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Abstract The aim of this article is to prospectively

investigate the association of the liver enzyme c-glutamyl-

transferase (GGT) with the development of diabetes and

impaired glucose regulation (IGR) in a Chinese population.

Seven hundred and sixty normoglycaemic subjects aged

40 years or older randomly selected from an urban com-

munity of Shanghai received a baseline investigation in May

2005. The participants were invited to receive a standard

75-g oral glucose tolerance test (OGTT) in November 2008.

Incident diabetes and IGR were determined according to the

1999 WHO criteria. Serum GGT levels were significantly

associated with incident diabetes or combined diabetes and

IGR prospectively. After extensive adjustment, the diabetes

risk was significantly increased with incrementing serum

GGT quartiles (P value for trend = 0.0027). As compared

with the lowest quartile of GGT, the highest quartile had an

adjusted hazard ratio of 1.30 (95% CI 1.03–1.65) for

developing combined diabetes and IGR. Furthermore, a high

serum GGT level at baseline was independently associated

with an increase in the index of homeostasis model assess-

ment of insulin resistance (HOMA-IR) at follow-up. Serum

GGT concentration, even within its normal range, is a risk

marker for developing impaired glucose metabolism in

middle-aged and elderly Chinese.

Keywords c-Glutamyltransferase � Type 2 diabetes �
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Introduction

Type 2 diabetes is a major health problem worldwide. The

liver, as a critical player in the process of nutrient metab-

olism, has drawn tremendous attention to metabolic dis-

orders, including type 2 diabetes. Excess deposition of fat

in the liver, in term of nonalcoholic fatty liver disease

(NAFLD), is now regarded as the hepatic manifestation of

metabolic syndrome [1]. Also, NAFLD is the most com-

mon cause of elevated liver enzyme levels in general

populations without known liver diseases [2]. These

interrelations between obesity, NAFLD, metabolic syn-

drome, insulin resistance, and liver enzymes raise the

possibility that elevated liver enzyme concentrations pre-

dict the development of impaired glucose metabolism.

c-Glutamyltransferase (GGT), one of the liver enzymes,

has been widely used as an indicator of liver dysfunction

and a biological marker of alcohol intake [3]. In addition,

serum GGT levels are well adopted in epidemiological

studies. Strong cross-sectional associations between serum

GGT concentrations and many cardiovascular risk factors,

including obesity, physical inactivity, hypertension,
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dyslipidemia, and type 2 diabetes, were reported in several

population studies [4, 5]. In addition, a number of pro-

spective studies [6–12] also showed that baseline serum

GGT was an independent risk marker for the development

of type 2 diabetes, metabolic syndrome, cardiovascular

diseases, and even all-cause mortality. However, the pre-

dictive association of serum GGT with type 2 diabetes was

rarely studied in Chinese population. Moreover, there were

few studies regarding the association of serum GGT with

the development of impaired glucose regulation (IGR). The

underlying mechanisms remain to be elucidated. To

address these critical issues, we prospectively investigated

the association of serum GGT with development of type 2

diabetes and IGR in middle-aged and elderly Chinese.

Subjects, materials and methods

Study subjects

The subjects were recruited from Baoshan, Shanghai, as

reported previously [13, 14]. In May 2005, 760 subjects

aged 40 years or older, with normal glucose regulation

(NGR) ascertained by oral glucose tolerance test (OGTT),

were included in this study at baseline. Questionnaires

were used to obtain the information about lifestyle and

medical history. Anthropometric measurements were con-

ducted by senior physicians. Blood and urine samples were

collected from each participant for biochemical measure-

ments. In November 2008, all the participants were invited

to receive OGTT assessment except those who had been

diagnosed as type 2 diabetes and taken anti-diabetic drugs.

Type 2 diabetes and IGR were defined according to the

1999 WHO criteria. A total of 570 subjects (75%)

responded and participated in the final visit. Forty-four

subjects were excluded from the present analysis due to

lack of fasting or 2h post-load plasma glucose measure-

ments (n = 11), known liver diseases such as hepatitis,

cirrhosis, or malignancy (n = 9), serum GGT levels more

than 3 SDs above the mean of the study population (i.e.,

GGT [ 113 IU/l, n = 8), and alcohol consumption

exceeding 210 g/week (n = 16), which is considered as

heavy drinking [15]. Thus, 526 subjects were eventually

included in the present analysis. The mean follow-up

duration was three and half years.

