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Background: The study on the association between aspartate aminotransferase to alanine 
aminotransferase (AST/ALT) ratio and the risk of type 2 diabetes mellitus (T2DM) was 
limited. Therefore, we conducted a secondary analysis based on online data to explore 
whether there was an association between the AST/ALT ratio and incident T2DM among 
a large number of Japanese people.
Methods: The study was a retrospective cohort study. We downloaded the NAGALA 
(NAfld in Gifu area) data from DATADRYAD website between 2004 and 2015. This present 
study included 15,291 participants. Cox proportional-hazards regression, generalized addi
tive models and subgroup analyses were used to find out the association between the AST/ 
ALT ratio and T2DM events.
Results: The negative relationship was shown between AST/ALT ratio and incident T2DM 
(HR = 0.617, 95% CI: 0.405–0.938) in our study. A non-linear relationship and saturation 
effect were found between them, and the inflection point was 0.882. It indicated that the 
AST/ALT ratio was negatively correlated with incident T2DM when the AST/ALT ratio was 
less than the inflection point (HR = 0.287, 95% CI: 0.126–0.655, p = 0.0030). We found that 
exercise modified their relationship (P for interaction = 0.0024), and people who did not 
exercise associated strongly (HR = 0.464 95% CI: 0.290–0.741).
Conclusion: AST/ALT ratio was negatively associated with T2DM risk, and their relation
ship was non-linear and had a saturation effect. When the AST/ALT ratio was less than 
0.882, they showed a significant negative correlation.
Keywords: alanine aminotransferase, aspartate aminotransferase, type 2 diabetes mellitus, 
nonlinearity

Background
With changes in lifestyle and the increasing incidence of obesity, the global incidence 
and prevalence of T2DM have increased in the past few decades.1 More younger 
patients develop T2DM than before, which carries an enormous healthcare burden.2 

A valuable and cost-effective way to evaluate T2DM or prediabetes is necessary. 
Prolonged insulin resistance (IR) is the hallmark for developing T2DM. For instance, 
the gold standard for detecting IR is the hyperglycemic-euglycemic glucose clamp 
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technique, which requires expense and time. One of the 
alternative ways to assess IR is the Homeostatic Model 
Assessment of insulin resistance (HOMA-IR), which is cal
culated from fasting plasma glucose (FPG) and immunor
eactive insulin (IRI).3 However, measurement of insulin is 
not a routine test, and screening for patients of prediabetes 
state is arduous. So, it is necessary to develop another fea
sible way to screen younger adults for prediabetes and initiate 
early prevention programs for high-risk populations.

The liver is one of the most critical targets for insulin 
action.4 It is reported that patients who have non-alcoholic 
fatty liver disease (NAFLD) are associated with a twofold 
increase risk for developing T2DM than the normal 
population.5 There are over 50% of patients with T2DM 
develop NAFLD.6 The interrelationship between NAFLD 
and T2DM is a hot topic.

Several mechanisms have been proposed to explain the 
association between NAFLD and T2DM. Non-esterified 
fatty acid (NEFA) travel to the liver induces IR.7 

Besides, NEFA can induce JNK1 signaling to promote 
hepatic inflammation as well as IR.7,8

A number of studies have demonstrated that the levels 
of liver enzymes such as aspartate transaminase (AST), 
alanine aminotransferase (ALT), and gamma- 
glutamyltransferase (GGT) level could predict the occur
rence of T2DM.9–12 AST/ALT ratio was regarded as one 
of the best surrogate indicators for NAFLD.9,13 Zou et al14 

have reported that ALT/AST ratio was considered an inde
pendent predictive factor for new NAFLD events in non- 
obese Chinese (HR: 2.10, 95% CI: 1.88–2.36). In a study 
conducted by Simental-Media et al15 showed when AST/ 
ALT ratio was <1, it was associated with IR. Nevertheless, 
there was limited evidence to show a quantitative relation
ship between the AST/ALT ratio and the incidence of 
T2DM. The present study analyzed data obtained online 
to elucidate the exact association between the AST/ALT 
ratio and the incidence of T2DM.

Method
Data Source
Our data came from the NAGALA (NAfld in the Gifu 
Area, Longitudinal Analysis) database of Dryad Digital 
Repository (https://datadryad.org/), which users were 
allowed to download the raw data for free. In the present 
study, we cited the Dryad data package,16 (which was 
from: “Ectopic fat obesity presents the greatest risk for 
incident T2DM: a population-based longitudinal study,” 

Dryad, Dataset, https://doi.org/10.5061/dryad.8q0p192), 
according to Dryad Terms of Service. The variables con
tained in the database file are as follows: gender, age, 
waist circumference (WC), body mass index (BMI), smok
ing status, ethanol consumption, total cholesterol (TC), 
hemoglobin A1C (HbA1C), triglyceride (TG), fasting 
plasma glucose (FPG), gamma-glutamyltransferase 
(GGT), alanine aminotransferase (ALT), high-density lipo
protein cholesterol (HDL-C), diastolic blood pressure 
(DBP), aspartate aminotransferase (AST), fatty liver, sys
tolic blood pressure (SBP), exercise, year of follow-up and 
T2DM events during the follow-up. Without violating the 
author’s rights, these data could be used for secondary 
analysis because the author of the raw study has given 
up all copyrights and related ownership of these data.

