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Objective: This study aimed to find the association between alanine transaminase-to- 
aspartate aminotransferase ratio (ALT/AST) and the incidence of gestational diabetes melli-
tus (GDM).
Methods: A total of 1128 pregnant women were included in this prospective, double-center, 
observational cohort study. ALT, AST and total bilirubin (TBil) were tested during 6–12 
weeks of gestation and 75-g oral glucose tolerance test (OGTT) was conducted during 24–28 
weeks of gestation to screen GDM. The association between ALT/AST and glucose con-
centration during OGTT was analyzed by linear regression model. The OR with 95% CI for 
incidence of GDM associated with ALT/AST was estimated by binary logistic regression. 
The discriminatory values of ALT/AST and triglyceride/high-density lipoprotein cholesterol 
(TG/HDL-C) for GDM were calculated by the area under the receiver operating character-
istic curve (ROC-AUC).
Results: The incidence of GDM was 22.07% (249/1128). ALT/AST was higher in GDM 
group than in NGT group (0.92 [0.75, 1.18] vs 0.80[0.65, 1.02], P <0.001). ALT/AST had 
positive correlations with fasting blood glucose, 1-hour and 2-hour blood glucose concentra-
tion during OGTT (0.089 [95% CI: 0.034, 0.163], 0.176 [95% CI: 0.052, 0.104], and 0.115 
[95% CI: 0.199, 0.609], respectively). The OR of ALT/AST for incidence of GDM was 
1.603 (95% CI:1.097, 2.344). The ROC-AUC of ALT/AST and TG/HDL-C reached 0.615 
(95% CI: 0.575, 0.655) and 0.619 (95% CI: 0.580, 0.659), respectively.
Conclusion: ALT/AST in early pregnancy was an independent risk factor of GDM. The 
predictive ability of ALT/AST was similar to TG/HDL-C for GDM.
Keywords: gestational diabetes mellitus, type 2 diabetes mellitus, alanine transaminase, 
aspartate aminotransferase, triglyceride

Introduction
Gestational diabetes mellitus (GDM) is defined as a state of impaired glucose 
tolerance first being discovered during pregnancy.1 The prevalence of GDM has 
increased sharply worldwide and the increase of incidence of GDM in China has 
been especially alarming in the past few years.2 As one of the most common 
medical complications of pregnancy, GDM increases the risk of pregnancy com-
plications and adverse perinatal outcomes, such as pregnancy-induced hyperten-
sion, preeclampsia, abortion, premature delivery, premature ruptures of membranes, 
large for gestational age infant and so on. It also increases the risk of type 2 
diabetes (T2DM) for mother in future and influences the metabolism of offspring 
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in the long run,3,4 bringing both public health and eco-
nomic burden. Thus more and more studies have focused 
on finding risk factors of GDM, which may help predict 
and prevent GDM.

Non-alcoholic fatty liver disease (NAFLD) is the most 
common chronic liver disease in the world and more than 
25% of the world’s population is currently thought to have 
NAFLD.5 It is considered as a hepatic manifestation of 
metabolic syndrome or insulin resistance. Substantial evi-
dences have shown that NAFLD is associated with impaired 
glucose homeostasis and higher risk of GDM.6,7 Aspartate 
aminotransferase-to-alanine transaminase ratio (AST/ALT) 
was first proposed by Fernando De Ritis in 1957 to evaluate 
the severity of viral hepatitis, which was also called De Ritis 
ratio.8 Since then ALT/AST or AST/ALT has been reported 
in lots of studies and has been found to be not only an 
assessment tool of hepatic diseases, but also a valuable prog-
nostic tool for cardiovascular disease,9 arterial stiffness,10 

cancers,11,12 chronic kidney disease13 and so on. Recently it 
has been of great interest as a possible novel marker for 
metabolic syndrome14,15 and insulin resistance.16 Zou et al17 

found ALT/AST was closely related to the risk of new-onset 
NAFLD. Thus we speculated ALT/AST might be a risk 
factor of GDM. However, to our best knowledge, no study 
to date has investigated ALT/AST in early pregnancy among 
patients with subsequent risk of GDM. Therefore, we exam-
ined the association between ALT/AST in early pregnancy 
and the incidence of GDM in a prospective, double-center, 
observational cohort study among Chinese pregnant women 
and evaluated the predictive ability of ALT/AST for GDM. 
Since triglyceride-to-high-density lipoprotein cholesterol 
ratio (TG/HDL-C) has been reported as an effective predictor 
of GDM, the predictive ability of ALT/AST was compared 
with that of TG/HDL-C.18,19

