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Abstract

AIM: To examine the relationships between v -glutamyl-
transferase (GGT), alanine-aminotransferase (ALT),
aspartate-aminotransferase (AST) and various metabolic
parameters, C-reactive protein (CRP) and an oxidative
stress marker (nitrotyrosine, NT) in subjects without any
metabolic abnormalities from a population-based sample.

METHODS: Two hundred and five subjects with normal
body mass index (BMI), glucose tolerance, and without
any metabolic abnormality were studied out of 1 339
subjects, without known liver diseases, alcohol abuse or
use of hepatotoxic drugs, who are representative of the
45-64 aged population of Asti (north-western Italy).

RESULTS: In all patients metabolic parameters and
hs-CRP levels linearly increase from the lowest to the
highest ALT and GGT tertiles, while in subjects without
metabolic abnormalities, there is a significant association
between fasting glucose, uric acid, waist circumference,
hs-CRP, triglyceride values, and GGT levels. In these
subjects, male sex, higher hs-CRP and glucose levels
are associated with GGT levels in a multiple regression
model, after adjustments for multiple confounders.
In the same model, median NT levels are significantly
associated with the increasing GGT tertile (B = 1.06;
95%CI 0.67-1.45), but not with the AST and ALT tertiles.
In a multiple regression model, after adjusting for age,
sex, BMI, waist, smoking, and alcohol consumption, both
NT (B = 0.05; 95%CI 0.02-0.08) and hs-CRP levels (f =
0.09; 95%CI 0.03-0.15) are significantly associated with

fasting glycemia.

CONCLUSION: GGT, an easy, universally standardized
and available measurement, could represent an early
marker of sub-clinical inflammation and oxidative stress
in otherwise healthy individuals. Prospective studies are
needed to establish if GGT could predict future diabetes
in these subjects.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Increased levels of the liver enzymes, y-glutamyl
transferase (GGT), alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) have been found to
be associated with diabetes, cardiovascular risk factors
and components of the insulin resistance syndrome,
even within normal reference intervals!''?. In many
prospective studies, strong relationships between GGT or
ALT concentrations and incident diabetes have also been
observed in non-drinkers, in individuals with normal levels
of liver enzymes, independently of classical cardiovascular
risk factors” ", However, a strong interaction between
body mass index (BMI) and GGT has been described,
suggesting that this enzyme acts as an intervening factor in
the association between obesity and diabetes™">™”. Some
authors have speculated that visceral fat could play a role
in the association of GGT with metabolic abnormalities,
or that this enzyme could be considered as a reliable
marker of visceral fat'™", Furthermore, GGT and ALT
might be interpreted as markers of hepatic steatosis,
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a condition well known to be associated with insulin
resistance, type 2 diabetes and the metabolic syndrome'*",
Thus, the associations recently found between the levels
of liver enzymes and insulin resistance might be mediated
by a fatty liver, which is accompanied by higher GGT and
aminotransferase concentrations.

Increasing data are available about the associations
between GGT levels and markers of oxidative stress
(directly with F2-isoprostanes, an oxidative damage
product of arachidonic acid; inversely with serum and
dietary antioxidant vitamins), suggesting that the strong
associations between cardiovascular risk factors might be
explained by some oxidative mechanism'™'*", Indeed,
oxidative processes are key components of chronic
inflammation, acting on multiple pathways and amplifying
inflammatory reactions”. Recent reports have found
associations between elevated liver enzymes and several
inflammatory parameters™**!"*?!,

However, previous studies have always included a
group of overweight, or obese subjects, or did not take
into account the deposition of body fat; thus adiposity
might be a confounding factor. Two recent papers
suggested that a non-alcoholic fatty liver could be
considered as an early predictor of metabolic disorders
also in non-obese non-diabetic Asiatic cohorts; however, in
these studies, the control group included individuals with
other components of the metabolic syndrome and Asians
have a higher proportion of visceral fat and a lower lean
body mass than white subjects with the same BMI®#, 1t
seems thus interesting to evaluate the associations between
the liver enzyme levels and metabolic and inflammatory
parameters in a cohort of Caucasian subjects without any
metabolic abnormalities, which could potentially influence
this association.

Therefore, the aims of the present study are to examine
the relationships between liver enzyme concentrations and
various metabolic parameters, a marker of inflammation
(C-reactive protein, CRP) and a marker of oxidative stress
(nitrotyrosine, N'T) in subjects without any metabolic
abnormalities from a population-based cohort of middle-
aged individuals, recognizing that the cross-sectional
design of the study does not definitively establish causal
or temporal relationships, and should be considered
hypothesis-generating only.