Study Design and Participants
The database from a medical population-based cohort study at 
Murakami Memorial Hospital (Gifu, Japan), whose purpose 
was to improve public health by examining chronic diseases 
and judging their dangerous causes. Murakami Memorial 
Hospital in Japan collected the data from 2004 to 2015. 
More details were described in the previous article.16 In 
short, they recruited 20,944 participants who finished 
a second exam in the medical examination program from 
2004 to 2015. Participants included men who drank more 
than 60 g/day and women who drank more than 40 g/day 
(n = 739), as well as alcoholic fatty liver, viral hepatitis 
(defined by hepatitis C antibody and hepatitis B antigen at 
the measurement) (n = 416), besides anyone who took medi
cine at baseline (n = 2321) and T2DM at baseline (n = 323), 
were excluded. Moreover, the participants whose data of 
covariates were missing and whose fasting plasma glucose 
≥6.1 mmol/L (n = 808)17 were also excluded. Then, the raw 
study included 15,464 participants for the final analysis. AST/ 
ALT ratio was calculated as AST divided by ALT. We 
excluded abnormal values of AST/ALT (out of range mean 
minus and plus three standard deviations (SD) n = 173).18 

Finally, 15,291 participants (8383 for males and 6908 for 
females) were included in our study. According to the original 
study, the Ethics Committee of Murakami Memorial Hospital 
approved the research ethics and obtained informed consent 
from all subjects.16

Data Collection and Measurements
The baseline data included physical examination measure
ments (such as waist circumference, weight, and blood pres
sure), blood tests, and a standardized self-administered 
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questionnaire on the lifestyle characteristics and medical 
history (including smoking and alcohol habits, physical 
activity). They have used fasting blood specimens to analyze 
GGT, AST, ALT, TC, HDL, TG, hemoglobin A1c (HbA1c) 
and fasting blood glucose. As mentioned before,16 they 
assessed alcohol consumption by asking the participants 
about the amount and type of alcohol consumption each 
week in the last month and then estimating the average 
weekly alcohol intake. Smoking status was divided into 
three categories: current, ever, and never. Body mass index 
(BMI) was calculated as body weights (kg) divided by the 
square of the participants’ heights (m). Well-trained techni
cians performed an ultrasound examination of the abdomen. 
According to the images, fatty liver was diagnosed by gastro
enterologists without referring to other participants’ personal 
data. In the end, according to the American Diabetes 
Association criteria of T2DM,19,20 the incidence of T2DM 
was defined as HbA1c ≥6.5%, fasting plasma glucose ≥7 
mmol/L, or self-reported. The target-independent variable 
was the AST/ALT ratio obtained at baseline. The study end
point was defined as the occurrence of T2DM during the 
follow-up. Since this is a retrospective cohort study, selection 
and observation bias were eliminated.

Statistical Analysis
For baseline characteristics analysis according to the AST/ 
ALT ratio quartiles. Normally distributed continuous vari
ables were represented by the mean, standard deviation (SD), 
and non-normally distributed continuous variables were 
replaced by the median of the interquartile range (IQR). 
Categorical variables were expressed as frequencies and 
percentages. Used Kruskal Wallis H (skew distribution) 
test, one-way ANOVA (normal distribution), and chi-square 
test (categorical variable) to determine any significant differ
ences between AST/ALT ratio group means and proportions. 
Hazard ratios (HRs) and 95% confidence intervals (CIs) were 
calculated for the incidence of T2DM with AST/ALT ratio 
using Cox proportional hazards regression models. The 
results of unadjusted, minimum adjusted, and fully adjusted 
analysis were showed simultaneously. When the covariance 
was added to the model, the matching hazard ratio changes 
by at least 10%, the covariance should be adjusted.21 We 
conducted a sensitivity analysis to increase the robustness of 
data analysis. We converted the AST/ALT ratio into catego
rical variables and then calculated the trend of 
P. A generalized additive model (GAM) was used to identify 
non-linear relationships because the AST/ALT ratio was 
a continuous variable. And if their relationship was non- 

linear, the effect of the AST/ALT ratio threshold on the 
diabetes event was calculated by a two-segment linear 
regression model based on a smoothed graph. When the 
relationship between the incidence of T2DM and the AST/ 
ALT ratio was obvious on the smooth curve, the software 
would automatically use a recursive method to calculate the 
inflection point after adjusting the potential confounding 
factors. In addition, we also applied the Cox proportional 
hazard model to conduct a subgroup analysis (sex, WC, age, 
exercise, BMI, ethanol consumption, fatty liver, smoking 
status, DBP, SBP, GGT, and FPG). For continuous variables, 
we first convert them into categorical variables based on 
clinical cut points or binary. Except for the stratification 
factor itself, each stratification was adjusted for all factors. 
The likelihood ratio test checked the modification and inter
action of subgroups. Using the time to the first event for each 
endpoint, the Kaplan–Meier method was used to compare 
survival estimates and cumulative event rates. All results 
were reported according to the STROBE statement.21

All the analyses in our study were performed with the 
statistical software package R (http://www.R-project.org, 
The R Foundation) and Empower-Stats (http://www. 
empowerstats.com, X&Y Solutions, Inc., Boston, MA). 
P values less than 0.05 (two-sided) were considered sta
tistically significant.

