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Increased Visit-to-Visit Liver Enzyme Variability Is 
Associated with Incident Diabetes: A Community-
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Background: Fatty liver and/or increased liver enzyme values have been reported to be associated with incident diabetes. We 
sought to determine whether increased visit-to-visit liver enzyme variability is associated with incident diabetes.
Methods: Study participants were recruited from the Korean Genome and Epidemiologic Study (KoGES). A total of 4,151 people 
aged 40 to 69 years was recruited and tested every 2 years for up to 12 years. Visit-to-visit aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) variability was evaluated in first the 6-year period through the use of various variability measure-
ments: standard deviation (SD), average successive variability, coefficient of variation (CV), and variation independent of mean 
(VIM). Oral glucose tolerance test was performed at every visit.
Results: During the 6-year follow‐up appointments, 13.0% (538/4,151) of people developed incident diabetes. Visit-to-visit AST 
variability was associated with an increased risk of diabetes independent of conventional risk factors for diabetes (hazard ratio per 
1-SD increment [95% confidence interval]: 1.06 [1.00 to 1.11], 1.12 [1.04 to 1.21], and 1.13 [1.04 to 1.22] for SD, CV, and VIM, re-
spectively; all P<0.05); however, no such associations were observed in the visit-to-visit ALT variability. According to alcohol 
consumption status, both AST and ALT variability were independent predictors for incident diabetes in subjects with heavy alco-
hol consumption; however, neither AST nor ALT variability was associated with diabetes risk in subjects who did not drink alco-
hol heavily.
Conclusion: Visit-to-visit liver enzyme variability is an independent predictor of incident diabetes. Such association was more 
evident in those who consumed significant amounts of alcohol.
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INTRODUCTION

Accumulating epidemiologic evidence shows that non-alcohol-
ic fatty liver disease (NAFLD) and type 2 diabetes mellitus 
(T2DM) commonly coexist, and up to 70% to 80% of patients 
with T2DM are reported to be affected by NAFLD [1]. These 
two disease entities have common conditions and pathophysio-
logic mechanisms including obesity, insulin resistance, and pro-

inflammatory and proatherogenic states and mutually increase 
the risk of developing more severe forms of NAFLD and cardio-
vascular complications, respectively [1,2]. Furthermore, grow-
ing evidence suggests that NAFLD often precedes development 
of T2DM [3]. In a meta-analysis performed with 19 observa-
tional studies with almost 300,000 individuals (30.1% with 
NAFLD), patients with NAFLD showed a 2.2-fold increased 
risk in incident diabetes than those without NAFLD [4].
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Recent studies have suggested that increased visit-to-visit 
variability in diverse clinical and biochemical measurements is 
independently associated with cardiovascular events [5-8]. 
Among patients with T2DM, body weight variability was asso-
ciated with higher rates of cardiovascular events and mortality 
independent of traditional cardiovascular risk factors [5]. In 
addition, in a meta-analysis from prospective cohort studies or 
clinical trials in adults, increased long term variability in sys-
tolic blood pressure was associated with the risk of cardiovas-
cular events and all-cause and cardiovascular mortality [7]. 
Similarly, in an analysis of the TNT trial data, visit-to-visit low-
density lipoprotein cholesterol (LDL-C) variability was associ-
ated with future cardiovascular events independent of treat-
ment effect and achieved mean LDL-C levels [8].

Based on these observations, we sought to determine wheth-
er increased visit-to-visit liver enzyme variability is an inde-
pendent predictor of incident diabetes using data from a com-
munity-based prospective cohort in Korean adults. In addi-
tion, we further clarified the association between visit-to-visit 
liver enzyme variability and diabetes risk differs according to 
alcohol consumption status.