MATERIALS AND METHODS

All the patients aged between 45 and 64 years under the
practice of six family physicians from the province of Asti
(north-western Italy), whose patients are representative
of the local health districts, were enrolled for a metabolic
screening, Of these 1 877 subjects, 1 658 (88.3%) accepted
to be interviewed on personal habits, and to be tested for
several clinical and laboratory measurements, giving written
consent, while 219 refused. The resident population of
corresponding age, in the same area, and missing patients
show the same percentage of males, level of education,
known diabetes, and subjects living in a rural area than
participating patients.

All procedures were in accordance with the Declaration
of Helsinki.

Subjects with >30 ¢g/d alcohol consumption, with
known liver or gastrointestinal diseases, as recorded by
the family physicians, with liver enzyme concentrations
higher than three times the upper limit of the sex-related
reference range, or on corticosteroids, methotrexate,
amiodarone, tamoxifen or other hepatotoxic drugs
were excluded. Estrogen users (both on contraceptive
medications or estrogen replacement therapy) were
included, all being on low-dose estrogen drugs.

One thousand and three hundred and thirty-nine
subjects (80.8%) were evaluated.

In the morning, a fasting venous blood sample was
drawn to measure glucose, total and HDI.-cholesterol, uric
acid, triglyceride, insulin, liver enzymes, and hs-CRP levels.

Weight and height were measured after an overnight
fast. Overweight and obese subjects were those with
BMI respectively, =25, <30, and =30 kg/mz. Waist
circumference was measured with a plastic tape meter at
the level of the umbilicus. Systolic and diastolic blood
pressures were measured twice with a standard mercury
sphygmomanometer in a sitting position, after at least
10 min of rest. Values reported are the mean of the two
determinations. A resting electrocardiogram (ECG) was
performed in all the subjects, and interpreted according to
the Minnesota Code criteria. If fasting serum glucose value
was =6.1 mmol/L, a second fasting glucose determination
was then performed. Diabetes and impaired fasting
glucose (IFG) were diagnosed according to published
recommendations®?.

The metabolic syndrome (MS) was defined as the
presence of at least three of the following five criteria:
fasting serum glucose =6.1 mmol/L; arterial blood
pressure =130/85 mmHg; plasma triglycerides =1.69
mmol/L; HDL-cholesterol <1.29 mmol/L (females)
and <1.04 mmol/L (males); waist >88 cm (females) and
>102 c¢cm (males), in line with the National Cholesterol
Education Program (Adult Treatment Panel I1I) (NCEP-
ATP TII) criteria™.

Insulin resistance was calculated from the homeostasis
model assessment (HOMA-IR), according to published
algorithm™”.

Vascular disease was assessed on the basis of the Rose
questionnaire, ECG evidence of ischemic heart disease,
and history of documented events, recorded by the family
physician (angina, previous myocardial infarction, coronary
artery by-pass graft or other invasive procedures to treat
coronary artery disease, transient ischemic attacks, strokes,
gangrene, amputation, vascular surgery, intermittent
claudication, absence of foot pulses, and abnormal
brachial and posterior tibial blood pressure using Doppler
techniques).

Former or present smokers were defined as ever
smokers. Alcohol intake was assessed by multiplying the
mean daily consumption for each beverage by the ethanol
content, to give grams of alcohol/d (one can/bottle/glass
of beer = 13 g, one glass of wine = 12 g, one standard
drink of spirit = 14 g).



Bo S et al. Liver enzymes and metabolic abnormalities

7111

Later, we identified 205 subjects with normal BMI
(<25 kg/m?) and without any component of the MS.
To avoid considering as normoglycemic individuals who
could be classified as hyperglycemic after the stimulatory
test, these subjects were submitted to the 75 g oral glucose
tolerance test (OGTT), performed and interpreted in
accordance to the guidelinesm]. All of the subjects showed
normal glucose tolerance at the OGTT. NT levels were
measured in all these subjects.

Serum glucose was measured by the glucose oxidase
method (HITACHI 911 Analyzer, Sentinel Ch., Milan,
Italy), and serum insulin by immunoradiometric assay
(Radim SpA, Pomezia, Italy; intra-assay CV: 1.6-2.2%,
inter-assay CV: 6.1-6.5%). Plasma triglycerides and HDI.-
cholesterol wete measured by enzymatic colorimetric assay
(HITACHI 911 Analyzer), the latter after precipitation of
LDL and VLDL fractions using heparin-MnCly solution
(Mn2+ concentration: 0.092 mol/L) and centrifugation at
4 °C.

AST was evaluated by a kinetic determination. Malate
dehydrogenase catalyzes the reaction of oxalacetic acid
with B-NADH2 by forming lactic acid and B-NAD
(HITACHI 911 Analyzer). ALT was evaluated by a kinetic
determination. Lactate dehydrogenase catalyzes the
reaction of pyruvic acid with 3-NADH2 by forming lactic
acid and B-NAD (HITACHI 911 Analyzer). GGT was
evaluated by an enzymatic colorimetric method (HITACHI
911 Analyzer).