Results
A total of 15,291 participants were included in our study 
(54.82% men and 45.18%women) (Figure 1). The average 
age of the population was 43.7 ± 8.9 years. The average 
follow-up year was 6.06 years, and 371 participants 
(2.43%) had T2DM during the follow-up period. The 
average AST/ALT ratio was 1.04 ± 0.34, and the average 
FPG was 5.16 ± 0.41 mmol/l.

Baseline Characteristics of the Study 
Participants
Table 1 describes the total participants’ baseline character
istics based on the quartiles of the AST/ALT ratio (≤0.78, 
0.78–0.98, 0.98–1.24, >1.24). We found that in the lowest 
AST/ALT ratio group, participants usually were the 
youngest people, with the lowest concentration of HDL 
and had higher ethanol consumption, BMI, WC, ALT, 
GGT, TC, TG, FPG, HbA1c, blood pressure levels (includ
ing both diastolic blood pressures and systolic blood pres
sures) and a higher ratio of the current smoker. And 
compared with other groups, more people had fatty liver 
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in this lowest AST/ALT ratio group. We also found that 
men took a large percentage in this group. Besides, most 
participants of this group had no habit of exercise. 
However, we found that the concentration of AST was 
nearly the same between the four groups.

Univariate Analysis
Table 2 shows the results of the univariate analysis. It 
demonstrated that BMI, age, WC, fatty liver, smoking 
status, ethanol consumption, DBP, SBP, GGT, AST, ALT, 
FPG, TG, TC, and HbA1C were positively correlated with 
incident T2DM. However, AST/ALT ratio and HDL were 
negatively associated with T2DM. We also found that men 
have a higher risk of developing T2DM than women.

Figure 2 We used the Kaplan–Meier curve to show the 
effect of the AST/ALT ratio on the cumulative harm of 
T2DM event risk. The risk of T2DM events was signifi
cantly different between the four AST/ALT groups (Log 
rank test, p < 0.0001). The cumulative risk of T2DM 
events gradually decreased as AST/ALT increased.

Multivariate Analysis Between AST/ALT 
Ratio and the Incidence of T2DM
As AST/ALT ratio met the proportional hazards assumption, 
the association between the AST/ALT ratio and the incidence 
of T2DM was evaluated by the Cox proportional hazards 
regression model (Figure S1). We found that the determination 

Figure 1 Flowchart of study participants.
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coefficient of AST/ALT ratio was 0.9%. At the same time, the 
non-adjusted and adjusted models are shown in Table 3. Crude 
model demonstrated that AST/ALT ratio was negatively cor
related with incident T2DM (HR = 0.179, 95% confidence 
interval (CI): 0.118, 0.272, P < 0.00001). In the minimally 
adjusted model (adjusted age, WC, BMI, ethanol consumption, 
smoking status, DBP, SBP, exercise), the trend was nearly the 
same (HR=0.349,95% CI: 0.226–0.540, P < 0.00001). And in 
the full adjusted model (adjusted WC, age, DBP, BMI, SBP, 
exercise, smoking status, ethanol consumption, FPG, TC, TG, 
HDL), the AST/ALT ratio could be used to predict the inci
dence of T2DM independently (HR = 0.617, 95% CI: 0.405 to 
0.938, P = 0.0239). We also treated the AST/ALT ratio as 
a categorical variable (quartile) for sensitivity analysis. In the 

non-adjusted model, there was a decreasing risk for developing 
T2DM as the quartile of AST/ALT ratio increased (P for trend 
<0.00001). In the highest quartile of AST/ALT ratio, partici
pants had a 70.0% decreased risk in the development of T2DM 
than the lowest quartile [HR0.300 (95% CI (0.206, 0.437))]. 
After adjustment for age, WC, BMI, DBP, SBP, exercise, 
smoking status, ethanol consumption, FPG, TC, TG and 
HDL, the hazard ratios were 0.720 (0.545, 0.953), 0.810 
(0.596, 1.102) and 0.730 (0.496, 1.074) for AST/ALT quartile 
2–4, respectively (P for trend = 0.006). Then we stratified the 
adjusted model by gender, for every unit increased in AST/ 
ALT ratio, the incidence of diabetes decreased by 36.6% in 
male (HR = 0.634; 95% CI: 0.381–1.055) and 40.3% in female 
(HR = 0.597; 95% CI: 0.280–1.277).

