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Low aspartate
aminotransferase/alanine
aminotransferase (DeRitis) ratio
assists in predicting diabetes in
Chinese population
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!Department of General Surgery, Shanghai Tenth People’s Hospital, Tongji University School of
Medicine, Shanghai, China, ?College of Traditional Chinese Medicine, Southern Medical University,
Guangzhou, China, *Department of Pancreatic Surgery, Fudan University Shanghai Cancer Center,
Shanghai, China

Background: Few studies discussed the predictive ability of aspartate
aminotransferase/alanine aminotransferase (AST/ALT, DeRitis) ratio for
diabetes risk. The aim of this study was to characterize the role of AST/ALT
ratio in the prediction of Chinese diabetes.

Methods: This retrospective cohort study analyzed a Chinese population
comprising 87,883 participants without diabetes at baseline between 2010 and
2016. Cox proportional hazards regression was used to identify independent
risk factors. Restricted cubic spline (RCS) was performed to investigate the
non-linear correlation between AST/ALT ratio and diabetes risk.

Results: During a median follow-up period of 3.01 years, 1,877 participants
developed diabetes. Comparing the baseline characteristics, diabetes group
exhibited lower AST/ALT ratio. The Kaplan-Meier curve showed that
participants with low AST/ALT ratio had higher cumulative incidence, and
Cox regression also demonstrated that the lower AST/ALT ratio, the higher
diabetes risk (HR: 0.56, 95% CI: 0.37-0.85, P = 0.006). The RCS model
revealed a non-linear correlation between AST/ALT ratio and diabetes risk. In
the condition of AST/ALT ratio <1.18, diabetes risk increased as it decreased
(HR: 0.42, 95% Cl: 0.19-0.91, P = 0.028). In contrast, AST/ALT ratio did not
independently affect diabetes when beyond 1.18.

Conclusion: AST/ALT ratio is a valuable predictor of diabetes. Diabetes risk
increases rapidly in the condition of AST/ALT ratio <1.18.
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Introduction

Diabetes is a common disease that has become a major
public health challenge worldwide as its prevalence has been
increasing in recent years (1). It is estimated that 537 million
adults currently have diabetes in the world, and the number
is expected to rise to 783 million by 2045, among which
more than 90% are type 2 diabetes (2). In 2021, China had
approximately 145 million diabetic adults, more than any
other country around the world, and the overall prevalence
reached 10.6% (3). Diabetes and concomitant complications
not only affect the health of the patients, but also cause a
huge economic pressure on the patients and the healthcare
system (4). Therefore, it is particularly important to screen for
predictors of diabetes for early prevention and management of
high-risk populations.

Alanine aminotransferase (ALT) aspartate aminotransferase
(AST) and gamma-glutamyltransferase (GGT) have been
identified as markers of liver function, and liver dysfunction
has been implicated in diabetes (5). Numerous studies have
pointed to the potential of ALT, AST and GGT values
to predict the occurrence of diabetes, however, the results
obtained in different populations are variable (6-8). The
AST/ALT (DeRitis) ratio was first introduced in 1957 and
was primarily used to assess the severity of viral hepatitis
(9). In recent years, an increasing number of researches
have elucidated its capacity to act as a predictor for other
diseases such as non-alcoholic fatty liver disease (NAFLD),
metabolic syndrome, peripheral arterial disease and chronic
kidney disease (10-13). At the same time, it has been reported
that high ALT/AST ratio are strongly associated with insulin
resistance and insulin resistance-related diseases in the Korean
population (14). Further studies have shown that alow AST/ALT
ratio is an ideal predictor of the incidence of diabetes in
Japanese (15, 16).

However, there is still a lack of studies investigating the
efficiency of the AST/ALT (DeRitis) ratio in predicting the
occurrence and progression of diabetes in Chinese population.
Therefore, the aim of this study was to evaluate the exact
association between AST/ALT ratio and diabetes by utilizing and
analyzing a large retrospective cohort study in China.

Abbreviations:  ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; BUN, blood urea nitrogen;
CCR, endogenous creatinine clearance rate; Cl, confidence interval; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; GGT, gamma-
glutamyltransferase; HDL-C, high-density lipoprotein cholesterol; HR,
hazard ratio; LDL-C, low-density lipoprotein cholesterol; NAFLD, non-
alcoholic fatty liver disease; RCS, restricted cubic spline; SBP, systolic

blood pressure.
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685277 participants
between 2010 and 2016

According to the data source article:
1. baseline diagnosis of diabetes (n=7112)
2. visit intervals < 2 years (n=324233)
3. undefined diabetes status at follow-up (n=6630)
—14. no available weight and height value (n=103946)
5. no available information on gender (n=1)
6. extreme BMI value (<15 or >55 kg/m?) (n=152)
7. no available FPG value (n=31370)

Total recruited (n=211833)

According to our study:
1. no available ALT or AST value (n=123950)

87883 participants
were included in the study

FIGURE 1

The flow chart of study participant selection. ALT, alanine
aminotransferase; AST, aspartate transaminase; BMI, body mass
index; FPG, fasting plasma glucose.