The study protocol was approved by the Institutional

Review Board of Rui-Jin Hospital, and informed consent

was obtained from each participant.

Definition and anthropometric measurements

Medical history and anthropometric measurements were

obtained at baseline and the final visit. A family history of

diabetes was defined as having a mother, father, sister,

brother, son, or daughter with diagnosed diabetes. The

current smoking or drinking states were defined as ‘yes’ if

the subject smoked cigarettes or consumed alcohol regu-

larly in the past 6 months. The information about alcohol

consumption included the type of alcoholic beverage, the

frequency of alcohol consumption on a weekly basis, and

the usual amount consumed daily. Weekly alcohol con-

sumption (grams of ethanol per week) was calculated

accordingly. However, most participants were non-drinkers

(90.7%); a small proportion of participants were light

drinkers (4.6%, alcohol consumption \70 g/week) and

moderate drinkers (4.7%, alcohol consumption between 70

and 210 g/week). Waist circumference was measured at

umbilical level. Body mass index (BMI) was calculated as

body weight in kilograms divided by body height squared

in meters (kg/m2). Blood pressure was measured at the

non-dominant arm in a seated position three times con-

secutively at 1-min interval after at least 5-min rest using

an automated electronic device (OMRON Model1 Plus,

Omron Company, Kyoto, Japan). The three readings were

averaged for analysis. All participants were informed to

fast for at least 10 hours before blood samples were col-

lected. Two-point (0 and 2h) OGTT with a 75-g glucose

load was performed. Plasma and serum were aliquoted and

stored at -80�C until assayed.

Biochemical measurements

Plasma glucose, serum alanine aminotransferase (ALT),

aspartate aminotransferase (AST), GGT, triglycerides, total

cholesterol (TC), high-density lipoprotein (HDL) choles-

terol, and low-density lipoprotein (LDL) cholesterol were

measured using an autoanalyser (Beckman CX-7 Bio-

chemical Autoanalyser, Brea, CA, USA). The white blood

cell (WBC) count was determined using an automated cell

counter. Serum insulin was measured by a radioimmuno-

assay (Sangon Company, Shanghai, China). The index of

homeostasis model assessment of insulin resistance

(HOMA-IR) was calculated according to the formula:

HOMA-IR = fasting insulin concentrations (mIU/l) 9

fasting plasma glucose concentrations (mmol/l)/22.5.

Serum C-reactive protein (CRP) concentrations were

measured using highly sensitive competitive immunoassay

(antigens and antibodies from BioCheck, Foster City, CA,

USA).

Statistical analysis

The chi-squared test and one-way analysis of variance were

used to analyze statistical differences amongst character-

istics of the study participants according to (1) glycaemic

266 Endocrine (2011) 40:265–272

123



states at follow-up and (2) serum GGT at baseline. Cate-

gories of GGT were defined by the following quartiles:

\18, 18–22, 22–31, and C31 IU/l for men and\16, 16–19,

19–25, and C25 IU/l for women. The following skewed

variables were logarithmically transformed before analysis:

fasting insulin, HOMA-IR, triglycerides, CRP, WBC,

ALT, AST, and GGT.

For each participant, person-years of follow-up were

calculated from the date of enrollment to the date of the

development of type 2 diabetes or the date of follow-up,

whichever occurred first. Cox proportional hazards mod-

els were used to evaluate the association between serum

GGT and the development of impaired glucose metabo-

lism. Subjects in the two lower quartiles (quartiles 1–2) of

GGT were combined for diabetes analysis due to a lim-

ited number of cases. The data were adjusted first for age

and sex (model 1) and then for the following multiple

covariates: age, sex, family history of diabetes, current

smoking and drinking states, BMI, blood pressure, HDL

cholesterol, and triglycerides (model 2). The data were

also additionally adjusted for fasting glucose and insulin

concentrations (model 3) and were finally adjusted for

CRP levels (model 4). Tests of linear trend across

increasing quartiles of GGT were conducted by treating

the quartiles as a continuous variable. Results were pre-

sented as hazard ratios (HRs) and 95% confidence interval

(CI).

