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Objective: Recent evidence has revealed that the aspartate aminotransferase
to alanine aminotransferase ratio (AST/ALT ratio) may be closely associated
with metabolic syndrome and insulin resistance. However, it is unclear whether
the AST/ALT ratio correlates with prediabetes risk. The aim of our study was to
examine the association between AST/ALT ratios and the risk of prediabetes
among a large cohort of Chinese subjects.

Methods: This retrospective cohort study recruited 75204 Chinese adults with
normoglycemia at baseline who underwent physical examinations at the Rich
Healthcare Group from 2010 to 2016. The AST/ALT ratio at baseline was the
target independent variable, and the risk of developing prediabetes during
follow-up was the dependent variable. Cox proportional-hazards regression
was used to evaluate the independent association between the AST/ALT ratio
and prediabetes. This study identified nonlinear relationships by applying a
generalized additive model (GAM) and smooth curve fitting. In order to assess
the robustness of this study, we performed a series of sensitivity analyses.
Moreover, we performed a subgroup analysis to evaluate the consistency of the
association in different subgroups. Data from this study have been updated on
the DATADRYAD website.

Results: The AST/ALT ratio was negatively and independently related to the
prediabetes risk among Chinese adults (HR: 0.76, 95% Cl: 0.75-0.84, P<0.0001)
after adjusting demographic and biochemical covariates. Furthermore, a
nonlinear relationship between the AST/ALT ratio and the risk of developing
prediabetes was found at an inflection point of 1.50 for the AST/ALT ratio. When
the AST/ALT ratio was to the left of the inflection point (AST/ALT ratio < 1.50),
the AST/ALT ratio was negatively related to the prediabetes risk (HR:0.70, 95%
Cl: 0.65-0.76, P<0.0001). In contrast, the relationship tended to be saturated
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when the AST/ALT ratio was more than 1.50 (HR: 1.01, 95%Cl: 0.89-1.15,
P=0.8976). Our findings remained robust across a range of sensitivity
analyses. Subgroup analysis revealed that other variables did not alter the
relationship between the AST/ALT ratio and prediabetes risk.

Conclusion: This study revealed that AST/ALT ratio was negatively and
independently associated with prediabetes risk among Chinese participants.
The relationship between the AST/ALT ratio and prediabetes risk was nonlinear,
and AST/ALT ratio < 1.50 was strongly inversely correlated with prediabetes risk.
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AST/ALT ratio, prediabetes, insulin resistance, nonlinearity, metabolic syndrome

Background

Diabetes Mellitus (DM) is a metabolic disorder with chronic
hyperglycemia. Epidemiological data disclosed by the
International Diabetes Federation shows that in 2019, about
463 million people aged 20-79 were found to have diabetes
worldwide, with an incidence rate of 9.3% (1). Diabetes is one of
the most common metabolic diseases and imposes a heavy
economic burden on patients and their countries (2).
Prediabetes refers to a pathological stage of blood glucose
levels that are in the range between normal levels and diabetic
levels. Prediabetes is not only a high-risk factor for diabetes, but
also increases the risk of developing chronic kidney disease,
cardiovascular disease, and retinopathy (3). In recent
epidemiological studies, prediabetes is prevalent in China at
approximately 35.7% (4), much higher than other chronic
diseases. It has been reported that about 5-10% of people with
prediabetes develop DM each year. More than 70% of people
with prediabetes eventually develop DM (4). In recent years,
patients with impaired glucose tolerance and diabetes have
shown a younger trend (5, 6). A poor prognosis is common in
young patients with impaired glucose tolerance and diabetes,
and they are more likely to develop cardiovascular disease and
microvascular complications (7). Moreover, lifestyle
interventions could prevent 58% of prediabetic patients from
developing DM, according to the Diabetes Prevention Program

Abbreviations: BMI, Body mass index; SBP, Systolic blood pressure; DBP,
Diastolic blood pressure; FPG, Fasting plasma glucose; TC, Total cholesterol;
TG, Triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, Low-
density lipid cholesterol; BUN, Blood urea nitrogen; Scr, Serum creatinine;
ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; AST/ALT
ratio, Aspartate aminotransferase to alanine aminotransferase ratio; IR,
Insulin resistance; GAM: Generalized additive models; HR, hazard ratios;

CI, Confidence intervals; Ref, Reference.
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Research Group (8). Therefore, detection and treatment of
prediabetes at an early stage are crucial to preventing DM.

It is well known that nonalcoholic fatty liver disease
(NAFLD) and DM often coexist in individuals (9). Recent
epidemiological studies have established that subjects with
NAFLD are two times more likely to develop DM than normal
subjects (10), and more than half of subjects with DM will suffer
from NAFLD in the future (11). Alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) play a variety of
physiological roles and have consistently been recognized as
important markers of NAFLD (12). Several studies have
reported that the AST to ALT ratio (AST/ALT ratio)
accurately identifies insulin resistance (IR) and is considered a
potential biomarker (13). Furthermore, some researchers have
revealed that the AST/ALT ratio may also be useful for assessing
disease risks, such as NAFLD, diabetes mellitus,
hyperinsulinemia, cardiovascular disease, and metabolic
syndrome (14-17). These findings all indicated the AST/ALT
ratio is a good indicator of blood glucose metabolism. However,
whether the AST/ALT ratio is related to prediabetes in Chinese
adults is unknown. This study aimed to quantitatively examine
the specific association between AST/ALT ratio and prediabetes
risk, and determine the inflection point of the effect of the AST/
ALT ratio on prediabetes in large Chinese subjects.