Methods

Participants

The original data for this study was obtained from a
publicly available dataset within the Dryad Digital Repository
(https://doi.org/10.5061/dryad.ft8750v) (17, 18). The initial
study cohort included a total of 685,277 participants from 11
cities in China, who were at least 20 years old with at least 2
visits between 2010 and 2016. According to Chen’s study design,
participants who met the following criteria had been excluded:
baseline diagnosis of diabetes (n = 7,112), visit intervals <2
years (n = 324,233), undefined diabetes status at follow-up (n
= 6,630), no available weight and height value (n = 103,946),
no available information on gender (n = 1), extreme body mass
index (BMI) value (<15 kg/m2 or >55 kg/mz) (n = 152) or
no available fasting plasma glucose (FPG) value (n = 31,370)
(17). Thus, the original dataset we obtained contained 211,833
participants. We then excluded 123,950 participants without
available ALT or AST value. Finally, a total of 87,883 participants
were recruited into our study cohort (Figure 1).

The primary outcome indicator for this study was incident
diabetes, defined as FPG >7.00 mmol/L and/or self-reported
diabetes during the follow-up period (17). In addition, specific
measurements for other indicators including demographics,
lifestyle, chronic disease history, physical examination, and
laboratory tests were reported in detail in previous studies (17).
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TABLE 1 Baseline characteristics of the study participants.

10.3389/fpubh.2022.1049804

Variables Total (n = 87,883) Diabetes (n = 1,877) Non-diabetes (n = 86,006) P value
Age (year) 38.00 (32.00, 50.00) 55.00 (45.00, 63.00) 38.00 (32.00, 50.00) <0.001
Male, 1 (%) 50,090 (57.00) 1,321 (70.38) 48,769 (56.70) <0.001
BMI (kg/mz) 23.04 (20.82, 25.39) 25.91 (23.84, 28.10) 22.98 (20.78, 25.31) <0.001
SBP (mmHg) 118.00 (107.00, 129.00) 131.00 (119.00, 143.00) 118.00 (107.00, 129.00) <0.001
DBP (mmHg) 73.00 (66.00, 81.00) 80.00 (73.00, 88.00) 73.00 (66.00, 81.00) <0.001
FPG (mmol/L) 4.93 (4.56, 5.30) 6.04 (5.46, 6.47) 4.91 (4.55, 5.29) <0.001
Cholesterol (mmol/L) 4.60 (4.05, 5.22) 4.97 (4.31, 5.63) 4.60 (4.05,5.21) <0.001
Triglyceride (mmol/L) 1.06 (0.72, 1.60) 1.70 (1.15, 2.49) 1.05 (0.71, 1.60) <0.001
HDL-C (mmol/L) 1.34 (1.17, 1.55) 1.30 (1.11, 1.52) 1.35(1.17, 1.55) <0.001
LDL-C (mmol/L) 2.70(2.29, 3.16) 2.84(2.38,3.29) 2.70(2.29, 3.15) <0.001
BUN (mmol/L) 4.56 (3.83, 5.40) 491 (4.07, 5.80) 4.55 (3.82, 5.40) <0.001
CCR (umol/L) 70.90 (59.00, 82.00) 73.00 (63.00, 83.00) 70.70 (59.00, 82.00) <0.001
ALT (U/L) 18.00 (13.00, 27.80) 26.00 (18.00, 40.00) 18.00 (13.00, 27.30) <0.001
AST (U/L) 22.00 (18.60, 26.70) 25.30 (21.00, 32.10) 22.00 (18.50, 26.50) <0.001
AST/ALT 1.18 (0.89, 1.53) 0.96 (0.73, 1.25) 1.19 (0.89, 1.53) <0.001
P for trend <0.001

Q1 793 (42.25) 21,177 (24.62)

Q 542 (28.88) 21,429 (24.92)

Q3 317 (16.89) 21,654 (25.18)

Q4 225 (11.99) 21,746 (25.28)
Smoking status, n (%) <0.001

Current smoker 4,188 (19.01) 141 (32.56) 4,047 (18.74)

Ever smoker 995 (4.52) 32(7.39) 963 (4.46)

Never smoker 16,843 (76.47) 260 (60.05) 16,583 (76.80)
Drinking status, n (%) <0.001

Current drinker 581 (2.64) 23 (5.31) 558 (2.58)

Ever drinker 3,837 (17.42) 85 (19.63) 3,752 (17.38)

Never drinker 17,608 (79.94) 325 (75.06) 17,283 (80.04)

Family history of diabetes, n (%) 1,772 (2.02) 71 (3.78) 1,701 (1.98) <0.001

ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; BUN, blood urea nitrogen; CCR, endogenous creatinine clearance rate; DBP, diastolic blood pressure;

FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.

