[image: image2.png]// (]‘ World Journal of
¢ Gastroenterology




	Increased liver markers are associated with higher risk of type 2 diabetes

Sun-Hye Ko, Myong Ki Baeg, Kyung-Do Han, Seung-Hyun Ko, Yu-Bae Ahn

	CITATION
	Ko SH, Baeg MK, Han KD, Ko SH, Ahn YB. Increased liver markers are associated with higher risk of type 2 diabetes. World J Gastroenterol 2015; 21(24): 7478-7487



	URL
	http://www.wjgnet.com/1007-9327/full/v21/i24/7478.htm



	DOI
	http://dx.doi.org/10.3748/wjg.v21.i24.7478



	OPEN ACCESS
	This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

	CORE TIP
	We investigated the association between liver markers and the risk of type 2 diabetes (T2DM) and impaired fasting glucose (IFG) in a general Korean population. Increasing quartiles of alanine amino​transferase (ALT) and gamma-glutamyltransferase (GGT) were positively and aspartate aminotransferase (AST)/ALT was negatively correlated with both T2DM and IFG. Analysis of the liver marker combinations showed that if any two or more markers were in the highest risk quartile, the risks of both T2DM and IFG increased significantly. Higher levels of GGT and ALT and lower AST/ALT within the physiological range are independent, additive risk factors of T2DM and IFG.


	KEY WORDS
	Type 2 diabetes mellitus; Liver markers; Impaired fasting glucose; Gamma-glutamyl transferase; Aspartate aminotransferase; Alanine aminotransferase



	COPYRIGHT 
	© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.

	COPYRIGHT LICENSE
	Order reprints or request permissions: bpgoffice@wjgnet.com 



	NAME OF JOURNAL
	World Journal of Gastroenterology

	ISSN
	1007-9327 (print) 2219-2840 (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA

	WEBSITE
	http://www.wjgnet.com


Name of journal: World Journal of Gastroenterology

ESPS Manuscript NO: 16185
Columns: Retrospective Cohort Study
Increased liver markers are associated with higher risk of type 2 diabetes

Sun-Hye Ko, Myong Ki Baeg, Kyung-Do Han, Seung-Hyun Ko, Yu-Bae Ahn

Sun-Hye Ko, Seung-Hyun Ko, Yu-Bae Ahn, Division of Endocrinology and Metabolism, Department of Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul 137-701, South Korea

Myong Ki Baeg, Division of Gastroenterology, Department of Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul 137-701, South Korea

Kyung-Do Han, Department of Biostatistics, College of Medicine, The Catholic University of Korea, Seoul 137-701, South Korea

Author contributions: Ko SH, Baeg MK and Han KD designed the research; Ko SH, Baeg MK and Ko SH analyzed the data; Ko SH, Baeg MK and Ahn YB wrote the paper; Ko SH and Ahn YB reviewed and edited the manuscript.

Correspondence to: Yu-Bae Ahn, MD, PhD, Division of Endocrinology and Metabolism, Department of Internal Medicine, St. Vincent’s Hospital, College of Medicine, The Catholic University of Korea, 222 Banpodaero, Seocho-Gu, Seoul 137-701, South Korea. yoonk@catholic.ac.kr
Telephone: +82-31-2498070  Fax: +82-31-2538898

Received: December 31, 2014  Revised: March 2, 2015  Accepted: April 28, 2015
Published online: June 28, 2015
Abstract
AIM: To investigate the association between liver markers and the risk of type 2 diabetes (T2DM) and impaired fasting glucose (IFG).

METHODS: A total of 8863 participants (3408 men and 5455 women) over 30 years of age were analyzed from the fifth Korean National Health and Nutrition Examination Survey (2010-2011). The associations of serum liver markers such as aspartate amino​transferase (AST), alanine aminotransferase (ALT), AST/ALT, and gamma-glutamyltransferase (GGT) with T2DM and IFG were analyzed using logistic regression models. Participants were divided into sex-specific quartiles on the basis of liver markers.

RESULTS: The prevalence of T2DM and IFG were 11.3% and 18.3%. Increasing quartiles of ALT and GGT were positively and AST/ALT were negatively correlated with T2DM and IFG. Analysis of the liver marker combinations showed that if any two or more markers were in the highest risk quartile, the risks of both T2DM and IFG increased significantly. The risk was greatest when the highest ALT and GGT and lowest AST/ALT quartile were combined, with the risk of T2DM at 3.21 (95%CI: 1.829-5.622, P < 0.001) in men and 4.60 (95%CI: 3.217-6.582, P < 0.001) in women. Men and women with the highest AST and ALT and lowest AST/ALT quartile had a 1.99 and 2.40 times increased risk of IFG.

