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Abstract

BACKGROUND

The Zhejiang University (ZJU) index has been demonstrated to have notable value
in predicting metabolic dysfunction-associated steatotic liver disease (MASLD)
within Chinese populations. However, the correlation between the ZJU index and
MASLD in type 2 diabetes mellitus (T2DM) patients remains to be elucidated.

AIM

To investigate the association between the ZJU index and MASLD among patients
with T2DM.

METHODS

This cross-sectional study was conducted on hospitalised patients diagnosed with
T2DM. Anthropometric measurements, laboratory data, and ultrasound results
were initially collected from all patients. The ZJU index was subsequently
calculated. Regression analysis was then used to explore risk factors affecting
MASLD, and the optimal ZJU index cut-off value for diagnosing MASLD was
determined using restricted cubic spline analysis. Finally, a new model for
predicting MASLD in T2DM patients based on the ZJU index was constructed.
This model was based on the risk factors identified by regression analysis, and the
area under curve values were calculated. The validity and reliability of the models
were then compared with each other.

RESULTS
A total of 688 patients with T2DM were included in this study. A significant
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positive correlation was identified between the ZJU index and the development of
MASLD. Furthermore, the results of the restricted cubic spline analysis showed a
non-linear association between ZJU index and MASLD. The ZJU value of 38.87
was identified as the key threshold for diagnosing MASLD. The new predictive
model, which was developed by regression analysis, demonstrated a higher
diagnostic value for MASLD and exhibited good accuracy in comparison with
metabolic indices alone (area under curve = 0.76, 95% confidence interval: 0.72-
0.80).

CONCLUSION
The Z]JU index has been shown to be linked to the risk of developing MASLD, and
the new model constructed has been shown to possess good predictive value.

Key Words: Body mass index; Insulin resistance; Metabolic dysfunction-associated
steatotic liver disease; Type 2 diabetes mellitus; Zhejiang University index

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study is pioneering in its systematic evaluation of the correlation between
the Zhejiang University (ZJU) index and metabolic dysfunction-associated steatotic
liver disease (MASLD) in patients with type 2 diabetes mellitus (T2DM), and the
construction of a new model for predicting MASLD. This study demonstrated that an
elevated ZJU index was associated with an increased risk of MASLD in patients with
T2DM. The risk of MASLD increased significantly when the ZJU index exceeded
38.87. The novel model developed has been shown to have a satisfactory predictive
value for the risk of developing MASLD in patients with T2DM.
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INTRODUCTION

Metabolic dysfunction-associated steatotic liver disease (MASLD) is a clinicopatho-
logical syndrome which is characterised by the intracellular accumulation of fat within
the liver’s stem cells. This results in hepatocellular steatosis and lipid accumulation,
which may be caused by a number of factors, including, but not exclusively, obesity
and insulin resistance[1,2]. The prevalence of obesity and type 2 diabetes mellitus
(T2DM) has led to a global increase in the prevalence and incidence of MASLD. This
has attracted extensive clinical and public health attention due to its significantly
increased risk of death and liver transplantation[3,4]. The liver, as the central organ
responsible for regulating energy and glucolipid metabolism, is particularly
vulnerable to the adverse effects of obesity, metabolic syndrome, and T2DM, which
are major risk factors for MASLD. Conventional wisdom, as evidenced by previous
studies, indicates a heightened probability of MASLD in patients suffering from
T2DM. This phenomenon can be attributed to the presence of metabolic disturbances
in such subjects. Consequently, the development of a straightforward, novel model for
predicting MASLD based on metabolic indicators is particularly advantageous for
clinical applications and has the potential to yield substantial clinical benefits[5,6].

The Zhejiang University (ZJU) index is a novel index that has been developed for
the purpose of reflecting insulin resistance. The ZJU index is more comprehensive and
accurate than previous indexes because it considers liver function, glycaemia,
cholesterol, and anthropometry. It is also easy to use, which facilitates its wide
application in clinical practice[7]. The ZJU index was firstly developed for predicting
the presence of MASLD in the Chinese population. Earlier studies have demonstrated
the ZJU index’s diagnostic and predictive value for MASLD in obese and general
populations[8,9]. The ZJU index has been reported to outperform the liver fibrosis
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index and fatty liver index in identifying MASLD in the Chinese population[10]. There is a close relationship between
T2DM and MASLD. However, the extent to which the ZJU index performs similarly in MASLD cases among T2DM
patients remains to be elucidated in relevant studies. This study investigated the relationship between the ZJU index and
MASLD in individuals with T2DM. Additionally, it assessed the predictive capacity and diagnostic accuracy of the ZJU
index for MASLD. The study developed a novel model to predict the onset of MASLD in patients with T2DM,
incorporating a comprehensive set of influencing factors.