This study obtained ethical exemption from the Ethics
Committee of Shanghai Tenth People’s Hospital because of
compliance with Dryad publication guidelines.

Statistical analysis

After checking for normality, all continuous variables
obeyed a skewed distribution and were therefore expressed as
median (quartile) and compared by using the Mann-Whitney
U test. For categorical variables, the data were described
as frequencies (percentages) and were evaluated utilizing a
chi-square test. All participants were divided equally into 4
groups according to the quartiles of AST/ALT ratio, including
Q1 group (<0.89), Q2 group (0.89-1.18), Q3 group (1.18-
1.53), and Q4 group (>1.53). Then, Kaplan-Meier curves were
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applied to describe the cumulative incidence of diabetes. In
addition, Cox proportional hazards regression was performed to
investigate the association between AST/ALT ratio and diabetes
risk. Also, three adjusted models were constructed to reduce
bias. Model 1 was adjusted for age, gender, BMI, and family
history of diabetes. Model 2 was further adjusted for systolic
blood pressure (SBP), diastolic blood pressure (DBP), FPG,
cholesterol, triglycerides, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), blood
urea nitrogen (BUN) and endogenous creatinine clearance rate
(CCR) on the basis of model 1. Model 3 was further adjusted
for the smoking status and drinking status on the basis of
model 2. Finally, restricted cubic spline (RCS) with 4 knots
based on model 3 were used to explore whether there was a
non-linear correlation between the AST/ALT ratio and the risk
of diabetes.
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All statistical analyses were performed with SPSS (version
26.0) and R software (version 4.0.5). A P-value < 0.05 (two-
sided) was considered statistically significant.

10.3389/fpubh.2022.1049804

a median follow-up period of 3.01 years, accounting for
2.14%. Compared to participants without diabetes, the diabetes
group was older and had a higher proportion of males and

family history of diabetes. Also, the diabetes group contained
Results a l;?r'ger pop}ll.ation of curr.ent s.mokers and. drinkers. .In
addition, participants developing diabetes had higher baseline
values of BMI, SBP, DBP, FPG, cholesterol, triglycerides,
LDL-C, BUN, CCR, ALT, and AST, but lower HDL-C
values. Notably, the AST/ALT ratio was only 0.96 in the

diabetes group, which was lower than the 1.19 in the non-

A total of 87,883 participants were eventually recruited
into the study, of whom 1,877 developed diabetes during

diabetes group, showing a statistically significant difference
@5 = af (Table 1).
- == Q2 Then, we divided AST/ALT ratio into 4 levels based
b P <0.001 == Q3 . . . .
= 04 - Q4 on quartiles and it was evident that 42.25% of participants
© Y . . . .
2 in the diabetes group were in the Q1 group, much higher
E- 55 than the 24.62% in the non-diabetes group (Table ).
s Meanwhile, Kaplan-Meier analysis was utilized to explore
s the effect of AST/ALT ratio on the cumulative probability
; e of diabetes. It was observed that lower values of AST/ALT
g ratio were associated with a higher diabetes risk (P < 0.001)
E 0.1 (Figure 2).
53 Next, four Cox proportional hazards regression models were
0.0 constructed to analyze the independent effect of AST/ALT ratio
0 2 4 6 in the risk of diabetes. In the initial unadjusted model, an
Follow-up time (year) . . . .
No. at risk increase in AST/ALT ratio was shown to reduce the risk of
Q1 21970 11127 4565 426 0 0 diabetes (HR: 0.32, 95% CI: 0.29-0.36, P < 0.001). The diabetes
Q2 21971 11277 4653 493 0 0 . . . .
Q3 21971 11308 4649 471 2 1 risk was 3.54 times higher in the low level Q1 group compared to
Q4 21971 10882 4438 507 0 0
5 3 2 5 5 7 Q4 group (95% CI: 3.05-4.10, P < 0.001). Models 1 and model
Follow-up time (year) 2, which adjusted for partial covariates, showed similar results.
FIGURE 2 After further adjustment for smoking and drinking status,
Kaplan-Meier curves for the cumulative diabetes probability although no association was observed between quartiles of
according to different ASL/ALT (DeRitis) ratio. Q1, < 0.89; Q2, . . S . .
0.89-1.18 Q3. 1.18-1.53; Q4 >1.53. ALT. alanine AST/ALT ratio and diabetes incidence, an increase in AST/ALT
aminotransferase; AST, aspartate transaminase. ratio still contributed to a reduced risk of diabetes (HR: 0.56, 95%
CI: 0.37-0.85, P = 0.006) (Table 2).

