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Background: The aspartate aminotransferase (AST) to alanine aminotransferase (ALT)
ratio has been demonstrated to be associated with insulin resistance and metabolic syndrome.
However, few studies have directly explored the association between the AST/ALT ratio and
the incidence of type 2 diabetes mellitus (T2DM). As such, the present study aimed to
investigate the relationship between the AST/ALT ratio and incident T2DM during follow-up
in a population-based cohort.

Methods: This retrospective cohort analysis included 15,464 Japanese males and females
without DM at baseline between 2004 and 2015. The association between AST/ALT ratio
and T2DM was retrospectively examined using the Cox proportional hazard model after
adjusting for multiple potential confounders.

Results: After follow-up, 373 (2.41%) patients developed T2DM. A nonlinear relationship
between the AST/ALT ratio and T2DM was observed after adjusting for potential confoun-
ders. The risk for developing T2DM decreased with AST/ALT ratio up to a threshold of 0.93
(adjusted hazard ratio [HR] 0.14 [95% confidence interval (CI) = 0.02-0.90; P = 0.0385]).
An AST/ALT ratio >0.93 was not associated with the risk for developing T2DM (adjusted
HR = 0.67, 95% CI = 0.17-2.65; P = 0.5718).

Conclusion: The AST/ALT ratio was associated with a lower incidence of T2DM in
a nonlinear pattern. The threshold AST/ALT ratio for developing T2DM was 0.93. AST/
ALT levels were inversely correlated with the occurrence of T2DM when AST/ALT ratio
<0.93.

Keywords: AST, ALT, diabetes mellitus, follow-up, nonlinear association

Introduction

Diabetes mellitus (DM) is a common chronic metabolic disorder and is one of the
major public health concern worldwide.! Type 2 DM (T2DM) accounts for almost
90% of DM cases,2 and can affect an individual’s quality of life, multiple organs,
and physiological systems, resulting in numerous morbidities and even premature
death.’

The etiology of T2DM involves insulin resistance and p-cell dysfunction, as well
as complex interactions between genetic and environmental factors. High-density
lipoprotein cholesterol (HDL-c), triglycerides, fasting blood glucose, alanine amino-
transferase (ALT), aspartate aminotransferase (AST), and glycosylated hemoglobin
(HbAc) are clinical risk variables usually used to identify individuals at higher risk
for developing T2DM.* The physiological roles of AST and ALT are diverse and have

Received: 5 October 2021
Accepted: 5 November 2021
Published: 18 November 2021

International Journal of General Medicine 2021:14 8373-8382 8373
© 2021 Niu and Zhou. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY_No

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



mailto:mswg@tom.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Niu and Zhou

Dove

long been identified as biomarkers of liver injury.” The AST/
ALT ratio was first introduced in 1957,6 and since then, it
has been used to interpret the status of several chronic liver
diseases, such as cardiovascular disease (CVD),” metabolic
syndrome,® nonalcoholic fatty liver disease (NAFLD),’
hyperinsulinemia and insulin resistance.'” However, the
clinical utility of the AST/ALT ratio in predicting the like-
lihood of future development of T2DM remains unclear. As
such, this study aimed to explore the relationship between
the AST/ALT ratio and incident T2DM during follow-up in
a population-based cohort.

Materials and Methods

Study Population
The Dryad Digital Repository (https://datadryad.org/) is
a curated resource that enables researchers to freely down-

load and cite original study data. Data pertaining to 15,464
participants without DM at baseline were downloaded from
the Dryad data repository (dataset: 10.5061/dryad.8q0p192).