Materials and Methods
This is a part of an ongoing prospective, double-center, obser-
vational cohort study which aimed to find reliable diagnostic 
markers of GDM in early pregnancy by urinary proteomics. 
The study started in 2019 in Haidian District Maternal and 
Child Health Care Hospital and Chaoyang District Maternal 
and Child Health Care Hospital, Beijing, China. All partici-
pants underwent a clinical investigation at the first prenatal 
visit in early pregnancy (6–12 weeks of gestation).20

Study Participants
Inclusion and exclusion criteria of participants were as fol-
lows. Inclusion criteria: (1) gestation age at entry <12 weeks; 

(2) without impaired glucose tolerance or diabetes mellitus 
before pregnancy; (3) acceptance of participation in the study 
and signature of the consent form. Exclusion criteria: (1) 
gemellary or multiple pregnancy; (2) fasting blood glucose 
≥6.1mmol/L at baseline; (3) any acute or other severe chronic 
diseases, such as autoimmune disease, severe liver or renal 
dysfunction, heart disease and so on. On this basis, a total of 
1128 pregnant women with clinical and laboratory data at 6– 
12 weeks of gestation and 75-g oral glucose tolerance test 
(OGTT) at 24–28 weeks of gestation were enrolled in the 
present study from Aug, 2019 to Nov, 2020.

The ethics committees of all participating centers 
approved the study protocol. The study was conducted 
under the guidance of Major New Drugs Innovation and 
Development Program (clinical trial number is 
NCT03246295). Written informed consent was obtained 
from each participant and the study was performed in accor-
dance with the Declaration of Helsinki as revised in 2013.

Measurements
Participants were measured for body weight, height, sys-
tolic blood pressure (SBP) and diastolic blood pressure 
(DBP) at the first prenatal visit (6–12 weeks of gestation). 
SBP and DBP were taken by trained nurses with an auto-
matic blood pressure monitor. Body mass index (BMI) 
was determined by dividing body weight in kilograms by 
height in meters squared. Medical history, personal history 
and family history were asked by attending doctors and 
recorded in electronic medical records (EMRs).

Blood samples were collected at the first prenatal visit 
and 75-g OGTT was conducted for all participants during 
24–28 weeks of gestation. Biochemical parameters pre-
sented in the present study, including ALT, AST, total 
bilirubin (TBil), total cholesterol (TC), TG, HDL-C and 
low-density lipoprotein cholesterol (LDL-C), were mea-
sured by Beckman AU5800 automatic analyzer. Quality 
controls were performed by Bio-Rad biochemical quality 
control product.

GDM was diagnosed according to the International 
Association of the Diabetes and Pregnancy Study 
Group's criterion in 2010.1 For all participants in the pre-
sent study, all available clinical and laboratory data were 
recorded and verified by two researchers at the same time.

Statistical Analysis
Analyses were conducted by the statistical program SPSS 
(version 24, SPSS, Chicago, IL). Continuous variables 
were tested for normality of distribution. Variables with 

https://doi.org/10.2147/IJGM.S332946                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2022:15 116

Song et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


approximately normal distributions were presented as 
mean ± SD and those with skewed distributions were 
presented as median and interquartile range (25th–75th 
percentile). Categorical variables were presented as 
percentages (numbers). A two-sample Student t test or 
Mann–Whitney test was used for continuous variables 
and χ2 test was used for categorical variables. The asso-
ciation between ALT/AST and glucose concentration at 
different points during OGTT was analyzed by linear 
regression. Stepwise binary logistic regression was applied 
to examine the relevance between ALT/AST and GDM. 
Maternal age, preBMI, FHDM and blood lipids, which 
were known as risk factors of GDM, were considered as 
confounding factors in the present study. TC was excluded 
to avoid the multi-collinearity issue (VIF >5). The area 
under the receiver operating characteristic curve (ROC- 
AUC) was used to evaluate the predictive ability of ALT/ 
AST for GDM. With Bonferroni correction for multiple 
comparisons of blood glucose at three time points during 
75-g OGTT, the prespecified level of statistical signifi-
cance was set as P-values of <0.017 (ie, 0.05 divided 
by 3). Statistical significance was inferred from two- 
sided P-values of <0.05 for other analyses.