METHODS

Study population
The Korean Genome and Epidemiologic Study (KoGES) is a 
prospective study that was launched by the Korean Center for 
Disease Control and Prevention. In this study, participants 
were recruited from two communities in South Korea: the An-
sung cohort for a rural community and the Ansan cohort for 
an urban community (the Ansung-Ansan Cohort Study). 
Baseline examinations were performed in 2001 to 2002; the 
follow-up examinations were ongoing every 2 years, and data 
up to 2013 to 2014 were used in this study. Details regarding 
the study’s design and baseline characteristics and follow-up 
rate at every visit have been published in previous study [9]. 
During the 12-year study period, we used data from the first 6 
years, which included a total of four clinic visits, to calculate 
liver enzyme variability (‘baseline period,’ from 2001–2002 to 
2007–2008), and the data from the remaining 6 years were 
used to determine incident diabetes (‘follow-up period,’ from 
2007–2008 to 2013–2014). Thus, year 2007 to 2008 was desig-
nated as the new baseline in this study. A total of 10,030 sub-
jects aged 40 to 69 years was recruited, among whom 2,397 
subjects with diabetes based on self-reported history, use of 

antidiabetic drugs and/or insulin, and oral glucose tolerance 
test (OGTT) during ‘baseline period’ and/or 423 subjects with 
a history of hepatitis at baseline examination (2001 to 2002) 
were excluded. Among the remaining 7,326 subjects, we limit-
ed study subjects to 4,396 who were followed up every visit 
during the ‘baseline period’ and then further excluded subjects 
with missing aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) levels (n=40) and/or body weight 
measurements during the ‘baseline period’ (n=51). Among 
the remaining 4,331 subjects, 4,151 who had follow-up OGTT 
data collected at least once during the ‘follow-up period’ were 
enrolled in this study (Supplementary Fig. 1).

Informed consent was obtained from all study subjects. The 
study protocol was approved by the Ethics Committee of the 
Korean Center for Disease Control and the Kyung Hee Univer-
sity Hospital at Gangdong Institutional Review Board (KH-
NMC IRB 2020-02-003).

Clinical and biochemical parameters
Body mass index (BMI) was calculated as weight in kilograms 
divided by the square of height in meters (kg/m2) in light 
clothing. Waist circumference was measured at the midpoint 
between the lower limit of the ribcage and the iliac crest. 
Smoking status was classified into three groups: current smok-
er, past smoker, and never smoker. Heavy alcohol drinker was 
defined as alcohol consumption ≥30 g/day for men and ≥20 
g/day for women [10]. Regular physical activity was defined as 
moderate or vigorous intensity physical activity that lasted ≥30 
minutes daily.

After overnight fasting for 12 hours, blood samples were col-
lected and analyzed at a central laboratory (Seoul Clinical Lab-
oratories, Seoul, Korea). The plasma concentrations of glucose, 
total cholesterol, triglycerides, and high-density lipoprotein 
cholesterol (HDL-C) were measured enzymatically using a 747 
Chemistry Analyzer (Hitachi, Tokyo, Japan). White blood cell 
(WBC) counts were measured using an autoanalyzer (Sysmex, 
Kobe, Japan). Levels of blood urea nitrogen and creatinine, as 
well as ALT and AST, were measured using a Hitachi 747 auto-
mated analyzer. High-sensitivity C-reactive protein (hsCRP) 
concentrations were measured by immunoradiometric assay 
(ADVIA 1650; Bayer Diagnostics, Tarrytown, NY, USA). Gly-
cosylated hemoglobin (HbA1c) levels were measured by high-
performance liquid chromatography (VARIANT II; Bio-Rad 
Laboratories, Hercules, CA, USA); however, HbA1c was not 
used to define glucose tolerance categories since it was not in-



Bang K, et al.

892 Diabetes Metab J 2021;45:890-898 https://e-dmj.org

corporated in the diagnostic criteria at the start of the study. 
Plasma insulin concentrations were determined using a radio-
immunoassay kit (Linco Research, St. Charles, MO, USA).