Methods
Data source

We downloaded the raw data freely from the DATADRYAD
database (www.datadryad.org) uploaded by Chen et al. (18)
from: Association of body mass index and age with the risk of
DM in Chinese adults: a population-based cohort study. Dryad
Digital Repository. https://datadryad.org/stash/dataset/doi:10.
5061%2Fdryad.ft8750v). A total of 685,277 Chinese individuals
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in multiple regions and cities (Suzhou, Chengdu, Shenzhen,
Nanjing, Shanghai, Wuhan, Guangzhou, Beijing, Hefei,
Changzhou, and Nantong) were enrolled from 2010 to 2016
for the original study and completed at least a second visits.

Study population

If subjects met any of the following criteria, they were
excluded from the study:(1) not defined DM status at follow-
up; (2) DM at baseline and follow-up; (3) body mass index
(BMI) outliers (BMI>55 or <15 kg/mz; (4) missing gender and
weight, height, AST, ALT, fasting plasma glucose(FPG) values at
baseline, and FPG during follow-up; (5) baseline FPG=5.6mmol/
L and FPG>6.9mmol/L during follow-up; (6) follow-up interval

10.3389/fendo.2022.1041616

less than two years; (7) those with AST/ALT ratio outliers (out of
the range of means plus or minus three standard deviations).
Finally, 75204 subjects eventually entered the study. The
selection process of the participants was described in detail
in Figure 1.

Data collection

All data were collected and collated by trained staff. The
initial research obtained the laboratory inspection indicators
based on standardized conditions, and treated them following
uniform procedures. The trained staff collected demographic
variables, such as age, body weight, height, and blood pressure.
Participants were measured for height and weight without shoes

According to the data source article:

in 2010 - 2016

685277 Chinese participants >20

years old with at least two visits

v

473444 were excluded

D

2)

3)

4

5)

6)

7

103946 had available weight and
height measurements

1 had no available information on
gender

152 had extreme BMI values (<15
kg/m2 or >55 kg/m?)

31370 had no available FPG value
at baseline

324233 had visit intervals less than
2 years

7112 diagnosed with diabetes at
baseline

6630 undefined diabetes status at

follow-up

211833 Were enrolled in the original study.

According to our studying:

v

D
2)

3)

4

5)

6)

7

1782 had no available ALT value
123290 had no available AST
value

19 had no available FPG value
during follow-up

26247 had FPG25.6mmol/L at
baseline

3522 had FPG>6.9mmol/L during
follow-up

4147 diagnosed with diabetes
during follow-up

776 were excluded due to
AST/ALT ratio outliers

75204 Chinese participants were included in our study.

FIGURE 1
Study Population
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and light clothing. The BMI was counted by weight (kilograms):
the square of height (meters) ratio. Trained staff measure blood
pressure by standard mercury sphygmomanometer. And the
trained staff used an autoanalyzer (Beckman 5800) to measure
clinical variables, including high-density lipoprotein cholesterol
(HDL-C), total cholesterol (TC), FPG, low-density lipoprotein
cholesterol (LDL-C), triglyceride (TG), AST, ALT, and serum
creatinine (Scr), blood urea nitrogen (BUN). The detailed
process of calculation of the AST/ALT ratio was described as
follows: [serum AST(U/L)]/[serum ALT(U/L)].

Diagnosis of prediabetes

The diagnosis of prediabetes is based on impaired fasting
blood glucose, and the FPG value of patients with prediabetes is
between 5.6 and 6.9 mmol/L (19).

Statistical analysis

We explored the characteristics of all subjects at baseline
according to quartiles of the AST/ALT ratio. Skewed and
normally distributed continuous variables are described as
median (quartile) and mean * standard deviation, respectively.
The differences among the AST/ALT ratio groups were
compared by the one-way ANOVA test, the Kruskal-Wallis H
test, and the chi-square test. We described the incidence rates in
terms of person-year incidence and cumulative incidence (20).

There were 7 (0.01%), 8 (0.01%), 1003 (1.32%), 1003
(1.32%), 33803 (44.49%), 33525 (44.12%), 5592 (7.36%), 2981
(3.92%), 57538 (75.73%), and 57538 (75.73%) subjects with
missing data for SBP, DBP, TC, TG, HDL-C, LDL-C, BUN,
SCr, drinking status, and smoking status, respectively. To deal
with the missing data of covariants, we employed multiple
imputations. The imputation model included sex, age, family
history of diabetes, drinking status, smoking status, SBP, DBP,
BMI, TC, TG, HDL-C, LDL-C, SCr, BUN, and FPG. The
processes for missing data analysis made use of the missing at
random assumptions (21).

The univariate Cox regression analysis was employed to
evaluate the effect of each variable on prediabetes risk. The
multivariate Cox regression analysis was also used to explore the
exact association of the AST/ALT ratio with the risk of
prediabetes. Furthermore, we constructed three models to
assess the association between AST/ALT ratio and prediabetes
risk: non-adjusted, minimally-adjusted, and fully-adjusted. We
only adjusted for these covariances if the matching hazard ratios
changed by >10% when added to the adjusted model (22).

The present study employed a series of sensitivity analysis to
assess that the findings were robust. We converted AST/ALT
ratio into a categorical variable according to the quartile and
calculated the P for the trend to verify the results of the AST/
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ALT ratio as the continuous variable and examine the possibility
of nonlinearity. Obesity, the elderly and alcohol consumption
were associated with an increased risk of prediabetes. Hence, in
other sensitivity analyses, we excluded individuals with
BM1224kg/m2, age>60 years, or drinker (current-drinker and
ex-drinker) to assess the relationship between AST/ALT ratio
and prediabetes risk. Furthermore, the present study employed a
generalized additive model (GAM) to incorporate the continuity
variables into the equation as a curve to examine the robustness
of our findings. To assess the impact of potential unmeasured
confounding factors between the AST/ALT ratio and the risk of
prediabetes, we further calculated E-values (23).