Results
The incidence of GDM was 22.07% (249/1128) in this 
study. Table 1 showed anthropometric and biochemical 

characteristics in women with GDM and normal glucose 
tolerance (NGT). Maternal age, pre-pregnancy body mass 
index (preBMI), percentage of family history of diabetes 
mellitus (FHDM), SBP, ALT, TG and LDL-C in GDM 
group were significantly higher than those in NGT group 
(P <0.05). ALT/AST and TG/HDL-C were also signifi-
cantly higher in GDM group (0.92 [0.75, 1.180] vs 0.80 
[0.65, 1.02], P <0.001; 0.69 [0.51, 0.94] vs 0.56 [0.42, 
0.77], P <0.001, respectively).

Linear regression analysis was performed to estimate 
the relationship between ALT/AST and glucose concentra-
tion at three time points of OGTT (Table 2). There were 
positive correlations between ALT/AST and fasting blood 
glucose (FBG), 1-hour blood glucose (1-h BG) as well as 
2-h BG (P <0.001). And after adjustment for confounding 
factors, including age, preBMI, FHDM and blood lipids, 
the positive correlations were still statistically significant 
(P <0.017).

Table 3 presented the crude and multivariable-adjusted 
OR of GDM determined by ALT/AST. There was higher 
risk for the incidence of GDM with increasing ALT/AST 
(OR [95% CI] 2.143 [1.500, 3.061]). The OR for the 
incidence of GDM was (OR [95% CI] 1.623 [1.116, 

Table 1 Anthropometric and Biochemical Characteristics 
Between Women with and without GDM

Variables GDM (n=249) NGT (n=879) P-value

Age 31.43±3.91 30.11±3.93 <0.001

PreBMI (kg/m2) 22.80(20.40, 25.46) 21.45(19.72, 23.15) <0.001

FHDM 18.1%(45) 11.0%(97) 0.003

SBP (mmHg) 114.7±9.53 112.5±10.45 0.005

DBP (mmHg) 71.2±8.48 70.52±9.07 0.295

ALT (U/L) 15.00(11.00, 20.45) 12.60(10.00, 17.69) <0.001

AST (U/L) 16.17(14.00, 19.00) 16.00(14.00, 18.70) 0.444

TBil (umol/L) 10.40(8.50, 13.40) 10.50(8.40, 13.00) 0.809

TC (mmol/L) 4.09(3.53, 4.70) 3.98(3.49, 4.52) 0.074

TG (mmol/L) 0.96(0.73, 1.30) 0.85(0.65, 1.10) <0.001

HDL-C (mmol/L) 1.43(1.19, 1.61) 1.50(1.29, 1.72) 0.001

LDL-C (mmol/L) 2.15(1.77, 2.72) 1.99(1.69, 2.43) <0.001

ALT/AST 0.92(0.75, 1.18) 0.80(0.65, 1.02) <0.001

TG/HDL-C 0.69(0.51, 0.94) 0.56(0.42, 0.77) <0.001

Abbreviations: GDM, gestational diabetes mellitus; NGT, normal glucose toler-
ance; preBMI, pre-pregnancy body mass index; FHDM, family history of diabetes 
mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine 
transaminase; AST, aspartate aminotransferase; TBil, total bilirubin; TC, total cho-
lesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low- 
density lipoprotein cholesterol.

Table 2 Association of ALT/AST and Glucose Concentration at 
Three Time Points During OGTT at 24–28 Weeks’ Gestation

OGTT 
(mmol/L)

Unadjusted Fully Adjusted#

β (95% CI) P-value β (95% CI) P-value

FBG 0.120(0.069, 0.198) <0.001* 0.089(0.034, 0.163) 0.003*

1-h BG 0.134(0.346, 0.894) <0.001* 0.176(0.052, 0.104) 0.002*

2-h BG 0.151(0.327, 0.738) <0.001* 0.115(0.199, 0.609) <0.001*

Notes: *A priori statistical significance is P <0.017. #Adjusted for age, pre- 
pregnancy body mass index, family history of diabetes mellitus, triglyceride, high- 
density lipoprotein cholesterol and low-density lipoprotein cholesterol. 
Abbreviations: GDM, gestational diabetes mellitus; ALT, alanine transaminase; 
AST, aspartate aminotransferase; OGTT, oral glucose tolerance test; FBG, fasting 
blood glucose.

