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Abstract

Objective The aim of this study was to identify the relationships between

gamma−glutamyltransferase (GGT) and fasting blood glucose (FBG) during a 6-year

follow-up of subjects, and to evaluate if GGT is an independent factor affecting FBG.

Methods Total of 1369 individuals from health examination survey at the urban area

of Xuzhou, central China, were followed up for 6 years. The patients were divided

into four groups according to their baseline GGT levels (in quartiles). The one-way

ANOVA method was used to compare the differences of variables with basic line.

The relationship between GGT and FBG levels was examined using repeated

measurements ANOVA.

Results The grouping of baseline GGT levels influenced changes in blood glucose

during 6-year follow-up. In GGT quartile subgroups, the annual mean increase of

FBG level shows a positive relationship with baseline GGT level. And this trend was

even more pronounced in the highest baseline GGT group. Time course, baseline

FBG and GGT groups at different individuals, which together affected the change of

FBG level during the follow-up. Considering that baseline FBG may affect

subsequent FBG levels, repeated measures ANOVA was used to exclude the effect of

this factor. Results showed that different baseline GGT groups were still significantly

associated with increased FBG levels during follow-up. GGT is an independent factor

affecting FBG level（p<0.001）.

Conclusions The annual mean increase of FBG level shows a positive relationship

with baseline GGT level. Higher baseline GGT levels resulted in a faster annual mean

increase in FBG. GGT could be used for early detection of impaired fasting glucose

regulation (IFG) patients in clinical field.

Key words: Gamma-glutamyl transferase, Fasting blood glucose, Impaired fasting

glucose regulation, Follow-up study

Introduction



Gamma-glutamyl transferase (GGT) is a liver enzyme involved in the gamma

glutamyl cycle, which is related to glutathione (GSH) synthesis and degradation[1].The

role of GGT is maintaining adequate levels of intracellular glutathione and serum

GGT has been proposed as a marker of oxidative stress[2] .The measurement of

circulating GGT activity is widely used for the diagnosis of liver and obstructive

biliary diseases and as a marker of alcohol consumption. Aside from its diagnostic

uses, GGT has attracted interest mainly for its association with diabetes and metabolic

syndrome, cancer, atherosclerosis, and cardiovascular disease [3]. Recently, increased

serum concentrations of GGT were again shown to predict the development of type 2

diabetes in a longitudinal study from Korea [4]. This would suggest that increased

GGT concentrations are somehow related to the primary disease mechanism rather

than the consequences of hyperglycemia [5].

Despite extensive research focused on the potential relationship between GGT

and the risk of T2DM, no consensus has been reached to date [6-8]. Our study aimed to

identify the relationships between GGT and fasting blood glucose (FBG) during a

6-year follow-up, and evaluate if GGT is an independent risk factor of impaired

fasting glucose regulation.

Study population
The study involved a population-based prospective cohort recruited from health

examination survey at the urban area of Xuzhou, central China. This study approved

by the Ethics Committee of the Central Hospital of Xuzhou, China and written

informed consent was obtained from all participants.1369 subjects with both

laboratory results and questionnaire were considered for our study. The exclusion

criteria were as follows: diabetes, confirmed or suspected cancer, chronic kidney

disease, pregnancy, and previous history of coronary heart disease, participants who

suffered from viral hepatitis, hepatic cirrhosis, alcoholics, alcoholic liver disease or

other liver disease, alcohol intake >140 grams/week for men and >70 grams/week for

women. They were followed up for six years from 2010 to 2016 and have a yearly

health examination in Physical Examination Center of Xuzhou Central Hospital.

file:///D:/%E9%B8%A1%E8%82%8B%E6%96%87%E4%BB%B6/Dict/8.9.5.0/resultui/html/index.html


Finally, the prospective analysis included 1067subjects（421 males and 646 females）

aged 20-84 years at baseline examination.

Methods

All the individuals were divided into four groups (Q1, Q2, Q3, Q4) according to

their baseline GGT levels (in quartiles). We first conducted a cross-sectional analysis

on the healthy physical examination population to explore the relationship between

GGT and fasting blood glucose (FBG), age, weight, body mass index, systolic blood

pressure (SBP), diastolic blood pressure (DBP), triglycerides (TG), total cholesterol

(TC), high-density lipoprotein (HDL) and low-density lipoprotein (LDL). Then, all

subjects were followed up regularly and given annual physical examinations by

experienced doctors while being educated and urged to live a healthy lifestyle. And

then, we analyzed the change of FBG during 6-year follow up according to quartile of

baseline GGT level. Finally, we analyzed the relationship between basic GGT

subgroups, time course and basic line FBG.