Possible interactions between GGT and demographic or

metabolic factors in the development of combined diabetes

and IGR were explored in stratified analyses and by adding

interaction terms to Cox proportional hazards models. GGT

was fitted as a continuous variable, and HRs were com-

puted for an increase of 1 SD of log GGT for each strata of

the interaction variables, including sex, age (\61.3 vs.

C61.3 years, representing the median split), family history

of diabetes, current drinking states, obesity (BMI\24.4 vs.

C24.4 kg/m2, representing the median split), and insulin

sensitivity (HOMA-IR \1.82 vs. C1.82, representing the

75th percentile).

In order to examine whether increased serum GGT

levels at baseline were associated with a subsequent

decrease in insulin sensitivity, the predictive effect of

baseline GGT concentrations on change (follow-up adjus-

ted for baseline) in HOMA-IR was evaluated using mul-

tiple linear regression models. Models were adjusted for

sex and change in waist circumference. Insulin measure-

ments at follow-up were available in 457 participants, and

none of the diabetes progressors was using insulin at the

time of final visit.

Significance tests were two-tailed, and a P value of

\0.05 was stated as statistically significant. All analyses

were performed using SAS version 8.1 (SAS Institute Inc.,

Cary, NC, USA).

Results

Clinical and biochemical characteristics at baseline

In three and half years, 19 subjects developed type 2 dia-

betes and 93 developed IGR. The clinical characteristics of

the study subjects at baseline are shown in Table 1. The

participants who progressed to IGR or diabetes had much

more risk factors at baseline as compared with non-pro-

gressors, including an older age, higher BMI and waist

circumference, higher fasting and 2h post-load plasma

glucose levels and serum triglycerides. In particular, the

progressors of IGR and diabetes had significantly higher

serum ALT, AST, and GGT levels. Moreover, the partic-

ipants who developed diabetes had higher serum ALT

(P \ 0.05) and GGT (P \ 0.01) as compared with those

who developed IGR.

Clinical and biochemical characteristics of the partici-

pants according to baseline GGT quartiles are shown in

Table 2. The cross-sectional analysis revealed that serum

GGT concentrations were well associated with a variety of

metabolic disorders, including higher BMI and waist cir-

cumference, higher blood pressure, higher fasting and 2h

post-load plasma glucose levels, higher HOMA-IR, dysli-

pidemia, and higher CRP levels and WBC counts.

Serum GGT in association with the development

of impaired glucose metabolism

Elevated serum GGT was strongly associated with an

increased risk of type 2 diabetes in both simple and mul-

tivariate analyses (Table 3). After adjustment for a wide

range of covariates, the association did not materially

change in direction or magnitude. The hazard ratios for

type 2 diabetes in quartiles 3 and 4 of GGT levels were

2.56 (95% CI 0.47–13.92) and 2.71 (95% CI 1.37–5.36),

respectively, as compared with combined quartiles 1–2

(P value for trend = 0.0027). It was also shown that serum

GGT was significantly associated with the risk of combined

diabetes and IGR with a hazard ratio for the highest

quartile versus the lowest quartile of 1.30 (95% CI

1.03–1.65). Although serum GGT was not statistically

associated with the development of IGR, directions of the

associations were positive and consistent with those of

diabetes or combined diabetes and IGR.

The subjects with type 2 diabetes and IGR were com-

bined for analysis since they had some risk factors in

common [16]. The associations of serum GGT with the risk

of combined diabetes and IGR in subgroups of sex, age,

family history of diabetes, current drinking states, obesity,

and insulin sensitivity are shown in Fig. 1. There were no

significant interactions of any of the above variables with

the associations between serum GGT and combined
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diabetes and IGR (all interaction term P [ 0.05). However,

directions of the associations were almost entirely positive.

With regard to the association between serum ALT

concentrations and diabetes risk, no significant findings

were obtained (Supplementary Table 1).

Serum GGT in association with the change of insulin

sensitivity

Relationship between serum GGT at baseline and the

change in HOMA-IR is shown in Table 4. A high serum

GGT level at baseline was associated with an increment of

HOMA-IR during follow-up independent of baseline

HOMA-IR and change in waist circumference (b = 0.20;

P = 0.0007).