MATERIALS AND METHODS

Research objectives

The population of this study was comprised of patients suffering from T2DM who were hospitalised from January 2024
to October 2024 in the Department of Endocrinology at The Second Affiliated Hospital of Anhui Medical University. The
study was conducted as a cross-sectional investigation, and the total number of T2DM patients included was 688. The
exclusion criteria encompassed the following: (1) Individuals diagnosed with type 1 diabetes mellitus, other specific types
of diabetes mellitus, or severe diabetic complications; (2) Those without available basic clinical data; (3) Individuals with
liver injury attributable to viruses, drugs, or alcohol, among others; (4) Total weekly alcohol consumption was > 140 g for
men and > 70 g for women; and (5) Individuals with severe cardiac and renal impairment, chronic wasting disease, acute
infections, or other liver metabolism-affecting disorders. All subjects diagnosed with T2DM enrolled in the study
underwent a series of evaluations, including the completion of questionnaires, the conducting of laboratory tests, anthro-
pometric measurements, and liver ultrasonography. The study was approved by the Ethics Committee of The Second
Affiliated Hospital of Anhui Medical University in accordance with the Declaration of Helsinki, No. YX2023-068.

Information collection

All patients who were admitted to hospital were assigned to a specialist nurse, who collected data on general character-
istics of patients with T2DM, including age, gender, smoking and drinking status, and height and weight, from which the
body mass index (BMI) was calculated. Blood pressure was measured to record systolic blood pressure (SBP) and
diastolic blood pressure (DBP). Comorbidities, such as hypertension and coronary artery disease (CAD), were also
recorded. Routine blood and biochemical measurements were taken from all participants. The venipuncture for this study
was performed on all participants by professional laboratory technicians at The Second Affiliated Hospital of Anhui
Medical University. Blood and other samples were collected from all participants upon enrolment. The subsequent
parameters underwent analysis in a professional laboratory: Fasting blood glucose (FBG), glycated hemoglobin, red blood
cell count, blood urea nitrogen (BUN), total protein (TP), aspartate transaminase (AST), uric acid (UA), white blood cell
(WBC) count, alanine aminotransferase (ALT), serum creatinine (Scr), blood platelet (PLT) count, and lipid profile.

ZJU index calculation

The ZJU index is based on FBG, BMI, AST, triglycerides (TG) and ALT. The calculation of the ZJU index is determined by
the following formula: The ZJU index is determined by the following formula: BMI (kg/m? + FBG (mmol/L) + TG
(mmol/L) + 3 x ALT/AST ratio. In the case of women, the formula is further modified by adding 2[8].

Evaluation of MASLD

Liver ultrasonography procedures were conducted on all subjects to ascertain the presence of MASLD. This process was
evaluated by at least two attending physicians in accordance with the guidelines established by the Chinese Society of
Liver Diseases[11].

Statistical analyses

In this study, R 4.3.0 software was utilised for statistical analysis. Continuous data exhibiting a normal distribution were
expressed as the mean + SD. Comparisons between two groups of data were conducted using the two-sample ¢-test for
independent samples. Whereas for continuous data with skewed distribution, the median (Q1, Q3) method was
employed, and comparisons between two groups were made using the rank sum test for two independent samples. The
analysis of categorical data was performed as n (%), while the y? test or the Fisher’s exact probability method were
utilised. Logistic regression is utilised for the analysis of the relationships between variables. In order to ascertain non-
linear correlations between variables, restricted cubic spline (RCS) plots are utilised. The construction of a predictive
model was undertaken, and the receiver operating characteristic (ROC) curve was utilised to ascertain the predictive
efficacy of the model. Verify the reliability of the new model using bootstrapping cross-validated. The robustness of the
model was evaluated using decision curve analysis (DCA) curves and calibration curves. In the context of this study, a
statistically significant difference between the two groups was defined as a P value of less than 0.05.

RESULTS

Comparison of general clinical characteristics in T2DM patients with MASLD and non-MIASLD
In accordance with the study protocol, a total of 688 patients with T2DM were eligible for inclusion in this study for
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[ T2DM patients hospitalised in 2024 (7 = 749) }

Excluded participants with missing data on
basic clinical information (7 = 43)

[ 706 T2DM patients included }
‘ Exclude liver disease due to viruses,
drugs or alcohol, severe cardiac and renal
‘ impairment, acute infections, efc. (7 = 18)
[ 688 T2DM patients included }

Figure 1 Flowchart of the population included in our study. T2DM: Type 2 diabetes mellitus.