TABLE 2 Univariate and multivariate Cox proportional hazards regression analyses for the association between AST/ALT (DeRitis) ratio and incident
diabetes in different models.

Variables Univariate analysis Multivariate analysis
Model 1 Model 2 Model 3
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

AST/ALT 0.32 (0.29, 0.36) < 0.001 0.32(0.28, 0.37) <0.001 0.49 (0.41, 0.59) <0.001 0.56 (0.37, 0.85) 0.006
P for trend < 0.001 <0.001 <0.001 2

Q1 3.54 (3.05, 4.10) < 0.001 3.13 (2.66, 3.68) <0.001 1.82 (1.49,2.23) <0.001

Q2 2.33(2.00,2.72) < 0.001 1.85 (1.58, 2.17) <0.001 1.27 (1.05, 1.54) 0.012

Q3 1.37 (1.15, 1.62) < 0.001 1.18 (1.00, 1.41) 0.055 0.85 (0.70, 1.05) 0.133

Q4 Ref Ref Ref

Model 1 was adjusted for age, gender, BMI and family history of diabetes. Model 2 was further adjusted for SBP, DBP, FPG, Cholesterol, Triglyceride, HDL-C, LDL-C, BUN and CCR
on the basis of model 1. Model 3 was further adjusted for smoking status and drinking status on the basis of model 2. *Represents P value > 0.05 and AST/ALT (DeRitis) ratio was not
included in the final fitting model. ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; BUN, blood urea nitrogen; CCR, endogenous creatinine clearance
rate; CI, confidence interval; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein
cholesterol; SBP, systolic blood pressure.

Frontiersin Public Health 04 frontiersin.org


https://doi.org/10.3389/fpubh.2022.1049804
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Xie et al.
25
2.0
=15
o
X
0
D,
10 — e———— e — —
e T
|
|
0.5 |
|
| P for non-linearity < 0.001
0.0 |
0 118 2 4 6
AST/ALT
FIGURE 3
The association between ASL/ALT (DeRitis) ratio and the risk of
diabetes assessed by restricted cubic splines analysis. ALT,
alanine aminotransferase; AST, aspartate transaminase; Cl,
confidence interval; HR, hazard ratio.

Finally, RCS analysis based on model 3 was performed
in order to visualize the association between AST/ALT
ratio and diabetes risk. It was evident that there was a
non-linear correlation between AST/ALT ratio and diabetes
risk (P for non-linearity < 0.001). In the condition of
AST/ALT ratio was <1.18, the risk of diabetes increased
sharply as the AST/ALT ratio decreased. When the AST/ALT
ratio was above 1.18, the diabetes risk was relatively stable
(Figure 3). Further Cox regression analysis also showed that
the diabetes risk increased as AST/ALT ratio decreased for
AST/ALT ratios <1.18 (HR: 042, 95% CI: 0.19-0.91, P
= 0.028). However, AST/ALT ratio did not independently
affect the development of diabetes when it exceeded 1.18
(Table 3).

Discussion

The large retrospective cohort study of 87,883 Chinese
adults demonstrated that AST/ALT (DeRitis) ratio was a
valuable predictor of diabetes. In addition, there was a
non-linear correlation between AST/ALT ratio and diabetes
risk. When AST/ALT ratio <1.18, the risk of diabetes
increased rapidly along with a decrease in AST/ALT ratio.

However, after AST/ALT ratio exceeded 1.18, AST/ALT
ratio did not independently affect the development
of diabetes.

The morbidity number of diabetes has increased quickly
in the last few decades and diabetes has become the 9th
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leading cause of death (19). The factors associated with the
development of diabetes are complex and involve multiple
aspects such as genetic phenotypes, environmental exposures
and lifestyle. In recent years, NAFLD has been recognized as
an important risk factor for the development and progression of
diabetes (20). In fact, the two diseases are mutually reinforcing
(21). A global survey showed the prevalence of NAFLD to be
over 55% in patients with type 2 diabetes (22). And another
large Meta-analysis demonstrated that NAFLD was significantly
associated with a 2-fold increased risk of diabetes (23). It is well-
known that the liver plays an important role in maintaining
blood glucose level and insulin homeostasis. Increased hepatic
lipogenesis is strongly associated with an increased risk of
insulin resistance and elevated fasting blood glucose, while
insulin resistance further promotes the accumulation of fat in
liver, thus leading to a vicious circle (5, 24).