Since the AST/ALT ratio was a continuous variable, we tried
to identify the nonlinear correlation between the AST/ALT ratio
and prediabetes through a smooth curve fitting (penalty curve
method) and a GAM. If the relationship was nonlinear, we
employed the two-piece linear regression model to determine
the inflection point (24). The present study employed the log-
likelihood ratio to describe the most appropriate model for the
association of the AST/ALT ratio and prediabetes.

Moreover, we applied the Cox proportional hazard model to
the subgroup analysis (gender, age, DBP, SBP, BMI, smoking
status, drinking status, and family history of diabetes).
According to median or clinical cut point (25), age (<60, 260
years), BMI (<24, 224 kg/m2), SBP(<140, =140mmHg), and
DBP(<90, 290mmHg) were converted into categorical variables.
And each stratification has undergone a fully adjusted analysis,
except for the stratification factor. To examine subgroup
interactions, likelihood ratio tests were performed (26, 27).
Comparisons of survival rates and cumulative event rates were
carried out using the Kaplan-Meier method. In addition, we
compared the Kaplan-Meier hazard ratios (HR) of adverse
events by log-rank test (28). STROBE statement was followed
for all results (22, 29).

Statistical analysis was employed using the R software
package (www.r-project.org, The R Foundation) and
Empower-Stats (www.empowerstats.com, X&Y Solutions, Inc.,
Boston, MA). Statistical significance was determined by P < 0.05
in two-tailed tests.

Results
Characteristics of individuals

Table 1 presented all eligible individuals’ basic clinical
measurements, biochemical tests, and other parameters. The
final analysis included 75204 individuals, with a mean age of
40.90 + 12.09 years and a female participation rate of 44.27%.
The average BMI was 23.03 + 3.25 kg/m2, the average AST/
ALT ratio was 1.24+ 0.45, and the average FPG was 4.78+ 0.49
mmol/L. The incidence of prediabetes was 13.08% (9839/
75204). According to quartiles of the AST/ALT ratio,
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TABLE 1 The baseline characteristics of participants .

AST/ALT ratio

Participants
Gender
Male
Female
Age(years)
Drinking status
Current-drinker
Ex-drinker
Never- drinker
Smoking status
Current-smoker
Ex-smoker
Never-smoker
Family history of diabetes
No
Yes
SBP (mmHg)
DBP (mmHg)
BMI (kg/m2)
AST/ALT ratio
HDL-C (mmol/L)
TG (mmol/L)
LDL-C (mmol/L)
TC (mmol/L)
BUN(mmol/L)
SCr(umol/L)
FPG (mmol/L)

Values are n (%) or mean + SD.

Q1(<0.90)

18791

16020 (85.25%)
2771 (14.75%)
39.16 + 9.81

486 (2.59%)
4263 (22.69%)
14042 (74.73%)

4572 (24.33%)
1163 (6.19%)
13056 (69.48%)

18406 (97.95%)
385 (2.05%)
122.36 + 14.96
76.69 + 10.70
25.13 + 3.19
071 +0.13
129 +0.29
1.41 (0.99-2.10)
2.81 +0.68
4.81 +0.90
484 + 1.16
76.64 + 13.87
4.82 + 0.48

Q2(0.90 to <1.20)

18811

12189 (64.80%)
6622 (35.20%)
41.77 £ 11.85

434 (2.31%)
3189 (16.95%)
15188 (80.74%)

3465 (18.42%)
850 (4.52%)
14496 (77.06%)

18455 (98.11%)
356 (1.89%)
119.14 + 15.67
74.24 + 10.56
23.40 + 3.00
1.05 + 0.09
1.35 +0.29
1.10 (0.78-1.60)
271 + 0.66
467 +0.88
473 + 1.18
72.69 + 16.01
480 +0.48

10.3389/fendo.2022.1041616

Q3(1.20 to <1.53) Q4(>1.53) P-value
18725 18877
<0.001
8353 (44.61%) 5347 (28.33%)
10372 (55.39%) 13530 (71.67%)
41.84 +12.80 40.83 + 1339 <0.001
380 (2.03%) 279 (1.48%)
2264 (12.09%) 1591 (8.43%)
16081 (85.88%) 17007 (90.09%)
<0.001
2306 (12.32%) 1445 (7.65%)
552 (2.95%) 353 (1.87%)
15867 (84.74%) 17079 (90.48%)
0.622
18369 (98.10%) 18520 (98.11%)
356 (1.90%) 357 (1.89%)
116.51 + 15.81 114.23 + 1597 <0.001
72.30 + 10.29 70.85 + 10.06 <0.001
2225 + 2.86 2135 + 2.65 <0.001
1.35 £ 0.10 1.85 + 0.27 <0.001
1.40 £ 0.29 1.44 + 0.29 <0.001
0.90 (0.66-1.30) 0.80 (0.60-1.11) <0.001
2.64 +0.66 2.59 + 0.65
459 +0.87 4.53 +0.87 <0.001
4.59 + 1.19 441 +1.17 <0.001
68.45 + 15.51 65.57 + 15.98
4.76 + 0.49 473 +0.50 <0.001

AST/ALT, aspartate aminotransferase to alanine aminotransferase; SBP, systolic blood pressures; DBP, diastolic blood pressures; BMI, body mass index; ALT, alanine aminotransferase;
AST aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol;, LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; Scr, serum creatinine;
BUN, blood urea nitrogen; FPG, fasting plasma glucose.

individuals were created into four groups (<0.90, 0.90-1.20,
1.20-1.53, and >1.53). As a result of the study, it was found
that the individuals in the bottom AST/ALT group had higher
DBP, SBP, BMI, TG, LDL-C, TC, ALT, Scr, lower age, and low
HDL-C. In addition, a higher proportion of men and smokers
and a lower proportion of never drinker in the bottom AST/
ALT ratio group.