Variables 7 (%) Non-NAFLD NAFLD B (95%CI) P P for interaction
mean x SD '
All patients 688 (100.00) 37.88 £6.67 4227 +£6.70 4.39 (3.39 ~5.39) I | <0.001
Sex E 0358
Male 458 (66.57) 3740+7.09 4217 +£6.62 477 3.51 ~6.02) , = <0.001
Female 230 (33.43) 38.73+5.77 42.50+6.89 3.77 2.13~5.41) E Ll <0.001
Smoking E 0.082
No 434 (63.08) 38.14+6.31 4184 +£6.61 3.71(2.49~492) e <0.001
Yes 254 (36.92) 37.39+7.30 4294 £6.81 5.55(3.81 ~7.28) : (| <0.001
Drinking i 0.874
No 416 (60.47) 3753+6.54 4171 £642 4.18(2.93~5.44) o b <0.001
Yes 272 (39.53) 38.58+6.88 4294 +698 4.35(2.68~6.02) : 0l <0.001
Hypertension E 0.036
No 328 (47.67) 37.34+6.08 4285+6.85 551 4.11~691) e <0.001
Yes 360 (52.33) 3842+7.19 41.80 £6.56 3.37 (1.95~4.79) : o <0.001
— 0426
No 617(89.68) 38.12+6.78 4250 +£6.77 439 (3.32~5.45) : mf <0.001
Yes 71(10.32) 3632+5.72 39.32+£5.02 3.00 (0.33 ~5.67) = 0.031

[ . L. L -]
20 -10 0 10 20

-

Worse Better

Figure 2 A forest plot of subgroup analyses of factors affecting metabolic dysfunction-associated steatotic liver disease in patients with
type 2 diabetes mellitus. CAD: Coronary artery disease; NAFLD: Non-alcoholic fatty liver disease; Cl: Confidence interval.

further analysis (Figure 1). Based on whether or not they had been diagnosed with MASLD, all patients were divided into
the MASLD group (n = 343) and the non-MASLD group (n = 345). Patients in the MASLD group exhibited higher BMI,
DBP, WBC, TP, ALT, AST, total cholesterol (TC), TG, and low-density lipoprotein cholesterol (LDL-C) values, and a
concomitantly elevated prevalence of alcohol consumption, in comparison to patients in the non-MASLD group (Table 1).
Conversely, patients in the MASLD group demonstrated lower age, BUN, high-density lipoprotein cholesterol (HDL-C),
and CAD rates, in comparison to patients in the non-MASLD group (Table 1). With regard to the ZJU index, the mean
value was 40.07 £ 7.03 in the total cohort of patients, and this value was significantly higher in patients with MASLD
(42.27 + 6.7) than in patients with non-MASLD (37.88 + 6.67; P < 0.001) (Table 1).

Logistic regression analysis for MASLD risk variables in T2DM patients

In order to explore the influencing factors of MASLD, regression analyses were conducted, and it was determined that
factors such as alcohol consumption, BMI, DBP, WBC, TP, ALT, AST, TC, TG, LDL-C and ZJU index were positively
correlated with the presence of MASLD (Table 2), with BMI and ZJU index being the most significant influencing factors.
In contrast, regression analysis indicated a marked negative correlation among various parameters in T2DM patients,
including age, BUN, HDL-C, and history of CAD (Table 2). Subgroup analyses revealed that the prevalence of MASLD
was similar across different subgroups (Figure 2).

Logistic regression analysis of the association between the ZJU index and MASLD in T2DM patients

Multivariate logistic regression analysis was employed to further examine the independent relationship between the ZJU
index and MASLD. The findings of the regression analyses demonstrated that an augmented ZJU index was significantly
correlated with a heightened risk of MASLD in model 1 (unadjusted), model 2 (adjusted for sex, drinking, smoking,
hypertension, CAD), model 3 (adjustment for sex, drinking, smoking, hypertension, CAD, age, SBP, DBP, WBC, BUN,
UA), and model 4 (adjustment for sex, drinking, smoking, hypertension, CAD, age, SBP, DBP, WBC, BUN, UA, TC, HDL-
C, LDL-C) (all P <0.001, Table 3).
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Table 1 Comparison of baseline clinical characteristics in type 2 diabetes mellitus patients grouped according to metabolic

dysfunction-associated steatotic liver disease status, mean * SD/n (%)