ALT, AST, and GGT are important markers of liver function
that have been shown to be associated with the risk of NAFLD
(25). Recently, numerous studies have further explored the
relationship between liver enzymes and diabetes. Most of the
studies concluded that liver damage represented by elevated ALT
and GGT levels increased the incidence of diabetes (26). High
ALT values are related to hepatic insulin resistance and could
prospectively predict decreased hepatic insulin sensitivity and
the development of type 2 diabetes (27). The major controversy
is found in the association between AST and diabetes. Numerous
studies reported the favorable value of AST in predicting the
incidence of diabetes, but a considerable number of studies
also demonstrated no significant relationship between them
(27-29). A study based on Chinese population also showed
that ALT, but not AST, was associated with incident diabetes
(7). Regardless, the positive results of various studies imply
that liver enzymes may be a potential tool for assessing
diabetes risk.

Recently, AST/ALT ratio and ALT/AST ratio have received
a lot of attention and have been proved to be associated with
a variety of diseases. A population-based longitudinal research
showed that elevated ALT/AST ratio was related to the risk
of new-onset NAFLD (10). Furthermore, ALT/AST ratio was
more accurate in identifying hepatic steatosis than either ALT
or AST alone (30). AST/ALT ratio was also reported to be
closely related to metabolic syndrome (31). In the Korean
population, a high ALT/AST ratio determined insulin resistance
and obesity in adults (14). Similarly, surveys based on American
populations revealed an increased risk of insulin resistance
with lower AST/ALT ratio (32). Since insulin resistance is an
important characteristic of diabetes, several recent studies based
on Japanese populations also further elucidated a conclusion
that there was also a correlation between low AST/ALT ratio and
the incidence of diabetes (15, 16, 33). And they demonstrated
that AST/ALT ratio was non-linearly associated with diabetes
risk. However, diabetes risk scores developed on the basis of
specific ethnicities might not be applicable to other ethnic
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TABLE 3 Association between AST/ALT (DeRitis) ratio and incident diabetes based on restricted cubic spline regressions.

Variables Univariate analysis Multivariate analysis

Model 1 Model 2 Model 3

HR (95% CI) Pvalue HR(95%CI) Pvalue HR(95%CI) Pvalue HR(95%CI) P value

AST/ALT < 1.18 0.27 (0.21, 0.36) <0.001 0.17(0.13,0.23) <0.001 0.21 (0.15, 0.32) <0.001 0.42 (0.19,0.91) 0.028
AST/ALT > 1.18 0.67 (0.52, 0.86) 0.002 0.76 (0.59, 0.97) 0.025 2 2

Model 1 was adjusted for age, gender, BMI and family history of diabetes. Model 2 was further adjusted for SBP, DBP, FPG, Cholesterol, Triglyceride, HDL-C, LDL-C, BUN and CCR
on the basis of model 1. Model 3 was further adjusted for smoking status and drinking status on the basis of model 2. *Represents P value > 0.05 and AST/ALT (DeRitis) ratio was not
included in the final fitting model. ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; BUN, blood urea nitrogen; CCR, endogenous creatinine clearance
rate; CI, confidence interval; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein
cholesterol; SBP, systolic blood pressure.

groups (34). Thus, the inflection point of 1.18 was apparently indicators, including AST and ALT, were only obtained at
higher in the Chinese population compared to the previous the time of initial examination, resulting in no possibility to
studies that explored an inflection point of 0.93 and 0.88 in the analyze the influence due to fluctuating changes in covariates
Japanese population (16, 33). during the follow-up period. Further large prospective cohort

Many diabetes could be prevented by lifestyle studies are necessary in the future to elucidate the correlation
improvements, such as maintaining a healthy weight and diet between AST/ALT (DeRitis) ratio and diabetic events in the
and increasing exercise, thus necessitating early identification Chinese population.

of populations at high risk for early preventive measures (19).
In fact, a number of novel biomarkers have been identified

in recent years that are associated with the incidence of Conclusion

diabetes, such as branched amino acids, aromatic amino

acids, phospholipids and hexose (35). Liver enzymes, which The AST/ALT (DeRitis) ratio is a valuable predictor
have been recommended by many researchers, are certainly of diabetes for Chinese populations and there is a non-
one of the most cost-effective and convenient markers. It linear correlation between them. In the future, medical
should still be emphasized that although the results of this practitioners are advised to provide timely diabetes
study suggested that AST/ALT ratio could predict the risk of prevention guidance for individuals with AST/ALT ratios

below 1.18.

diabetes, however, AST and ALT themselves are not causative
factors of diabetes based on the available studies, and diabetes
are essentially achieved through liver function impairment. Data availabili ty statement

In addition, there are many factors that can lead to liver

injury with elevated ALT and AST, including chronic alcohol ) . o )
Publicly available datasets were analyzed in this study. This

data can be found here: Chen et al. (18), https://doi.org/10.5061/
dryad.ft8750v.

consumption, NAFLD, viral infections, and drugs (such as
non-steroidal anti-inflammatory drugs, cholesterol-lowering
agents, and anti-tuberculosis drugs) (36). Therefore, we
believe that it is essential to screen populations with low
AST/ALT ratio in China to identify specific causes for diabetes Ethics statement
prevention measures.