Uric acid was evaluated by an enzymatic colorimetric
method with uricase (HITACHI 911 Analyzer). Serum hs-
CRP levels were determined via a high-sensitivity latex
agglutination method on the HITACHI 911 Analyzer. The
kit had a minimum detection of less than 0.05 mg/L and a
measurable concentration range of up to 160 mg/L. The
intra-assay and inter-assay CVs were respectively 0.8-1.3%
and 1.0-1.5%. Plasma NT values were determined by an
ELISA kit (HyCult Biotechnology b.v., sold in Italy by
Pantec, Turin; inter-assay and intra-assay CV respectively: 7
4% and 5£2%). All samples were run in blind.

Statistical analysis

Since the distribution of GGT, hs-CRP, insulin, HOMA,
triglyceride, and NT values were highly skewed, the levels
of these variables were log-transformed, in order to
obtain a normal distribution. In all the analyses, the log-
transformed values of these variables were used. For an
easy interpretation, median (and range) of not transformed
values are reported.

Linear (unadjusted) and multiple regression analyses
were performed to evaluate the associations between liver
enzyme levels with metabolic, inflammatory, and oxidative
parameters, after adjustments for multiple confounders.

RESULTS

BMI, waist, blood pressure, fasting glucose, and insulin,
HOMA-IR, triglyceride, low HDL-cholesterol, uric acid,
and hs-CRP levels, percentages of males and prevalence
of the metabolic syndrome increase from the lowest to

the highest tertiles of ALT and GGT, and their values are
significantly associated with these enzyme levels (Table 1).
This trend is less evident within AST tertiles.

In subjects with normal BMI and without any
component of the MS, there is a significant association
of percentage of males, waist circumference, glucose, uric
acid, hs-CRP, and triglyceride values with increasing GGT
levels (Table 2). Waist, uric acid levels and percentages of
males are significantly associated with ALT levels, while
there is no significant association with AST values.

Table 3 describes the associations between the
levels of each liver enzyme and age, gender, BMI, waist
circumference, alcohol consumption, smoking habits, hs-
CRP, HOMA-IR, and triglyceride uric acid levels (and
hypertension in all the cohort) in a multiple regression
model, after introducing all these as independent variables
into the model. In all patients: waist levels are significantly
associated with AST levels; male sex, waist, and higher
levels of HOMA-IR, triglycerides, uric acid with ALT
levels; male sex, alcohol and higher levels of hs-CRP,
triglycerides, uric acid with GGT values.

In the subgroup of subjects with normal BMI, without
any component of the MS, male sex and higher hs-CRP
levels are associated with GGT levels, while no significant
association is evident for the other liver enzymes. Fasting
glucose is significantly associated with GGT levels in the
same model, after adjusting for all previous vatiables, but
insulin instead of HOMA-IR levels (B = 0.23; 95%CI1
0.07-0.39); fasting glucose is not significantly associated
with AST or ALT values.

In the subgroup of normal BMI subjects, the median
NT levels are significantly associated with the increasing
GGT tertile (B = 1.07; 95%CI 0.70-1.44), but not with the
AST and ALT tertiles in a simple regression (Figure 1).
After adjustments for age, sex, BMI, waist, smoking, and
alcohol consumption, this association remains significant (3
= 1.06; 95%CI 0.67-1.45).

Median NT levels are significantly correlated with:
fasting glucose (8 = 1.00; 95%CI 0.45-1.55) and waist
circumference (8 = 0.04; 95%CI 0.002-0.08). In a multiple
regression model, after adjustments for age, sex, BMI,
waist, smoking, and alcohol consumption, both NT (8
= 0.05; 95%CI 0.02-0.08) and hs-CRP levels (3 = 0.09;
95%CI 0.03-0.15) are significantly associated with fasting
glycemia.

Correlations are similar also in non-drinkers, and after
adjusting for AST or ALT levels (data not shown). Data
do not change after excluding the subjects with CRP>10
(respectively #» = 48 in the entire cohort and » = 2 in the
subgroup of normal BMI), those with cardiovascular
diseases (respectively » = 50 and #» = 3) or those subjects
on estrogen therapy (respectively » = 73 and » = 12).