TABLE 2 Incidence rate of incident prediabetes.

AST/ALT ratio  Participants (n)  prediabetes events (n)

Total 75204 9839
<0.90 18791 3206
0.90-1.20 18811 2611
1.20-1.53 18725 2230
>1.53 18877 1792
P for trend

Frontiers in Endocrinology

Cumulative incidence (95% CI)(%)

The incidence rate of prediabetes

9839 individuals developed incident prediabetes during
follow-up, as shown in Table 2. The total prevalence rate of all
individuals was 13.08% (12.84%-13.32%). Specifically, the
prevalence rates of the four AST/ALT ratio groups were
17.06% (16.52%-17.60%), 13.88% (13.39%-14.37%), 11.91%

Per 100,000 person-year

13.08 (12.84-13.32) 4149.62
17.06(16.52-17.60) 5436.46
13.88 (13.39-14.37) 4387.93
11.91 (11.45-12.37) 3757.58
9.49 (9.07-9.91) 3022.78
<0.001 0.001
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(11.45%-12.37%), and 9.49% (9.07%-9.91%), respectively. In the
overall population, the morbidity rate was 4149.62 per 100,000
person-years. Specifically, the morbidity rate of the four AST/
ALT ratio groups were 5436.46 per 100,000 person-years,
4387.93per 100,000 person-years, 3757.58 per 100,000 person-
years, and 3022.78 per 100,000 person-years, respectively.
Individuals with higher AST/ALT ratios had a lower
cumulative prevalence and incidence of prediabetes than those
with lower AST/ALT ratios (p<0.001 for trend).

Kaplan-Meier curves for the probability of prediabetes-free
survival are depicted in Figure 2. A significant difference existed
between the four AST/ALT groups in terms of prediabetes risk
(P <0.0001). As AST/ALT levels increased, there was a gradual
increase in the probability of prediabetes-free survival.
Therefore, individuals in the top AST/ALT group had the
lowest risk of prediabetes.

Univariate analysis

The univariate analysis demonstrated the following results in
Table 3. There was a positive association between sex, age, SBP,
DBP, BMI, TC, TG, LDL-C, SCr, BUN, FPG, and the risk of
prediabetes. In contrast, HDL-C and the AST/ALT ratio are
inversely associated with prediabetes risk. Meanwhile, never

AST/ALT ratio

10.3389/fendo.2022.1041616

drinker and never smoker have a lower risk of prediabetes. A
higher risk of prediabetes was found in males compared
to females.

The results of the association between
AST/ALT ratio and prediabetes

Table 4 showed the Cox proportional hazard regression
models, which assessed the exact association between AST/
ALT and prediabetes risk. The three adjusted and non-
adjusted models were simultaneously presented in Table 4. In
non-adjusted model, AST/ALT ratio was negatively correlated
with prediabetes (HR:0.59, 95% confidence interval (CI): 0.57-
0.62, P<0.0001). In the minimally-adjusted model (Model I),
after adjusting for gender, age, DBP, SBP, BMI, drinking status,
smoking status, and family history of diabetes, no significant
change was found in the results (HR: 0.76, 95%CI: 0.72-0.81,
P<0.0001). In the fully-adjusted model (Model II), after
adjusting for gender, age, DBP, SBP, BMI, HDL-C, TG, LDL-
C, TC, Scr, FPG, BUN, drinking status, smoking status and
family history of diabetes, AST/ALT ratio was still negatively
correlated with prediabetes risk (HR:0.79, 95%CI: 0.75-0.84
P<0.0001). This study demonstrated that an increase in each
unit of AST/ALT ratio reduced prediabetes risk by 21%.

e Q1 = Q2 = Q3 = Q4

1.00+
8 0.751
©
[0}
2 0501
= +
C
4
w 9251 5 <0.0001
0.00
0 2 4 6
Year of follow-up
Number at risk
Q1 == 18791 9798 3998 387 0
Q2 18811 9887 4047 423 0
Qi— 18725 9849 4065 429 1
Q4 m— 18877 9620 3994 472 0
2 3 4 5 6

Year of follow-up

FIGURE 2

Kaplan—Meier event-free survival curve. Kaplan—Meier event-free survival curve. Kaplan—Meier analysis of incident prediabetes based on AST/

ALT ratio quartiles (log-rank, P < 0.0001).
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TABLE 3 The results of univariate analysis.

