N (%) 249 (1.6) 249 (1.6) 0(0)
Current drinker, N (%) 4,022 (26.5) 4,022 (26.5) 0 (0)
Current smoker
Never drinker, N (%) 416 (8.3) 0(0) 416 (8.4)
Former drinker, N (%) 77 (1.5) 77 (100) 0(0)
Current drinker, N (%) 4,531 (90.2) 0O 4,531 (91.6)

BML, body mass index; LDL, low density lipoprotein; HDL, high density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; GGT, gamma-glutamy! transpeptidase; HOMA-IR, homeostasis model assessment for insulin resistance

drinking showed a graded association with GGT
regardless of the smoking status. Cigarette smoking
was also positively associated with GGT in some
drinking categories: smoking 10-19 (p<0.01), 20-39
(»<<0.001) and =40 (»<0.001) cigarettes per day was
associated with greater GGT values than never smok-
ing in individuals who drank 40-59 g/day, and smok-
ing 20~39 (»p<0.001) and 240 (p<0.001) cigarettes
per day was associated with greater GGT values than
never smoking in individuals who drank 260 g/day.
Individuals wich alcohol consumption of 1-19,

20-39, or 40-59 g/day had lower HOMA-IR value

than never drinkers, showing a U-shaped associa-
tion between current drinking and HOMA-IR. This
U-shaped relationship was absent or not significant in
current smoking of 20-39 or 240 cigarettes per day
(Table 2). Individuals who smoked 20-39 (»<0.001)
and 240 (p<0.001) cigarettes per day had higher
HOMA-IR than never smokers (Table 2).

Multiple Linear Regression Analysis
Next, multiple linear regression analysis using
GGT and HOMA-IR as a dependent variable and

age, BMI, amount of smoking, and alcohol consump-
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Fig.1. Age, GGT, and HOMA-IR according to smoking and drinking starus,

Bar graphs indicate the mean and 95

% CI of age {A), GGT (B), and HOMA-IR. P values are for ANOVA trend tests. *, T, and * indicate

£<0.05, p<0.01, and p<0.001, respectively, versus never smokers or never drinkers by Dunnett’s post-hoc analysis.
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Table 3. Linear regression analysis using GGT and HOMA-IR as dependent variable

B 95%CI Standardized g p value
Dependent variable: GGT
Age -0.57 -1.82 0.68 —-0.01 0.372
BMI 2.25 1.79 2.71 0.08 <0.00!
Smoking 3.18 2.17 4.19 0.05 <0.001
Alcohol consumption 12.34 11.19 13.49 0.17 <0.001
Dependent variable: HOMA-IR
Age 0.04 0.01 0.06 0.02 0.001
BMI 0.23 0.22 0.24 0.43 <0.001
Smoking 0.04 0.03 0.06 0.04 <0.001
Alcohol consumption -{0.08 -0.10 -0.06 -~ (.06 <0.001

For the calculation of B values, age was subdivided into 10-year increments. Alcohol consumption
(g/day) corresponding to 0 (never drinker), 1-19, 20-39, 40-59, and 260 was coded a5 0, 1, 2, 3, and 4,
respectively, and smoking {cigarettes/day) corresponding to 1-9, 10-19, 20-39, and 240 was coded as 0, 1,
2, 3, and 4, respectively. GGT, gamma-glutamyl transpeptidase; HOMA-IR, homeostasis model assess-

ment for insulin resistance.

tion as independent variables was performed in 10482
individuals (Table 3). In this model, alcohol con-
sumption (g/day) cotresponding to 0 (never drinker);
1-19, 20-39, 40-59, and 60 or more was coded as 0,
1, 2, 3, and 4, respectively, and smoking (cigarettes/
day) corresponding to 1-9, 10-19, 20-39, and 40 or
more were defined as 0, 1, 2, 3, and 4, respectively.
Alcohol consumption was associated positively with
GGT, but negatively with HOMA-IR. On the other
hand, smoking was found to be associated positively
with both GGT and HOMA-IR. When an interac-
tion term between alcohol consumption and smoking
was used as additional independent variable, the inter-
action term was found to be significantly associated
with GGT (p<0.001), and showed a borderline
significant association with HOMA-IR (p=0.059).
The variance inflation factor (VIF) scores of all inde-
pendent variables tested were less than 10 (data not
shown).

Association between GGT and HOMA-IR Accord-
ing to Alcohol Consumption

Next, we investigated whether the mode of asso-
ciation between GGT and HOMA-IR differs accord-
ing to the amount of alcohol consumption. For this
purpose, multiple regression analysis was performed in
which age, BMI, and GGT were used as independent
variables and HOMA-IR was used as a dependent
variable after subdividing individuals according to
alcohol consumption (Table 4). GGT was found be a
positive predictive value for HOMA-IR in 19 out of
the 25 drinking x smoking categories. In some combi-

nations of drinking and smoking, such as drinking 0
g/day and smoking 1-9 cig./day, GGT was not a sta-
tistically significant predictor of HOMA-IR. This may
be in part because the number of subjects with specific
drinking and smoking conditions was relatively small.