CONCLUSION: Higher levels of GGT and ALT and lower AST/ALT within the physiological range are independent, additive risk factors of T2DM and IFG.
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Core tip: We investigated the association between liver markers and the risk of type 2 diabetes (T2DM) and impaired fasting glucose (IFG) in a general Korean population. Increasing quartiles of alanine amino​transferase (ALT) and gamma-glutamyltransferase (GGT) were positively and aspartate aminotransferase (AST)/ALT was negatively correlated with both T2DM and IFG. Analysis of the liver marker combinations showed that if any two or more markers were in the highest risk quartile, the risks of both T2DM and IFG increased significantly. Higher levels of GGT and ALT and lower AST/ALT within the physiological range are independent, additive risk factors of T2DM and IFG.
INTRODUCTION
The liver has been implicated in the pathogenesis of type 2 diabetes (T2DM). It plays an important role in the maintenance of normal glucose levels, and hepatic dysfunction resulting from insulin resistance syndrome has been suggested as leading to T2DM.

Liver enzymes such as aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma-glutamyltransferase (GGT) are considered as surrogate markers of liver function. Recently, an elevated serum GGT level has been reported as an important risk factor in the development of impaired fasting glucose (IFG), T2DM, cardiovascular disease, and metabolic syndrome (MetS)[1-6]. AST and ALT have also been reported to be associated with MetS and T2DM[4,7-11]. There have been some reports that when AST, ALT, and GGT were tested, only GGT remained associated with T2DM[7,9]. A recent meta-analysis reported that both ALT and GGT elevation were associated with increased risk of T2DM, and that GGT might be a stronger risk factor than ALT[12].

In spite of this evidence, it is not fully understood which liver enzymes are better indicators of T2DM, whether the relationships are consistent in prediabetes states such as IFG, and whether liver markers have incremental predictive effects for T2DM. Therefore, this study aimed to (1) compare the relationships of AST, ALT, and GGT with both T2DM and IFG in a nationally representative sample of Korean adults; and (2) determine whether AST, ALT, and GGT have an incremental effect on the prevalence of T2DM and IFG.

MATERIALS AND METHODS
Data source and subjects

This cross-sectional study was based on the fifth Korean National Health and Nutrition Examination Survey (KNHANES V) conducted from 2010 to 2011. The KNHANES is a nationally representative, cross-sectional survey designed to estimate the health and nutritional status of the Korean population, as determined by the Korea Centers for Disease Control and Prevention (KCDCP). The KNHANES consisted of a health interview, health examination, and nutrition survey. Additional details regarding the study design and methods have been described elsewhere[13,14]. KNHANES V used a rolling sampling design with stratified multistage cluster probability sampling, which was certified as being representative of the Korean population by the Korean Department of Statistics.

Participants older than 30 years of age were included in this study. Exclusion criteria were a history of malignancy, hepatitis B or C, liver cirrhosis, alcohol intake > 30 g/d, pregnancy, or missing data for variables included in the analysis.

The survey protocol was conducted according to the Declaration of Helsinki and was approved by the Institutional Review Board of the Catholic University Medical Center (IRB No. VC14EISI0212). All participants in the survey signed informed consent forms.

Measurements

Anthropometric measurements of the participants were taken by specially trained examiners. Waist circumference (WC) was measured at the narrowest point between the lower borders of the rib cage and the iliac crest. Blood pressure (BP) was measured three times using a mercury sphygmomanometer (Bauma​nometer; Baum, Copiague, NY, United States), and the mean value of the second and third measurements was used.
Questionnaires were used to collect demographic information such as age, sex, residential district (urban, rural), and medical history. Alcohol consumption was categorized into nondrinkers or mild-to-moderate drinkers (1.0-30.0 g alcohol/d). Cigarette smoking was classified as ‘‘yes’’ for participants who had smoked ≥ 100 cigarettes and ‘‘no’’ for those who had smoked < 100 cigarettes during their lifetime. Regular exercise was defined as moderate physical activity ≥ 30 min per day for > 5 d per week and/or strenuous physical activity for ≥ 20 min per day for > 3 d per week. Education level was classified as middle school or lower, high school, and college or higher. Household income was divided into quartiles based on per capita household income.

Blood samples were collected in the morning after ≥ 8 h of fasting. Samples were appropriately processed, refrigerated at 2-8 ℃, and analyzed within 24 h at the Central Testing Institute in Seoul, Korea. Analyses of fasting glucose, AST, ALT, GGT, total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, and triglycerides (TG) were performed using a Hitachi Automatic Analyzer 7600 (Hitachi 7600, Tokyo, Japan).

Definitions

Individuals with T2DM were defined as those with fasting plasma glucose (FPG) ≥ 126 mg/dl, a previous diagnosis of T2DM by a physician, or those taking antidiabetes medication. Impaired fasting glucose (IFG) was classified as FPG between 100 and 125 mg/dl. Hypertension was defined as a systolic BP ≥ 140 mmHg, a diastolic BP ≥ 90 mmHg, or self-reported current use of antihypertensive medications. Hypercholesterolemia was defined as a blood cholesterol level of ≥ 240 mg/dl or current use of lipid-lowering drugs. Subjects were classified as having MetS if they had at least three of the following: WC ≥ 90 cm in men or ≥ 80 cm in women (the modified Asian criteria), TG ≥ 150 mg/dl or TG-lowering medication, low high density lipoprotein cholesterol (< 40 mg/dl in men or < 50 mg/dl in women), systolic BP ≥ 130 mmHg, diastolic BP ≥ 85 mmHg or antihypertensive medication use, FPG ≥ 100 mg/dl or antidiabetes medication use or previously diagnosed T2DM[15].