Variables Total (n = 688) Non-MASLD (n = 345) MASLD (n = 343) P value
Age (years) 56.71+12.73 59.97 +11.9 5344 +12.72 <0.001
BMI (kg/m?) 25.16 + 3.64 2388 +321 26.45 +3.59 <0.001
SBP (mmHg) 12938 +18.11 12811 +18.75 130.66 +17.37 0.064
DBP (mmHg) 7837 +11.56 7543 +11.1 81.33 £11.27 <0.001
HbAlc (%) 9.10+2.29 9.08 +2.50 9124206 0.835
WBC (x 10%/L) 635+1.71 6.11+1.55 6.60 +1.82 <0.001
RBC (x 10'2/L), median (Q1, Q3)  4.57 (4.22, 4.94) 446 (4.09, 4.85) 470 (435, 5.03) 0291
PLT (x 10°/L) 190.45 + 56.48 186.71 +61.13 194.20 +51.19 0.083
TP (g/L) 65.23 +5.62 64.75 +5.53 65.72 +5.68 0.024
ALT (U/L) 29.08 +30.09 23.61 +29.12 34.59 +30.09 <0.001
AST (U/L) 24.99 + 23.85 2213 +16.25 27.87 +29.34 0.002
BUN (mmol/L) 6.69 235 713424 6244221 <0.001
TC (mmol/L) 472+144 457 +147 487 +1.39 0.007
TG (mmol/L) 2334268 176 +1.67 2914331 <0.001
HDL-C (mmol/L) 110 +0.32 114 %027 1.06 +0.35 <0.001
LDL-C (mmol/L) 2.82+0.93 2.71+0.88 2.93+0.97 0.003
FBG (mmol/L) 851 +3.87 8.48 +4.41 853 +3.24 0.863
ZJU index 40.07 £7.03 37.88 +6.67 4227467 <0.001
Ser (mmol/L) 61.00 (49, 72) 61.00 (50, 75) 60.00 (49, 70) 0143
UA (mmol/L), median (Q1, Q3)  326.00 (267.5, 386) 310.00 (255, 372) 346.00 (284, 409.5) <0.001
Sex (male) 458 (66.57) 221 (64.06) 237 (69.1) 0161
Smoking 254 (36.92) 120 (34.78) 134 (39.07) 0.244
Drinking 272 (39.53) 115 (33.33) 157 (45.77) <0.001
Hypertension 360 (52.33) 172 (49.86) 188 (54.81) 0193
CAD 71 (10.32) 46 (13.33) 25 (7.29) 0.009

MASLD: Metabolic dysfunction-associated steatotic liver disease; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
HbA1c: Glycated hemoglobin; WBC: White blood cell count; RBC: Red blood cell count; PLT: Platelet; TP: Total protein; ALT: Alanine aminotransferase;
AST: Aspartate transaminase; BUN: Blood urea nitrogen; TC: Total cholesterol; TG: Triglyceride; HDL-C: High-density lipoprotein cholesterol; LDL-C:
Low-density lipoprotein cholesterol; FBG: Fasting blood glucose; Z]JU: Zhejiang University; Scr: Serum creatinine; UA: Uric acid; CAD: Coronary artery

disease.

Non-linear correlation analysis between ZJU index and MASLD in T2DM patients
The results of the RCS analyses demonstrated a significant nonlinear relationship between the ZJU index and MASLD,
with this nonlinear correlation remaining consistent after adjustments were made for factors including sex, smoking,

alcohol consumption, hypertension, CAD, age, SBP, DBP, WBC, BUN, UA, TC, HDL-C, LDL-C (P for nonlinear < 0.001,
Figure 3).

Comparison of general clinical characteristics of T2DM patients with high ZJU index and low ZJU index