Table 1 The Baseline Characteristics of Participants

AST/ALT Q1 (0.27–0.78) Q2 (0.78–0.98) Q3 (0.98–1.24) Q4 (1.24–2.20) P-value

Participants 3796 3388 4284 3823
Age (years) 42.73 ± 8.07 44.14 ± 8.82 44.32 ± 9.09 43.64 ± 9.42 <0.001

BMI (kg/m2) 23.97 ± 3.28 22.52 ± 2.99 21.41 ± 2.70 20.77 ± 2.54 <0.001

WC (cm) 82.00 ± 8.92 77.72 ± 8.84 74.36 ± 8.16 72.42 ± 7.52 <0.001
AST/ALT 0.64 ± 0.10 0.88 ± 0.05 1.10 ± 0.08 1.50 ± 0.22 <0.001

HDL (mmol/l) 1.28 ± 0.37 1.42 ± 0.39 1.53 ± 0.40 1.59 ± 0.39 <0.001

TC (mmol/l) 5.29 ± 0.86 5.18 ± 0.89 5.06 ± 0.84 5.00 ± 0.85 <0.001
HbA1C (%) 5.19 ± 0.33 5.15 ± 0.33 5.16 ± 0.32 5.18 ± 0.31 <0.001

FPG (mmol/l) 5.33 ± 0.38 5.20 ± 0.40 5.10 ± 0.41 5.03 ± 0.40 <0.001
SBP (mmHg) 119.19 ± 14.76 115.61 ± 14.75 112.71 ± 14.66 111.05 ± 14.44 <0.001

DBP (mmHg) 74.57 ± 10.61 72.46 ± 10.36 70.45 ± 10.27 69.20 ± 9.98 <0.001

ALT (U/L) 27.00 (21.00–37.25) 19.00 (16.00–24.00) 15.00 (13.00–19.00) 12.00 (10.00–14.00) <0.001
AST (U/L) 18.00 (13.00–23.00) 17.00 (14.00–21.00) 17.00 (14.00–20.00) 18.00 (15.00–21.00) <0.001

GGT (U/L) 23.00 (16.00–35.00) 16.50 (12.00–24.00) 14.00 (11.00–18.00) 12.00 (10.00–15.00) <0.001

TG (mmol/l) 1.04 (0.70–1.54) 0.80 (0.55–1.21) 0.67 (0.45–0.97) 0.58 (0.41–0.81) <0.001
Ethanol consumption (g/w) 12.00 (1.00–84.00) 2.80 (0.00–84.00) 1.00 (0.00–60.00) 1.00 (0.00–36.00) <0.001

Sex <0.001
Male 3120 (82.19%) 2171 (64.08%) 1929 (45.03%) 1163 (30.42%)

Female 676 (17.81%) 1217 (35.92%) 2355 (54.97%) 2660 (69.58%)

Fatty liver <0.001

No 2197 (57.88%) 2754 (81.29%) 3922 (91.55%) 3681 (96.29%)

Yes 1599 (42.12%) 634 (18.71%) 362 (8.45%) 142 (3.71%)

Exercise <0.001

No 3248 (85.56%) 2776 (81.94%) 3429 (80.04%) 3154 (82.50%)
Yes 548 (14.44%) 612 (18.06%) 855 (19.96%) 669 (17.50%)

SMOKING <0.001
Never smoker 1632 (42.99%) 1788 (52.77%) 2740 (63.96%) 2744 (71.78%)

Ever smoker 923 (24.32%) 721 (21.28%) 758 (17.69%) 530 (13.86%)

Current smoker 1241 (32.69%) 879 (25.94%) 786 (18.35%) 549 (14.36%)

Note: Values are n (%) or mean±SD or medians (quartiles). 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, hemoglobinA1c; TC, total 
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; WC, waist circumference; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, 
gamma-glutamyltransferase.
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The Analyses of the Non-Linear 
Relationship
In the present study, we analyzed the non-linear relation
ship between the AST/ALT ratio and the incidence of 
T2DM because AST/ALT ratio was a continuous variable 
(Figure 3). We discovered that the association between 
AST/ALT ratio and the incidence of T2DM was also non- 
linear (after adjusting WC, age, exercise, DBP, SBP, BMI, 
smoking status, ethanol consumption, FPG, TC, TG, HDL) 
(Figure 3). And we used the two piecewise linear regres
sion model to calculate the inflection point of the AST/ 
ALT ratio to predict the incidence of T2DM is 0.882 (data 
are shown in Table 4, Log-likelihood ratio test P = 0.037). 

On the left of the inflection point, a negative relationship 
was established on the AST/ALT ratio and the incidence of 
T2DM (HR = 0.287, 95% CI: 0.126–0.655, P = 0.003). 
However, the relationship was getting saturated on the 
right side of the inflection point (HR = 1.036, 95% CI: 
0.561–1.913, P = 0.9105). After stratified by gender, the 
curve-fitting relationship of male was similar to the gen
eral population (inflection point = 0.9, log-likelihood ratio 
test P = 0.011). On the left side of the inflection point, the 
relationship between the AST/ALT ratio was negatively 
associated with the incidence of T2DM (HR = 0.251; 95% 
CI: 0.105–0.598; P = 0.0018). On the right side of the 
inflection point, the relationship between AST/ALT ratio 

Table 2 Univariate Analysis Between Variables and Incidence of T2DM

Statistics HR (95% CI) P value

Sex
Female 6908 (45.177%) Ref

Male 8383 (54.823%) 2.555 (2.005, 3.255) <0.00001

Age 43.717 ± 8.893 1.057 (1.044, 1.069) <0.00001

BMI 22.134 ± 3.129 1.242 (1.216, 1.269) <0.00001

Exercise
No 12,607 (82.447%) Ref

Yes 2684 (17.553%) 0.743 (0.552, 1.001) 0.05105

WC 76.518 ± 9.117 1.093 (1.083, 1.103) <0.00001

Ethanol consumption 47.938 ± 82.517 1.002 (1.001, 1.003) 0.00102

Smoking status

Never smoker 8904 (58.230%) Ref
Ever smoker 2932 (19.175%) 1.665 (1.262, 2.196) 0.00031