Statistical analysis

Data were analyzed using SAS for Windows (version 9.20, SAS Institute, Cary, NC, United States). We used the stratification variables and sampling weights designated by the KCDCP, which were based on the sample design of each survey year.

Data are presented as mean ± SE for continuous variables or as proportions (SE) for categorical variables. If necessary, logarithmic transformation was performed to achieve a normal distribution. Pearson’s 2 tests were used to test the differences in the proportion of categorical variables, and independent t-tests were used for evaluating the difference between the means of two continuous variables.

Participants were divided into sex-specific quartiles on the basis of serum liver marker levels as follows: for ALT, 15, 21, and 29 IU/L in men and 12, 15, and 20 IU/L in women; for AST, 19, 22, and 26 IU/L in men and 16, 19, and 23 IU/L in women; for AST/ALT, 0.8, 1.1, and 1.3 in men and 1.1, 1.3, and 1.5 in women; and for GGT, 21, 29, and 47 IU/L in men and 13, 17, and 23 IU/L in women. Associations of liver markers with the risk of T2DM and IFG were analyzed separately by sex using multiple logistic regression models. Risk for those in the second, third, and fourth quartiles (Q2, Q3, and Q4, respectively) of each liver marker was compared with those in the first quartile (Q1). Two models were constructed for each liver marker: in model 1, adjustments were made for age; model 2 included additional adjustments for BMI, smoking, alcohol intake, physical activity, education level, income level, hypertension, and hypercholesterolemia. When two or more liver markers were analyzed, we used the Q4 of AST, ALT, and GGT, whereas Q1 was used for AST/ALT. Results are presented as odds ratios (OR) and 95%CI. A P value < 0.05 was considered to be significant.

RESULTS
Characteristics of participants

Of the 17476 KNHANES V participants, 11705 were eligible for this study. 8863 participants (3408 men and 5455 women) were included and 2842 subjects excluded due to a history of malignancy (n = 142), hepatitis B or C (n = 161), liver cirrhosis (n = 24), alcohol intake > 30 g per day (n = 830), pregnancy (n = 25) or missing data for variables included in the analysis (n = 1660). The prevalence of T2DM in the entire population was 11.3%, considering sampling weights and stratification. The prevalence of T2DM was higher in men (13.9%) than in women (9.8%).

Table 1 shows the clinical characteristics of the study participants. Participants with T2DM were older and had higher BMI and WC than participants without T2DM. Compared with subjects without T2DM, subjects of both sexes who had T2DM had higher rates of metabolic syndrome, hypertension, and hypercholesterolemia, and lower levels of income and education. Although levels of liver enzymes were within the normal range, subjects of both sexes who had T2DM had higher concentrations of AST, ALT, and GGT than subjects who did not. There was no difference in AST/ALT between men with and without T2DM. However, AST/ALT was lower in the T2DM group of women.

prevalence of IFG and T2DM according to liver markers

The prevalence of IFG and T2DM across quartiles of serum liver markers is presented in Figure 1. The participants without T2DM were divided into an IFG and non-IFG group. The prevalence of IFG was 18.3% (22.5% in men, 15.2% in women). The highest prevalence of T2DM occurred in the highest quartiles of serum ALT, and the prevalence of T2DM increased linearly with increasing GGT in both men and women. The prevalence of IFG increased with increasing quartiles of ALT, AST, and GGT in both sexes, and AST/ALT was negatively associated with IFG in women.

We investigated the prevalence of T2DM in those meeting at least two of the following criteria: in Q4 for AST, ALT, or GGT; or in Q1 for AST/ALT. In every case where two or more markers were combined, the prevalence of T2DM was higher than the highest quartiles of a single marker. When all four markers were combined, the prevalence of T2DM was over 20% in both sexes (data not shown).

risk of IFG and T2DM according to liver markers

The risk of T2DM among those in Q2, Q3, and Q4 for liver markers compared with those in Q1 (the reference category) is presented in Table 2.

In the age-adjusted logistic regression analysis, increasing quartiles of ALT and GGT had positive linear correlations with T2DM, whereas AST/ALT was negatively associated with T2DM. When adjusted for age, BMI, smoking, alcohol intake, regular physical activity, education level, income level, hypertension, hypercholesterolemia, and hypertriglyceridemia, the ORs across quartiles of AST/ALT were 1, 0.67, 0.42, and 0.30 in men and 1, 0.51, 0.23, and 0.28 in women (P for trend < 0.001). Compared with the Q1 of ALT, the ORs for T2DM were 2.22 (95%CI: 1.381-3.559; P for trend < 0.001) and 3.16 (95%CI: 1.990-5.026; P for trend < 0.001) for Q4 of men and women, respectively. The positive association between GGT and T2DM was consistently present among both men (adjusted OR = 3.05; 95%CI: 1.913-4.877; P for trend < 0.001) and women (adjusted OR = 2.23; 95%CI: 1.459-3.397; P for trend < 0.001), when Q4 of GGT was compared with Q1. There was no association of AST level with T2DM in either sex.