The critical Z]JU value of 38.87 was determined through RCS analysis. Consequently, the Z]JU value of 38.87 was
employed to categorize the entire population into two groups: The high ZJU index group (n = 345) and the low ZJU index
group (n = 343) (Table 4). The results of the between-group analysis of variance demonstrated that patients in the high
ZJU index group exhibited elevated BMI, blood pressure, glycated hemoglobin, FBG, WBC, PLT, TP, ALT, AST, UA, TC,
TG, LDL-C, and drinking rates, while age and HDL-C levels were reduced (Table 4). Furthermore, the low ZJU index
group exhibited a lower prevalence of CAD (Table 4). The prevalence of MASLD was found to be 63.77% in the high Z]JU
index group and 35.86% in the low ZJU index group (P < 0.001, Table 4).
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Table 2 Univariate logistic regression analysis of metabolic dysfunction-associated steatotic liver disease in type 2 diabetes mellitus

patients

Variables B SE V4 P value OR (95%Cl)
Sex (female) -0.23 0.16 1.4 0.162 0.80 (0.58-1.10)
Smoking 0.18 0.16 1.16 0.244 1.20 (0.88-1.64)
Drinking 0.52 0.16 3.33 <0.001 1.69 (1.24-2.30)
Hypertension 0.2 0.15 1.3 0.193 1.22 (0.90-1.65)
CAD 0.67 0.26 257 0.01 051 (0.31-0.85)
Age (years) 0.04 0.01 -6.49 <0.001 0.96 (0.95-0.97)
BMI (kg/m?) 0.24 0.03 8.58 <0.001 1.27 (1.20-1.34)
SBP (mmHg) 0.01 0 1.85 0.064 1.01 (1.00-1.02)
DBP (mmHg) 0.05 0.01 6.46 <0.001 1.05 (1.03-1.07)
HbA1c (%) 0.01 0.03 0.21 0.834 1.01 (0.94-1.08)
WBC (x 10°/L) 0.18 0.05 3.64 <0.001 1.20 (1.09-1.32)
RBC (x 10'2/L) -0.01 0.02 091 0.361 0.99 (0.95-1.02)
PLT (x 10°/L) 0 0 1.73 0.084 1.00 (1.00-1.01)
TP (g/L) 0.03 0.01 2.25 0.024 1.03 (1.01-1.06)
ALT (U/L) 0.02 0 4.69 <0.001 1.02 (1.01-1.03)
AST (U/L) 0.02 0.01 3.03 0.002 1.02 (1.01-1.03)
BUN (mmol/L) 019 0.04 -4.86 <0.001 0.83 (0.77-0.89)
Scr (mmol/L) 0 0 -1.15 0.25 1.00 (0.99-1.00)
UA (mmol/L) 0.01 0 4.74 <0.001 1.01 (1.01-1.01)
TC (mmol/L) 0.16 0.06 2.65 0.008 1.17 (1.04-1.32)
TG (mmol/L) 03 0.05 5.55 <0.001 1.35 (1.21-1.49)
HDL-C (mmol/L) -1.02 0.29 -3.52 <0.001 0.36 (0.20-0.64)
LDL-C (mmol/L) 0.25 0.08 2.96 0.003 1.28 (1.09-1.52)
FBG (mmol/L) 0 0.02 0.17 0.863 1.00 (0.97-1.04)
ZJU index 0.11 0.01 7.78 <0.001 1.11 (1.08-1.14)

CAD: Coronary artery disease; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HbAlc: Glycated hemoglobin; WBC:
White blood cell count; RBC: Red blood cell count; PLT: Platelet; TP: Total protein; ALT: Alanine aminotransferase; AST: Aspartate transaminase; BUN:
Blood urea nitrogen; Scr: Serum creatinine; UA: Uric acid; TC: Total cholesterol; TG: Triglyceride; HDL-C: High-density lipoprotein cholesterol; LDL-C:
Low-density lipoprotein cholesterol; FBG: Fasting blood glucose; ZJU: Zhejiang University; OR: Odds ratio; CI: Confidence interval.

Table 3 Multivariate logistic regression analysis of the relationship between Zhejiang University index and metabolic dysfunction-

associated steatotic liver disease in type 2 diabetes mellitus patients

Variables B SE V4 P value OR (95%Cl)
Model 1 0.11 0.01 7.78 <0.001 1.11 (1.08-1.14)
Model 2 0.10 0.01 7.38 <0.001 1.11 (1.08-1.14)
Model 3 0.07 0.02 4.56 <0.001 1.07 (1.04-1.11)
Model 4 0.07 0.02 4.36 <0.001 1.07 (1.04-1.11)
OR: Odds ratio; CI: Confidence interval.
Guishidengs VVID | https://www.wjgnet.com 6 October 15,2025 | Volume16 | Issue10 |
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Table 4 Comparison of baseline clinical characteristics in type 2 diabetes mellitus patients grouped according to Zhejiang University

index, mean % SD/n (%)