There were still some limitations to this study. Firstly, it

This study obtained ethical exemption from the Ethics

was a secondary analysis study based on a public database. Committee of Shanghai Tenth People’s Hospital because of

The original data obtained had already been screened, making compliance with Dryad publication guidelines.
the remaining data possibly not a good representation of the

overall sample. In addition, the original cohort participants

were mainly from southern Chinese cities, and further analyses Author contributions

will need to recruit more northern populations. Secondly, this

was a retrospective study and even though we adjusted for WX, WY, and SC analyzed and interpreted the data and
multiple covariates, we could not neglect the influence of other drafted the manuscript. WX and ZM collected and assembled
unknown confounding factors on the results. Thirdly, numerous the raw data. ZS and TY contributed to design and critically

Frontiersin Public Health 06 frontiersin.org


https://doi.org/10.3389/fpubh.2022.1049804
https://doi.org/10.5061/dryad.ft8750v
https://doi.org/10.5061/dryad.ft8750v
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Xie et al.

revised the manuscript for important intellectual content. All
authors have read and agreed to the published version of
the manuscript.

Acknowledgments

We appreciate Li, et al. for sharing their scientific data.

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships

References

1. Forouhi NG, Misra A, Mohan V, Taylor R, Yancy W. Dietary and nutritional
approaches for prevention and management of type 2 diabetes. BMJ. (2018)
361:k2234. doi: 10.1136/bm;j.k2234

2. International Diabetes Federation. IDF Diabetes Atlas. (2022). Available online
at: https://www.diabetesatlas.org. (accessed July 23, 2022).

3. Ke C, Narayan KMV, Chan JCN, Jha P, Shah BR. Pathophysiology, phenotypes
and management of type 2 diabetes mellitus in Indian and Chinese populations.
Nat Rev Endocrinol. (2022) 18:413-32. doi: 10.1038/s41574-022-00669-4

4. Tomic D, Shaw JE, Magliano DJ. The burden and risks of emerging
complications of diabetes mellitus. Nat Rev Endocrinol. (2022) 18:525-
39. doi: 10.1038/s41574-022-00690-7

5. De Silva NMG, Borges MC, Hingorani AD, Engmann J, Shah T, Zhang X, et al.
Liver function and risk of type 2 diabetes: bidirectional mendelian randomization
study. Diabetes. (2019) 68:1681-91. doi: 10.2337/db18-1048

6. Itabashi F, Hirata T, Kogure M, Narita A, Tsuchiya N, Nakamura T, et al.
Combined associations of liver enzymes and obesity with diabetes mellitus
prevalence: the tohoku medical megabank community-based cohort study. J
Epidemiol. (2022) 32:221-7. doi: 10.2188/jea.JE20200384

7.Xu L, Jiang CQ, Schooling CM, Zhang WS, Cheng KK, Lam TH. Liver enzymes
and incident diabetes in China: a prospective analysis of 10 764 participants in
the Guangzhou biobank cohort study. J Epidemiol Community Health. (2015)
69:1040-4. doi: 10.1136/jech-2015-205518

8. Chen SC, Tsai SP, Jhao JY, Jiang WK, Tsao CK, Chang LY. Liver
fat, hepatic enzymes, alkaline phosphatase and the risk of incident
type 2 diabetes: a prospective study of 132,377 adults. Sci Rep. (2017)
7:4649. doi: 10.1038/541598-017-04631-7

9. De Ritis E Coltorti M, Giusti G. An enzymic test for the diagnosis of
viral hepatitis; the transaminase serum activities. Clin Chim Acta. (1957) 2:70—
4. doi: 10.1016/0009-8981(57)90027-X

10. Zou Y, Zhong L, Hu C, Sheng G. Association between the
alanine aminotransferase/aspartate aminotransferase ratio and new-onset
non-alcoholic fatty liver disease in a nonobese Chinese population:
a  population-based longitudinal ~study. Lipids Health Dis. (2020)
19:245. doi: 10.1186/s12944-020-01419-z

11. Yadav D, Choi E, Ahn SV, Baik SK, Cho YZ, Koh SB, et al
Incremental predictive value of serum ast-to-alt ratio for incident
metabolic ~ syndrome: the ARIRANG study. PLoS ONE. (2016)
11:¢0161304. doi: 10.1371/journal.pone.0161304

12. Liu H, Zha X, Ding C, Hu L, Li M, Yu Y, et al. AST/ALT ratio and
peripheral artery disease in a Chinese hypertensive population: a cross-sectional
study. Angiology. (2021) 72:916-22. doi: 10.1177/00033197211004410