Table 3 shows the ORs for the prevalence of IFG by quartiles of liver markers. After adjustment for age, all liver markers were significantly associated with IFG, and trends across quartiles of liver markers were statistically significant (all P for trend < 0.05). In model 2, participants in Q4 of ALT and GGT continued to be at elevated risk of IFG, although the association between AST and IFG was no longer significant. Higher AST/ALT ratio was associated with a significantly reduced risk of IFG.

In addition, we assessed the risk of T2DM and IFG with the combination of highest-risk quartiles of liver markers: ALT (Q4), AST/ALT (Q1), and GGT (Q4) (Table 4). After adjustment for age, BMI, smoking, alcohol intake, regular physical activity, education level, income level, hypertension, hypercholesterolemia, and hypertriglyceridemia, if two or more markers were in the highest risk quartile, the risks of both T2DM and IFG were increased compared with the other quartiles (all P values < 0.05). When the combination of ALT (Q4), GGT (Q4), and AST/ALT (Q1) was compared with the other quartiles, the ORs for prevalence of T2DM were 3.21 (95%CI: 1.829-5.622; P < 0.001) in men and 4.60 (95%CI: 3.217-6.582; P < 0.001) in women. In the same adjusted models, men and women who were in Q4 of ALT and GGT and Q1 of AST/ALT had 1.99 and 2.40 times increased risks of IFG, respectively. The increase in risk was generally greater for T2DM than for IFG.

DISCUSSION
In this study, we demonstrated that serum ALT and GGT levels were positively associated and AST/ALT inversely associated with the prevalence of T2DM. The association between AST and the prevalence of T2DM was not significant. These associations remained evident even after adjusting for potential confounding factors by multivariate analysis, thus reinforcing our conclusion that higher ALT and GGT, and lower AST/ALT levels were independent risk factors for T2DM in both sexes. When a combination of two markers was examined, the risk of T2DM increased, the highest risk combination being GGT with AST/ALT in women and ALT with AST/ALT in men. The risk of T2DM was highest when three markers were examined, which suggests that ALT, GGT, and AST/ALT have a cumulative effect on the risk of T2DM.

Several studies have reported a relationship between liver markers and diabetes. Some have reported that ALT and GGT are a risk factor for both T2DM and MetS[16,17], while others have reported that only GGT was significantly associated with the risk of T2DM[6,12,16]. A recent meta-analysis reported that incident diabetes in women is more associated with GGT than with ALT[12]. However, in our study, the ALT level appeared to be the most significant risk factor for T2DM in women, independent of potential confounders. Several studies have examined the association of serum AST with risk for T2DM, with inconsistent results[17,18]. Our results agree with a recent Japanese report[18], which found no association between AST with diabetes risk in a study of male Japanese office workers. We also assessed the risk of T2DM associated with the AST/ALT ratio which found that there was a negative correlation with the AST/ALT ratio.

When the analysis was expanded in to IFG, multiple regression analysis revealed similar results as those for T2DM, in that ALT and GGT showed a positive correlation with IFG while AST/ALT showed a negative correlation. This shows that subjects with the highest quartiles of ALT or GGT or the lowest quartile of AST/ALT have an increased risk of prediabetes. When the analysis was expanded to consider combinations of two or more liver markers, similar results as those for T2DM were obtained, although the ORs were a little lower. These results agree with previous studies that investigated the role of GGT in prediabetes[18,19]. Our study also showed an additive effect for the predictive value of liver markers in prediabetes. As prediabetes is an important risk factor for the development of overt diabetes, further studies regarding the role of the liver in the development and progression of diabetes are indicated.

In the clinical context, AST, ALT, and GGT levels are used to indicate hepatic inflammation, and AST/ALT can distinguish an alcoholic etiology in fatty liver[20]. In addition to these conventional clinical uses, our findings emphasize that highest ALT and GGT quartiles and the lowest AST/ALT quartile within their respective normal ranges can be biomarkers for T2DM.

Biological mechanisms that explain the relationships between liver markers and glucose metabolism have not been elucidated, but there are some potential candidates. One is that increased serum ALT, GGT and decreased AST/ALT levels reflect hepatic steatosis or visceral obesity[21-23]. The excess accumulation of fat in liver, known as nonalcoholic fatty liver disease (NAFLD), causes hepatic insulin resistance and is considered a feature of the MetS[24,25]. ALT has been closely associated with hepatic steatosis and is commonly utilized as an epidemiologic biomarker of NAFLD. In addition, GGT and ALT have also been reported to be correlated with hepatic insulin resistance, which may have contributed to the increase in diabetes or IFG risk[26].