Gender
Male
Female
Age(years)
Drinking status
Current-drinker
Ex- drinker
Never- drinker
Smoking status
Current-smoker
Ex-smoker
Never-smoker
Family history of diabetes
No
Yes
SBP (mmHg)
DBP (mmHg)
BMI (kg/m2)
AST/ALT ratio
HDL-C (mmol/L)
TG (mmol/L)
LDL-C (mmol/L)
TC (mmol/L)
BUN (mmol/L)
SCr (umol/L)
FPG (mmol/L)

Statistics

41909 (55.73%)
33295 (44.27%)
40.90 + 12.09

1579 (2.10%)
11307 (15.04%)
62318 (82.87%)

11788 (15.67%)
2918 (3.88%)
60498 (80.45%)

73750 (98.07%)
1454 (1.93%)
118.06 + 15.90
73.52 + 10.63
23.03 +3.25
1.24 + 045
1.37 £0.29
1.26 + 0.94
2.69 + 0.67
4.65 + 0.89
464+ 1.19
464+ 1.19
478 +0.49

10.3389/fendo.2022.1041616

HR (95% CI)

ref
0.66 (0.64, 0.69)
1.04 (1.04, 1.04)

ref
0.65 (0.58, 0.72)
0.52 (0.47, 0.58)

ref
091 (0.82, 1.01)
0.75 (0.72, 0.79)

ref
0.94 (0.82, 1.07)
1.03 (1.03, 1.03)
1.03 (1.03, 1.03)
1.12 (1.12, 1.13)
0.59 (0.57, 0.62)
0.84 (0.79, 0.90)
1.19 (1.18, 1.21)
127 (1.24, 1.31)
1.22 (1.19, 1.25)
113 (1.11, 1.14)
113 (1.11, 1.14)
5.30 (5.04, 5.58)

TABLE 4 Relationship between AST/ALT ratio and the incident prediabetes in different models.

Variable Non-adjusted model (HR.,95%

CL P)
Total 0.59 (0.57, 0.62) <0.0001
AST/ALT
ratio
AST/ALT ratio (quartile)
Q1 ref
Q2 0.80 (0.76, 0.84) <0.0001
Q3 0.68 (0.64, 0.72) <0.0001
Q4 0.55 (0.52, 0.59) <0.0001
P for trend <0.0001

Crude model: we did not adjust for other covariants.

Minimally-adjusted model

(HR,95% CI, P)

0.76 (0.72, 0.81) <0.0001

ref

0.85 (0.81, 0.90) <0.0001
0.82 (0.77, 0.87) <0.0001
0.75 (0.70, 0.80) <0.0001

<0.0001

Fully-adjusted model
(HR,95% CI, P)

0.79 (0.75, 0.84) <0.0001

ref

0.86 (0.81, 0.90) <0.0001
0.84 (0.79, 0.90) <0.0001
0.78 (0.72, 0.83) <0.0001

<0.0001

Minimally-adjusted model: we adjusted for gender, age, family history of diabetes, drinking status, smoking status, SBP, DBP, BMI.
Fully-adjusted model: we adjusted for gender, age, family history of diabetes, drinking status, smoking status, SBP, DBP, BMI, TC, TG, HDL-C, LDL-C, SCr, BUN, FPG.

GAM: All covariates listed in Table 1 were adjusted. However, continuous covariates were adjusted as nonlinearity.

P value

<0.0001

<0.0001

<0.0001
<0.0001

0.0724
<0.0001
0.3503

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

GAM(HR,95%

CL P)

0.79 (0.75, 0.84)
<0.0001

ref

0.85 (0.80, 0.90)
<0.0001

0.84 (0.79, 0.89)
<0.0001

0.78 (0.73, 0.84)
<0.0001

<0.0001

HR, hazard ratios; CI, confidence interval; Ref, reference; GAM, generalized additive mode; AST/ALT ratio, aspartate aminotransferase to alanine aminotransferase ratio.
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Sensitivity analyses

To examine the robustness of our conclusions, we employed
a series of sensitivity analyses. The AST/ALT ratio was
transformed into a categorical variable (based on quartile) and
reinserted into the models. When the AST/ALT ratio was
transformed into a categorical variable, p for the trends were
not equal, suggesting a possible nonlinear association between
the AST/ALT ratios and prediabetes risk. Additionally, the
continuity covariate was inserted into the equation by a GAM.
The findings of the GAM model were consistent with the
findings of the fully-adjusted model (HR:0.79, 95%CI:0.75-
0.84) (Table 4). Besides, to evaluate the impact of potential
unmeasured confounding variables between the AST/ALT ratio
and the risk of prediabetes, this study further generated E-values.
The E value for this study was 1.85. Compared to the relative risk
and AST/ALT ratio for unmeasured confounding variables, the
E value for this study was larger. The results indicated that
unknown or unmeasured confounding variables had little effect
on the association between the AST/ALT ratio and the risk
of prediabetes.

In addition, individuals with a BMI>24kg/ 'm? were excluded
from other sensitivity analyses. After adjusting the confounding
factors, there was also a negative association between the AST/
ALT ratio and prediabetes risk (HR:0.79, 95%CI: 0.73-0.85)
(Table 5). Individuals with age>60 years were also excluded
from other sensitivity analyses. The results suggested that after
adjusting gender, age, DBP, SBP, BMI, HDL-C, TG, LDL-C, TC,
Scr, FPG, BUN, drinking status, smoking status and family
history of diabetes, AST/ALT ratio was negatively correlated
with prediabetes risk (HR:0.78, 95%CI: 0.73-0.84) (Table 5).
Furthermore, we excluded drinker (current-drinker and ex-
drinker) for sensitivity analyses. The results suggested that
AST/ALT ratio was still negatively associated with incident
prediabetes in the fully adjusted model (HR:0.80, 95%CI: 0.75-

10.3389/fendo.2022.1041616

0.85) (Table 5). Based on the sensitivity analyses, our findings
appeared to be well-robust.