Discussion

The present study has evaluated serum GGT as a predictive

marker for the development of impaired glucose metabo-

lism in middle-aged and elderly Chinese. The major find-

ings in our study were: (1) an elevated serum GGT level,

even within its normal range, was an important and

significant risk marker for incident type 2 diabetes or

combined diabetes and IGR, independent of commonly

measured diabetes risk factors; (2) serum GGT levels were

closely and positively linked to a series of metabolic risk

factors; (3) a high GGT level at baseline was associated

with a future decline in insulin sensitivity by HOMA-IR.

The subjects with alcohol consumption more than

210 grams per week were excluded since heavy alcohol

drinking was well associated with the increase of liver

enzymes [17].

In the present study, both the cross-sectional and the

prospective association of elevated serum GGT levels and

type 2 diabetes in Chinese were indicated as in other pop-

ulations [4–10]. Moreover, serum GGT levels in our study

were also an independent predictor of developing combined

diabetes and IGR. However, this association was not shown

between serum ALT concentrations and type 2 diabetes. In

order to investigate the underlying factors for the develop-

ment of type 2 diabetes in association with serum GGT, we

further assessed the association of baseline serum GGT with

the change of insulin sensitivity during follow-up measured

by HOMA-IR. The HOMA-IR is a well-validated mea-

surement for insulin resistance and well correlated with

reference techniques such as the euglycaemic clamp

Table 1 Baseline characteristics of participants, according to glycaemic states at follow-up

Characteristics Normal glucose regulation Impaired glucose regulation Type 2 diabetes P value

n 414 93 19

Age (years) 60.8 ± 9.3 63.9 ± 9.9� 60.6 ± 8.6 0.02

Female n (%) 271 (65.5) 65 (69.9) 12 (63.2) 0.67

Family history of diabetes (%) 7.0 9.7 10.5 0.33

Current smoking (%) 13.3 7.5 15.8 0.41

Current drinking (%) 9.7 6.5 15.8 0.95

Body mass index (kg/m2) 24.2 ± 3.1 25.3 ± 3.3� 26.2 ± 3.5� 0.0004

Waist circumference (cm) 81.5 ± 8.0 84.2 ± 8.7� 87.9 ± 10.0� 0.0002

Systolic blood pressure (mmHg) 132 ± 21 142 ± 23� 132 ± 19 0.0009

Diastolic blood pressure (mmHg) 77 ± 11 79 ± 10 78 ± 8 0.48

Fasting plasma glucose (mmol/l) 5.26 ± 0.49 5.46 ± 0.40� 5.46 ± 0.26 0.0005

2h post-load plasma glucose (mmol/l) 5.97 ± 1.00 6.66 ± 0.77k 6.42 ± 0.98* \0.0001

HOMA-IR 0.96 (0.46–1.71) 1.29 (0.56–2.08) 1.96 (0.89–2.45) 0.08

HDL cholesterol (mmol/l) 1.53 ± 0.38 1.47 ± 0.36 1.44 ± 0.33 0.27

Triglycerides (mmol/l) 1.10 (0.79–1.53) 1.40 (0.95–2.13)k 1.30 (0.91–1.73) 0.0002

C-reactive protein (mg/l) 1.7 (0.7–3.3) 1.7 (0.7–3.7) 2.1 (0.9–4.0) 0.40

ALT (IU/l) 9 (8–11) 10 (8–13) 12 (9–17)�,# 0.002

AST (IU/l) 22 (20–26) 24 (21–28)* 25 (19–38)* 0.008

GGT (IU/l) 19 (16–26) 22 (18–30)� 30 (22–48)k,} \0.0001

Data are means ± SD, medians (interquartile ranges) for skewed variables, or proportions for categorical variables. Differences were assessed

using ANOVA (for continuous variables) or v2 (for categorical variables) tests; ANOVA tests were performed on natural log transformation of

the following skewed variables: HOMA-IR, triglycerides, CRP, ALT, AST and GGT

* P \ 0.05, � P \ 0.01, � P \ 0.001, k P \ 0.0001 compared with the group of normal glucose regulation; # P \ 0.05, } P \ 0.01 compared

with the group of impaired glucose regulation
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(0.58–0.88) [18]. We observed that serum GGT appeared to

be associated with both insulin resistance and later decline in

insulin sensitivity. Given the interactions between elevated

serum GGT, NAFLD, and insulin resistance, the most

obvious explanation for our findings is that raised GGT

levels reflect fatty change in the liver and in turn the path-

ophysiological changes predating the development of type 2

diabetes. In addition, our results demonstrated a positive

association between serum GGT and chronic inflammatory

markers such as CRP and WBC. In this study, we found that

CRP concentrations and WBC counts were significantly

increased across GGT quartiles, and GGT was positively

correlated with CRP (r = 0.17; P = 0.0001) and WBC

(r = 0.18; P \ 0.0001) after adjustment for HOMA-IR.