Definitions
All participants underwent a 75 g OGTT at inclusion and then 
every 2 years. Plasma glucose and insulin concentrations were 
measured at 0, 60, and 120 minutes during the OGTT. The 
definitions of diabetes were based on plasma glucose levels 
during the 75 g OGTT, as defined by the 1997 American Dia-
betes Association criteria [11]. To determine the subject’s insu-
lin secretory capacity, a homeostasis model assessment of β- 
cell function (HOMA-B%) was calculated as 20×[fasting insu-
lin (μU/mL)]×[fasting glucose–3.5 (mmol/L)] [12]. In addi-
tion, the insulinogenic index (IGI), which is an estimate of early 
phase insulin secretion, was calculated by dividing the incre-
mental change in insulin during the first 60-minute by the cor-
responding change in glucose [60–0 minutes insulin (IU/mL)/ 
60–0 minutes glucose (mg/mL)] [13]. Insulin sensitivity was 
estimated by homeostasis model assessment of insulin resis-
tance (HOMA-IR), which was calculated as [fasting glucose 
(mg/dL)×fasting insulin (μU/mL)]/405 [12]. In addition, the 
composite (Matsuda) insulin sensitivity index (ISI) was calcu-
lated as 10,000/[fasting glucose (mg/dL)×fasting insulin (μU/
mL)×mean glucose (mg/dL)×mean insulin (μU/mL)]0.5 using 
0, 60, and 120 minutes values from the OGTT [14]. To deter-
mine pancreatic β-cell function adjusting for insulin sensitivi-
ty, the oral disposition index was calculated by multiplying the 
IGI60 by the composite ISI [13].

Hypertension was defined as one of the following: (1) self-
reported previous history of hypertension; (2) systolic or dia-
stolic blood pressure ≥140/90 mm Hg; or (3) use of antihyper-
tensive medications [15]. Hyperlipidemia was defined as one 
of the following: (1) self-reported previous history of lipid ab-
normalities; (2) total cholesterol ≥240 mg/dL; or (3) use of lip-
id-lowering medications [16]. A cardiovascular disease (CVD) 
event was defined as either myocardial infarction, coronary ar-
tery disease, congestive heart failure, stroke, or peripheral ar-
tery disease, and data on each event were obtained from the 
study participants’ reports. The CVD events reported by par-
ticipants were corroborated by an in-depth interview during 
the initial examination and at interviews repeated at each bien-
nial follow-up visit. To calculate visit-to-visit AST and ALT 
variability, various measurements were used as follows: (1) the 
standard deviation (SD) of AST and ALT levels; (2) the average 

successive variability, which was defined as the average abso-
lute difference between successive values; (3) coefficient of vari-
ation (CV); and (4) variation independent of mean (VIM). 
VIM was calculated as 100×SD/meanbeta, where beta is the re-
gression coefficient, on the basis of natural logarithm of SD on 
natural logarithm of mean [8].

Statistical analysis
Data are expressed as mean±SD for continuous measures or as 
proportion for categorical variables. Differences between 
groups were tested by Student’s t-test for continuous variables 
and the chi-square test for categorical variables. Spearman’s cor-
relation coefficients were performed to determine the associa-
tions between liver enzyme variability and indices reflecting 
insulin secretion, insulin resistance, and low-grade inflamma-
tion. Hazard ratios (HRs) with 95% confidence intervals (CIs) 
were calculated for independent variables included in a Cox 
proportional hazards model, with a 1-SD increment used for 
HR calculations for continuous measurements. A variance in-
flation factor >5.0 was used as an indicator of multicollineari-
ty. The presence of interaction was assessed in multivariate 
models by testing the significance of first-order interaction 
terms. Analyses were performed using R version 3.6.2 (http://
www.r-project.org) and SPSS software version 24.0 (IBM Co., 
Armonk, NY, USA). P values <0.05 were considered statisti-
cally significant.

RESULTS

Of 4,151 participants free of diabetes during the ‘baseline peri-
od,’ 538 individuals (13.0%) developed diabetes during the 
6-year ‘follow-up period.’ Individuals who developed diabetes 
were older, more obese, and showed unfavorable metabolic 
phenotypes, including higher blood pressure and glucose lev-
els, atherogenic dyslipidemic profiles, and insulin resistance 
compared with individuals who did not develop diabetes. In 
addition, individuals with incident diabetes showed elevated 
liver enzyme levels, including AST and ALT, and inflammatory 
markers, which were determined by WBC counts and hsCRP 
levels, compared with individuals who did not develop diabe-
tes. However, daily alcohol consumption amount and the pro-
portion of heavy alcohol drinkers were not different between 
the two groups (Table 1).