DISCUSSION

Prospective studies have described that high levels of ALT
and GGT*" are associated with subsequent development
of diabetes, while the association between AST levels and
metabolic abnormalities is weaker and often attenuated or
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Table 1 Clinical and laboratory characteristics of all the patients, according to liver enzyme tertiles (left); associations of the variables listed
with liver enzyme levels, as a continuous variable, by unadjusted linear regression analyses (right)

AST 1" tertile (S14 U/L) 2" tertile (>14<19 U/L) 3" tertile (>19 U/L) B; 95%Cl

Number 452 440 447

Age (yr) 54.0£5.8 54.7+5.8 55.0£5.5 0.08; 0.002 0.15
Male (%) 31.9 341 47.2 1.88;1.00 2.76
Alcoholics (%) 41.6 45.0 51.8 1.28;0.42 2.14
Alcohol (g/day within drinkers) 14.4+8.7 15.8+8.9 16.3+8.5 0.03; -0.05 0.11
Ever smokers (%) 48.3 40.2 414 -0.41;-1.27 0.45
BMI (kg/m’) 26.3+5.1 26.1+4.4 27.1+4.9 0.13; 0.04 0.22
Waist (cm) 88.6+13.4 89.3+12.4 92.5+13.0 0.09; 0.06 0.12
Systolic blood pressure (mmHg) 132.1+15.3 132.8+16.2 134.8+16.3 0.034;0.007  0.06
Diastolic blood pressure (mmHg) 82.3+8.7 82.9+£9.5 83.7£9.6 0.05;-0.02 0.078
Uric acid (mmol/L) 178.4453.5 190.3+£59.5 208.2+59.5 0.04;-0.007 0.087

Insulin (pmol/L)
HOMA insulin resistance (mU/mLxmmol/L)

10.2 (0.6-259.8)
0.40 (0.02-31.8)

10.8 (1.2-137.4)
0.44 (0.05-16.6)

11.4 (0.6-409.8)
0.47 (0.02-25.9)

0.74;0.26 1.22
0.74; 0.30 1.18

Fasting glucose (mmol/L) 5.8+1.9 5.6%1.2 5.9+1.7 0.27;0.0 0.54
HDL-cholesterol (mmol/L) 1.6£0.4 1.6£0.4 1.6£0.4 -0.46;-1.69 0.77
Triglycerides (mmol/L) 1.2 (0.5-5.2) 1.3 (0.6-8.7) 1.4 (0.4-5.4) 1.45;0.5 2.5
Hs-CRP (mg/L) 1.40 (0.20-50.8) 1.30 (0.20-49.5) 1.60 (0.10-130.9) 0.33;-0.07 0.73
Metabolic syndrome (%) 20.1 19.3 26.4 1.54; 0.5 2.6
ALT 1"tertile (<14 U/L) 2" tertile(>14<22 U/L) 3" tertile(>22 U/L) B; 95%ClI

Number 444 459 436

Age (yr) 53.8+5.9 55.2+5.7 54.65.4 0.03; -0.09 0.16
Male (%) 234 35.1 55.0 51,37 6.6
Alcoholics (%) 455 442 487 0.97;-0.46 24
Alcohol (g/day within drinkers) 15.2+8.4 16.0£9.0 15.5+8.8 0.03; -0.10 0.17
Ever smokers (%) 429 423 449 -0.07;-1.5 14
BMI (kg/m’) 25.0+4.5 26.6+4.6 28.0+4.9 0.69; 0.55 0.83
Waist (cm) 85.4+12.9 89.7+12.1 95.3+12.3 0.29;0.23 0.35
Systolic blood pressure (mmHg) 131.1+16.0 133.0+15.3 135.5+16.3 0.09; 0.05 0.13
Diastolic blood pressure (mmHg) 81.7#9.3 82.8+8.8 84.4+9.5 0.15; 0.07 0.23
Uric acid (mmol/L) 172.5£53.5 190.3+53.5 214.1£59.5 0.05; 0.04 0.06