All subjects underwent anthropometric measurements, included height, weight,

blood pressure, and body mass index. After sitting for 5 minutes, the SBP and DBP of

the right upper arm were measured by a mercury barometer. The arm and heart were

at the same level, measured for 3 times, and the average value was taken for analysis.

Body mass index (BMI), calculated as weight divided by the squared height in meters,

was used as an index of relative weight. The medical examination questionnaire was

designed in a unified manner, including general health situation, sex, age, and past

medical history, were recorded by qualified doctors. Blood samples were obtained

from an antecubital vein in the morning after a 12-h overnight fast. Biochemical

indicators were measured by the enzymatic method on a Hitachi 7600 automatic

biochemical analyzer (Hitachi Ltd., Tokyo, Japan).

Statistical analyses

Data management and statistical analysis were performed using SPSS version

24.0 (SPSS, Inc., Chicago, IL). All measurement data were subjected to a normality

test and followed a normal distribution. Data were presented as the mean–standard

deviation. The patients were divided into four groups according to their baseline



GGT levels (in quartiles). The one-way ANOVA method was used to compare the

differences of variables with baseline. The relationship between GGT levels and

FBG levels was examined using repeated measurements ANOVA. All reported P

values were two-tailed, and values of P<0.05 were considered statistically

significant.

Results

1. Clinical characteristics according to the quartiles of serum GGT

The mean ± SD age of the participants was 47.49±9.60 years and more than half

were female (646 of 1067; 60.54%). Study populations were grouped according to

baseline GGT quartile: for men, Q1: GGT<20 IU/L, Q2: 20<GGT<27 IU/L, Q3: 27 <

GGT<42 IU/L, Q4: GGT >42I U/L; for women, Q1: GGT <12 IU/L,Q2: 12 < GGT

<16 IU/L, Q3: 16 < GGT<22 IU/L, Q4: GGT >22 IU/L. The baseline clinical and

biochemical characteristics are shown (Table 1). It shows positive relationships

between the baseline serum GGT level and age, weight, BMI, SBP, DBP, TC, TG, and

LDL cholesterol levels. Only GGT and HDL cholesterol levels shows a negative

relationship (P<0.001).

2. FBG changes in baseline and 6-year follow-up

Changes in FBG at baseline and during 6-year follow-up after the subjects was

grouped according to quartile categories according to baseline serum GGT levels are

shown (Table 2). FBG level at baseline (p＜0.05), 2-year follow-up (p＜0.01), 4-year

follow-up (p＜0.05) and 6-year follow-up (p＜0.01) was positively correlated with

GGT level. It means that the grouping of baseline GGT levels influenced changes in

fasting blood glucose during 6-year follow-up.

Figure 1 shows that during 6-year follow-up, FBG levels were proportional to

the duration of follow-up in all baseline GGT quartile subgroup. In four GGT quartile

file:///D:/%E9%B8%A1%E8%82%8B%E6%96%87%E4%BB%B6/Dict/8.9.6.0/resultui/html/index.html
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subgroups, the annual mean increase of FBG level shows a positive relationship with

baseline GGT level, even more pronounced in the highest baseline GGT group (Q4).

3. The interactions between time course, baseline FBG and baseline GGT level

In Table 3, the baseline FBG was used as the covariate in ANOVA with

repeated measurements, and it was found that time course was the factor affecting the

change of FBG, and there were interactions between time course, baseline FBG and

GGT groups at different individuals, which together affected the change of FBG level

during the follow-up.

4. GGT is an independent factor affecting FBG level

Considering that baseline FBG may affect subsequent FBG levels, repeated

measures ANOVA was used to exclude the effect of this factor. Results in Table 4

shows that different baseline GGT groups were still significantly associated with

increased FBG levels during follow-up. It means that GGT is an independent factor

affecting FBG level (p＜0.01).

Discussion
It has been shown that serum GGT concentrations are closely related to the

occurrence of diabetes in large populations in Korea [9]. In our 6-year follow up

general population-based study, we demonstrated the association between GGT and

FBG in Chinese People. FBG level at baseline and 2-year, 4-year, 6-year follow-up

was positively correlated with the baseline GGT level. It means that the grouping of

baseline GGT levels influenced changes in blood glucose during 6-year follow-up. In

four GGT quartile subgroups, the annual mean increase of FBG level shows a positive

relationship with baseline GGT level. Higher baseline GGT levels resulted in a faster

annual mean increase in FBG. GGT could be used for early detection of impaired

fasting glucose regulation patients in clinical field.