The observation that serum ALT, a more specific liver

enzyme for NAFLD, was not significantly associated with

the development of type 2 diabetes suggested other under-

lying mechanisms possible. In addition, several prospective

studies showed that serum GGT level at baseline was also an

independent risk marker for the development of other

cardiometabolic disorders such as metabolic syndrome,

myocardial infarction, ischemic stroke, and cardiac death

[10–12, 19–21]. Accordingly, elevated serum GGT levels

were thought to reflect inflammation, which is associated

with impairment of insulin signaling in the liver and other

peripheral tissues. Thus, elevated serum GGT may reflect a

subclinical inflammation, which contributed to one of the

underlying mechanisms for diabetes development.

Recent experimental studies have shown that GGT plays

an important role in intracellular antioxidation. It is

reported that GGT participated in the maintenance of

intracellular antioxidant defenses by mediating extra-cel-

lular glutathione into the cells [22]. Therefore, increases in

GGT activity could be a response to oxidative stress,

indicating increased transport of glutathione into cells.

GGT was also histologically detected within the coronary

plaque [23] which provided evidence that GGT partici-

pated directly in oxidation of LDL within the plaque and

therefore in atherogenesis. In addition, the Coronary Artery

Risk Development in Young Adults (CARDIA) study

[24, 25] showed that serum GGT had concentration–

response relations even within normal range with markers

of oxidative stress such as F2-isoprostanes. Hence, elevated

serum GGT concentrations could be an indicator of oxi-

dative stress, which is also a cause for development of

diabetes.

Table 2 Baseline characteristics of participants, according to serum GGT at baseline

Characteristics GGT quartiles P value

1 (lowest) 2 3 4 (highest)

n 138 131 124 133

GGT (IU/l) 14 (13–15) 18 (17–19) 23 (22–24) 37 (31–46)

Age (years) 61.1 ± 9.6 61.6 ± 9.4 61.6 ± 9.7 61.1 ± 9.1 0.95

Female n (%) 101 (73.2) 90 (68.7) 70 (56.5) 87 (65.4) 0.053

Family history of diabetes (%) 5.8 7.6 8.9 8.3 0.40

Current drinking (%) 6.5 9.2 9.7 12.0 0.13

Body mass index (kg/m2) 23.5 ± 3.3 24.5 ± 2.9* 24.7 ± 3.1� 25.0 ± 3.1� 0.0008

Waist circumference (cm) 79.3 ± 7.6 81.8 ± 8.2* 83.3 ± 8.4k 84.5 ± 8.3k \0.0001

Systolic blood pressure (mmHg) 130 ± 21 135 ± 23* 134 ± 21 137 ± 22� 0.052

Diastolic blood pressure (mmHg) 75 ± 11 78 ± 10* 79 ± 11� 79 ± 9� 0.0024

Fasting plasma glucose (mmol/l) 5.14 ± 0.53 5.37 ± 0.42k 5.40 ± 0.39k 5.31 ± 0.51� \0.0001

2h post-load plasma glucose (mmol/l) 5.90 ± 1.06 6.11 ± 0.93 6.14 ± 1.00* 6.29 ± 0.97� 0.013

HOMA-IR 0.78 (0.37–1.34) 1.02 (0.44–1.94)� 1.27 (0.67–2.12)k 1.29 (0.61–2.09)k \0.0001

HDL cholesterol (mmol/l) 1.59 ± 0.40 1.48 ± 0.35* 1.52 ± 0.40 1.46 ± 0.35� 0.025

Triglycerides (mmol/l) 0.94 (0.68–1.26) 1.07 (0.82–1.63)� 1.19 (0.85–1.60)� 1.46 (1.02–2.05)k \0.0001