Variables Low ZJU (n = 343) High ZJU (n = 345) P value
Age (years) 59.99 £ 10.71 53.44 £13.72 <0.001
BMI (kg/m?) 23.29 +2.48 27.02 £ 3.66 <0.001
SBP (mmHg) 127.95 +18.00 130.80 + 18.13 0.039
DBP (mmHg) 75.46 £10.73 81.26 +11.64 <0.001
HbA1lc (%) 8.41+2.08 9.78 £2.29 <0.001
WBC (x 10°/L) 6.14 £1.59 6.57 £1.79 <0.001
RBC (x 10'%/L) 491+7.70 5.01 +6.57 0.864
PLT (x 10°/L) 185.45 £ 57.16 195.39 + 55.44 0.021
TP (g/L) 63.83 £5.33 66.62 £ 5.56 <0.001
ALT (U/L) 21.01 £ 14.64 37.10 £ 38.29 <0.001
AST (U/L) 2246 +24.97 27.51 +22.44 0.005
BUN (mmol/L) 6.84£2.17 6.53 £ 2.51 0.078
Scr (mmol/L) 67.52 £ 36.89 67.74 + 48.46 0.947
UA (mmol/L) 317.97 + 83.05 353.39 +104.97 <0.001
TC (mmol/L) 4.30%1.09 513+ 1.61 <0.001
TG (mmol/L) 1.40 £ 0.97 3.25 +3.41 <0.001
HDL-C (mmol/L) 1.12£0.27 1.08 £0.35 0.04
LDL-C (mmol/L) 2.60+0.84 3.04+0.96 <0.001
FBG (mmol/L) 6.56 £1.95 10.44 £ 4.31 <0.001
Sex (male) 240 (69.97) 218 (63.19) 0.059
Smoking 120 (34.99) 134 (38.84) 0.295
Drinking 116 (33.82) 156 (45.22) 0.002
Hypertension 182 (53.06) 178 (51.59) 0.7
CAD 49 (14.29) 22 (6.38) <0.001
MASLD 123 (35.86) 220 (63.77) <0.001

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HbAlc: Glycated hemoglobin; WBC: White blood cell count; RBC: Red
blood cell count; PLT: Platelet count; TP: Total protein; ALT: Alanine aminotransferase; AST: Aspartate transaminase; BUN: Blood urea nitrogen; Scr:
Serum creatinine; UA: Uric acid; TC: Total cholesterol; TG: Triglyceride; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein
cholesterol; FBG: Fasting blood glucose; CAD: Coronary artery disease; ZJU: Zhejiang University; MASLD: Metabolic dysfunction-associated steatotic liver

disease.

Logistic regression of risk factors for ZJU index among T2DM patients

The findings of the logistic regression analyses demonstrated that there was a positively graded relationship between the
ZJU index and alcohol consumption, BMI, DBP, WBC, TP, ALT, AST, TC, TG, and LDL-C, while it demonstrated a
negative correlation with age, BUN, HDL-C, and history of CAD (Table 5). Of particular note was the significant positive
correlation between ZJU values and non-alcoholic fatty liver disease (P < 0.001, Table 5). Subgroup analyses showed no
significant differences in ZJU values between subgroups (Figure 4).

Logistic regression analysis of the association between the ZJU index and MASLD in T2DM patients

The findings of the multivariate logistic regression analyses demonstrated that an augmented ZJU index was significantly
correlated with a heightened risk of MASLD in model 1 (unadjusted), model 2 (adjusted for sex, smoking, drinking,
hypertension, CAD), model 3 (adjustment for sex, smoking, drinking, hypertension, CAD, age, SBP, DBP, WBC, PLT,
BUN, UA, Scr, TP), and model 4 (adjustment for sex, smoking, drinking, hypertension, CAD, age, SBP, DBP, WBC, PLT,
BUN, UA, Scr, TP, TC, HDL-C, LDL-C) (all P < 0.001, Table 6). As can be seen from the findings of this study, the odds
ratio of the 1-SD increase in the ZJU index were 3.15 [95% confidence interval (CI): 2.31-4.30], 3.05 (95%ClI: 2.21-4.20), 2.21
(95%ClI: 1.54-3.16), and 1.89 (95%CI: 1.29-2.78), respectively (Table 6).
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Figure 3 Results of non-linear correlation analysis between Zhejiang University index and metabolic dysfunction-associated steatotic
liver disease in type 2 diabetes mellitus patients. A: Unadjusted; B: Adjusted for sex, smoking, alcohol consumption, hypertension, coronary artery disease,
age, systolic blood pressure, diastolic blood pressure, white blood cell count, blood urea nitrogen, uric acid, total cholesterol, high-density lipoprotein cholesterol, and
low-density lipoprotein cholesterol. Cl: Confidence interval; ZJU: Zhejiang University.

