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Abstract
Background: In recent years, the incidence and prevalence of metabolic-
associated fatty liver disease (MAFLD) have been increasing annually, with
over a quarter of the global population afflicted by MAFLD. Type 2 diabetes
mellitus (T2DM) is closely associated with MAFLD; however, there are
currently few simple and accurate predictive indicators for T2DM patients
with concurrent MAFLD. Objective: To investigate the correlation between
the albumin/𝛾-glutamyl transferase ratio (AGTR) and T2DM with MAFLD,
and to construct a nomogram prediction model for the risk of developing
T2DM with MAFLD. Methods: A total of 1,050 adult patients with T2DM
hospitalized in the Department of Endocrinology at Hebei Provincial People’
s Hospital from 2018 to 2023 were selected as study subjects. After multiple
rounds of rigorous screening, 723 patients ultimately met the study criteria
and were enrolled, including 430 in the T2DM with MAFLD group and 293
in the T2DM alone group. Baseline patient data were collected and analyzed,
and MAFLD was diagnosed by ultrasound. Spearman correlation analysis was
employed to evaluate the correlation between AGTR and MAFLD risk factors.
Multivariate logistic regression analysis was utilized to explore risk factors for
T2DM with MAFLD, and an individualized nomogram model for predicting
the risk of T2DM with MAFLD was constructed and validated accordingly.
Results: Compared with the T2DM alone group, the T2DM with MAFLD
group exhibited significantly higher levels of BMI, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), 𝛾-glutamyl transferase (GGT), bile
acid (BA), fasting blood glucose (FBG), triglycerides (TG), total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), very low-density lipoprotein
cholesterol (VLDL-C), apolipoprotein B (ApoB), and uric acid (UA), whereas
age, diabetes duration, ALB, and HDL-C levels were significantly lower
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(P<0.05). Patients were stratified into T1-T3 groups based on AGTR tertiles.
Comparison of baseline characteristics among the three groups revealed that the
T3 group had lower BMI, ALT, GGT, FBG, TC, TG, LDL-C, VLDL-C, ApoB,
and UA, lower AST than the T1 group, and higher age and diabetes duration
than the T2 and T1 groups (P<0.05). The T2 group had lower BMI, ALT,
AST, GGT, TG, VLDL-C, and UA than the T1 group (P<0.05). Spearman
correlation analysis demonstrated that AGTR was positively correlated with
age, diabetes duration, ALB, and HDL-C (P<0.05), and negatively correlated
with VLDL-C, BMI, ALT, AST, GGT, BA, FBG, TC, TG, LDL-C, ApoB, and
UA (P<0.05). Multivariate logistic regression analysis revealed that elevated
BMI and TG [OR (95%CI) = 1.256 (1.187-1.330), 1.272 (1.043-1.551)] and
decreased AGTR [OR (95%CI) = 0.707 (0.562-0.890)] were influencing factors
for T2DM with MAFLD. ROC curve analysis demonstrated that the AUC of
the three-factor combined model for predicting MAFLD in T2DM was 0.827
(95%CI=0.790-0.864). The calibration curve indicated that predicted values
were close to the ideal curve, suggesting good consistency. Clinical decision
curve analysis demonstrated that the model had good clinical predictive efficacy
for T2DM with MAFLD. Conclusion: Decreased AGTR is a protective factor
for T2DM with MAFLD. The individualized nomogram model constructed
based on BMI, TG, and AGTR can effectively predict the risk of T2DM with
MAFLD.
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Abstract