Similarly, the univariate Cox hazards model showed age, 
BMI, waist circumference, and other traditional risk factors for 
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diabetes were associated with development of diabetes. Again, 
however, daily alcohol consumption amount or heavy alcohol 
drinking was not associated with incident diabetes. Regarding 
variables from AST and ALT measurements, mean AST and 
ALT values during ‘baseline period’ were associated with dia-
betes risk. For every 1-SD increase, the risk of diabetes in-
creased by 5% (HR per 1-SD, 1.05; 95% CI, 1.00 to 1.10; P= 
0.036). Similar associations were observed in CV (HR per 
1-SD, 1.12; 95% CI, 1.05 to 1.20; P=0.001) and VIM (HR per 

1-SD, 1.10; 95% CI, 1.01 to 1.19; P=0.020) of AST and risk of 
diabetes. However, such associations were not observed be-
tween visit-to-visit ALT variability and incident diabetes (Table 
2). In addition, the number of incident cases of diabetes in-
creased according to AST and ALT variability tertile (Supple-
mentary Fig. 2).

To determine whether visit-to-visit AST and ALT variability 
independently predicts future development of diabetes, a Cox 
proportional hazard regression model was fit that included 

Table 1. Baseline (year 2007 to 2008) characteristics

Characteristic Total
(n=4,151)

Incident diabetes (–)
(n=3,613)