Variables 7 (%) Low ZJU High ZJU OR (95%CI) P P for interaction
No.of events/No.of total !
All patients 688 (100.00) 125/345 220/343 3.15(2.31 ~4.30) 3 = <0.001
Sex i 0.220
Male 458 (66.57) 69/221 149/237 3.73 (253 ~5.50) N e | <0.001
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Smoking E 0.059
No 434 (63.08) 85/225 126/209 2.50 (1.70 ~3.68) L <0.001
Yes 254 (36.92) 40/120 94/134 470 (2.77~7.99) E f—=——<0.001
Drinking : 0.796
No 416 (60.47) 76/230 113/186 3.14(2.10 ~4.69) r <0.001
Yes 272 (39.53) 49/115 107/157 2.88 (1.75 ~4.75) E - <0.001
Hyptension E 0.314
No 328 (47.67) 62/173 105/155 3.76 (2.38 ~5.95) : fp—a—q <0.001
Yes 360 (52.33) 63/172 115/188 2.73 (1.78 ~4.18) i = <0.001
CAD i 0.342
No 617 (89.68) 113/299 210/318 3.20(2.30~4.45) I | <0.001
Yes 71(10.32) 12/46 10/25 1.89 (0.67 ~5.32) H—— 0.229
01 4.5 8

Worse Better

Figure 4 A forest plot of subgroup analyses of factors affecting Zhejiang University index in patients with type 2 diabetes mellitus. ZJu:
Zhejiang University; OR: Odds ratio; Cl: Confidence interval; CAD: Coronary artery disease.

Predicting the construction of MASLD models

The ensuing analyses yielded a series of findings that were then used to construct a predictive model for the occurrence of
MASLD. The model was constructed by taking into account a number of factors, including alcohol consumption, CAD,
ZJU index, age, HDL-C, WBC, TC, BUN, UA and LDL-C (Figure 5). The DCA and calibration curves demonstrated the
reliability of the new model (Figure 6). The ROC curve revealed that the new model had an area under curve (AUC) value
of 0.76 for diagnosing MASLD (0.72-0.80) (Figure 7A). The bootstrapping cross-validated AUC value for the diagnosis of
MASLD was 0.73 (0.69-0.77) (Figure 7B). Furthermore, it was observed that the newly developed prediction model
exhibited superiority in terms of accuracy when predicting the occurrence of MASLD in comparison to the utilisation of
existing indicators alone (Figure 7C).

DISCUSSION

The present study makes a significant contribution to the existing literature through its systematic evaluation of the
correlation between the ZJU index and MASLD among T2DM patients, and the construction of a novel predicting model
for MASLD. The primary findings of this study are as follows: (1) A significant positive correlation was identified
between the ZJU index and the development of non-alcoholic fatty liver disease, with the index thus being identified as
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Table 5 Univariate logistic regression analysis of Zhejiang University index in type 2 diabetes mellitus patients
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Variables B SE z Pvalue OR (95%Cl)

Sex (female) 031 0.16 1.88 0.06 1.36 (0.99-1.87)
Smoking 0.17 0.16 1.05 0.295 1.18 (0.87-1.61)
Drinking 0.48 0.16 3.05 0.002 1.62 (1.19-2.20)
Hypertension -0.06 0.15 -0.39 0.7 0.94 (0.70-1.27)
CAD 0.89 027 -3.33 <0.001 0.41 (0.24-0.69)
MASLD 115 0.16 7.22 <0.001 3.15 (2.31-4.30)
Age (years) -0.04 0.01 -6.52 <0.001 0.96 (0.94-0.97)
BMI (kg/m?) 0.46 0.04 11.61 <0.001 1.58 (1.46-1.71)
SBP (mmHg) 0.01 0 2.06 0.039 1.01 (1.01-1.02)
DBP (mmHg) 0.05 0.01 6.35 <0.001 1.05 (1.03-1.06)
HbAlc (%) 0.29 0.04 7.47 <0.001 1.34 (1.24-1.45)
WBC (x 10°/L) 0.16 0.05 3.24 0.001 1.17 (1.06-1.29)
RBC (x 102/L) 0 0.01 017 0.864 1.00 (0.98-1.02)
PLT (x 10°/L) 0.01 0 2.29 0.022 1.01 (1.01-1.01)
TP (g/L) 0.09 0.02 632 <0.001 1.10 (1.07-1.13)
ALT (U/L) 0.04 0.01 6.85 <0.001 1.04 (1.03-1.05)
AST (U/L) 0.01 0.01 2,63 0.008 1.01 (1.01-1.02)
BUN (mmol/L) -0.06 0.03 -1.74 0.081 0.94 (0.88-1.01)
Scr (mmol/L) 0 0 0.07 0.947 1.00 (1.00-1.00)
UA (mmol/L) 0.01 0 471 <0.001 1.01 (1.01-1.01)
TC (mmol/L) 057 0.07 7.72 <0.001 1.77 (1.53-2.05)
TG (mmol/L) 092 01 9.6 <0.001 251 (2.08-3.03)
HDL-C (mmol/L) -0.54 027 2,01 0.045 0.58 (0.34-0.99)
LDL-C (mmol/L) 056 0.09 6.06 <0.001 1.74 (1.46-2.09)
FBG (mmol/L) 053 0.04 11.92 <0.001 1.70 (1.56-1.86)