Background The incidence and prevalence of metabolic-associated fatty liver
disease (MAFLD) have increased annually in recent years, affecting more than
one-quarter of the global population. Type 2 diabetes mellitus (T2DM) is
closely associated with MAFLD, yet simple and accurate predictive indicators
for MAFLD in T2DM patients remain scarce. Objective To investigate the cor-
relation between the albumin/gamma-glutamyl transferase ratio (AGTR) and
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T2DM with MAFLD, and to construct a nomogram model for predicting the
risk of T2DM combined with MAFLD. Methods A total of 1,050 adult pa-
tients with T2DM hospitalized in the Department of Endocrinology at Hebei
General Hospital between 2018 and 2023 were enrolled. After multiple rounds
of rigorous screening, 723 patients met the inclusion criteria and were included
in the study, comprising 430 cases in the T2DM with MAFLD group and 293
cases in the T2DM without MAFLD group. Patient baseline data were collected
and analyzed, and MAFLD was diagnosed by ultrasound. Spearman correlation
analysis was used to examine the relationship between AGTR and MAFLD risk
factors. Multivariate logistic regression analysis was employed to identify risk
factors for T2DM with MAFLD, and an individualized nomogram model for pre-
dicting the risk of T2DM with MAFLD was constructed and validated. Results
Compared with the T2DM without MAFLD group, the T2DM with MAFLD
group exhibited significantly higher levels of body mass index (BMI), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl
transferase (GGT), bile acids (BA), fasting blood glucose (FBG), triglycerides
(TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), very
low-density lipoprotein cholesterol (VLDL-C), apolipoprotein B (ApoB), and
uric acid (UA), while age, diabetes duration, albumin (ALB), and high-density
lipoprotein cholesterol (HDL-C) were significantly lower (P<0.05). When pa-
tients were divided into T1–T3 groups according to AGTR tertiles, the T3 group
showed lower BMI, ALT, GGT, FBG, TC, TG, LDL-C, VLDL-C, ApoB, and
UA compared with the T1 and T2 groups, while HDL-C and AST were lower
than in the T1 group; age and diabetes duration were higher than in the T1 and
T2 groups (P<0.05). The T2 group exhibited lower BMI, ALT, AST, GGT, TG,
VLDL-C, and UA compared with the T1 group (P<0.05). Spearman correlation
analysis revealed that AGTR was positively correlated with age, diabetes dura-
tion, ALB, and HDL-C (P<0.05), and negatively correlated with VLDL-C, BMI,
ALT, AST, GGT, BA, FBG, TC, TG, LDL-C, ApoB, and UA (P<0.05). Mul-
tivariate logistic regression analysis showed that increased BMI [OR (95%CI)
= 1.256 (1.187–1.330)], increased TG [OR (95%CI) = 1.272 (1.043–1.551)], and
decreased AGTR [OR (95%CI) = 0.707 (0.562–0.890)] were influencing factors
for T2DM with MAFLD. ROC curve analysis demonstrated that the combined
model of the three factors predicted MAFLD in T2DM patients with an AUC
of 0.827 (95%CI = 0.790–0.864). The calibration curve showed that predicted
values were close to the ideal curve, indicating good consistency, and clinical de-
cision curve analysis revealed that the model had good clinical predictive utility
for T2DM with MAFLD. Conclusion Decreased AGTR is a protective fac-
tor for T2DM with MAFLD. The individualized nomogram model constructed
based on BMI, TG, and AGTR can effectively predict the risk of T2DM with
MAFLD.

Keywords: Metabolic-associated fatty liver disease; Diabetes mellitus, type 2;
Albumin; Gamma-glutamyl transferase; Albumin/gamma-glutamyl transferase
ratio; Root cause analysis
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Introduction

With improving living standards, the incidence and prevalence of non-alcoholic
fatty liver disease (NAFLD) have gradually increased. In 2016, NAFLD patients
accounted for 25% of the world population, and the global prevalence of NAFLD
reached 38% in 2019. It is projected that 20 million patients will ultimately die
from liver disease related to NAFLD, imposing a substantial economic burden on
society. In 2020, NAFLD and non-alcoholic steatohepatitis were renamed and
redefined as metabolic-associated fatty liver disease (MAFLD) and metabolic
dysfunction-associated steatohepatitis (MASH). Currently, pathological biopsy
remains the gold standard for diagnosing fatty liver disease, but its invasive na-
ture limits widespread clinical use. Therefore, investigating practical, straight-
forward, and reliable predictive factors for fatty liver disease holds significant
clinical value.