Insulin (pmol/L) 102 (0.6-151.2) 10.8 (0.6-409.8) 15.0 (0.6-244.2) 3.4;26 42
HOMA insulin resistance (mU/mLxmmol/L) 0.38 (0.02-14.3) 0.43 (0.02-31.8) 0.63 (0.02-19.9) 35,28 42
Fasting glucose (mmol/L) 5.5+1.4 5.6%1.2 6.1+2.1 1511 1.9
HDL-cholesterol (mmol/L) 1.6£0.4 1.6£0.3 1.5+0.3 -6.8;-8.8 -4.8
Triglycerides (mmol/L) 1.2 (0.5-8.0) 1.3 (0.4-8.7) 1.5 (0.5-5.4) 58,42 7.4
Hs-CRP (mg/L) 1.10 (0.10-50.8) 1.40 (0.20-49.5) 1.60 (0.10-130.9) 1.4;0.8 2.1
Metabolic syndrome (%) 12.8 21.1 321 5.5;3.8 72
GGT 1" tertile (S12 U/L) 2" tertile (>12<20 U/L) 3" tertile(>20 U/L) B;95%CI
Number 412 460 467
Age (yr) 53.6£5.5 54.8+5.8 55.1%5.7 0.009;0.003  0.015
Male (%) 155 38.9 56.1 0.43;0.37 0.50
Alcoholics (%) 36.6 479 52.7 0.15; 0.08 0.22
Alcohol (g/day within drinkers) 14.1£7.9 15.0£9.0 16.9+8.8 0.013;0.007  0.019
Ever smokers (%) 36.9 43.6 48.8 0.13; 0.06 0.20
BMI (kg/m’) 24.9+4.2 26.7+4.7 27.75.0 0.03; 0.02 0.04
Waist (cm) 84.4%12.5 90.4+12.4 94.8+12.2 0.016; 0.014  0.018
Systolic blood pressure (mmHg) 129.7+15.0 133.4+15.4 136.1+16.8 0.006; 0.004  0.008
Diastolic blood pressure (mmHg) 81.5+£8.7 82.849.3 84.4+9.6 0.009; 0.005 0.013
Uric acid (mmol/L) 166.5+47.6 190.3+£59.5 214.1£59.5 0.0037;0.003  0.004
Insulin (pmol/L) 10.2 (0.6-120.0) 10.8 (1.2-409.8) 13.8 (0.6-396.0) 0.13; 0.09 0.17
HOMA insulin resistance (mU/mL mmol/L) 0.37 (0.02-5.13) 0.43 (0.04-25.9) 0.60 (0.02-31.8) 0.14; 0.10 0.18
Fasting glucose (mmol/L) 5.4#1.1 5.7+1.4 6.1+2.1 0.09; 0.07 0.11
HDL-cholesterol (mmol/L) 1.7£0.3 1.6£0.3 1.5£0.3 -0.32,-0.22  -0.42
Triglycerides (mmol/L) 1.1 (0.4-4.4) 1.3 (0.4-8.7) 1.5 (0.6-8.0) 0.44; 0.36 0.52
Hs-CRP (mg/L) 1.00 (0.10-20.0) 1.40 (0.20-50.8) 1.80 (0.20-130.9) 0.12; 0.09 0.15
Metabolic syndrome (%) 11.6 20.2 32.8 0.35; 0.27 0.43

Median (range) is reported for not-normally distributed variables; their log-transformed values and log-GGT values are used in the analyses.

abolished after adjustment for adiposity”**",

Accordingly, we have found in all our patients a worse
metabolic pattern in subjects within the highest ALT and
GGT tertiles than those within the highest AST tertile.
Increased ALT and GGT levels are associated with
hepatic insulin resistance and a subsequent decline in

hepatic insulin sensitivity' ” and GGT seems implicated in
oxidative stress™ """,

Excess deposition of fat in the liver, the non-
alcoholic fatty liver disease, shows strong cross-sectional
associations with obesity, insulin resistance and type 2
diabetes"*'"” and is associated with liver enzyme elevation.
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Table 2 Clinical and laboratory characteristics of the subjects with normal BMI and without any component of the metabolic syndrome,
according to the tertile of liver enzyme concentrations (left); associations of the variables listed with liver enzyme levels, as a continuous

variable, by unadjusted linear regression analyses (right)

AST 1" tertile (S13U/L) 2" tertile (>13<17 U/L) 3" tertile (>17 U/L) ; 95%CI
Number 67 69 69
Age (yr) 522455 52.545.7 52.145.1 0.001;-0.16  0.16
Male (%) 224 34.8 42.0 0.8;-1.0 2.6
Alcoholics (%) 47.8 47.8 56.5 1.2;-0.5 29
Alcohol (g/day within drinkers) 15.549.1 13.849.0 18.549.1 0.05; -0.07 0.18
Ever smokers (%) 47.8 39.1 449 -0.63;-2.35 1.09
BMI (kg/m?) 21.8+2.0 221419 221421 007035 049
Waist (cm) 76.3+8.1 78.447.8 75.345.6 0.08;-0.02 0.18
Systolic blood pressure (mmHg) 117.447.7 116.7+7.4 116.6+9.1 -0.05;-0.15 0.05
Diastolic blood pressure (mmHg) 74.9+6.0 75.1+5.8 75.3+5.6 -0.01;-0.16 0.14
Uric acid (mmol/L) 154.6+47.6 160.6+41.6 172.5+53.5 0.014;-0.004  0.03
Insulin (pmol/L) 6.0 (0.6-49.2) 9.6 (1.2-108.6) 9.0 (3.0-72.0) 0.41;-0.90 1.72
HOMA insulin resistance (mU/mL"mmol/L) 0.25 (0.02-2.08) 0.34 (0.05-5.40) 0.30 (0.10-2.28) 0.48;-0.85 1.81
Fasting glucose (mmol/L) 5.1+0.4 5.1+0.5 5.2+0.7 0.84;-0.68 2.36
HDL-cholesterol (mmol/L) 1.8+0.3 1.7+0.4 1.8+0.3 1.73,-0.73 4.19
Triglycerides (mmol/L) 1.0 (0.5-1.7) 1.1 (0.6-1.7) 1.0 (0.4-1.7) -0.48;-3.65 2.69
Hs-CRP (mg/L) 0.80 (0.10-20.0) 0.60 (0.20-12.6) 0.70 (0.20-8.90) 0.16;-096  0.64