The analysis of the nonlinear relationship

The GAM and the smooth curve fitting (penalty curve
method) were applied to verify the nonlinearity in the
association between AST/ALT and the risk of prediabetes
(Figure 3). Table 6 revealed a nonlinear association between
AST/ALT ratio and prediabetes after adjustment for gender, age,
DBP, SBP, BMI, HDL-C, TG, LDL-C, TC, Scr, FPG, BUN,
drinking status, smoking status, and family history of diabetes.
According to a two-piecewise linear regression model, the
present study found the inflection point of the AST/ALT ratio
was 1.50 (P for log-likelihood ratio test <0.0001). When the AST/
ALT ratio was less than 1.50, the AST/ALT ratio was negatively
related to the risk of prediabetes (HR:0.70, 95%CI: 0.65-0.76,
P<0.0001). In contrast, the relationship tended to be saturated
when the AST/ALT ratio was more than 1.50 (HR: 1.01, 95%CI:
0.89-1.15, P=0.8976).

The results of the subgroup analysis

A subgroup analysis was employed in the present study to
examine other influencing factors that could have influenced the
relationship between AST/ALT ratio and prediabetes risk.
Gender, age, DBP, SBP, BMI, smoking status, drinking status,
and family history of diabetes were chosen as stratification
factors, and the effect size trends of these influencing factors
were examined (Table 7). In our study, any interactions were
examined according to the prior norm. According to the results,
the association between AST/ALT ratio and prediabetes risk was
not modified by any of the above influencing factors.

TABLE 5 Relationship between AST/ALT ratio and prediabetes in different sensitivity analyses.

Exposure Model I (HR,95%CI, P)

AST/ALT ratio
AST/ALT ratio (Quintile)

0.79 (0.73, 0.85) <0.0001

Q1 Ref

Q2 0.87 (0.80, 0.95) 0.0029

Q3 0.82 (0.74, 0.89) <0.0001

Q4 0.74 (0.67, 0.81) <0.0001
P for trend <0.0001

Model II (HR,95%CI, P) Model IIT (HR,95%CI, P)

0.78 (0.73, 0.84) <0.0001 0.80 (0.75, 0.85) <0.0001
Ref Ref
0.86 (0.81, 0.91) <0.0001 0.87 (0.81, 0.92) <0.0001
0.85 (0.79, 0.91) <0.0001 0.85 (0.79, 0.91) <0.0001
0.77 (0.71, 0.84) <0.0001 0.77 (0.71, 0.83) <0.0001
<0.0001 <0.0001

Model I was sensitivity analysis in participants without BMI>24kg/m>. We adjusted gender, age, family history of diabetes, drinking status, smoking status, SBP, DBP, BMI, TC, TG, HDL-C,

LDL-C, SCr, BUN, FPG.

Model IT was sensitivity analysis in participants without age>60 years. We adjusted gender, age, family history of diabetes, drinking status, smoking status, SBP, DBP, BMI, TC, TG, HDL-C,

LDL-C, SCr, BUN, FPG.

Model ITI was sensitivity analysis in participants without drinker (current-drinker and ex-drinker). We adjusted gender, age, family history of diabetes, smoking status, SBP, DBP, BMI, TC,

TG, HDL-C, LDL-C, SCr, BUN, FPG.

HR, hazard ratios; CI, confidence, Ref: reference; AST/ALT ratio: aspartate aminotransferase to alanine aminotransferase ratio.
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FIGURE 3

The nonlinear relationship between AST/ALT ratio and incident
prediabetes. A nonlinear relationship between them was
detected after adjusting for gender, age, family history of
diabetes, drinking status, smoking status, SBP, DBP, BMI, TC, TG,
HDL-C, LDL-C, SCr, BUN, FPG.

Discussion

The purpose of our retrospective study was to examine the
association between the AST/ALT ratio and prediabetes risk in
Chinese subjects. This study demonstrated that increased AST/
ALT ratios were associated with a reduced risk of prediabetes.
Furthermore, a saturation effect curve was discovered as well,
and the relationship between different AST/ALT ratios on
prediabetes was examined on the left and right sides of the
inflection point. An analysis of subgroups found a stable
correlation between AST/ALT ratio and prediabetes risk.

In recent years, prediabetes was reported to have an age-
standardized incidence rate of prediabetes were 62.6/1000
person-years (73.8/1000 person-years for males and 51.2/1000
person-years for females) in the general population of China.
The age-standardized incidence rates of prediabetes in the
present study were 41.5/1000 person-years, lower than the

TABLE 6 The result of two-piecewise linear regression model.

Incident prediabetes

Fitting model by standard linear regression
Fitting model by two-piecewise linear regression
Inflection point of AST/ALT ratio

<1.50

>1.50
P for log likelihood ratio test

10.3389/fendo.2022.1041616

reported level. Due to the more detailed data analysis and
stricter selection criteria employed in this study, the apparent
discrepancy can be explained.