Current smoker 3455 (22.595%) 2.600 (2.069, 3.269) <0.00001

SBP 114.546 ± 14.974 1.032 (1.026, 1.037) <0.00001

DBP 71.608 ± 10.504 1.049 (1.040, 1.058) <0.00001

Fatty liver

No 12,554 (82.101%) Ref
Yes 2737 (17.899%) 6.975 (5.667, 8.585) <0.00001

ALT 20.126 ± 14.357 1.006 (1.005, 1.007) <0.00001
AST 18.380 ± 8.608 1.008 (1.006, 1.010) <0.00001

AST/ALT 1.035 ± 0.342 0.129 (0.088, 0.189) <0.00001

GGT 20.387 ± 18.204 1.011 (1.009, 1.013) <0.00001
HDL 1.460 ± 0.405 0.147 (0.108, 0.201) <0.00001

TC 5.129 ± 0.865 1.496 (1.345, 1.665) <0.00001

TG 0.915 ± 0.656 1.797 (1.681, 1.922) <0.00001
HBA1C 5.171 ± 0.322 54.026 (39.285, 74.299) <0.00001

FPG 5.162 ± 0.413 25.313 (18.642, 34.371) <0.00001
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and incidence of T2DM was saturated (HR = 1.571; 95% 
CI: 0.708–3.488; P = 0.2666). We also found an inflection 
point in female (inflection point = 1.368), but the relation
ship between the AST/ALT ratio and the incidence of 
T2DM in female did not conform to the curve relationship 
(log-likelihood ratio test P = 0.410).

The Results of Subgroup Analyses
Furthermore, in order to see if the relationship between 
AST/ALT ratio and T2DM events was stable in different 
subgroups, we did a hierarchical analysis and interactive 
analyses. We took age, sex, BMI, WC group, exercise, 
smoking status, ethanol consumption, fatty liver, SBP, 
DBP, GGT, and FPG as the stratified variables to deter
mine the trend of effect sizes in these variables (Table 5). 
The result showed that exercise played an interactive role 
in the association between the AST/ALT ratio and the 
incidence of T2DM (P for interaction = 0.0024). In con
trast, the other stratified variables did not affect the asso
ciation between the AST/ALT ratio and the incidence of 
T2DM. A stronger association between AST/ALT ratio 

and incident diabetes was detected in the population with 
no exercise habits (HR = 0.464, 95% CI: 0.290–0.741). In 
comparison, the weaker association was seen in the people 
with exercise habits (HR=2.361,95% CI: 0.962, 5.792).

Discussion
Our findings discovered that there was a negative associa
tion between AST/ALT ratio and incident diabetes mellitus 
after adjusting other covariates. Besides, a non-linear rela
tionship between the AST/ALT ratio and incident T2DM 
was discovered in our study. We also found that the effect 
on the left and right sides of the inflection point was 
different [left (HR: 0.287, 95% CI: 0.126–0.655, p = 
0.003); right (HR: 1.036, 95% CI: 0.561–1.913, P = 
0.9105)]. A saturation effect between the AST/ALT ratio 
and the incidence of diabetes also was showed in our 
study. Furthermore, subgroup analysis showed a stronger 
association in the population who did not exercise (HR = 
0.464, 95% CI: 0.290–0.741).

Several risk factors have been proven to be associated 
with the incidence of T2DM, typically insulin resistance 

Figure 2 Kaplan–Meier event-free survival curve based on AST/ALT ratio quartiles and the incidence of T2DM. 
Notes: Kaplan–Meier event-free survival curve. Kaplan–Meier analysis of diabetes incident based on AST/ALT quartiles (log-rank, P < 0.0001).
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(IR), metabolic syndrome and NAFLD.5,6,22–24 

A prospective study conducted by Lillioja et al24 revealed 
that IR is the best predictor for T2DM prognosis. It was 
reported by Wu et al25 that every 1 unit increase in 
HOMA-IR per year increases the risk of T2DM by three
fold. Metabolic syndrome was characterized by hypergly
cemia, dyslipidemia, visceral obesity, and hypertension. It 
was believed that IR played an important role in the 
pathogenesis of metabolic syndrome.23 A nationwide 
cohort study conducted in Korea showed that metabolic 
syndrome was an independent risk factor for incident 
diabetes after multivariable adjustment (HR: 1.86).22 The 
relationship between NAFLD and T2DM was bidirec
tional. Patients with NAFLD had an increased risk for 
T2DM and vice versa.6 According to the PSM analysis, 
a retrospective cohort study based on 14,280 Japanese 
participants showed that among participants with 