Recent studies have demonstrated that type 2 diabetes mellitus (T2DM) is
a crucial risk factor for MAFLD development. T2DM can drive the progres-
sion of MAFLD from simple hepatic steatosis to steatohepatitis and fibrosis,
and the risk of MAFLD is significantly higher in patients with diabetes com-
pared with non-diabetic individuals. Consequently, investigating predictive
factors for T2DM with MAFLD carries substantial clinical importance. The
albumin/gamma-glutamyl transferase ratio (AGTR) is a recently proposed in-
flammatory marker that has been confirmed as a protective factor for MAFLD.
Furthermore, research has shown that T2DM induces free radical production,
which leads to decreased serum albumin, while GGT is closely associated with
T2DM and serves as an important predictor, with T2DM risk increasing as
GGT levels rise. Therefore, AGTR is also closely related to T2DM, though its
predictive value for T2DM with MAFLD remains unclear. This study retro-
spectively analyzed the relationship between T2DM with MAFLD and AGTR
and established an individualized prediction model for the risk of T2DM with
MAFLD.

Methods

1.1 Clinical Data We retrospectively selected 1,050 adult patients with
T2DM hospitalized in the Department of Endocrinology at Hebei General
Hospital from 2018 to 2023 as the study population. After multiple rounds of
rigorous screening, 723 patients met the inclusion criteria and were enrolled,
including 430 cases with T2DM and MAFLD and 293 cases without MAFLD
[Figure 1: see original paper]. T2DM diagnosis followed the 1999 WHO
criteria, and MAFLD was diagnosed based on hepatic steatosis accompanied
by overweight or obesity, T2DM, or two or more metabolic risk abnormalities.

Exclusion criteria were: (1) type 1 diabetes, gestational diabetes, or pregnant
women; (2) T2DM patients under 18 years of age; (3) acute diabetic compli-
cations such as ketoacidosis, hyperosmolar hyperglycemic syndrome, or hypo-
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glycemic coma; (4) history of hepatitis B or C, liver cirrhosis, or liver surgery;
and (5) recent severe systemic diseases (infectious diseases, kidney disease, se-
vere cardiovascular or cerebrovascular disease, cancer, blood disorders). This
study was approved by the Ethics Committee of Hebei General Hospital (Ap-
proval No. 2025-LM-0072).

1.2 Research Methods We collected basic patient information (age, dia-
betes duration) and measured height and weight to calculate BMI. After an 8–
10 hour fast, elbow venous blood samples were collected by professional medi-
cal staff the following morning. Fasting blood glucose (FBG), uric acid (UA),
serum creatinine (Cr), total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
very low-density lipoprotein cholesterol (VLDL-C), apolipoprotein A1 (ApoA1),
apolipoprotein B (ApoB), aspartate aminotransferase (AST), alanine amino-
transferase (ALT), gamma-glutamyl transferase (GGT), bile acids (BA), and
albumin (ALB) were measured using an automatic biochemical analyzer, and
AGTR was calculated. Hepatic steatosis was diagnosed by abdominal ultra-
sound.

1.3 Grouping Based on ultrasound findings, patients were divided into a
T2DM without MAFLD group (n=293) and a T2DM with MAFLD group
(n=430).

1.4 Statistical Analysis Data analysis was performed using SPSS 25.0 and
R software version 4.2.2 (with rms and caret packages). Continuous variables
were expressed as mean ± standard deviation if normally distributed, and in-
tergroup comparisons were made using independent t-tests. Non-normally dis-
tributed data were expressed as median (P25, P75), with comparisons between
two groups using the Mann-Whitney U test and among multiple groups using
the Kruskal-Wallis H test. Spearman rank correlation analysis was used to
explore the relationship between AGTR and MAFLD-related indicators. Multi-
variate logistic regression analysis was employed to identify influencing factors
for T2DM with MAFLD. Based on the regression results, a nomogram model
was developed to predict individualized risk of T2DM with MAFLD. Bootstrap
resampling was used for internal validation, and a calibration curve was plotted
to assess clinical consistency. Receiver operating characteristic (ROC) curves
were used to evaluate the predictive value for T2DM patients with MAFLD, and
decision curve analysis was performed to assess clinical applicability. P<0.05
was considered statistically significant.