Another mechanism explaining the relationship between liver markers and T2DM may be related to oxidative stress, reported to contribute to the development and progression of diabetes[27]. GGT has been reported to play a central role in the antioxidant system, especially in intracellular glutathione homeo​stasis, and acts as a marker of oxidative stress because it is increases during oxidative stress states[28,29]. Paradoxically, recent studies have reported that GGT may play a direct role in the generation of reactive oxygen species[30]. The rise in reactive oxygen species as a result of increased GGT may exceed the capacity of the antioxidant system, leading to oxidative stress. Inflammation that occurs through oxidative stress results in decreased responsiveness to insulin, ultimately leading to T2DM[31,32]. Oxidative stress and chronic inflammation are also contributing factors in the development and progression of NAFLD[27,31,32].

However, there are some limitations to this study. First, because of the cross-sectional nature of the data, only associations, not causality, can be examined. Second, oral glucose tolerance tests were not performed, limiting identification of participants with impaired glucose tolerance. Third, we relied on a single measurement of liver markers and fasting blood glucose, although these can vary even within individuals at various time points. This may have led to a misclassification bias. However, single measurements of fasting glucose usually lead to nondifferential misclassification of IFG or T2DM, which would probably lead to a lessening of the associations reported in this study. If we had used a more rigorous design for the sample collection, stronger associations could be expected. Fourth, though hepatic insulin resistance may have contributed to the increase in diabetes or IFG risk, we could not measure hepatic insulin resistance as currently accepted methods such as the isotope dilution methods or oral glucose tolerance tests were not done[33].

Despite these limitations, the main strength of this study is that these results can be generalized to the whole Korean population, as the population of the current study was generally representative of Koreans, and the data were collected using standardized methods.

Another strength is that we combined the markers that were confirmed to be associated with T2DM to see if a combination of two or more markers identified a higher risk of T2DM. In both men and women, the risk of T2DM was higher when two markers were combined. When these observations were expanded in a similar manner to IFG, similar conclusions were drawn, although the OR was a little lower than that for T2DM. To the best of our knowledge, this is the first study reporting an additive association between ALT, AST/ALT, GGT, and T2DM and IFG. Liver markers have not been regarded as traditional risk factors for T2DM. This may be because a single liver marker alone is inadequate as a screening tool in clinical practice. However, our results suggest that an increase in the risk of IFG or T2DM should be considered when there is an increase of two or more liver markers.

Finally, our results have potentially important clinical implications. Serum ALT, AST/ALT, and GGT, are measured by standardized methods and are readily available in routine clinical practice. As such, they may provide a simple and predictive measure for assessing the risk of T2DM and IFG. This study shows the possibility of using ALT, AST/ALT, and GGT as supplementary predictive risk factors for IFG or T2DM. At present, ALT and GGT are used as screening, diagnostic and monitoring tools for liver disease. Accordingly, the upper normal limit was determined based on the ability to discriminate persons with hepatobiliary disease[34-36]. However, as our study and others have reported, there is reasonably consistent evidence that high-normal ALT and GGT are risk factors for T2DM, independent of obesity and other known risk factors. This has led to recent studies suggesting lowering the currently accepted upper normal limit of ALT levels[37,38].

In our study, the boundary of the highest quartile of ALT was 29 IU/L in men and 20 IU/L in women, which is lower than the previously reported normal upper limits of adults with biopsy-proven normal liver histology (33 IU/L for men and 25 IU/L for women)[38]. This is also similar to the highest quartile level reported in a recent study on the risk of liver disease and MetS[37]. The boundary of the highest quartile of GGT was 47 IU/L in men and 23 IU/L in women, which is similar to a recent report which showed that GGT ≥ 22 IU/L was significantly associated with an increased risk of fatal coronary artery disease and mortality[39]. Therefore, studies investigating a new threshold for liver enzymes and considering their predictive roles in metabolic and cardiovascular diseases should be performed.

In conclusion, higher levels of serum GGT and ALT, and decreased AST/ALT levels, even within the normal range, are independent, additive risk factors for the prevalence of T2DM and IFG in both sexes. Although more population-based studies and research on the underlying pathophysiology are needed, these liver markers may be additionally useful in identifying individuals at higher risk for T2DM and IFG.
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Background
The liver plays an important role in the maintenance of normal glucose levels, and hepatic dysfunction has been suggested as leading to type 2 diabetes (T2DM). Liver enzymes are considered as surrogate markers of liver function. Elevated serum gamma-glutamyltransferase (GGT) levels have been reported as an important risk factor in the development of impaired fasting glucose, T2DM, cardiovascular disease, and metabolic syndrome. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) have also been reported to be associated with metabolic syndrome and T2DM.

Research frontiers
It is not fully understood which liver enzymes are better indicators of T2DM, whether the relationships are consistent in prediabetes states such as impaired fasting glucose, and whether liver markers have incremental predictive effects for T2DM.

Innovations and breakthroughs
Several studies have reported that ALT and GGT are a risk factor for both T2DM and metabolic syndrome, while others have reported that only GGT was significantly associated with the risk of T2DM. This may be because increased serum ALT, GGT and decreased AST/ALT levels reflect hepatic steatosis or visceral obesity. In addition, GGT and ALT have also been reported to be correlated with hepatic insulin resistance, which may be associated with the increase in diabetes or impaired fasting glucose risk.