NAFLD, the risk of developing diabetes increased by 
98% (HR = 1.98, 95% CI: 1.41–2.80).26 In a global epi
demiology meta-analysis, the prevalence of NAFLD in 
T2DM patients was estimated to be 55.48%.6 In a study 
conducted by Ballestri et al5 found that NAFLD was 
associated with an increased risk of incident metabolic 
syndrome (RR: 1.80, 95% CI: 1.72–1.89) and incident 
T2DM (RR: 1.97, 95% CI: 1.80–2.15). The mutual rela
tionship between NAFLD, metabolic syndrome, and 
T2DM was through IR, forming a vicious circle.27 

Molecular pathways that link NAFLD and IR together 
were the JNK1 and PKCε pathway.7,8,28

Liver enzymes were also associated with metabolic 
syndrome, IR, and NAFLD. Aspartate transaminase 
(AST), alanine transaminase (ALT), and their conversion 
value were widely studied in liver diseases and metabolic 
diseases. A cross-sectional study included 1444 elder 

Table 3 Association Between AST/ALT Ratio and the Incidence of T2DM in Different Models

Variable Crude Model (HR, 95% CI, P) Model I (HR, 95% CI, P) Model II (HR, 95% CI, P)

Total
AST/ALT ratio 0.179 (0.118, 0.272) <0.00001 0.349 (0.226, 0.540) <0.00001 0.617 (0.405, 0.938) 0.02399

AST/ALT ratio (quartile)
Q1 Ref Ref Ref

Q2 0.480 (0.366, 0.631) <0.00001 0.574 (0.435, 0.757) 0.00009 0.720 (0.545, 0.953) 0.02143
Q3 0.397 (0.296, 0.533) <0.00001 0.565 (0.416, 0.767) 0.00024 0.810 (0.596, 1.102) 0.18039

Q4 0.300 (0.206, 0.437) <0.00001 0.503 (0.342, 0.742) 0.00051 0.730 (0.496, 1.074) 0.10988

P for trend <0.00001 0.00001 0.06169

Female
AST/ALT ratio 0.136 (0.061, 0.304) <0.00001 0.362 (0.162, 0.806) 0.01290 0.597 (0.280, 1.277) 0.18362

AST/ALT ratio (quartile)
Q1 Ref Ref Ref

Q2 0.397 (0.221, 0.716) 0.00211 0.491 (0.271, 0.889) 0.01888 0.683 (0.371, 1.256) 0.21944

Q3 0.245 (0.138, 0.436) <0.00001 0.407 (0.224, 0.739) 0.00314 0.652 (0.353, 1.204) 0.17162
Q4 0.190 (0.103, 0.349) <0.00001 0.395 (0.208, 0.749) 0.00446 0.587 (0.309, 1.115) 0.10336

P for trend <0.00001 0.00450 0.11511

Male

AST/ALT ratio 0.198 (0.122, 0.322) <0.00001 0.347 (0.205, 0.586) 0.00008 0.634 (0.381, 1.055) 0.07941

AST/ALT ratio (quartile)

Q1 Ref Ref Ref
Q2 0.478 (0.350, 0.651) <0.00001 0.566 (0.413, 0.776) 0.00041 0.702 (0.511, 0.964) 0.02900

Q3 0.461 (0.329, 0.646) <0.00001 0.617 (0.433, 0.878) 0.00731 0.867 (0.607, 1.239) 0.43285

Q4 0.379 (0.235, 0.609) 0.00006 0.588 (0.358, 0.964) 0.03543 0.866 (0.528, 1.422) 0.57024

P for trend <0.00001 0.00087 0.26053

Notes: Crude model: we did not adjust other covariates. Model I: we adjust age, WC, BMI, exercise, ethanol consumption, smoking status, SBP; DBP. Model II: we adjust 
age, WC, BMI, exercise, ethanol consumption, smoking status, SBP, DBP, TC, HDL, TG, FPG. 
Abbreviations: CI, confidence; Ref, reference.
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participants aged 60 or older Chinese participants reported 
by Liu et al.29 ALT (OR: 1.78, 95% CI: 1.21–2.61) was 
positively correlated with the prevalence of metabolic 
syndrome but not AST. Zhang et al30 conducted a large- 
scale case-control study in China, which showed that both 
ALT (OR: 8.03, p < 0.001) and AST (OR: 3.06, p < 0.001) 
contributed to the risk of metabolic syndrome. The rela
tionship between liver enzymes and IR was also well 
studied.9,11,14,31 A study includes 808 Korean adolescents 
conducted by Lee and Yang31 showed that ALT was posi
tively associated with the prevalence of metabolic syn
drome, while AST/ALT ratio was negatively related to 
the prevalence of metabolic syndrome and IR. It was 
believed that the AST/ALT ratio could help distinguish 

NAFLD from the alcoholic cause of liver disease, and 
the AST/ALT ratio was one of the best indicators to 
quantify liver fat infiltration.15,31–33 What’s more, the 
AST/ALT ratio was one of the best predictors for IR in 
the Asian population, which was a prominent marker for 
metabolic syndrome and T2DM.9,11,14,33,34

Liver enzyme markers, especially ALT and AST/ALT 
ratio, were the surrogate marker for incidence of T2DM 
and impaired fasting glucose (IFG) tolerance.11,12,35,36 