Incident diabetes (+)
(n=538) P value

Age, yr 57.1±8.5 56.9±8.5 58.6±8.6 <0.001

Male sex 1,874 (45.1) 1,638 (45.3) 236 (43.9) 0.553

Body mass index, kg/m2 24.3±3.0 24.2±2.9 25.0±3.3 <0.001

Waist circumference, cm 83.5±9.5 83.2±9.4 85.6±10.2 <0.001

Current smoker 1,414 (34.1) 1,229 (34.1) 185 (34.4) 0.921

Daily alcohol consumption, g/day 18.4±25.5 18.1±25.0 20.0±28.6 0.327

Heavy alcohol drinker 388 (9.4) 328 (9.1) 60 (11.2) 0.143

Regular physical activity 696 (16.8) 609 (16.9) 87 (16.2) 0.738

Family history of diabetes 426 (10.3) 361 (10.0) 65 (12.1) 0.157

Hypertension 1,187 (28.7) 986 (27.4) 201 (37.4) <0.001

Hyperlipidemia 502 (12.1) 417 (11.6) 85 (15.8) 0.006

Cardiovascular disease 64 (1.5) 51 (1.4) 13 (2.4) 0.116

Systolic blood pressure, mm Hg 116.2±15.7 115.8±15.5 119.4±16.2 <0.001

Diastolic blood pressure, mm Hg 75.0±9.2 74.8±9.2 76.2±9.2 0.001

Fasting plasma glucose, mg/dL 91.2±8.7 90.5±8.2 96.0±10.5 <0.001

2-Hour post-load glucose, mg/dL 121.9±31.1 119.5±29.7 138.8±34.6 <0.001

Fasting serum insulin, µIU/mL 8.56±4.54 8.45±4.56 9.33±4.37 <0.001

HOMA-IR 1.95±1.14 1.91±1.14 2.23±1.13 <0.001

Total cholesterol, mg/dL 196.0±34.0 195.9±33.7 196.6±36.3 0.667

HDL-C, mg/dL 44.8±10.6 45.1±10.6 42.9±10.3 <0.001

Triglycerides, mg/dL 132.1±81.8 128.8±77.9 154.2±101.7 <0.001

Blood urea nitrogen, mg/dL 15.9±4.4 15.9±4.4 15.7±4.2 0.456

Creatinine, mg/dL 0.93±0.21 0.93±0.22 0.94±0.17 0.801

Aspartate aminotransferase, U/L 25.7±11.5 25.5±10.3 27.2±17.6 0.034

Alanine aminotransferase, U/L 23.5±14.9 23.2±14.7 25.1±16.1 0.013

White blood cell, number/mL 6,017±1,368 5,980±1,351 6,261±1,451 <0.001

High sensitivity C-reactive protein, mg/L 1.08±1.35 1.03±1.30 1.40±1.58 <0.001

Values are presented as mean±standard deviation or number (%). To convert glucose level to millimoles per liter, multiply by 0.0555. To convert 
insulin level to picomoles per liter, multiply by 6.945. To convert total, low-density lipoprotein cholesterol, and HDL-C levels to millimoles per 
liter, multiply by 0.0259. To convert triglyceride level to millimoles per liter, multiply by 0.0113.
HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high-density lipoprotein cholesterol.
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variables found to be significantly associated with diabetes risk 
in univariate analysis (Table 2). Since systolic and diastolic 
blood pressures are highly correlated and provide similar in-
formation, the former was chosen for inclusion in the multi-
variate model due to its higher HR in univariate analysis. Simi-
larly, inclusion of both HOMA-IR and fasting insulin in a 
model causes multicollinearity; thus, we selected fasting insu-
lin because HOMA-IR includes fasting glucose, another vari-
able included in our multivariate model. In the fully adjusted 
model III, SD (HR per 1-SD, 1.06; 95% CI, 1.00 to 1.11; P< 
0.05), CV (HR per 1-SD, 1.12; 95% CI, 1.04 to 1.21; P<0.01), 
and VIM (HR per 1-SD, 1.13; 95% CI, 1.04 to 1.22; P<0.01) of 
AST were independently associated with future diabetes risk. 
On the other hand, visit-to-visit ALT variability was not asso-
ciated with diabetes risk in the multivariate model. When we 
divided study participants according to alcohol intake status, 
AST and ALT variability were independently associated with 
diabetes risk in subjects who were heavy alcohol drinkers 
(model III); however, neither AST nor ALT variability was as-
sociated with diabetes risk in subjects who did not drink alco-
hol heavily except VIM of AST. In addition, these associations 
between liver enzyme variability and diabetes risk, particularly 
AST value in subjects who were heavy alcohol drinkers, was 
still evident even after further adjustment for mean AST or 
ALT levels, respectively (model IV) (Table 3).

Finally, we sought to determine which mechanisms are in-
volved in the association between increased liver enzyme vari-
ability and diabetes risk. Spearman’s correlation analysis 
showed that liver enzyme variability during the ‘baseline peri-
od’ appeared to be more closely related to insulin resistance 
determined by HOMA-IR and ISI compared with low insulin 
secretory capacity determined by HOMA-B%, IGI, and the 
disposition index at baseline (year 2007 to 2008). In addition, 
increased low grade inflammation might be involved in the as-
sociation between liver enzyme variability and diabetes risk 
(Table 4). Furthermore, we selected indices that reflected insu-
lin secretion, insulin resistance, and low-grade inflammation 
based on simple linear regression analysis. Next, we put the se-
lected indices into a multiple regression analysis model and 
compared standardized β coefficients. As a result, insulin resis-
tance appeared to be the highest associating factor with liver 
enzyme variability rather than insulin secretion defect or low-
grade inflammation (Supplementary Table 1).

Table 2. Univariate analysis for diabetes risk

Variable HR (95% CI) P value

Age 1.22 (1.12–1.32) <0.001

Male sex 0.98 (0.83–1.17) 0.843
Body mass index 1.27 (1.17–1.38) <0.001
Waist circumference 1.28 (1.17–1.39) <0.001
Current smoker 1.06 (0.89–1.27) 0.520
Daily alcohol consumption 1.07 (0.96–1.20) 0.230
Heavy alcohol drink 1.27 (0.97–1.66) 0.079
Regular physical activity 0.98 (0.78–1.23) 0.860
Family history of diabetes 1.16 (0.90–1.51) 0.253
Hypertension 1.58 (1.32–1.88) <0.001
Hyperlipidemia 1.35 (1.07–1.70) 0.012
Cardiovascular disease 1.65 (0.95–2.86) 0.076
Systolic blood pressure 1.24 (1.15–1.34) <0.001
Diastolic blood pressure 1.16 (1.07–1.26) <0.001
Fasting plasma glucose 1.72 (1.60–1.86) <0.001
2-Hour post-load glucose 1.82 (1.67–1.99) <0.001
Fasting serum insulin 1.11 (1.06–1.17) <0.001
HOMA-IR 1.12 (1.08–1.17) <0.001
Total cholesterol 1.01 (0.93–1.10) 0.763
HDL-C 0.81 (0.73–0.89) <0.001
Triglycerides 1.25 (1.17–1.32) <0.001
Blood urea nitrogen 0.96 (0.88–1.05) 0.354
Creatinine 1.01 (0.95–1.07) 0.815
White blood cell count 1.18 (1.09–1.29) <0.001
High sensitivity C-reactive protein 1.21 (1.13–1.29) <0.001
Aspartate aminotransferase
   Baseline 1.14 (1.08–1.20) <0.001
   Mean 1.10 (1.04–1.16) 0.001
   SD 1.05 (1.00–1.10) 0.036
   CV 1.12 (1.05–1.20) 0.001
   ASV 1.04 (0.99–1.09) 0.089
   VIM 1.10 (1.01–1.19) 0.023
Alanine aminotransferase
   Baseline 1.11 (1.04–1.18) 0.001
   Mean 1.09 (1.04–1.14) <0.001
   SD 1.03 (0.97–1.09) 0.419
   CV 1.03 (0.95–1.11) 0.533
   ASV 1.03 (0.97–1.08) 0.351