Applications
Serum ALT, AST/ALT, and GGT, are measured by standardized methods and are readily available in routine clinical practice. As such, they may provide a simple and predictive measure for assessing the risk of T2DM and impaired fasting glucose. Also, as our study and others have reported, there is reasonably consistent evidence that high-normal ALT and GGT are risk factors for T2DM. This suggests that lowering the currently accepted upper normal limit of ALT levels should be considered.

Peer-review
The paper investigates the association between liver enzymes and the risk to have IFG or T2DM in the population of the KNHANES survey older than 30 years. They observed that higher levels of ALT and/or GGT and lower levels of AST/ALT increased the risk to have IFG and T2DM and that the levels for the increased risk are lower than that considered pathological. Ethical requirements are fulfilled.
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Figure 1  prevalence of impaired fasting glucose and type 2 diabetes according to quartile groups of serum aspartate aminotransferase, alanine aminotransferase, aspartate aminotransferase/alanine aminotransferase, and gamma-glutamyltransferase. A: men; B; women. (All P value for trend in both sexes < 0.001). AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.
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Table 1  Clinical characteristics of the participants  n (%)


�
Men�
Women�
�
�
Nondiabetes�
Diabetes�
P value�
Nondiabetes�
Diabetes�
P value�
�
No.�
2936�
472�
�
4923�
532�
�
�
Age (yr)�
  48.5 (0.35)�
  57.1 (0.60)�
< 0.001�
  49.6 (0.29)�
    61.9 (0.76)�
< 0.001�
�
BMI (kg/m2)�
  24.1 (0.07)�
  24.5 (0.18)�
0.012�
  23.4 (0.06)�
    25.6 (0.18)�
< 0.001�
�
Waist circumference (cm)�
  84.5 (0.21)�
  87.7 (0.53)�
< 0.001�
  78.5 (0.20)�
    86.7 (0.52)�
< 0.001�
�
Systolic BP (mmHg)�
121.1 (0.40)�
125.1 (0.91)�
< 0.001�
117.2 (0.35)�
  129.4 (1.03)�
< 0.001�
�
Diastolic BP (mmHg)�
  80.0 (0.29)�
  78.3 (0.57)�
0.006�
  74.7 (0.20)�
    75.5 (0.55)�
0.178�
�
Smoker, current�
  40.9 (1.17)�
  39.3 (2.69)�
0.576�
    4.2 (0.37)�
      5.1 (1.21)�
0.488�
�
Drinking, mild to moderate�
  18.8 (0.90)�
  16.9 (2.14)�
0.438�
    3.3 (0.33)�
      2.2 (0.89)�
0.330�
�
Regular exercise�
  22.8 (0.94)�
  22.7 (2.39)�
0.983�
  18.9 (0.80)�
    13.7 (2.02)�
0.030�
�
Income, lowest quartile�
  13.7 (0.85)�
  26.7 (2.56)�
< 0.001�
  18.1 (0.79)�
    35.7 (2.54)�
< 0.001�
�
Education, ≤ middle school�
  25.1 (1.12)�
  41.0 (2.88)�
< 0.001�
  39.3 (1.11)�
    75.7 (2.64)�
< 0.001�
�
Rural area�
  20.6 (2.22)�
  24.5 (3.43)�
0.140�
  21.6 (2.18)�
    26.5 (3.51)�
0.045�
�
Hypertension�
  31.3 (1.11)�
  54.3 (2.73)�
< 0.001�
  24.8 (0.80)�
    63.8 (2.89)�
< 0.001�
�
Hypercholesterolemia�
  11.5 (0.70)�
  25.7 (2.50)�
< 0.001�
  13.4 (0.60)�
36.50 (2.4)�
< 0.001�
�
Metabolic syndrome�
  25.4 (1.03)�
  66.1 (2.74)�
< 0.001�
  24.2 (0.68)�
    80.8 (2.33)�
< 0.001�
�
FPG (mg/dL)�
  94.3 (0.24)�
147.4 (3.19)�
< 0.001�
  91.6 (0.17)�
  138.5 (2.28)�
< 0.001�
�
Triglycerides (mg/dL)1�
128.2 (124.4-132.2)�
146.1 (134.9-158.3)�
0.003�
94.6 (92.8-96.5)�
137.3 (129.5-145.5)�
< 0.001�
�
Total cholesterol (mg/dL)�
193.1 (0.81)�
181.3 (2.32)�
< 0.001�
191.9 (0.66)�
  194.0 (2.18)�
0.353�
�
HDL-cholesterol (mg/dL)�
  49.0 (0.29)�
  45.7 (0.75)�
< 0.001�
  55.5 (0.22)�
    49.5 (0.67)�
< 0.001�
�
LDL-cholesterol (mg/dL)�
114.7 (0.78)�
102.0 (2.02)�
< 0.001�
114.5 (0.55)�
  113.0 (2.04)�
0.487�
�
ALT (IU/L)1�
22.3 (21.8-22.8)�
25.3 (23.8-26.9)�
< 0.001�
15.3 (15.0-15.5)�
21.0 (20.0-22.1)�
< 0.001�
�
AST (IU/L)1�
22.3 (22.0-22.6)�
24.0 (22.9-25.1)�
0.003�
19.2 (19.0-19.4)�
22.1 (21.2-23.0)�
< 0.001�
�
AST/ALT�
    1.1 (0.01)�
    1.0 (0.03)�
0.265�
    1.3 (0.01)�
      1.1 (0.02)�
< 0.001�
�
GGT1�
33.9 (32.9-34.9)�
42.5 (39.3-46.0)�
< 0.001�
18.8 (18.4-19.1)�
26.6 (25.1-28.1)�
< 0.001�
�
1Geometric mean (95%CI). Data are presented as the mean ± SE, or percentage (SE). BMI: Body mass index; BP: Blood pressure; FPG: Fasting plasma glucose; HDL: High density lipoprotein; LDL: Low density lipoprotein; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.