ALT  T"tertile (S12U/L) 2"tertile (>12<17U/L) 3" tertile (>17 U/L) B; 95%ClI
Number 66 67 72
Age (yr) 51.9+5.5 52.3+5.4 52.65.5 -0.04;-029 021
Male (%) 15.1 35.8 47.2 4.43;1.57 7.29
Alcoholics (%) 454 50.7 55.6 2.02;-0.72 476
Alcohol (g/day within drinkers) 14.849.3 16.7+9.1 16.6£9.4 0.03;-0.2 0.26
Ever smokers (%) 47.0 46.3 38.9 -1.10; -3.86 1.66
BMI (kg/m’) 21.8+2.1 21.5+2.1 22.6+1.7 0.55;-0.13 1.23
Waist (cm) 76.847.2 75.4+8.8 81.2+7.3 0.23;0.07 0.39
Systolic blood pressure (mmHg) 115.249.0 117.4+6.3 117.9+8.4 0.09; -0.08 0.26
Diastolic blood pressure (mmHg) 75.3+6.3 74.0£5.3 75.9+5.7 0.15; -0.08 0.38
Uric acid (mmol/L) 154.6+41.6 160.6+53.5 172.5+47.6 0.035;0.008  0.06
Insulin (pmol/I) 7.5 (0.6-108.6) 9.6 (2.4-49.2) 8.4 (1.2-72.0) 1.24;-088  3.36
HOMA insulin resistance (mU/mLxmmol/L) 0.29 (0.02-5.40) 0.34 (0.09-2.08) 0.30 (0.05-2.56) 1.41;-0.73 3.54
Fasting glucose (mmol/L) 5.2+0.6 5.0£0.5 5.2+0.6 1.43;-1.02  3.88
HDL-cholesterol (mmol/L) 1.8£0.3 1.7£0.4 1.7£0.4 -2.07; -6.05 1.91
Triglycerides (mmol/L) 0.9 (0.5-1.7) 1.0 (0.4-1.5) 1.0 (0.4-1.7) 0.91; -4.22 6.04
Hs-CRP (mg/L) 0.80 (0.10-20.0) 0.50 (0.20-17.8) 0.95 (0.20-12.6) 1.15,-012 242

GGT  1%tertile (<10 U/L) 2™ tertile (>10<16 U/L) 3 tertile (>16 U/L) B; 95%CI
Number 68 71 66
Age (year) 51.745.2 52.345.6 52.845.5 0.009; -0.008  0.026
Male (%) 17.6 29.6 53.0 0.48; 0.29 0.66
Alcoholics (%) 36.8 54.9 60.6 0.24; 0.06 0.42
Alcohol (g/day within drinkers) 11.247.9 16.618.6 18.619.6 0.012;-0.002  0.026
Ever smokers (%) 35.3 45.1 515 0.14; -0.05 0.33
BMI (kg/m?) 21.7+1.9 22.0+2.0 223£2.1 0.034;-0.012  0.08
Waist (cm) 76.447.2 76.418.6 81.1+7.7 0.19;0.18 0.20
Systolic blood pressure (mmHg) 116.0£9.0 117.3+6.3 117.448.7 0.008;-0.004 0.02
Diastolic blood pressure (mmHg) 74.6%6.3 74.9£5.7 75.845.4 -0.012;-0.004  0.03
Uric acid (mmmol/L) 148.7435.7 166.5+41.6 178.4459.5 0.004; 0.002  0.006
Insulin (pmol/L) 9.6 (3.0-72.0) 9.0 (0.6-63.6) 8.4 (1.2-108.6) 0.004;-0.14  0.14
HOMA insulin resistance (mU/mLxmmol/L) 0.34 (0.10-2.28) 0.30 (0.02-2.56) 0.30 (0.04-5.40) 0.047;-0.09 0.18
Fasting glucose (mmol/L) 4.8+0.4 5.1+0.5 5.5+0.5 0.35; 0.19 0.51
HDL-cholesterol (mmol/L) 1.8+0.3 1.7+0.3 1.7+0.4 -0.12;-039 015
Triglycerides (mmol/L) 0.9 (0.4-1.5) 1.0 (0.4-1.7) 1.1 (0.7-1.7) 0.52;0.19 0.85
Hs-CRP (mg/L) 050 (0.20-8.30) 0.80 (0.10-8.90) 0.95 (0.20-20.0) 021,013 029

Median (range) is reported for not-normally distributed variables; their log-transformed values and log-GGT values are used in the analyses.