   VIM 0.97 (0.89–1.06) 0.541

HR for continuous variables are shown as 1-SD increment.
HR, hazard ratio; CI, confidence interval; HOMA-IR, homeostasis model 
assessment of insulin resistance; HDL-C, high-density lipoprotein choles-
terol; SD, standard deviation; CV, coefficient of variation; ASV, average 
successive variability; VIM, variability independent of the mean.
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DISCUSSION

In this community-based prospective cohort study, visit-to-visit 
variability in liver enzyme AST and ALT levels were predictive 
of incident diabetes independent of traditional risk factors of 
diabetes and mean AST and ALT levels during the 6-year fol-
low-up period. Additional findings from this study were (1) the 
predictive role of liver enzyme variability for incident diabetes 
was more evident in people with heavy alcohol consumption 
compared with casual or non-drinkers; (2) AST variability was 
more closely related to incident diabetes than was ALT variabil-
ity; and (3) insulin resistance was more closely related to liver 
enzyme variability than was lower insulin secretion, and thus it 
could mediate diabetes risk with liver enzyme variability.

In addition to severity and duration of exposure in cardio-
vascular risk factors, recent data have suggested that visit-to-
visit variability in cardiovascular risk factors including blood 
pressure, LDL-C, glucose, and body weight are associated with 
development of CVD independent of absolute values [17]. 
However, less is known about the associations between vari-
ability in cardiovascular risk factors and other metabolic out-
comes such as diabetes risk. A recent study has shown that 
fasting glucose variability was predictive of incident diabetes 
even after adjusting for lifestyle parameters and anthropomet-
ric and laboratory variables including mean fasting glucose 
level during a follow-up period of 8.3 years [18]. In addition, a 
meta-analysis of eight studies indicates that people with the 
most unstable body weight had 33% higher risk for developing 
diabetes compared with people with the most stable body 
weight [19]. In terms of lipid measurements, both higher total 
and HDL-C variability was associated with diabetes risk inde-
pendent of the use of lipid-lowering medication [20,21]. Col-
lectively, based on aforementioned studies, visit-to-visit vari-
ability in diverse cardiovascular risk factors also appears to be 
associated with incident diabetes. Thus, we sought to extend 
our knowledge about the association between visit-to-visit 
variability in traditional cardiovascular risk factors and out-
comes to variability in other parameters that can be easily 
measured in routine clinical practice—in the current study, 
that was liver enzyme levels. In a recent nationwide popula-
tion-based study in Korea, higher variability in AST, ALT, and 
γ-glutamyltransferase levels was associated with a higher risk 
for all-cause mortality, myocardial infarction, atrial fibrillation, 
and congestive heart failure. In addition, these findings were 
consistent regardless of baseline characteristics including alco-

hol consumption, BMI, and degree of fatty liver [22]. However, 
to our best knowledge, our current study is the first report to 
determine the association between visit-to-visit liver enzyme 
variability and diabetes risk independent of traditional risk 
factors of diabetes and mean levels.