Table 2  Adjusted odds ratios for the prevalence of type 2 diabetes according to quartile groups of liver markers


�
Men�
Women�
�
�
ALT�
AST�
AST/ALT�
GGT�
ALT�
AST�
AST/ALT�
GGT�
�
Model 1�
�
   Q1�
1�
1�
1�
1�
1�
1�
1�
1�
�
   Q2�
1.04 (0.708-1.515)�
0.62 (0.429-0.891)�
0.58 (0.416-0.812)�
1.81 (1.195-2.748)�
1.54 (0.975-2.429)�
1.16 (0.811-1.670)�
0.44 (0.338-0.569)�
0.84 (0.537-1.319)�
�
   Q3�
1.61 (1.105-2.343)�
0.75 (0.525-1.068)�
0.37 (0.256-0.519)�
2.07 (1.406-3.051)�
2.74 (1.723-4.351)�
0.78 (0.527-1.141)�
0.16 (0.112-0.233)�
1.68 (1.102-2.559)�
�
   Q4�
2.63 (1.820-3.797)�
1.16 (0.824-1.617)�
0.24 (0.162-0.351)�
3.47 (2.372-5.074)�
5.31 (3.528-7.991)�
1.27 (0.884-1.816)�
0.17 (0.118-0.242)�
3.99 (2.766-5.744)�
�
P for trend�
< 0.001�
0.256�
< 0.001�
< 0.001�
< 0.001�
0.396�
< 0.001�
< 0.001�
�
Model 2�
�
   Q1�
1�
1�
1�
1�
1�
1�
1�
1�
�
   Q2�
1.07 (0.698-1.652)�
0.55 (0.366-0.836)�
0.67 (0.447-0.998)�
1.61 (1.015-2.538)�
1.27 (0.777-2.077)�
1.08 (0.741-1.577)�
0.51 (0.377-0.695)�
0.69 (0.426-1.116)�
�
   Q3�
1.43 (0.899-2.274)�
0.74 (0.484-1.119)�
0.42 (0.270-0.640)�
2.03 (1.312-3.151)�
1.90 (1.158-3.120)�
0.70 (0.449-1.092)�
0.23 (0.154-0.357)�
1.11 (0.686-1.801)�
�
   Q4�
2.22 (1.381-3.559)�
0.96 (0.640-1.432)�
0.30 (0.185-0.483)�
3.05 (1.913-4.877)�
3.16 (1.990-5.026)�
1.06 (0.714-1.571)�
0.28 (0.188-0.429)�
2.23(1.459-3.397)�
�
P for trend�
< 0.001�
0.681�
< 0.001�
< 0.001�
< 0.001�
0.926�
< 0.001�
< 0.001�
�
Model 1: adjusted for age; Model 2: adjusted for age, BMI, smoking, alcohol intake, regular physical activity, education level, income level, hypertension, hypercholesterolemia, and hypertriglyceridemia; ALT quartile (IU/L): 15, 21, and 29 IU/L in men and 12, 15, and 20 IU/L in women; AST quartile (IU/L): 19, 22, and 26 IU/L in men and 16, 19, and 23 IU/L in women; AST/ALT quartile: 0.8, 1.1, and 1.3 in men and 1.1, 1.3, and 1.5 in women; GGT quartile (IU/L): 21, 29, and 47 IU/L in men and 13, 17, and 23 IU/L in women. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.