This study was a secondary investigation of a medical exam-
ination program with public data from the NAGALA data-
base (NAFLD in Gifu Area, Longitudinal Analysis)."" Data
collection and participant exclusion criteria have been
described in a previous study. Briefly, this program extracted
data pertaining to individuals who underwent repeated exam-
inations. Fatty liver was diagnosed according to abdominal
ultrasonography results based on previous criteria.'>

Inclusion and Exclusion Criteria

Individuals with viral hepatitis, alcoholic fatty liver dis-
ease, medication use, and DM at baseline examination
excluded (Figure 1). A self-
administered questionnaire was utilized to collect medical

were standardized
history and multiple other factors of all individuals. The
present study used the following variables in the analysis:
age; sex (male, female); waist circumference (WC); body
mass index (BMI); smoking status (never, past, current);
alcohol consumption (none: <40 g/week; light: 40-140 g/

[ 20944 participants extracted from NAGALA database between 2004 and 2015 ]

A\ 4

Excluded known liver disease (AFLD, HBV;, HCV): n =416 ]

A 4

Excluded ethanol consumption over 60g/day in men and 40g/day in women: n = 739 ]

A 4

Excluded medication usage at baseline: n = 2321 ]

A 4

Excluded diabetes at baseline: n = 323 ]

~

A 4

Excluded FPG> 6.1 mmol/L at baseline: n = 808 ]

y

[ Individuals further analysis (n = 16327) ]

4’[ Lost to follow-up: n = 863 & Missing data: n = 863 ]

A 4

[ 15464 participants were included in this study ]

Figure | Flowchart of the research procedure in present study.
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week; moderate: 140-280 g/week; and heavy: >280 g/
week); systolic blood pressure (SBP); diastolic blood pres-
sure (DBP); fasting plasma glucose; y-glutamyl transpep-
tidase (GGT); ALT; AST;, AST/ALT ratio; high-density
lipoprotein cholesterol (HDL-c); total cholesterol; exercise
(yes, no); fatty liver (yes, no); habit of exercise (yes, no);
triglyceride; HbAlc; incident T2DM (yes, no); and follow-
up duration. T2DM was defined as self-reported HbAlc >
6.5% or fasting plasma glucose level >7 mmol/L."" The
study complied with the Dryad publication guidelines;
thus, approval from the institutional ethics committee
was not required.

Statistical Methods

Data are expressed as mean + standard deviation for con-
tinuous variables with normal distribution, and skewed
distribution with median (25 percentile, 75 percentile),
and n (%) for categorical variables. Because the data
distributions for GGT, ALT, and AST were clearly skewed,
the data are expressed as median (25 percentile, 75 percen-
tile). The chi-squared test, one-way analysis of variance,
or Kruskal-Wallis test were used to explore statistical
differences between groups stratified according to AST/
ALT ratio quartiles. The AST/ALT ratio was divided into
four groups defined by the following quartiles Q1 < 1.455;
1.455 < Q2 < 1.927; 1.927 < Q3 < 2.4; and Q4 > 2.4.
Cumulative event rates were predicted using Kaplan—
Meier survival curves, and probability values were mea-
sured using the Log rank test. Furthermore, the Cox pro-
portional hazards regression model with cubic spline
functions was used to explore the nonlinear relationship
between the AST/ALT ratio and T2DM. Threshold effects
E analysis was performed through smooth curve fitting to
determine the presence of a piecewise linear relationship-
(s). Hazard ratio (HR) and corresponding 95% CI were
estimated using multivariable Cox proportional hazards
regression to examine the associations between the AST/
ALT ratio and incident T2DM. Three regression models
were used to determine the association between AST/ALT
ratio and T2DM. Model 1 was an unadjusted model;
model 2 was adjusted for age, sex, BMI, regular exerciser,
waist circumference, smoking, and alcohol consumption,
and model 3 was the same as model 2 with additional
adjustment for GGT, HDL-c, total cholesterol, triglycer-
ides, HbA|C, fasting plasma glucose, SBP, DBP, fatty
liver, AST and ALT. Undoubtedly, unmeasured confound-
ing is a common problem in observational epidemiological
studies. As such, efforts are made to collect data on and

control for as many variables as possible that are related to
the exposure and outcome of interest. Thus, E-values were
calculated, which were defined as the minimum strength of
association that an unmeasured factor would need to have
with both the exposure and the outcome to completely
explain the observed associations between any unmea-
sured confounder: AST/ALT ratio (exposure) and T2DM
(outcome).'® E-values range from 1 to infinity, and an
increased value indicates the need for a higher degree of
unmeasured confounding to eliminate the influence of the
exposure. Statistical analyses were performed using
R version 3.6.1 (http://www.R-project.org/), Empower