Table 3 Odds Ratios for GDM in Relation to ALT/AST

β OR 95% CI P-value

Model 1 0.762 2.143 1.500, 3.061 <0.001*

Model 2 0.484 1.623 1.116, 2.360 0.011*

Model 3 0.472 1.603 1.097, 2.344 0.015*

Notes: *P <0.05 represents statistical significance. Model 1: ALT/AST. Model 2: 
Model 1 + age, pre-pregnancy body mass index, family history of diabetes mellitus. 
Model 3: Model 2 + triglyceride, high-density lipoprotein cholesterol, low-density 
lipoprotein cholesterol. 
Abbreviations: GDM, gestational diabetes mellitus; ALT, alanine transaminase; 
AST, aspartate aminotransferase.
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2.360]) after adjustment for age, preBMI and FHDM. 
After further adjustment for blood lipids in the second 
model, the association was still significant (OR [95% CI] 
1.603 [1.097, 2.344]).

ROC curves were used to evaluate the predictive abil-
ity of ALT/AST and TG/HDL-C for GDM (Figure 1). The 
cut-off point of ALT/AST for predicting GDM in early 
pregnancy was 0.825 (sensitivity 67.1% and specificity 
54.2%; ROC-AUC 0.615, 95% CI 0.575–0.655, 
P <0.001). Whereas the cut-off point of TG/HDL-C was 
0.676 (sensitivity 51.4% and specificity 68.3%; ROC- 
AUC 0.619, 95% CI 0.580–0.659, P <0.001). Z test per-
formed by MedCalc showed that the predictive ability of 
ALT/AST for GDM was similar to TG/HDL-C (z statistic 
0.144, P = 0.89). The ROC-AUC of ALT was the lowest 
among them (AUC 0.597, 95% CI 0.577–0.637, 
P <0.001).

Discussion
In this study, we investigated the association between the 
ALT/AST in early pregnancy and the incidence of GDM, 
and we also reported a positive relationship between ALT/ 
AST and glucose concentration at three time points during 
OGTT. The present analyses implied ALT/AST was an 
independent risk factor of GDM and it appeared to have 
a similar predictive ability for GDM compared with TG/ 
HDL-C in this cohort study. These results were still sta-
tistically significant after adjustment for potential 

confounding factors. To the best of our knowledge, this 
study is the first to report the relationship between ALT/ 
AST and GDM.

The liver minimizes the fluctuation of postprandial 
blood glucose by taking up and storing glucose and 60– 
65% oral glucose load is disposed of by liver thus any 
impairment of liver may affect postprandial glycemia.21 

Previous studies examined association between ALT/AST 
and glucose concentration during 75-g OGTT and found 
the significant change was only noted in 2-h BG between 
subjects with normal and abnormal ALT/AST.22 In this 
study, although ALT and AST were both in normal 
range, the analysis showed there were positive correlations 
between ALT/AST and glucose concentration at different 
time points during OGTT. After adjustment for key con-
founding factors, there were still significant correlations.

Previous studies reported the close relationship 
between T2DM and several liver enzymes, including 
gamma glutamyl transferase (GGT), ALT and AST.23 But 
the association between different liver enzymes and GDM 
were still controversial. Most previous studies reported 
that higher GGT and ALT were risk factors for GDM 
and that AST may not be related to GDM. A recent meta- 
analysis implied only GGT presented significant positive 
association with GDM.24 As a hepatic marker first 
reported to be an assessment tool for viral hepatic diseases, 
ALT/AST has been found to be associated with metabolic 
diseases recently. Pinnaduwage et al25 evaluated the 
impact of changes in different single liver enzyme as 
well as ALT/AST on changes in insulin sensitivity, β-cell 
function and glycemia in 336 women with varying degrees 
of previous gestational glucose metabolic status at 1 and 3 
years postpartum and found ALT/AST rather than single 
liver enzyme could track changes in insulin sensitivity and 
β-cell function. Compared with the single variable, ALT/ 
AST may amplify a signal of GDM risk that is not yet 
detectable with individual liver enzyme alone. However, 
previous studies did not examine the relationship between 
ALT/AST and GDM during pregnancy. In the present 
study, although there was no significant difference of 
AST concentration between two groups, the results 
showed ALT/AST could predict GDM more accurately 
than using ALT alone, implying AST maybe also have 
slight association with GDM.