13. Ochiai H, Shirasawa T, Yoshimoto T, Nagahama S, Watanabe A,
Sakamoto K, et al. Elevated alanine aminotransferase and low aspartate
aminotransferase/alanine aminotransferase ratio are associated with chronic
kidney disease among middle-aged women: a cross-sectional study. BMC Nephrol.
(2020) 21:471. doi: 10.1186/s12882-020-02144-6

Frontiersin Public Health

10.3389/fpubh.2022.1049804

that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

14. Kwon SS, Lee SG, A. high alanine aminotransferase/aspartate
aminotransferase ratio determines insulin resistance and metabolically
healthy/unhealthy obesity in a general adult population in Korea: the korean
national health and nutritional examination survey 2007-2010. Exp Clin Endocrinol
Diabetes. (2019) 127:677-84. doi: 10.1055/a-0752-0217

15. Nakajima H, Okada H, Hamaguchi M, Kurogi K, Murata H, Ito M, et al. Low
aspartate aminotransferase/alanine aminotransferase ratio is a predictor of diabetes
incidence in Japanese people: population-based panasonic cohort study 5. Diabetes
Metab Res Rev. (2022) 38:€3553. doi: 10.1002/dmrr.3553

16. Chen L, Zhang K, Li X, Wu Y, Liu Q, Xu L, et al. Association between
aspartate aminotransferase to alanine aminotransferase ratio and incidence of
type 2 diabetes mellitus in the Japanese population: a secondary analysis of
a retrospective cohort study. Diabetes Metab Syndr Obes. (2021) 14:4483-
95. doi: 10.2147/DMS0.S337416

17. Chen Y, Zhang XP, Yuan J, Cai B, Wang XL, Wu XL, et al. Association of
body mass index and age with incident diabetes in Chinese adults: a population-
based cohort study. BMJ Open. (2018) 8:¢021768. doi: 10.1136/bmjopen-2018-0
21768

18. Chen Y, Zhang XP, Yuan J, Cai B, Wang XL, Wu XL, et al. Data from:
Association of body mass index and age with incident diabetes in Chinese adults: a
population-based cohort study. Dryad. (2018). doi: 10.5061/dryad.ft8750v

19. Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type
2 diabetes mellitus and its complications. Nat Rev Endocrinol. (2018) 14:88-
98. doi: 10.1038/nrendo.2017.151

20. Mantovani A, Petracca G, Beatrice G, Tilg H, Byrne CD, Targher
G. Non-alcoholic fatty liver disease and risk of incident diabetes mellitus:
an updated meta-analysis of 501 022 adult individuals. Gut. (2021) 70:962-
9. doi: 10.1136/gutjnl-2020-322572

21. Tilg H, Moschen AR, Roden M, NAFLD. and diabetes mellitus. Nat Rev
Gastroenterol Hepatol. (2017) 14:32-42. doi: 10.1038/nrgastro.2016.147

22. Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N,
et al. The global epidemiology of NAFLD and NASH in patients with type
2 diabetes: a systematic review and meta-analysis. ] Hepatol. (2019) 71:793-
801. doi: 10.1016/j.jhep.2019.06.021

23. Mantovani A, Byrne CD, Bonora E, Targher G. Nonalcoholic fatty liver
disease and risk of incident type 2 diabetes: a meta-analysis. Diabetes Care. (2018)
41:372-82. doi: 10.2337/dc17-1902

24. Stefan N, Cusi K, A. global view of the interplay between non-alcoholic
fatty liver disease and diabetes. Lancet Diabetes Endocrinol. (2022) 10:284-
96. doi: 10.1016/S2213-8587(22)00003-1

25. Oh HJ, Kim TH, Sohn YW, Kim YS, Oh YR, Cho EY, et al. Association
of serum alanine aminotransferase and y-glutamyltransferase levels within the
reference range with metabolic syndrome and nonalcoholic fatty liver disease.
Korean ] Hepatol. (2011) 17:27-36. doi: 10.3350/kjhep.2011.17.1.27

26. Kaneko K, Yatsuya H, Li Y, Uemura M, Chiang C, Hirakawa Y, et al.
Association of gamma-glutamyl transferase and alanine aminotransferase with