(R) (www.empowerstats.com, X&Y solutions, Inc,
Boston, MA, USA), and STATA (version 14.0; Stata
Corporation, College Station, TX, USA). For all tests,
differences with P < 0.05 were considered to be statisti-

cally significant.

Results

Population Characteristics

A total of 15,464 participants free of DM at baseline were
included in the study. The clinical characteristics of the
participants, grouped into four quartiles of AST/ALT ratio
(ie, Q1-Q4), are summarized in Table 1. The mean age of
the participants was 43 years (range, 18-79 years), and
45.5% were female. With an increase in the AST/ALT
ratio, participants tended to be older and have a lower
BMI and WC, lower levels of ALT and GGT, lower SBP
and DBP, and lower proportion of smoking and alcohol
consumption (P < 0.001). In terms of other risk factors, the
proportion of fatty liver and regular exerciser tended to
increase with the AST/ALT ratio (P < 0.001 for all).
During up to 12.9 years of follow-up (median, 5.38
years), 373 (2.41%) patients developed T2DM. The indi-
viduals were divided into four categories according to
quartiles of AST/ALT ratio. Kaplan—-Meier analysis for
the cumulative incidence of T2DM stratified according to
AST/ALT ratio quartiles is shown in Figure 2. Participants
with the lowest AST/ALT ratio (<1.455) demonstrated
a significantly higher risk for T2DM during the follow-
up period (P < 0.001 [log rank]).

The AST/ALT Ratio for Predicting

Incident T2DM

The effectiveness of the AST/ALT ratio in predicting
incident T2DM was explored using univariate and
multivariate Cox regression models (Table 2). In the
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Table | Baseline Characteristics Stratified by AST/ALT Quartiles

Quartiles | Quartiles 2 Quartiles 3 Quartiles 4 P-value
(<1.455) (1.455-1.927) (1.927-2.4) (=2.4)

N 3835 3349 4296 3984
Age (year) 42.76 + 8.09 44.12 + 8.8l 44.32 + 9.08 43.61 £9.42 <0.001
BMI (kg/m?) 23.97 £3.28 2251 £2.98 2141 £2.70 20.76 + 2.54 <0.001
Waist circumference (cm) 81.99 + 8.94 77.69 + 8381 7437 £ 8.16 7240 £ 7.50 <0.001
AST (IU/L) 18.00 (14.00-23.00) 17.00 (14.00-21.00) 17.00 (14.00-20.00) 18.00 (15.00-20.00) <0.001
ALT (IU/L) 27.00 (21.00-37.00) 19.00 (16.00—24.00) 15.00 (13.00-19.00) 12.00 (10.00—14.00) <0.001
GGT (IUL) 23.00 (16.00-35.00) 16.00 (12.00-24.00) 14.00 (11.00-18.00) 12.00 (10.00-15.00) <0.001
HDL cholesterol (mmol/L) 1.47 + 0.42 1.46 + 0.41 1.46 + 0.40 1.45 + 0.39 0.492
Total cholesterol (mmol/L) 5.12+£0.88 5.13 £0.85 5.12 £ 0.86 5.13 £0.87 0.985
Triglycerides (mmol/L) 0.92 + 0.66 0.92 + 0.66 0.90 + 0.66 0.91 + 0.65 0.448
HbA c (%) 5.19 £ 033 5.15 %033 5.16 £0.32 5.18 £ 0.31 <0.001
SBP (mmHg) 119.21 + 14.77 115.55 + 14.73 112.70 + 14.65 111.02 + 14.45 <0.001
DBP (mmHg) 74.59 £ 10.62 7241 £ 10.34 70.45 £ 10.26 69.20 + 10.00 <0.001
Fasting plasma glucose(mmol/L) | 5.17 + 0.41 5.16 £ 0.42 5.16 £ 041 5.15 £ 042 0.503
Sex <0.001