Table 3  Adjusted odds ratios for the prevalence of impaired fasting glucose according to quartile groups of liver markers


�
Men�
Women�
�
�
ALT�
AST�
AST/ALT�
GGT�
ALT�
AST�
AST/ALT�
GGT�
�
Model 1�
�
   Q1�
1�
1�
1�
1�
1�
1�
1�
1�
�
   Q2�
1.29 (0.942-1.754)�
1.40 (1.030-1.889)�
0.65 (0.487-0.855)�
1.46 (1.066-1.998)�
1.50 (1.117-2.022)�
1.15 (0.863-1.540)�
0.63 (0.496-0.805)�
2.05 (1.452-2.902)�
�
   Q3�
1.69 (1.269-2.246)�
1.57 (1.171-2.095)�
0.46 (0.342-0.612)�
2.54 (1.907-3.393)�
1.98 (1.474-2.658)�
1.09 (0.785-1.502)�
0.37 (0.285-0.475)�
3.74 (2.606-5.355)�
�
   Q4�
2.76 (2.026-3.750)�
2.08 (1.532-2.815)�
0.39 (0.283-0.547)�
3.63 (2.721-4.852)�
3.24 (2.397-4.369)�
1.70 (1.265-2.274)�
0.32 (0.248-0.423)�
5.56 (3.970-7.780)�
�
P for trend�
< 0.001�
< 0.001�
< 0.001�
< 0.001�
< 0.001�
0.001�
< 0.001�
< 0.001�
�
Model 2�
�
   Q1�
1�
1�
1�
1�
1�
1�
1�
1�
�
   Q2�
1.07 (0.738-1.546)�
1.29 (0.905-1.849)�
0.77 (0.550-1.077)�
1.27 (0.871-1.843)�
1.27 (0.904-1.789)�
1.04 (0.749-1.444)�
0.72 (0.556-0.936)�
1.98 (1.333-2.946)�
�
   Q3�
1.07 (0.752-1.513)�
1.33 (0.924-1.906)�
0.63 (0.446-0.890)�
1.97 (1.362-2.856)�
1.53 (1.081-2.151)�
0.92 (0.642-1.323)�
0.48 (0.360-0.642)�
2.97 (1.974-4.469)�
�
   Q4�
1.69 (1.172-2.447)�
1.46 (1.009-2.111)�
0.70 (0.464-1.055)�
2.32 (1.608-3.356)�
2.00 (1.422-2.823)�
1.34 (0.980-1.838)�
0.49 (0.365-0.667)�
4.00 (2.720-5.874)�
�
P for trend�
0.005�
0.053�
0.042�
< 0.001�
< 0.001�
0.094�
< 0.001�
< 0.001�
�
Model 1: adjusted for age; Model 2: adjusted for age, body mass index, smoking, alcohol intake, regular physical activity, education level, income level, hypertension, hypercholesterolemia, and hypertriglyceridemia; ALT quartile (IU/L): 15, 21, and 29 IU/L in men and 12, 15, and 20 IU/L in women; AST quartile (IU/L): 19, 22, and 26 IU/L in men and 16, 19, and 23 IU/L in women; AST/ALT quartile: 0.8, 1.1, and 1.3 in men and 1.1, 1.3, and 1.5 in women; GGT quartile (IU/L): 21, 29, and 47 IU/L in men and 13, 17, and 23 IU/L in women. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.





Table 4  Risk of diabetes and impaired fasting glucose examined by combinations of liver markers


 �
Men�
Women�
�
�
OR (95%CI)�
P value�
OR (95%CI)�
P value�
�
In type 2 diabetes�
 �
 �
 �
 �
�
      ALT, highest quartile, and AST/ALT, lowest quartile�
2.77 (1.749-4.371)�
< 0.001�
3.76 (2.731-5.175)�
< 0.001�
�
      ALT, highest quartile, and GGT, highest quartile�
2.37 (1.486-3.794)�
< 0.001�
4.03 (2.961-5.492)�
< 0.001�
�
      GGT, highest quartile, and AST/ALT, lowest quartile�
2.73 (1.614-4.634)�
< 0.001�
4.20 (2.987-5.903)�
< 0.001�
�
      ALT, GGT, highest quartile, and AST/ALT, lowest quartile�
3.21 (1.829-5.622)�
< 0.001�
4.60 (3.217-6.582)�
< 0.001�
�
In IFG�
 �
 �
 �
 �
�
      ALT, highest quartile, and AST/ALT, lowest quartile�
2.04 (1.410-2.952)�
< 0.001�
1.88 (1.439-2.458)�
< 0.001�
�
      ALT, highest quartile, and GGT, highest quartile�
2.10 (1.413-3.105)�
< 0.001�
2.27 (1.676-3.072)�
< 0.001�
�
      GGT, highest quartile, and AST/ALT, lowest quartile�
1.79 (1.182-2.716)�
0.006�
2.38 (1.761-3.220)�
< 0.001�
�
      ALT, GGT, highest quartile, and AST/ALT, lowest quartile�
1.99 (1.264-3.131)�
0.003�
2.40 (1.720-3.354)�
< 0.001�
�
Adjusted for age, body mass index, smoking, alcohol intake, regular physical activity, education level, income level, hypertension, and hypercholesterolemia, and hypertriglyceridemia. ALT highest quartile (IU/L): ≥ 29 in men and ≥ 20 in women; AST highest quartile (IU/L): ≥ 26 in men and ≥ 23 in women; AST/ALT lowest quartile: < 0.8 in men and < 1.1 in women; GGT highest quartile (IU/L): ≥ 47 in men and ≥ 23 in women. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.