Thus, the relationships previously found might reflect

association of GGT with type 2 diabetes

[2,4,27]

associations between ALT or GGT levels and obesity or
insulin resistance. Accordingly, authors have found that the
associations between GGT levels and diabetes or blood
pressure have been attenuated on adjustment for known
risk factors for diabetes or for plasma insulin levels and
have speculated that visceral fat could play a role in the

The subgroup of subjects free from abnormal glucose,
lipid, pressure values and with normal BMI and waist
circumference avoids these possible interference from
confounding factors. Within this group, increased GGT
levels are significantly associated with hs-CRP and fasting
glucose values, after multiple adjustments.
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Table 3 Associations of different clinical and laboratory variables with liver enzyme levels in all the patients (left) and in subjects with normal
BMI and without any component of the metabolic syndrome (right) in a multiple regression model

ALL Normal BMI and no component of the MS
Y 95%Cl g 95%CI
AST

Age 0.02 -0.06 0.10 -0.015 -0.17 0.14
Male 0.58 -0.54 1.70 -0.70 -3.05 1.65
Ever smoking -1.06 -2.16 0.04 -0.54 -2.34 1.26
BMI -0.13 -0.29 0.03 -0.25 -0.83 0.33
Waist 0.09 0.03 0.15 0.12 -0.04 0.28
G/ day alcohol 0.04 0.0 0.08 0.07 -0.02 0.16
Hs-CRP -0.015 -0.06 0.03 -0.29 -0.55 113
HOMA-IR 0.25 -0.28 0.77 0.26 -111 1.63
Triglycerides 0.17 -0.91 1.25 -1.39 -4.76 1.98
Uric acid 0.01 0.0 0.02 0.01 -0.009 0.03

ALT
Age -0.09 -0.21 0.02 -0.12 -0.37 0.13
Male 3.32 1.58 5.06 3.36 -0.32 7.04
Ever smoking 1.13 -0.30 2.56 -2.27 -5.11 0.57
BMI 0.22 -0.01 0.45 0.07 -0.83 0.97
Waist 0.10 0.01 0.19 0.11 -0.14 0.36
G/ day alcohol 0.015 -0.05 0.08 0.03 -0.11 0.17
Hs-CRP -0.04 -0.74 0.66 116 -0.15 247
HOMA-IR 1.85 1.03 2.67 0.91 -1.25 3.07
Triglycerides 2.07 0.37 3.77 -0.88 -6.15 4.39
Uric acid 0.015 0.001 0.03 0.01 -0.02 0.04

GGT
Age -0.0004 -0.006 0.006 -0.003 -0.019 0.013
Male 0.29 0.21 0.37 0.31 0.10 0.52
Ever smoking 0.02 -0.04 0.07 0.025 -0.16 0.20
BMI -0.0003 -0.012 0.012 -0.02 -0.07 0.04
Waist 0.004 0.0 0.008 0.0035 -0.012 0.019
G/ day alcohol 0.006 0.002 0.010 0.005 -0.003 0.014
Hs-CRP 0.09 0.05 0.12 0.19 0.11 0.27
HOMA-IR 0.03 -0.01 0.07 -0.05 -0.19 0.09
Triglycerides 0.21 0.13 0.29 0.26 -0.05 0.57
Uric acid 0.0012 0.0006 0.0018 0.002 0.0 0.004

Multiple regression analyses with adjustments for all the variables listed.

7+ O1% Tertile
= 2" Tertile
6 m 3“ Tertile

Median NT values

AST ALT GGT

Figure 1 Median NT values for tertile of liver enzyme levels in subjects with
normal BMI and without any component of the metabolic syndrome. At simple
and multiple regression analyses NT values are associated with increasing GGT
tertiles (P<0.001), but not with ALT or AST tertiles.

There is a progressive and significant increment
of NT levels with increasing GGT tertile, not evident
within the tertiles of the other liver enzymes that were
tested (Figure 1). Furthermore, NT levels are significantly
associated to fasting glucose values.

NT, generated from the oxidation of tyrosine, has
been considered as a measure of oxidative injury from

peroxynitrite (deriving from the reaction of nitric oxide
with superoxide anion radicals), and reported to be
elevated in diabetes, a condition associated with oxidative
stress”?L,

It could be speculated that the association between
GGT levels and fasting glucose, not confounded by other
metabolic abnormalities in the subgroup of “metabolically”
healthy individuals, could be due to the adverse oxidative
pattern of these subjects, suggested by the sharp increase
of NT levels in the individuals within the highest GGT
tertile.

In line with this, previous studies have reported
a primary role for GGT in metabolizing extracellular
reduced glutathione, a cellular antioxidant, allowing for
precursor amino acids to be reutilized for the intracellular
synthesis of glutathione™ ', Furthermore, dietary and
serum antioxidants inversely predicted future GGT levels,
while these latter are associated to F2-isoprostanes, a
marker of oxidative damage“’m’lg]. It has been speculated
that clevated GGT levels might be a defensive response
to oxidative stress or, otherwise a marker of oxidative
stress, being involved directly in the generation of reactive
oxygen species, especially in the presence of iron or
other transition metals, inducing lipid peroxidation in
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human biological membranes' "' Whether GGT is a
causative factor for oxidative stress or a marker is currently
unknown.