Female 684 (17.84%) 1209 (36.10%) 2359 (54.91%) 2782 (69.83%)

Male 3151 (82.16%) 2140 (63.90%) 1937 (45.09%) 1202 (30.17%)
Alcohol consumption <0.001

None 2758 (71.92%) 2458 (73.40%) 3338 (77.70%) 3251 (81.60%)

Light 507 (13.22%) 428 (12.78%) 464 (10.80%) 359 (9.01%)

Moderate 404 (10.53%) 317 (9.47%) 360 (8.38%) 279 (7.00%)

Heavy 166 (4.33%) 146 (4.36%) 134 (3.12%) 95 (2.38%)
Smoking <0.001

Never 1653 (43.10%) 1767 (52.76%) 2745 (63.90%) 2866 (71.94%)

Past 932 (24.30%) 712 (21.26%) 764 (17.78%) 544 (13.65%)

Current 1250 (32.59%) 870 (25.98%) 787 (18.32%) 574 (14.41%)
Regular exerciser <0.001

No 3278 (85.48%) 2746 (81.99%) 3436 (79.98%) 3295 (82.71%)

Yes 557 (14.52%) 603 (18.01%) 860 (20.02%) 689 (17.29%)
Fatty liver <0.001

No 2225 (58.02%) 2726 (81.40%) 3934 (91.57%) 3838 (96.34%)

Yes 1610 (41.98%) 623 (18.60%) 362 (8.43%) 146 (3.66%)

Abbreviations: BMI, body mass index; GGT, y-glutamyl transpeptidase; HDL, high-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood

pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

unadjusted model, when the ASL/ALT ratio was treated
as a continuous variable, it was inversely associated
with the risk for T2DM (HR 0.21 [95% CI 0.08-0.53];
P =0.001), and when the ASL/ALT ratio was used as
a quartile, such an association still persisted (Q2 versus
[vs] Q1, HR 0.65 [95% CI 0.46-0.94]; P = 0.0201).
However, in adjusted models 1 and 2, the AST/ALT
ratio and ASL/ALT ratio quartiles were not associated
with a decreased HR for the occurrence of T2DM
(P > 0.05).

Threshold Effect Analysis

Threshold effect analysis was used to determine the linear/
nonlinear relationship between the ASL/ALT ratio and the
occurrence of T2DM. The threshold level was computed
using trial and error. Next, we performed a log-likelihood
ratio test comparing the one-line linear regression model
with a two-piecewise linear model and measured the
before and after HRs. Then, the bootstrap resampling
method was applied to identify the 95% credible interval
of the threshold.
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Figure 2 Kaplan—Meier estimation cumulative hazard of the occurrence of T2DM by quartiles of ASL/ALT ratio among participants free of DM at baseline.

Threshold effect analysis revealed that the ASL/ALT
ratio inflection point value was 0.93 (Figure 3). There
were nonlinear relationships between the AST/ALT ratio
and the occurrence of T2DM (Pror nontinear = 0.023). When
the AST/ALT ratio was <0.93, the risk for T2DM
decreased sharply with the AST/ALT ratio in the unad-
justed model (odds ratio [OR] 0.05 [95% CI 0.02-0.11];
P < 0.0001). The correlation between AST/ALT ratio
<0.93 and the probability of T2DM tended to be more
stable in adjusted model 1 (adjusted for age, sex, BMI,
regular exercise, WC, smoking, and alcohol consumption:
OR 0.12 [95% CI 0.05-0.31; P < 0.0001]) and in adjusted
model 2 (adjusted for age, sex, BMI, regular exercise, WC,
smoking, alcohol consumption, GGT, HDL-c, total choles-
terol, triglycerides, HBA1C, fasting plasma glucose, SBP,
DBP, fatty liver, AST, and ALT: OR 0.14 [95% CI 0.02—
0.90; P = 0.0385]). However, when the ASL/ALT ratio
was >0.93, the probability of T2DM was not statistically
significant in any model (P > 0.05) (Table 3).