Our current follow-up analysis demonstrated a significant association between

baseline GGT level and IFG risk, independent of age, weight, BMI, blood pressure



and lipids. As we known, liver plays an important role in the regulation of blood

glucose levels, especially in the fasting state [10]. Thamer C et al [11] elevated serum

GGT levels predict glucose intolerance probably via insulin resistance rather than

beta-cell dysfunction. This may be primarily related to hepatic insulin resistance. The

association observed between elevated hepatic lipids and reduced insulin sensitivity

might explain the increased diabetes risk observed in subjects with elevated serum

GGT concentrations. In the absence of overt liver disease, elevated serum GGT

concentrations may point the clinician to incipient disturbances in the glucose

metabolism [12].

Studies have found that early detection of high fasting glucose and active

intervention can effectively prevent the occurrence of type 2 diabetes mellitus, which

is the key to alleviating the long-term medical burden [13]. Therefore, identification of

factors associated with the pathogenesis of T2DM is of great importance for

improving screening of the high-risk population and facilitating early prevention

strategy. Pre-diabetes is blood glucose consistently elevated above normal levels, but

it is not high enough for diabetes diagnosis, characterized by reduced glucose

tolerance or impaired fasting glucose (IFG). Studies have shown that individuals with

IFG are at a higher risk of subsequent diabetes [14]. Our previous study confirmed that

serum GGT levels are positively associated with IFG in Chinese adults, independent

of other confounding factors [15]. Our recent 6-year follow-up study conducted in

Chinese to further evaluate the relationship between GGT and fasting glucose. For our

present study, during 6-year follow-up, blood glucose levels were proportional to the

duration of follow-up in all baseline GGT quartile subgroup. In four GGT quartile

subgroups, the annual mean increase of FBG level shows a positive relationship with

baseline GGT level. And this trend was even more pronounced in the highest baseline

GGT group. GGT was a simple, accurate, and easy to standardize biochemical

indicator, widely used in clinical practice. Our results infer that GGT could be used

for early detection of IFG patients in clinical field.

Our study suggested that an increase in GGT concentration within its

physiological range is a sensitive and early biomarker for the development of diabetes



[16]. GGT is a liver enzyme involved in the gamma glutamyl cycle, which is related

to glutathione (GSH) synthesis and degradation [17]. On our opinion, the gamma

glutamyl cycle, mediated by GGT, is the most important endogenous antioxidant

system [18]. Oxidative stress is associated with a number of pathological conditions,

such as aging, inflammation, atherosclerosis, and reperfusion injury [19]. Oxidative

stress can also play a role in the cause and pathophysiology of diabetes [20]. We did a

prospective study to test the hypothesis that GGT, possibly as a marker of oxidative

stress, is a predictor of incident diabetes [21]. In addition, since oxidative stress

increases with age [22,23], we tested whether the relations between time course and

diabetes were modified by the baseline GGT concentration. As a result, FBG level at

baseline and 2-year, 4-year, 6-year follow-up were positively correlated with the GGT

level. It means that the grouping of baseline GGT levels influenced changes in blood

glucose during 6-year follow-up.

This study was a 6-year follow-up research with a large number of subjects.

Different from the cross-sectional studies, the follow up study should provide more

important information on the relationship between GGT and fasting glucose as

observation of IFG incidence is possible. However, there are some limitations to this

study. First, our study based on the data from health examination survey at urban area

of Xuzhou, central China, cannot represent the whole Chinese population. Second,

observation period is only six years and needs a long-term observation. Hence, a more

successful research will be achieved if a foothold is gained for a long-term largescale

prospective research through a cooperative study between numerous institutions

complementing the above-mentioned limitations. Third, there may be a

misclassification bias due to the single measurement of fasting glucose, serum GGT

and other biomarkers.

In conclusions, our study showed FBG level at baseline and 2-year, 4-year,

6-year follow-up was positively correlated with the GGT level. It means that the

grouping of baseline GGT levels influenced changes in blood glucose during 6-year

follow-up. An individual with different baseline FBG in different baseline GGT

groups may have different FBG level during follow-up than other individuals. In four



GGT quartile subgroups, the annual mean increase of FBG level shows a positive

relationship with baseline GGT level. In addition, as the measurement of serum GGT

is easy and convenient, it could be used for early detection of IFG even diabetes

patients in the clinical field.
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Figures

Figure 1

The change of FBG in the follow up study according to quartile of baseline GGT groups.
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