Aminotransferases were not associated with NT levels
(Figure 1), in agreement with studies that showed lower
associations between ALT levels and antioxidant vitamins
and micronutrients, at least in individuals with normal BMI
or fat distribution'™".

Thus, in subjects without other metabolic
abnormalities, serum GGT might represent a marker of
oxidative stress, and justify the associations found with
higher fasting glucose values in these healthy individuals.

We cannot exclude the possibility that abnormal
GGT values reflect fatty liver deposition, predating the
development of subsequent diabetes; furthermore, hepatic
ultrasonography or more invasive instrumental methods
have not been performed in our subjects. Otherwise,
they could be considered as “metabolically obese, normal
weight” individuals, in consideration of their higher,
though within the normal range, waist values™. Indeed
our subjects with elevated GGT levels do not show
higher insulin levels or insulin resistance (Table 2) and
fatty liver has been associated with hyperinsulinemia and
insulin resistance ™', and associations remain significant,
after adjustments for waist circumference and BMI.
Accordingly, abnormal liver enzymes have been found in a
proportion of normal BMI individuals without fatty liver
by ultrasound"”.

Furthermore, the correlations found are independent
by adjustment for aminotransferase levels, which are better
indicators of hepatocellular statuses and these latter are
not associated with glycemia in the subgroup of normal
BMI individuals.

Finally, increased GGT levels are conventionally
considered as a marker of alcoholic abuse; however,
only moderate drinkers have been included in the study,
adjustments for alcohol intake have been performed,
and correlations do not change after including only non-
drinkers.

Another possible mechanism implicated is chronic
inflammation: hs-CRP, an acute-phase reactant of hepatic
origin and a sensitive marker for systemic inflammation,
predicts the occurrence of diabetes, the metabolic
syndrome and atherosclerotic diseases in healthy
subjectsm]. Previous studies have found associations
between GGT and CRP or other inflammatory parameters,
suggesting that this enzyme represents the expression
of sub-clinical inflammation, and has a role in cellular
stress” " In our healthy cohort, hs-CRP levels are
significantly associated cither with highest GGT values
or with fasting glucose. Oxidative processes might have
an implication in chronic inflammationm; it has been
hypothesized that elevation in GGT might occur before
an elevation in CRP, and the related oxidative stress would
give rise to a subsequent inflammatory response”!

Again, aminotransferases are not associated with hs-
CRP in normal BMI individuals, in line with previous
reports, which did not find such an association*”'!.

Another explanation might be related to the liver

response to pro-inflammatory cytokine tumor necrosis
factor-a, giving fatty hepatic changes, or to the
inflammatory processes accompanying non-alcoholic
fatty liver and contributing to the systemic inflammation
observed in these subjects, frequently affected by the
MSP™ However, the lack of a significant association
between hs-CRP and ALT (a better marker for liver
fat accumulation) levels in our normal BMI individuals
1s against this pathogenetic hypothesis at least in this
subgroup. Accordingly, other authors demonstrated that
CRP and aminotransferases predicted diabetes independent
of each other, with similar magnitude associations'.

Since the majority of healthy subjects within the
highest GGT tertile show enzyme levels within targets
of normality (89%), it could be suggested that variations
within the normal ranges of GGT are associated with a
worse oxidative or inflammatory pattern.

A single measurement of glucose, insulin, hs-CRP or
liver enzyme levels represents a limitation of the present
study, although common to most epidemiological studies.
However, random errors due to the fluctuations of
laboratory measurements usually lead to a reduced estimate
of the associated strength. Serum oxidative markers could
not directly reflect hepatocellular levels, and the existence
of oxidative stress depends on the relative balance of
reactive oxygen species and all the microenvironment
antioxidant defenses, that could not be evaluated in such
an observational study.

Whether elevated GGT levels should be added to
the cluster of cardiovascular risk factors that form
the metabolic syndrome and link insulin resistance to
cardiovascular disease, as supported by literature®™™ or
if elevated GGT levels represent a marker of oxidative
stress or inflammation could not be established by a
cross-sectional study. Nevertheless, the hypothesis that
elevated GGT levels may represent an early, easy, and
inexpensive marker for a higher subsequent metabolic risk
in apparently healthy subjects seems intriguing and worthy
of future investigation.

In conclusion, in adult healthy subjects without any
measurable metabolic abnormality, those with the highest
GGT levels present with either higher fasting glucose
values (even within the range of normality) and evidence
of some oxidative stress or inflammation; aminotransferase
levels do not show these correlations. The follow-up of
these individuals would determine if GGT values might
be considered as an eatly predictor of subsequent diabetes
occurrence.
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