Results

2.1 Baseline Characteristics of T2DM and T2DM with MAFLD
Groups Compared with the T2DM without MAFLD group, the T2DM with
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MAFLD group showed significantly higher levels of body mass index (BMI),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT), bile acids (BA), fasting blood glucose (FBG),
triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), very low-density lipoprotein cholesterol (VLDL-C), apolipoprotein B
(ApoB), and uric acid (UA), while age, diabetes duration, albumin (ALB), and
high-density lipoprotein cholesterol (HDL-C) were significantly lower (P<0.05)
.

2.2 Comparison of General Data Across AGTR Tertile Groups Pa-
tients were further divided into three groups according to AGTR tertiles: T1
group (AGTR 0.036–1.116), T2 group (AGTR 1.117–1.918), and T3 group
(AGTR 1.919–5.458). Significant differences were observed among the three
groups in age, diabetes duration, BMI, ALB, ALT, AST, GGT, FBG, TC, TG,
HDL-C, LDL-C, VLDL-C, ApoB, and UA (P<0.05). The T3 group had lower
BMI, ALT, GGT, FBG, TC, TG, LDL-C, VLDL-C, ApoB, and UA compared
with the T1 and T2 groups, while HDL-C and AST were lower than in the T1
group; age and diabetes duration were higher than in the T1 and T2 groups
(P<0.05). The T2 group showed lower BMI, ALT, AST, GGT, TG, VLDL-C,
and UA compared with the T1 group (P<0.05). No significant differences were
found in BA, ApoA1, or Cr among the three groups (P>0.05) .

2.3 Correlation Analysis Between AGTR and General Parameters
Spearman rank correlation analysis revealed that AGTR was positively corre-
lated with age, diabetes duration, ALB, and HDL-C (rs=0.267, 0.146, 0.258,
0.152, respectively, P<0.05), and negatively correlated with BMI, ALT, AST,
GGT, BA, FBG, TC, TG, VLDL-C, LDL-C, ApoB, and UA (rs=-0.310, -0.266,
-0.319, -0.390, -0.094, -0.216, -0.308, -0.169, -0.184, -0.143, -0.148, -0.222, respec-
tively, P<0.05) .

2.4 Multivariate Logistic Regression Analysis of Factors Associated
with T2DM and MAFLD Using the presence or absence of MAFLD as the
dependent variable (assignment: yes=1, no=0) and the indicators with P<0.05
in Table 1 (age, BMI, diabetes duration, AST, ALT, BA, UA, FBG, TC, TG,
HDL-C, LDL-C, VLDL-C, ApoB, AGTR) as independent variables (assignment:
actual values), multivariate logistic regression analysis showed that BMI, TG,
and AGTR were influencing factors for T2DM with MAFLD (P<0.05) .

2.5 Construction of a Nomogram Model for Predicting T2DM with
MAFLD Risk Based on the multivariate logistic regression results, an indi-
vidualized nomogram model for predicting the risk of T2DM with MAFLD was
constructed, incorporating three predictors: BMI, TG, and AGTR [Figure 2:
see original paper].
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2.6 Validation of the Nomogram Risk Prediction Model Using boot-
strap resampling for internal validation, the calibration curve was close to the
Y=X line. Hosmer-Lemeshow goodness-of-fit test for the calibration curve
yielded P=0.606 (P>0.05), indicating good model fit [Figure 3: see original pa-
per]. The ROC curve showed an AUC of 0.827 (95%CI=0.790–0.864, P<0.001),
with a sensitivity of 68.8% and specificity of 83.8%, suggesting that the nomo-
gram model based on BMI, TG, and AGTR has good predictive value [Figure 4:
see original paper]. Decision curve analysis indicated that when the threshold
probability ranged from 20% to 83%, using this model to predict the risk of
T2DM with MAFLD had ideal clinical utility [Figure 5: see original paper].