A cross-sectional study includes 8863 Korean participants 
conducted by Ko et al12 showed that AST/ALT was nega
tively associated with the incidence of T2DM, which 
showed the same conclusion with our present cohort 
study. An inflection point was expected in the third quar
tile of AST/ALT (p for trend <0.05). However, the exact 
value was not known. In contrast, a study conducted by 
Jing Xu showed that the association between AST/ALT 
ratio was positively correlated with the incidence of dia
betic nephropathy.37 The possible reasons for these incon
sistent findings were as follows: (1) The study population 
was different from us; the participants in our study 
excluded diabetic patients and someone who took any 
medicine at baseline when they were enrolled. The parti
cipants in the above study were diabetic patients, and the 
drugs they took and their basic hyperglycemia status could 
make changes in transaminase.27,38–40 and as the article 
above said, it was difficult to determine which drugs might 
affect liver transaminase due to drug interactions. (2) The 
dependent variable in this study was different from us. 
Our study aimed to find out the relationship between AST/ 
ALT ratio and the incidence of T2DM, and the study 
above was to discover whether AST/ALT ratio was asso
ciated with diabetic nephropathy in patients with type 2 
diabetes mellitus. (3) The confounding factors adjustments 
of the two research were different, our study adjusted for 
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Figure 3 The non-linear relationship between AST/ALT and the incidence of 
diabetes. 
Notes: The non-linear relationship between AST/ALT and the incidence of dia
betes. A non-linear relationship between them was detected after adjusting for sex, 
age, WC, BMI, exercise, ethanol consumption, smoking status, SBP, DBP, TC, HDL, 
TG, FPG.

Table 4 The Result of the Two-Piecewise Linear Regression Model

Incident Diabetes Total (HR, 95% CI, P) Female (HR, 95% CI, P) Male (HR, 95% CI, P)

Fitting model by standard linear regression 0.617 (0.405, 0.938) 0.0240 0.597 (0.280, 1.277) 0.1836 0.634 (0.381, 1.055) 0.0794

Fitting model by two-piecewise linear regression
Inflection point of AST/ALT 0.882 1.368 0.9

≤Inflection point 0.287 (0.126, 0.655) 0.0030 0.458 (0.171, 1.225) 0.1198 0.251 (0.105, 0.598) 0.0018

>Inflection point 1.036 (0.561, 1.913) 0.9105 1.561 (0.163, 14.968) 0.6996 1.571 (0.708, 3.488) 0.2666

P for log likelihood ratio test 0.037 0.410 0.011

Notes: We adjusted age, WC, BMI, exercise, ethanol consumption, smoking status, SBP, DBP, TC, HDL, TG, FPG. 
Abbreviations: HR, hazard ratios; CI, confidence intervals.
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Table 5 Effect Size of AST/ALT on Diabetes in Prespecified and Exploratory Subgroups

Characteristic No of Participants HR (95% CI) P value P for Interaction

Age (years) 0.3503
<30 408 0.689 (0.004, 110.740) 0.8856

30 to <40 5111 0.505 (0.209, 1.221) 0.1294

40 to < 50 5722 0.561 (0.300, 1.048) 0.0698
50 to < 60 3348 0.695 (0.345, 1.399) 0.3080

≥60 702 0.932 (0.316, 2.749) 0.8981

Sex 0.4294

Male 8383 0.689 (0.419, 1.133) 0.1418
Female 6908 0.487 (0.234, 1.010) 0.0533

BMI 0.2618
<18.5 1602 0.790 (0.055, 11.294) 0.8621

≥18.5, <24 9943 0.449 (0.241, 0.837) 0.0118

≥24, <28 3056 0.769 (0.376, 1.572) 0.4719
≥28 690 0.884 (0.285, 2.742) 0.8309

WC group 0.7410
<90 in mela, <80 in female 13,292 0.628 (0.378, 1.043) 0.0721

≥90 in male, ≥80 in female 1999 0.542 (0.261, 1.127) 0.1009

Excise habit 0.0024

No 12,607 0.464 (0.290, 0.741) 0.0013

Yes 2684 2.361 (0.962, 5.792) 0.0607

Smoking status 0.3136

Never smoker 8904 0.753 (0.408, 1.388) 0.3626
Ever smoker 2932 0.644 (0.250, 1.657) 0.3618