C-reactive protein (mg/l) 1.0 (0.5–2.3) 1.8 (0.8–3.1)* 2.0 (0.8–4.3)k 2.3 (1.0–5.3)k \0.0001

White blood cell (9109/l) 5.00 (4.20–5.80) 5.60 (4.60–6.40)* 5.55 (4.80–6.60)� 5.70 (4.90–6.65)� 0.0005

ALT (IU/l) 8 (7–9) 9 (7–11)� 10 (8–12)k 12 (10–17)k \0.0001

AST (IU/l) 21 (19–23) 22 (19–25) 23 (20–26)� 26 (21–31)k \0.0001

Data are means ± SD, medians (interquartile ranges) for skewed variables, or proportions for categorical variables. Differences were assessed

using ANOVA (for continuous variables) or v2 (for categorical variables) tests; ANOVA tests were performed on natural log transformation of

the following skewed variables: HOMA-IR, triglycerides, CRP, WBC, ALT and AST. The cutoff points for GGT quartiles were \18, 18–22,

22–31, and C31 IU/l for men and \16, 16–19, 19–25, and C25 IU/l for women

* P \ 0.05, � P \ 0.01, � P \ 0.001, k P \ 0.0001 compared with the group of quartile 1
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To our knowledge, this is the first longitudinal study to

investigate the association of serum GGT with the devel-

opment of type 2 diabetes as well as IGR in Chinese. The

strengths of our study included the prospective nature,

determination of diabetes and IGR by OGTT for each

individual subject both at baseline and the final visit, and

the analysis of pre-diabetes occurrence. However, the

present study definitely had several limitations. The

sample size was relatively small, and the duration

of follow-up was not very long. Moreover, although

multivariate analyses were adopted in the observa-

tional prospective study to control the effect of known

confounders on the association of serum GGT with the

development of impaired glucose metabolism, some

residual or undetected confounding factors could not be

ruled out.

In conclusion, the present study indicates that an ele-

vated GGT level, even within normal range, is associated

with an increased risk of impaired glucose metabolism.

Although the underlying pathophysiological mechanisms

are not very clear, it seems that insulin resistance, chronic

low-grade systematic inflammation, and oxidative stress

may be involved in this association between serum GGT

and the development of type 2 diabetes and IGR.

Table 3 Incidence rates and relative risks for the development of impaired glucose metabolism by baseline serum GGT

Type 2 diabetes GGT at baseline

Quartiles 1–2a Quartile 3 Quartile 4 P for trend

Cases/number at risk 3/269 4/124 12/133

Person-years (PY) 950.4 438.0 469.5

Crude rate per 1000 PY 3.16 9.13 25.56

Adjusted HRs

Model 1 1.00 2.50 (0.55–11.37) 2.74 (1.45–5.18) 0.0010

Model 2 1.00 2.79 (0.58–13.48) 2.80 (1.44–5.48) 0.0023

Model 3 1.00 2.48 (0.46–13.49) 2.75 (1.40–5.41) 0.0027

Model 4 1.00 2.56 (0.47–13.92) 2.71 (1.37–5.36) 0.0027

Impaired glucose regulationb Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend

Cases/number at risk 12/138 25/128 28/120 28/121 0.0016

Person-years (PY) 487.2 452.6 424.1 426.9

Crude rate per 1000 PY 24.63 55.24 66.02 65.59

Adjusted HRs

Model 1 1.00 2.04 (1.02–4.06) 1.58 (1.12–2.23) 1.32 (1.05–1.66) 0.014

Model 2 1.00 1.72 (0.85–3.49) 1.53 (1.07–2.17) 1.22 (0.96–1.57) 0.089

Model 3 1.00 1.47 (0.71–3.03) 1.38 (0.95–2.00) 1.20 (0.93–1.54) 0.17

Model 4 1.00 1.47 (0.71–3.03) 1.46 (1.00–2.13) 1.20 (0.93–1.54) 0.15

Combined diabetes and IGR Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend

Cases/number at risk 12/138 28/131 32/124 40/133

Person-years (PY) 487.2 463.2 438.0 469.5

Crude rate per 1000 PY 24.63 60.45 73.06 85.20

Adjusted HRs

Model 1 1.00 2.22 (1.13–4.36) 1.68 (1.20–2.35) 1.44 (1.16–1.79) 0.0006

Model 2 1.00 1.97 (0.98–3.96) 1.62 (1.15–2.29) 1.35 (1.07–1.70) 0.0098

Model 3 1.00 1.67 (0.82–3.39) 1.48 (1.03–2.13) 1.30 (1.03–1.65) 0.026

Model 4 1.00 1.67 (0.82–3.40) 1.56 (1.08–2.25) 1.30 (1.03–1.65) 0.022

a Subjects in the two lower quartiles (quartiles 1 and 2) were combined for the analysis due to a limited number of diabetes cases
b Nineteen participants who developed type 2 diabetes were excluded from the analysis

Model 1: adjusted for age and sex

Model 2: model 1 further adjusted for family history of diabetes, current smoking and drinking states, BMI, blood pressure, HDL cholesterol and

triglycerides

Model 3: model 2 further adjusted for fasting glucose and insulin concentrations

Model 4: model 3 further adjusted for CRP levels
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11. P. André, B. Balkau, S. Vol, M.A. Charles, E. Eschwège, DESIR

Study Group, Diabetes Care 30, 2355–2361 (2007)

12. D.S. Lee, J.C. Evans, S.J. Robins, P.W. Wilson, I. Albano, C.S.

Fox, T.J. Wang, E.J. Benjamin, R.B. D’Agostino, R.S. Vasan,

Arterioscler. Thromb. Vasc. Biol. 27, 127–133 (2007)

13. J. Xiang, X.Y. Li, M. Xu, J. Hong, Y. Huang, J.R. Tan, X. Lu, M.

Dai, B. Yu, G. Ning, J. Clin. Endocrinol. Metab. 93, 4107–4112

(2008)

14. M. Xu, X.Y. Li, J.G. Wang, X.J. Wang, Y. Huang, Q. Cheng,

H.E. Huang, R. Li, J. Xiang, J.R. Tan, M. Dai, G. Ning,

Diabetologia 52, 1511–1519 (2009)

15. M. Rosell, U. De Faire, M.L. Hellénius, Eur. J. Clin. Nutr. 57,

227–234 (2003)

16. M.A. Abdul-Ghani, R.A. DeFronzo, Curr. Diab. Rep. 9, 193–199

(2009)

17. T.P. Whitehead, D. Robinson, S.L. Allaway, Ann. Clin. Biochem.

33, 530–535 (1996)

18. T.M. Wallace, J.C. Levy, D.R. Matthews, Diabetes Care 27,

1487–1495 (2004)

19. M. Emdin, C. Passino, C. Michelassi, F. Titta, A. L’abbate,

L. Donato, A. Pompella, A. Paolicchi, Eur. Heart J. 22,

1802–1807 (2001)

20. M. Emdin, C. Passino, L. Donato, A. Paolicchi, A. Pompella,

Stroke 33, 1163–1164 (2002)

21. E. Ruttmann, L.J. Brant, H. Concin, G. Diem, K. Rapp, H. Ulmer,

Circulation 112, 2130–2137 (2005)

22. H.J. Forman, R.M. Liu, L. Tian, Lung Biol. Health Dis. 105,

99–121 (1997)

23. A. Paolicchi, M. Emdin, E. Ghliozeni, E. Ciancia, C. Passino,

G. Popoff, A. Pompella, Circulation 109, 1440 (2004)

24. D.H. Lee, M.D. Gross, D.R. Jacobs Jr., Clin. Chem. 50, 582–588

(2004)

25. D.H. Lee, L.M. Steffen, D.R. Jacobs, Am. J. Clin. Nutr. 79,

600–605 (2004)

272 Endocrine (2011) 40:265–272

123


	Elevated serum gamma -glutamyltransferase predicts the development of impaired glucose metabolism in middle-aged and elderly Chinese
	Abstract
	Introduction
	Subjects, materials and methods
	Study subjects
	Definition and anthropometric measurements
	Biochemical measurements
	Statistical analysis

	Results
	Clinical and biochemical characteristics at baseline
	Serum GGT in association with the development of impaired glucose metabolism
	Serum GGT in association with the change of insulin sensitivity

	Discussion
	Acknowledgments
	References