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1049804
https://doi.org/10.1136/bmj.k2234
https://www.diabetesatlas.org
https://doi.org/10.1038/s41574-022-00669-4
https://doi.org/10.1038/s41574-022-00690-7
https://doi.org/10.2337/db18-1048
https://doi.org/10.2188/jea.JE20200384
https://doi.org/10.1136/jech-2015-205518
https://doi.org/10.1038/s41598-017-04631-7
https://doi.org/10.1016/0009-8981(57)90027-X
https://doi.org/10.1186/s12944-020-01419-z
https://doi.org/10.1371/journal.pone.0161304
https://doi.org/10.1177/00033197211004410
https://doi.org/10.1186/s12882-020-02144-6
https://doi.org/10.1055/a-0752-0217
https://doi.org/10.1002/dmrr.3553
https://doi.org/10.2147/DMSO.S337416
https://doi.org/10.1136/bmjopen-2018-021768
https://doi.org/10.5061/dryad.ft8750v
https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.1136/gutjnl-2020-322572
https://doi.org/10.1038/nrgastro.2016.147
https://doi.org/10.1016/j.jhep.2019.06.021
https://doi.org/10.2337/dc17-1902
https://doi.org/10.1016/S2213-8587(22)00003-1
https://doi.org/10.3350/kjhep.2011.17.1.27
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Xie et al.

type 2 diabetes mellitus incidence in middle-aged Japanese men: 12-year follow
up. ] Diabetes Investig. (2019) 10:837-45. doi: 10.1111/jdi.12930

27. Vozarova B, Stefan N, Lindsay RS, Saremi A, Pratley RE,

Bogardus C, et al. High alanine aminotransferase is associated with
decreased hepatic insulin sensitivity and predicts the development of
type 2 diabetes. Diabetes. (2002) 51:1889-95. doi: 10.2337/diabetes.
51.6.1889

28. Sattar N, Scherbakova O, Ford I, O’Reilly DS, Stanley A, Forrest E,
et al. Elevated alanine aminotransferase predicts new-onset type 2 diabetes
independently of classical risk factors, metabolic syndrome, and C-reactive protein
in the west of Scotland coronary prevention study. Diabetes. (2004) 53:2855-
60. doi: 10.2337/diabetes.53.11.2855

29. Schneider AL, Lazo M, Ndumele CE, Pankow JS, Coresh J,
Clark JM, et al. Liver enzymes, race, gender and diabetes risk: the
atherosclerosis risk in communities (ARIC) study. Diabet Med. (2013)
30:926-33. doi: 10.1111/dme.12187

30. Long MT, Pedley A, Colantonio LD, Massaro JM, Hoffmann U, Muntner
P, et al. Development and validation of the framingham steatosis index to
identify persons with hepatic steatosis. Clin Gastroenterol Hepatol. (2016) 14:1172—
80.1172. doi: 10.1016/j.cgh.2016.03.034

Frontiersin Public Health

08

10.3389/fpubh.2022.1049804

31. Lin S, Tang L, Jiang R, Chen Y, Yang S, Li L, et al. The relationship between
aspartate aminotransferase to alanine aminotransferase ratio and metabolic
syndrome in adolescents in Northeast China. Diabetes Metab Syndr Obes. (2019)
12:2387-94. doi: 10.2147/DMS0.S217127

32. Visaria A, Pai S, Cheung M, Ahlawat S. Association between
aspartate aminotransferase-to-alanine aminotransferase ratio and insulin
resistance among US adults. Eur ] Gastroenterol Hepatol. (2022)
34:316-23. doi: 10.1097/MEG.0000000000002215

33. Niu H, Zhou Y. Nonlinear relationship between AST-to-ALT ratio and the
incidence of type 2 diabetes mellitus: a follow-up study. Int | Gen Med. (2021)
14:8373-82. doi: 10.2147/1JGM.S341790

34. Ha KH, Lee YH, Song SO, Lee JW, Kim DW, Cho KH, et al. Development
and validation of the korean diabetes risk score: a 10-year national cohort study.
Diabetes Metab J. (2018) 42:402-14. doi: 10.4093/dmj.2018.0014

35. Guasch-Ferré M, Hruby A, Toledo E, Clish CB, Martinez-Gonzalez MA,
Salas-Salvad¢ J, et al. Metabolomics in prediabetes and diabetes: a systematic review
and meta-analysis. Diabetes Care. (2016) 39:833-46. doi: 10.2337/dc15-2251

36. Yin LK. Tong KS. Elevated alt and ast in an asymptomatic person: what the
primary care doctor should do? Malays Fam Physician. (2009) 4:98-9.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1049804
https://doi.org/10.1111/jdi.12930
https://doi.org/10.2337/diabetes.51.6.1889
https://doi.org/10.2337/diabetes.53.11.2855
https://doi.org/10.1111/dme.12187
https://doi.org/10.1016/j.cgh.2016.03.034
https://doi.org/10.2147/DMSO.S217127
https://doi.org/10.1097/MEG.0000000000002215
https://doi.org/10.2147/IJGM.S341790
https://doi.org/10.4093/dmj.2018.0014
https://doi.org/10.2337/dc15-2251
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Low aspartate aminotransferase/alanine aminotransferase (DeRitis) ratio assists in predicting diabetes in Chinese population
	Introduction
	Methods
	Participants
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References