Sensitivity Analyses Using E-Value

The E-value is an alternative method to sensitivity analyses
for unmeasured confounding in observational studies. In
this study, E-value sensitivity analysis was performed to
measure the robustness of the association to unmeasured
confounding factors. The potential for unmeasured con-
founding between the ASL/ALT ratio and the occurrence
of T2DM was explored by calculating E-values. The
E-value for the association between ASL/ALT ratio and
the occurrence of T2DM was 13.77 (lower limit of its
95% CI, 1.46). For unmeasured confounders associated
with ASL/ALT ratio and T2DM during follow-up, the
E-value equation yielded an E value of 13.77 (Figure 4).
This result could be interpreted as an unmeasured confoun-
der that was associated with both the ASL/ALT ratio and
T2DM incidence with an HR of 13.77-fold each, above and
beyond the measured confounders; in contrast, weaker con-
founding would not do so. E-value analysis suggested

robustness to unmeasured confounding factors.
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Table 2 The Unadjusted and Adjusted Association Between
ASL/ALT Ratio and the Incidence of T2DM During Follow-Up

HR 95% CI P-value
Non-adjusted
ASL/ALT ratio 0.21 (0.08-0.53) 0.001
ASL/ALT ratio quartiles
Ql Ref
Q2 0.65 (0.46-0.94) 0.0201
Q3 0.69 (0.41-1.16) 0.1651
Q4 0.88 (0.38-2.05) 0.7628
Adjust |
ASL/ALT ratio 0.40 (0.16-1.01) 0.0523
ASL/ALT ratio quartiles
Ql Ref
Q2 0.76 (0.53-1.08) 0.1229
Q3 0.87 (0.53-1.45) 0.5931
Q4 1.09 (0.47-2.55) 0.8347
Adjust 2
ASL/ALT ratio 0.56 (0.19-1.67) 0.2966
ASL/ALT ratio quartiles
Ql Ref
Q2 0.86 (0.61-1.23) 0.4166
Q3 0.90 (0.55-1.47) 0.6797
Q4 0.91 (0.39-2.14) 0.8316

Notes: Non-adjusted model adjust for: none. Adjust | model adjust for: age, sex,
BMI, regular exerciser, waist circumference, smoking, alcohol consumption. Adjust
2 model adjust for: age, sex, BMI, regular exerciser; waist circumference, smoking,
alcohol consumption, GGT, HDL cholesterol, total cholesterol, triglycerides, HBA,
C, fasting plasma glucose, SBP, DBP, fatty liver, AST and ALT.

Discussion
In this large prospective cohort study based on a sample of
the Japanese population, we found that the AST/ALT ratio
was associated with a lower incidence of T2DM in
a nonlinear pattern. We further revealed a threshold effect
based on the AST/ALT ratio. To the best of our knowl-
edge, this is the first study to provide clear evidence of
a nonlinear association between AST/ALT ratio and the
occurrence of T2DM. The threshold AST/ALT ratio for
developing T2DM was 0.93. When the AST/ALT ratio
was below the inflection point (ie, 0.93), the HR for
T2DM decreased with an increase in AST/ALT.
Clinically, AST and ALT have been used as biochem-
ical markers for liver damage, given that they are released
from hepatocytes in response to cellular damage; never-
theless, their function in carbohydrate and protein metabo-
lism positions them as a potential measure of insulin
resistance.'* In insulin resistance, cells cannot respond to
insulin properly, leading to lower cellular glucose uptake
and transposition to produce glucose via gluconeogenesis.