Discussion

In the current study, by analyzing the data of
men who underwent general health screening, except
former smokers and/or former drinkers, we observed
several points: (1) Alcohol consumption showed a
graded association with GGT; (2) In individuals who
drank 40 g or more per day, smoking 20 cigarettes or
more per day further increased GGT levels (Table 2);
(3) alcohol consumption showed a U-shaped associa-
tion with HOMA-IR, when the daily number of ciga-
rettes smoked was less than 20 per day; (4) Individuals
who smoked 20-39 and 240 cigarette per day had
higher HOMA-IR than never smokers (Table 2); (5)
GGT was found be a positive predictive value of
HOMA-IR in 19 out of the 25 drinking x smoking
categories, and GGT was not a significant negative
predictor of HOMA-IR regardless of the drinking or
smoking status. These data collectively indicate that,
although current drinking may increase GGT and
reduce insulin resistance, GGT can be utilized as a
marker of insulin resistance regardless of the drinking
status.

Many studies have shown that serum GGT is a
biomarker of increased alcohol consumption'* 22;
however, GGT is known to be affected by other con-
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ditions, such as smoking, obesity, and hepatic steato-
sis? 29, Evidence is accumulating that higher serum
GGT levels may be associated with an increased inci-
dence of cardiovascular events®, metabolic syndrome
and diabetes® *> %9, therefore, more attention has been
paid recently to this liver enzyme. It is possible that
the association between GGT and various disorders
observed in previous studies may be mediated, in part,
by enhanced insulin resistance in subjects with
increased GGT levels.

Although mild to moderate alcohol consumption
may increase GGT, it may improve insulin sensitiv-
ity'™ ), leading to a reducrion in the prevalence of
metabolic syndrome'”. This finding is in contrast to
the observation that cigarette smoking will not improve
insulin resistance, even in light smokers'?. As alcohol
consumption has opposite effects on GGT and insulin
resistance, the mode of association between GGT and
HOMA-IR might differ according to the drinking sta-
tus; however, only a few studies have analyzed the rela-
tionship between GGT and insulin resistance in vari-
ous drinking conditions. Yokoyama and colleagues
reported that GGT is associated with increased insulin
resistance in non-drinkers®™ and light drinkers, but
not in heavy drinkers®, a finding that supports the
notion that the mode of association between GGT
and HOMA-IR differs according to the drinking sta-
tus. Yamada et a/. have reported that HOMA-IR rose
with increasing serum GGT in both alcohol consum-
ers and non-consumers, and HOMA-IR values cotre-
sponding to all serum GGT levels were lower in alco-
hol consumers than in non-consumers’®. A recent
study indicated that cigarette smoking may also affect
both GGT and insulin resistance independent of the
drinking status, and cigarette smoking and alcohol
intake may have a synergistic impact on GGT'".
Smoking status should also be considered when assess-
ing the impact of alcohol intake on the association
between GGT and insulin resistance; however, to our
knowledge, no previous studies have investigated the
relationship between GGT and insulin resistance after
stratifying both the drinking status and smoking sta-
tus, as in the current study.

We found that in 19 of the 25 subgroups divided
according to smoking and drinking status, GGT was
found to be a positive predictive value of HOMA-IR,
which indicates that increased GGT is associated with
enhanced insulin resistance regardless of the smoking
and drinking status. From this type of cross-sec-
tional study, we cannot conclude whether there is any
causal or resultant relationship between GGT and
HOMA-IR. A recent study showed that GGT may

play a causal role in promoting insulin resistance, pre-

published online: March 13, 2010

sumably by enhancing oxidative stress*"?? and hepatic

steatosis*. Whether a change in HOMA-IR would
result in a predicted change in GGT should be inves-
tigated in future longitudinal studies.

Our study has some limitations. First, we did not
take into account coffee intake, which might affect
GGT level®. Second, as the prevalence of smokers was
low, we did not analyze the data of female subjects.
Third, the number of daily cigarettes and alcohol con-
sumption solely reflected the amount that was being
consumed at one time, and disregarded the frequency
of smoking or drinking consumption. Therefore, this
estimation of smoking and drinking quantity was not
equal to the mean daily number of cigarettes smoked
and the amount of alcohol consumption, except in
every-day smokers and drinkers, respectively. We per-
formed such an analysis because the frequency of
smoking (or drinking) was reported as a category, two
or three times per week, for example; therefore, it was
technically difficult to estimate the mean daily num-
ber of cigarettes smoked or the alcohol consumption.
In the future, however, the frequency of drinking and
smoking should also be considered in such an analysis.
Fourth, we did not exclude individuals who were tak-
ing antihypertensive and/or antidiabetic drugs, which
may have affected serum GGT and HOMA-IR values.

In summary, alcohol consumption showed a
graded positive association with GGT and a U-shaped
negative association with HOMA-IR. Cigarette smok-
ing may further increase GGT levels in individuals
who are current drinkers and drink 20 g or more per
day. In 19 of the 25 drinking % smoking categories,
GGT was found be a positive predictive value of
HOMA-IR, and GGT was not a significant negative
predictor of HOMA-IR, regardless of the drinking or
smoking status. These data indicate a positive associa-
tion between GGT and insulin resistance also in cur-
rent drinkers.
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