Prediabetes is the pathological stage that must be crossed in
order to progress to type 2 diabetes, with an annual conversion
rate between 5-10% (4). Dysfunction of the islets and IR plays a
significant role in the onset and progression of prediabetes (30,
31). Previous studies evaluated biochemical markers of liver
damage using the AST/ALT ratio. Decreased AST/ALT ratio is
one of the best surrogates for nonalcoholic steatohepatitis (32).
Recent studies have pointed out that the AST/ALT ratio can be
used as one of the surrogate indicators of hyperinsulinemia and
insulin resistance (13, 33). In addition, studies have shown that
with the increase in the AST/ALT ratio, the future risk of
cardiovascular disease, metabolic syndrome, and DM will
gradually decrease (14, 15, 34). Patients with prediabetes
displayed markers of liver function injury, such as elevated
ALT and AST levels (35). Among them, decreased AST/ALT
can lead to functional impairment of pancreatic f3 cells, leading
to aggravation of IR, forming a vicious circle, and accelerating
the progression from prediabetes to type 2 diabetes (13). In a
study of 808 Korean adolescents, Lee and Yang et al. (15) found
that a positive relationship existed between ALT and metabolic
syndrome prevalence, while a negative relationship existed
between the AST/ALT ratio and metabolic syndrome
prevalence. In a cross-sectional study involving 2,585 Thais
participants, Homsanit M et al. (36) found that after adjusting
for demographic and biochemical covariates, the ALT/AST
ratio=] was significantly associated with metabolic syndrome
(OR: 1.72, 95% CI: 1.28-2.32 for females, and OR: 2.30, 95% CI:
1.68-3.16 for male). In a retrospective study of 15,464 Japanese
participants, Hua Niu et al. (34) found that when the AST/ALT
ratio was <0.93, the AST/ALT ratio was negatively associated
with incident diabetes (HR:0.14, 95%CI:0.02-0.90, P=0.0385)
after adjustment for age, sex, BMI, regular exerciser, waist
circumference, smoking, alcohol consumption, y-glutamyl
transpeptidase, HDL-C, TC, TG, HBA1C, FBG, SBP, DBP,
fatty liver, AST and ALT. In the present study, we found that
an increase of each unit of the AST/ALT ratio reduced the risk of
prediabetes by 21% (HR:0.79, 95%CIL: 0.75-0.84 P<0.0001) after
adjusting for gender, age, DBP, SBP, BMI, HDL-C, TG, LDL-C,

HR (95%CI) P
0.79 (0.75, 0.84) <0.0001
1.50
0.70 (0.65, 0.76) <0.0001
1.01 (0.89, 1.15) 0.8976
<0.001

We adjusted for gender, age, family history of diabetes, drinking status, smoking status, SBP, DBP, BMI, TC, TG, HDL-C, LDL-C, SCr, BUN, FPG.
HR, hazard ratios; CI, confidence; AST/ALT ratio: aspartate aminotransferase to alanine aminotransferase ratio.
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TABLE 7 Effect size of AST/ALT ratio on prediabetes in prespecified and exploratory subgroups.

Characteristic No of participants
Age, years

<60 67934

=60 7270
Gender

Male 41909

Female 33295
BMI (kg/m2)

<24 47638

>24 27566
SBP (mmHg)

< 140 68621

=140 6583
DBP (mmHg)

<90 69882

290 5322
Smoking status

Current smoker 11788

Ever smoker 2918

Never smoker 60498
Drinking status

Current drinker 1579

Ever drinker 11307

Never drinker 62318
Family history of diabetes

No 73750

Yes 1454

HR (95%CI) P value P for interacion

0.0605
0.82 (0.77, 0.87) <0.0001
0.93 (0.83, 1.05) 0.2557

0.8142
0.81 (0.75, 0.87) <0.0001
0.80 (0.73, 0.87) <0.0001

0.3382
0.74 (0.69, 0.80) <0.0001
0.79 (0.72, 0.85) <0.0001

0.4985
0.80 (0.75, 0.85) <0.0001
0.84 (0.73, 0.97) 0.0140

0.7741
0.79 (0.75, 0.84) <0.0001
0.81 (0.69, 0.96) 0.0173

0.1505
0.84 (0.73, 0.96) 0.0133
0.61 (0.45, 0.82) 0.0012
0.80 (0.75, 0.85) <0.0001

0.5173
0.88 (0.64, 1.20) 0.4163
0.74 (0.64, 0.86) <0.0001
0.80 (0.75, 0.85) <0.0001

0.3478

0.79 (0.75, 0.84) <0.0001
0.64 (0.42, 1.00) 0.0480

Above model adjusted for gender, age, family history of diabetes, drinking status, smoking status, SBP, DBP, BMI, TC, TG, HDL-C, LDL-C, SCr, BUN, FPG.

In each case, the model is not adjusted for the stratification variable.

TG, Scr, FPG, BUN, drinking status, smoking status and family
history of diabetes. Meanwhile, the sensitivity analyses
demonstrated that this relationship could still be detected
among individuals without BMI>24kg/m’ age>60 years or
drinker (current-drinker and ex-drinker). The above-
mentioned efforts have confirmed the relationship’s stability
between the AST/ALT ratio and prediabetes risk. It was
known that the AST/ALT ratio was the first to be found to be
correlated with prediabetes in our study, which may provide
valuable insight into the primary prevention of diabetes.
Furthermore, to our knowledge, a nonlinear relationship
between the AST/ALT ratio and prediabetes risk was first
identified by our study. In this study, we employed a two-
piecewise linear regression model to identify a nonlinear
relationship between the AST/ALT ratio and prediabetes risk.
The inflection point was 1.50 after adjusting for confounders
(gender, age, DBP, SBP, BMI, HDL-C, TG, LDL-C, TC, Scr,
FPG, BUN, drinking status, smoking status, and family history
of diabetes.). Results revealed that when the AST/ALT ratio was
less than 1.50, a 1-unit increase in AST/ALT ratio levels was
correlated to a 30% reduction in adjusted HR of prediabetes risk
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(HR:0.70, 95%CI: 0.65-0.76, P<0.0001). However, when AST/
ALT ratio was>1.50, the risk of prediabetes was directly
proportional to AST/ALT, but it was not statistically
significant (HR: 1.01, 95%CI: 0.89-1.15, P=0.8976). The reason
might be that prediabetes risk was influenced by other covariates
at baseline. It could be seen from Table S1 that compared with
the AST/ALT ratio<1.50 group, subjects with the AST/ALT
ratio>1.50 have generally lower BMI, BUN, FPG, TC, TG,
LDL-C, SCr, higher HDL-C, and a higher proportion of
females. In addition, the above indicators are protective factors
for prediabetes (37). Prediabetes risk was only marginally
affected by the AST/ALT ratio when the AST/ALT ratio
exceeded 1.50 because of the presence of the above protective
factors for prediabetes. Conversely, when the AST/ALT ratio was
lower than 1.50, the ability of the above indicators to protect
against prediabetes was weakened, and the above indicators had
less influence on prediabetes; at this time, the AST/ALT ratio
had more influence on prediabetes.