In such a catabolic state, AST and ALT are responsible for
transferring amino acid groups to produce essential inter-
mediate products in the gluconeogenesis pathway, thus
preparing the body with a source of glucose under insulin
resistance conditions.'>!'® Therefore, it is reasonable that
disorders in glucose metabolism, such as insulin resis-
tance, are strongly related to liver enzyme abnormalities.
However, the relationship between AST/ALT ratio and
insulin resistance is contradictory. Increased ALT level
and low AST/ALT ratios have been reported to be asso-
ciated with insulin resistance.'’"'® However, several pre-
vious studies have demonstrated an inverse association
between the AST/ALT ratio and the risk of insulin resis-
tance, CVD, and NAFLD.?*2* These studies, however,
adopted wide ranges of ALT and AST levels, which may
not have captured all individuals with subclinical liver
disease. Metabolic syndrome refers to the composition of
multiple cardiovascular risk factors, including hyperglyce-
mia, obesity, high blood pressure, hypertriglyceridemia,
and low HDL-c levels.*” In addition to these well-known
metabolic syndrome components,
NAFLD have also been
components.?® Previous studies have confirmed that meta-
bolic syndrome increases the risk of T2DM and CVD.*"%

The ALT/AST ratio has been described as a surrogate
26

hyperuricemia and
identified as non-traditional

measure of insulin resistance and hyperinsulinemia.
The reduced ALT/AST ratio is strongly suggestive of non-
alcoholic steatohepatitis.” Recent studies have announced
that an increased AST/ALT ratio is inversely associated
with the future development of metabolic syndrome.®**2°
Therefore, it is reasonable to assume that AST/ALT is
inversely associated with the occurrence of T2DM when
the AST/ALT ratio was <0.93.

The exact mechanism of the link between AST/ALT
ratio and DM remains unclear; however, there are several
possible explanations. NAFLD is strongly associated with
insulin resistance. In a previous animal NAFLD model, the
ability of insulin to inhibit hepatic glucose production was
weakened, even if there was no obvious change in weight
and muscle insulin resistance.”® AST and ALT have been
widely used as noninvasive surrogate markers of liver
damage in numerous epidemiological studies. Some studies
have proposed a potential mechanism for the association
between AST/ALT ratio and metabolic syndrome involving
elevated hepatic fat content,”’ which adversely affects
every component of the metabolic syndrome. Another pos-
sible mechanism may involve an inflammatory effect in the
liver that impairs insulin signaling, resulting in failure to
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Figure 3 Association of ASL/ALT ratio with the occurrence of T2DM performed by restricted cubic spline analysis.

inhibit glucose production and, eventually, the development
of hyperglycemia.*> ALT is the liver enzyme most reflective
of liver fat accumulation, and has been used as an indicator
of NAFLD.*? Previous evidence has demonstrated that
NAFLD is closely associated with an approximately two-
fold higher risk for developing T2DM, regardless of obesity
and other conventional metabolic risk factors.**

A recent cross-sectional study of the National Health and
Nutrition Examination Survey (NHANES), 2011-2016,
found an inverse association between the AST/ALT ratio
and insulin resistance in a representative sample of the
United States population with healthy-range ALT levels
and the absence of other evidence of liver dysfunction, espe-

Il‘)

cially in those with elevated BMI."~ Furthermore, a higher

AST/ALT ratio (comparing the fourth quartile to the first
quartile of the AST/ALT ratio) was correlated with
a consistent reduction in the onset of metabolic syndrome
and demonstrated incremental predictive value for incident
metabolic syndrome.”* Moreover, the AST/ALT ratio has
been confirmed to be associated with the occurrence and
progression of multiple diseases. In a longitudinal cohort
study, including 3494 community-checked individuals with
a high AST/ALT ratio, AST/ALT ratio was an independent
predictor of cardiovascular and all-cause mortality.*> The
AST/ALT ratio at discharge may indicate malnutrition,
frailty, or cachexia, and be associated with adverse clinical
outcomes in individuals with acute heart failure. An investi-

gation of the relationship between AST/ALT and all-cause

Table 3 Threshold Effect Analysis of ASL/ALT Ratio on the Incidence of T2DM During Follow-up Using Piece-wise Linear Regression