Discussion

As the prevalence and incidence of MAFLD continue to rise, it has become the
most common cause of chronic liver disease. Data indicate that chronic liver
disease caused by MAFLD imposes a substantial burden on society, and the
progression of fibrosis in MAFLD patients is closely related to T2DM. Statis-
tics show that more than half of patients with T2DM also have MAFLD; in this
study, the detection rate of MAFLD in T2DM patients was 59%. Therefore, the
early detection and treatment of T2DM with MAFLD have become a common
concern. While imaging examinations such as ultrasound, computed tomogra-
phy (CT), and magnetic resonance imaging are effective means for clinically
diagnosing fatty liver disease and can detect hepatic fat accumulation, there are
currently no specific laboratory diagnostic indicators. MAFLD is often asymp-
tomatic in its early stages, and diagnostic methods are relatively expensive;
moreover, equipment and technical expertise are lacking in relatively remote ar-
eas. Consequently, MAFLD is often discovered only when severe complications
have already developed. Thus, identifying convenient and inexpensive markers
to assess the risk of T2DM with MAFLD for early diagnosis and intervention
is of great clinical significance.

Our study data demonstrated that AGTR was significantly lower in the T2DM
with MAFLD group compared with the T2DM without MAFLD group. Fur-
ther analysis by AGTR tertiles showed that lower AGTR was associated with a
higher incidence of MAFLD, and AGTR was negatively correlated with T2DM
with MAFLD. Multivariate logistic regression analysis identified AGTR as a
protective factor for T2DM with MAFLD. AGTR is an index derived from
ALB/GGT, and 1/AGTR has previously been used as an independent predic-
tor of coronary artery disease. AGTR has been confirmed as a protective factor
for MAFLD, but its protective role in T2DM with MAFLD had not been pre-
viously established. ALB is an important protein synthesized and metabolized
by the liver. Accumulation of lipids in the liver promotes MAFLD develop-
ment, impairs liver function, and reduces ALB synthesis. Conversely, decreased
ALB levels promote oxidative stress, thereby participating in MAFLD progres-
sion. GGT is a major enzyme localized on the cell membrane; increased hepatic
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lipid deposition and decreased albumin levels can stimulate GGT synthesis and
release. Higher GGT levels are associated with increased risks of cerebrovas-
cular disease, diabetes, metabolic syndrome, and all-cause mortality, and can
increase the risk of insulin resistance, which is well known to be closely re-
lated to MAFLD development and progression. Therefore, higher GGT levels
can promote MAFLD occurrence and development. Additionally, GGT can be
used to detect cell damage and stress responses, so elevated GGT levels further
suggest aggravated oxidative stress, exacerbating MAFLD. Studies have shown
that GGT is also an important indicator of intrahepatic cholestasis, and the
state of intrahepatic microcholestasis is also related to MAFLD occurrence. In
summary, AGTR is closely associated with T2DM with MAFLD.

This study also demonstrated that BMI and TG are independent risk factors
for T2DM with MAFLD, consistent with previous research findings. Obesity
can increase the prevalence of MAFLD, and both obesity and elevated TG are
currently considered to cause insulin resistance, thereby promoting MAFLD de-
velopment. Moreover, elevated TG is a characteristic manifestation of metabolic
syndrome, and the presence of metabolic syndrome is the strongest risk factor
for MAFLD. Therefore, elevated TG is an independent risk factor for T2DM
with MAFLD.

Using multivariate logistic regression, this study identified risk factors for T2DM
with MAFLD and, for the first time, constructed a risk prediction model for
T2DM with MAFLD, which demonstrated good clinical predictive value through
internal validation. Our results indicate that this nomogram model can effec-
tively predict the risk of developing T2DM with MAFLD, enabling early detec-
tion and intervention.

This study has several limitations. First, it is a cross-sectional study, and thus
causal relationships cannot be established. Second, the gold standard for di-
agnosing fatty liver disease is liver biopsy, whereas this study used ultrasound,
which may underestimate the incidence of fatty liver disease. Finally, this study
only collected data from Hebei General Hospital, and the limited sample size
may have introduced result bias.

In conclusion, AGTR levels were significantly lower in patients with T2DM and
MAFLD compared with those without MAFLD, indicating that AGTR is a
protective factor for T2DM with MAFLD. Furthermore, the constructed risk
prediction model can effectively predict the risk of T2DM with MAFLD.
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