Current smoker 3455 0.462 (0.224, 0.953) 0.0366

Ethanol consumption 0.8131

No (0 g/d) 4674 0.568 (0.260, 1.241) 0.1560

Yes (>0 g/d) 10,617 0.631 (0.393, 1.014) 0.0572

Fatty liver 0.7424

No 12,554 0.904 (0.501, 1.630) 0.7366
Yes 2737 0.785 (0.431, 1.431) 0.4297

SBP 0.9127
<140 14,508 0.657 (0.422, 1.023) 0.0627

≥140 783 0.609 (0.170, 2.184) 0.4466

DBP 0.9935

<90 14,534 0.632 (0.406, 0.983) 0.0418

≥90 757 0.628 (0.165, 2.400) 0.4968

GGT 0.1959

<40 14,022 0.565 (0.357, 0.894) 0.0148
≥40 1269 1.229 (0.428, 3.528) 0.7021

FPG 0.8191

Low 7412 0.599 (0.201, 1.783) 0.3571

High 7879 0.522 (0.328, 0.831) 0.0062

Notes: Note 1: Above model adjusted for sex, age, WC, BMI, exercise, ethanol consumption, smoking status, SBP, DBP, TC, HDL, TG, FPG. Note 2: In each case, the model 
is not adjusted for the stratification variable.
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age, WC, BMI, exercise, ethanol consumption, smoking 
status, SBP, DBP, TC, HDL, TG, FPG, and they did not 
adjust for TC, HDL. Previous study has shown that blood 
lipids were linked to the incidence of diabetes.20 (4) Our 
study took curve fitting model to make sure the AST/ALT 
ratio was negatively associated with the incidence of 
T2DM when the AST/ALT ratio was less than 0.882, 
when the AST/ALT ratio was greater than 0.882, their 
relationship got saturated, but the study above did not 
prove whether there was a curvilinear relationship 
between AST/ALT ratio and diabetic nephropathy. (5) 
The sample size varied greatly between different studies. 
And our research strongly supports the results of existing 
studies that AST/ALT ratio was negatively correlated with 
incident T2DM when the AST/ALT ratio was less than the 
inflection point.

Taken together, AST/ALT ratio was representative of 
fatty infiltrate in NAFLD and was a strong predictor for 
the occurrence of T2DM. IR played a central role in the 
pathogenesis of T2DM in NAFLD.4,34,38 In the process of 
developing hepatic IR, non-esterified fatty acid (NEFA) 
and its metabolites (diacylglycerols, DAGs) played an 
essential role through the activation of JNK1 and DAG- 
PKCε pathways.8,28

The smooth curve analysis in our research showed 
a non-linear correlation between the AST/ALT ratio and 
the incidence of T2DM. It was reported that AST/ALT 
ratio was <1 in NAFLD or insulin-resistant patients.15,39 

To our knowledge, the present study was the first to 
elucidate the inflection point for the association between 
the AST/ALT ratio and the incidence of T2DM. We used 
the curve fitting method to find the inflection point for the 
risk of T2DM. When AST/ALT <0.882, the incidence of 
T2DM decreased with AST/ALT increased (HR = 0.287, 
95% CI: 0.126–0.655, p = 0.0030). While AST/ALT 
>0.882, the relationship between AST/ALT ratio and inci
dence of T2DM is insignificant. It showed that when AST/ 
ALT ratio was below 0.882, the risk of developing dia
betes decreased significantly with AST/ALT ratio levels 
increasing. These people should take measures to prevent 
the development of diabetes. The findings of this study 
might be helpful for the establishment of diagnostic or 
predictive models of the risk of diabetes, which was 
more convenient to guide clinical work.

There are several strengths in our study. First, the 
sample size in our study is relatively large, more repre
sentative of the Japanese population. Second, we used 
a generalized additive model (GAM) and a smooth fitting 

curve analysis to find the inflection point between AST/ 
ALT ratio and the incidence of T2DM, which may guide 
the clinical practice; Third, we adjusted the potential con
founders strictly, which could make the results more reli
able. Fourth, we convert AST/ALT ratio to a categorical 
variable to make a sensitivity analysis of the results to 
ensure the stability of the results. Furthermore, we also 
conducted a subgroup analysis to determine whether other 
risk factors may influence the association between AST/ 
ALT and the incidence of T2DM.

Some limitations in our study should be mentioned. 
First, data was collected by Okamura16 in the Gifu area in 
Japan and could represent the characteristics of the 
Japanese population. Due to this limitation, we cannot 
conclude that this finding was also applicable to other 
races and other special populations, such as pregnant 
women, the elderly, and children. However, the large sam
ple size and similarity of the Asian population made the 
research results representative of the Asian population. 
Secondly, this study was a secondary analysis of published 
data, we could not measure confounding factors that were 
not included in the data, and according to our inclusion 
and exclusion criteria, we excluded heavy drinking, viral 
hepatitis, and also excluded the patients who have used 
drugs before base measurement. So, it was impossible to 
derive the influence of these factors on the incidence of 
diabetes. However, we could re-develop the research and 
collect the influence factors obtained as much as possible. 
Thirdly, the incidence of diabetes might be underestimated 
due to the lack of oral glucose tolerance testing. However, 
due to practical reasons and logistical issues, performing 
oral glucose tolerance tests on all participants was not 
feasible.

Conclusion
The relationship between AST/ALT ratio and T2DM risk 
was non-linear, and the inflection point was 0.882. AST/ 
ALT ratio was negatively associated with incident type 2 
diabetes while AST/ALT ratio <0.882. A stronger associa
tion can also be found in the population who did not 
exercise.
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density lipoprotein cholesterol; ALT, Alanine 
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Non-alcoholic fatty liver disease; NEFA, Non-esterified 
fatty acid; IR, Insulin resistance; HOMA-IR, Homeostatic 
Model Assessment of insulin resistance; IFG, impaired 
fasting glucose; T2DM, Type 2 diabetes mellitus; DAGs, 
diacylglycerols; GAM, Generalized additive models; HR, 
hazard ratios; OR, Odds ratio; CI, Confidence intervals; 
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