AST/ALT Ratio Non-Adjusted HR (95% CI) P-value

Adjust | HR (95% CI) P-value

Adjust Il HR (95% CI) P-value

>0.93
<0.93

0.52 (0.25-1.06) 0.0725
0.05 (0.02-0.11) <0.0001

0.95 (0.49-1.85) 0.8731
0.12 (0.05-0.31) <0.0001

0.67 (0.17-2.65) 0.5718
0.14 (0.02-0.90) 0.0385

Notes: Non-adjusted model adjust for: none. Adjust | model adjust for: age; sex; BMI; exercise; waist_circumference; smoking; alcohol_consumption. Adjust Il model adjust
for: sex; age; alcohol_consumption; exercise; GGT; HDL; total_cholesterol; triglycerides; HBAIC; smoking; glucose; SBP; DBP; fatty_liver; BMI; waist_circumference; AST;

ALT.
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Figure 4 E-value for the lower 95% Cl and point estimate in the occurrence of T2DM.

and cardiovascular mortality in individuals with T2DM
revealed that AST/ALT ratio was associated with an 83%
increased risk for all-cause death and a 160% increased risk
for CVD mortality.*® The AST/ALT ratio is a widely used
liver fibrosis marker and is an established predictive marker
of liver fibrosis severity in patients with liver disease.’’
Therefore, these findings, together with our findings, indicate
that the AST/ALT ratio not only reflects liver damage but
also systemic disorders.

A possible mechanism for the association between
AST/ALT ratio and T2DM has not been established; how-
ever, there are several possible explanations. It has been
reported that an inflammatory effect in the liver weakens
insulin signaling, resulting in a failure to inhibit glucose
production and eventually hyperglycemia.”*>? In patients
with systemic insulin resistance, tissues such as the liver
are especially affected since insulin plays a significant role
in regulation and metabolism.*® When insulin-resistant
tissues fail to accelerate glucose uptake, extra glucose
returns to the liver, where it may suppress gluconeogenesis
and boost lipogenesis.' >3 This leads to fatty accumula-
tion, inflammation-related distortion, and injury to the
liver architecture, increasing.*® This is consistent with the
threshold value (ie, 0.93) found in our study.

An important potential source of bias in observational
epidemiology analysis is residual confounding. The higher

the E-value, the stronger the confounder association must be
to explain the exposure and outcome away. We used E-value
sensitivity analysis to quantify the potential implications of
unmeasured confounders and revealed that an unmeasured
confounder was unlikely to explain the entire ASL/ALT ratio.
Thus, calculating the E value supports the robustness of the
main findings.

However, there were potential limitations to this study.
First, owing to the nature of secondary analysis of
a retrospective cohort, some important variables were not
available, such as family history of DM and education.
Second, the study only included Japanese patients; as such,
the results may not be generalizable to other ethnic groups.
Third, because laboratory data were obtained only at the initial
examination, ALT and AST levels and fluctuation of other
covariates could have changed over time. Moreover, accord-
ing to the Japanese criteria, a high HbAlc level (>6.5%) alone
is not sufficient for the diagnosis of T2DM. In epidemiological
studies, however, “diabetes mellitus” can be substituted for the
determination of diabetes type from a single examination.*'

Conclusion

AST/ALT ratio was associated with a lower incidence of
T2DM in a nonlinear pattern. The threshold AST/ALT
ratio for the development of T2DM was 0.93. AST/ALT
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levels were inversely correlated with the occurrence of
T2DM when the AST/ALT ratio was <0.93.
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