Prediabetes and AST/ALT ratios are linked, but the exact
mechanism remains unclear. There are currently several
explanations for the AST/ALT ratio leading to prediabetes.
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AST and ALT are also clinically biochemical markers of liver
damage due to their release from hepatocytes as a result of
cellular damage. Inflammation in the liver has been reported to
impair insulin signaling, resulting in an inability to suppress
glucose production and ultimately leading to hyperglycemia (38,
39). A big role is played by systemic insulin resistance which
induces reduced glucose uptake and free fatty acids beta-
oxidation, and increased gluconeogenesis and de novo
lipogenesis which leads to NAFLD development (40, 41). As
well in NAFLD patients, the increased inflammation and
oxidative stress lead to an increase in the release of
inflammatory cytokines and a worsening of systemic insulin
resistance (40, 41). Moreover, NAFLD is also responsible for
increased hepatic insulin resistance, which induces
compensatory hyperglycemia, which leads to beta cell
dysfunction and relative insulin deficiency (40, 41).
Furthermore, since insulin is crucial for regulation and
metabolism, organs like the liver are particularly impacted in
people with systemic insulin resistance (42). Excess glucose is
returned to the liver, where it may hinder gluconeogenesis and
encourage lipogenesis when insulin-resistant tissue is unable to
increase glucose absorption (42-44). As a result of the fat
buildup and inflammation that follows, the liver’s structure is
distorted and destroyed, raising ALT levels (13). AST, a vital
enzyme for aerobic metabolism, is not only found in the liver but
also in other tissues such as the heart, skeletal muscle, kidney,
and red blood cells. Insulin no longer effectively allows glucose to
enter cells to start aerobic metabolism in insulin-resistant
tissues, which reduces AST activity (42, 45). In addition, the
AST/ALT ratio is a marker for chronic liver disease (NAFLD or
HCV disease, etc.) (16, 46). The risk of diabetes and prediabetes
is related to some chronic liver diseases (NAFLD or HCV
disease, etc.), which are already known risk factors (25, 47-
49). Changes in AST/ALT ratio may reflect a marker of the
impact of some chronic liver diseases (NAFLD or HCV disease,
etc.) on prediabetes.

Several strengths of our study can be found. First, the present
study used a large sample size, and participants came from a
variety of centers, representing the Chinese population more
accurately. Second, we examined the nonlinear relationship by
using a GAM and a smooth curve fitting in order to identify the
optimal inflection point for the effect of AST/ALT ratios on
prediabetes. Third, results were also rigorously adjusted
statistically to reduce the influence of confounding factors, and
it ensured the reliability of our findings. Fourth, our results were
tested for robustness through sensitivity analyses (the AST/ALT
ratio transformation, employing a GAM to put the continuity
covariate into the equation as a curve, estimating E-values to
examine the potential for unmeasured confounders, subgroup
analysis, and reassessing the relationship between AST/ALT
ratio and prediabetes after excluding participants with
BMI>24kg/m2, age>60 years or drinker) to ensure their
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reliability. Fifth, we employed a subgroup analysis to find
other risk factors that might affect the relationship between
AST/ALT and prediabetes.

The present study is still subject to some potential
shortcomings: (1) We may have missed some new cases of
prediabetes because of the use of FPG levels for diagnosing
prediabetes in the present study. (2) As with all retrospective
studies, our study may have had unmeasured or uncontrolled
confounding covariates, such as dietary factors, cytolytic activity,
NAFLD, viral hepatitis and alcohol abuse, even though we
controlled for known potential confounding covariates.
However, E values were calculated to quantify the potential
impact of unmeasured confounding covariates, and it was found
that unmeasured confounding covariates were unlikely to
influence the relationship between the AST/ALT ratio and risk
of prediabetes. (3) Since this study only involved Chinese
participants, our findings may not be generalizable to other
ethnicities. (4) AST/ALT ratio may be biased by the concurrent
presence of viral hepatitis and or alcohol abuse (which may
increase AST levels and thus increase the ratio). (5) The initial
study only measured baseline ALT and AST. Some drugs, such
as hepatoprotective drugs, may affect ALT and AST levels.
Therefore, ALT and AST may change during follow-up.
However, the initial study did not measure the changes in
ALT and AST over time. In the future, we will consider
designing our study to document more confounding factors,
including ALT and AST fluctuations, cytolytic activity, NAFLD,
viral hepatitis, alcohol abuse, and use of drugs during follow-up.
Therefore, we could explore the impact of changes in the AST/
ALT ratio on future prediabetes risk through a GAM model.

Conclusion

This study showed that the AST/ALT ratio was inversely
correlated with the prevalence of prediabetes in Chinese adults.
When there is a persistent decrease in the AST/ALT ratio,
clinical vigilance for the risk of prediabetes is warranted.
Furthermore, there is a nonlinear relationship and saturation
effect between the AST/ALT ratio and the risk of prediabetes,
with an inflection point of 1.50. When the AST/ALT ratio
decreases below 1.50, clinical vigilance for the risk of
prediabetes should be high. Therefore, clinically, we reflect the
magnitude of the risk of prediabetes by focusing on changes in
the AST/ALT ratio.
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