In this study, the association between visit-to-visit liver en-
zyme variability and diabetes risk was more evident in people 
with heavy alcohol consumption compared with casual or 
non-drinkers and in AST variability rather than in ALT vari-
ability. However, daily alcohol consumption amount and heavy 
alcohol consumption per se were not associated with diabetes 
risk in our univariate model (Table 2). In addition, further ad-
justment of alcohol consumption variability or body weight 
variability to our fully adjusted model did not affect the associ-
ation between liver enzyme variability and diabetes risk (data 
not shown). Therefore, changes in alcohol intake or body 
weight alone appeared to not entirely affect fluctuation in liver 
enzymes and the resulting increased diabetes risk. Instead, 
heavy alcohol drinkers were more likely to be male smokers 
and more likely to have unfavorable metabolic features includ-
ing higher waist circumference, blood pressure, fasting glu-
cose, and hsCRP levels compared with casual or non-drinker 
(data not shown). Thus, although we cannot explain the reason 
at this time, increased visit-to-visit liver enzyme variability 
may play a predictive role particularly in heavy alcohol drink-
ers with a higher baseline risk for incident diabetes compared 
with casual or non-drinkers.

In a previous study performed with the same KoGES cohort, 
Cho et al. [23] reported that baseline ALT level was a signifi-
cant predictor for incident diabetes; however, AST was not. 
These results were somewhat different from ours; however, 
there are several possible explanations for the discrepancy be-
tween baseline liver enzyme level and their variability for fu-
ture diabetes risk. First, although these two studies used data 
from same cohort, the study by Cho et al. [23] used liver en-
zyme data from 2001 to 2002 as a baseline and determined in-
cident diabetes after a 2-year follow-up period. However, in 
our study, we calculated liver enzyme variability using data 
from 2001–2002 to 2007–2008, and determined incident diabe-
tes using data from 2007–2008 to 2013–2014. Thus, the design 
differences between the two studies may explain the discrep-
ancy. Second, analyzing liver enzyme data taken at one time 
point (baseline) or across a period of time (variability) could 
produce different results with regard to diabetes risk.

There are ongoing debates as to whether increased variability 
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in cardiovascular risk factors increases the risk for cardiovas-
cular events or if it is merely a predictor of cardiovascular 
events [17]. At present, some uncertainty exists between liver 
enzyme variability and diabetes risk. In addition, we do not 
know the precise mechanism for the effect of liver enzyme 
variability on glucose metabolism; however, correlation analy-
sis and multiple linear regression analysis indicated that liver 
enzyme variability was more closely related to insulin resis-
tance and inflammation than to insulin secretion (Table 4 and 
Supplementary Table 1). Thus, changes in insulin sensitivity 
and/or low-grade metabolic inflammation might be important 
mediators of diabetes risk with liver enzyme variability than of 
changes in insulin secretory capacity.

Our study has several limitations. First, we did not have ac-
cess to viral markers for hepatitis B and C, and we could not 
exclude the patients with viral hepatitis from our analysis. 
However, we excluded patients with a history of hepatitis (n= 
423, 4.2%), and recent epidemiologic studies reported that the 
prevalence of hepatitis B and C in adults was 2.9% and 0.7% in 
Korea, respectively [24,25]. Thus, although we could not fully 
exclude patients with viral hepatitis from this study, a consid-
erable number of patients could be excluded and the possible 
remaining patients in our analysis would likely not have a deci-
sive effect on our conclusions. Second, other biochemical tests 
and imaging techniques including γ-glutamyltransferase and 
ultrasound to determine liver function and steatosis were not 
available for this study. Third, seasonal variation in liver func-
tion tests has been reported [26]; however, we did not incorpo-
rate seasonal variation into our analysis. Fourth, we did not 
have information regarding medications that could possibly 
affect liver enzyme levels. Lastly, this finding cannot be gener-
alized to other ethnicities because only a Korean population 
was included. Despite these limitations, our findings are pow-
ered by use of one of the most validated Korean community-
based prospective cohort dataset with a relatively large sample 
size and high follow-up rate (4,151/4,331, 95.8%). In addition, 
we proposed for the first time a role of liver enzyme variability 
as a novel risk factor for incident diabetes.

In conclusion, visit-to-visit liver enzyme variability is an inde-
pendent predictor of incident diabetes. In clinical practice, phy-
sicians need to pay attention to patients’ liver enzyme levels not 
only to assess liver function, but also to assess diabetes risk with 
visit-to-visit variability. In addition, future interventional stud-
ies are necessary to determine whether stabilizing liver enzyme 
variability would be beneficial for preventing diabetes risk.
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