The mechanism of the relationship between ALT/AST 
and GDM was unclear but there are several possible spec-
ulations. The liver plays an important role in controlling 
glycogenesis, glycogenolysis, glycolysis and 

Figure 1 Comparison of ALT/AST, TG/HDL-C and ALT as risk makers of GDM. 
Abbreviations: GDM, gestational diabetes mellitus; ALT, alanine transaminase; 
AST, aspartate aminotransferase; TG, triglyceride; HDL-C, high-density lipoprotein 
cholesterol.
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gluconeogenesis, which are key pathways of maintaining 
glucose homeostasis.26 Any impairment of liver may influ-
ence this process while ALT and AST both have strong 
positive correlation with liver fat accumulation.27,28 As 
liver fat is a key feature of insulin resistance and 
NAFLD, higher ALT/AST may imply relatively worse 
metabolic status. The positive correlation of liver enzymes 
and insulin resistance has been reported29 and previous 
studies suggested ALT/AST was a good predictor of insu-
lin resistance in Asian populations.16,30 NAFLD has 
mutual influence with GDM7 and a study among non- 
obese Chinese population without NAFLD at baseline 
reported the increase in the ALT/AST was associated 
with the risk of new-onset NAFLD.17 Bettini et al31 

found ALT/AST decreased in patients with obesity after 
laparoscopic sleeve gastrectomy and was correlated with 
BMI and insulin reduction. Since insulin resistance, 
NAFLD and BMI are all closely related to the develop-
ment of GDM, it is reasonable that ALT/AST presented 
close association with GDM and can be an independent 
risk factor of GDM. This result also evidenced the rela-
tionship between NAFLD and GDM from another per-
spective by a simple index.

TG/HDL-C has been reported as a good predictor for 
GDM in some studies.18,19 It is acknowledged TG is 
closely associated with diet in the short term so a single 
test during first trimester with great variability may not be 
stable enough. Besides, liver function is a routine exam-
ination whereas lipids are not tested in prenatal examina-
tion in some regions in China. In this study, we found the 
predictive ability of ALT/AST for GDM was similar to 
that of TG/HDL-C. Therefore, as an independent risk 
factor of GDM, ALT/AST was a more stable and easily 
available index than TG/HDL-C and is worth investigating 
in further studies. However, we also noticed that the pre-
dictive ability of TG/HDL-C and ALT/AST were both 
pretty limited. Although the predictive ability of ALT/ 
AST for GDM has not been reported and was unclear, 
the performance of TG/HDL-C was not consistent with 
previous studies. There are several potential explanations. 
First, there might be publication bias because usually only 
positive results with good predictive ability of TG/HDL-C 
for GDM were reported. Second, pregnant women 
enrolled in the study may get more attention from doctors, 
which may lower the predictive ability of some parameters 
in early gestation. Moreover, the complicated mechanisms 
of the development of GDM make it difficult to predict 
such development accurately with a single index; however, 

more investigation on different risk factors of GDM is 
beneficial to further understanding of GDM and can con-
tribute to build better prediction models in future.

There were some other limitations in this study. First, 
some potential confounding factors such as information on 
education, occupation, income and eating habits were not 
collected. Second, although women with severe hepatic 
diseases were not enrolled in this study, the ALT/AST 
might have been biased by the presence of an undetected 
liver disease. Notwithstanding these limitations, the cur-
rent analyses were adjusted for major risk factors of GDM, 
including age, preBMI, FHDM and blood lipids, to 
decrease bias. These factors are acknowledged to have 
significant effects on GDM and significant differences 
between women with and without GDM also existed in 
this study. As an independent risk factor of GDM, ALT/ 
AST is a simple, economical and easily available index. It 
could be a potentially valuable component of a prediction 
model of GDM and deserves to be further investigated. 
Expanding the sample size in different races and extending 
the follow-up duration will help further clarify the rela-
tionship between ALT/AST and incidence of GDM as well 
as risk of T2DM in future among women with GDM 
history.

Conclusion
In summary, higher ALT/AST in early pregnancy, even 
within the normal range, was an independent risk factor 
of GDM. ALT/AST presented similar predictive ability to 
TG/HDL-C for GDM in this cohort study.
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