CAD: Coronary artery disease; MASLD: Metabolic dysfunction-associated steatotic liver disease; BMI: Body mass index; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure; HbAlc: Glycated hemoglobin; WBC: White blood cell count; RBC: Red blood cell count; PLT: Platelet; TP: Total protein; ALT:
Alanine aminotransferase; AST: Aspartate transaminase; BUN: Blood urea nitrogen; Scr: Serum creatinine; UA: Uric acid; TC: Total cholesterol; TG:
Triglyceride; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; FBG: Fasting blood glucose; OR: Odds ratio; CI:

Confidence interval.

Table 6 Multivariate logistic regression analysis of the relationship between the Zhejiang University index and metabolic dysfunction-

associated steatotic liver disease in type 2 diabetes mellitus patients based on Zhejiang University subgroups

Variables B SE z P value OR (95%Cl)
Model 1 115 0.16 7.22 <0.001 3.15 (2.31-4.30)
Model 2 111 0.16 6.79 <0.001 3.05 (2.21-4.20)
Model 3 0.79 0.18 4.32 <0.001 2.21 (1.54-3.16)
Model 4 0.64 02 327 <0.001 1.89 (1.29-2.78)
OR: Odds ratio; CI: Confidence interval.
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Figure 5 Predicting a new nomogram for metabolic dysfunction-associated steatotic liver disease. CAD: Coronary artery disease; ZJU: Zhejiang
University; WBC: White blood cell count; BUN: Blood urea nitrogen; UA: Uric acid; TC: Total cholesterol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-
density lipoprotein cholesterol.

A B
1.0 P 0.55
0.50 Al
08| H Lemeshow 2 = 0.109 L 045 — None
. osmer-Lemeshow P = 0. T 0.40 Model
7~
E ,,::' 0.35
7 06 Pt £ 030
S S c
2 P 2 0.25
E 0.4 /:::’ g 0.20
lCJ'( /,/’ 0.15
W Apparent 0.10
0.2 //,/:f Bias-corrected 0.05
/,,/ — Ideal 0.00
00{ -~
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Predicted probaility

High risk threshold

Figure 6 Calibration curves and decision curve analysis of nomogram. A: Calibration curves; B: Decision curve analysis.

A B C
1.0 1.0 100 ~
0.8 0.8 80 4
Z 06 Z 06 < 60
2 = =
|2 |2 2 ALT: 64.47
& 04 & 04 g 40 P L o4
p (9] r.l
0.2 ' 0.2 ”//Auc (95%C1): 0.73 (0.69-0.77) ‘ TG: e8.88
: : 6CD): 073 (0.69-0. 20 .
AUC (95%CI): 0.76 (0.72-0.80) FBG: 54.06
73U: 70.22
0.0 |~ 0.0~ 0
T Li T T T T
00 02 04 06 08 1.0 00 02 04 06 08 1.0 100 80 60 40 20 0
1-specificity 1-specificity Specificity (%)

Figure 7 Predicting receiver operating characteristic curves for metabolic dysfunction-associated steatotic liver disease based on
Zhejiang University index in type 2 diabetes mellitus patients. A: Receiver operating characteristic (ROC) curve for the final multivariate model; B: ROC
curves for bootstrapping cross-validation; C: ROC curves for comparisons between different indicators. AUC: Area under curve; Cl: Confidence interval; ALT: Alanine
aminotransferase; AST: Aspartate transaminase; TG: Triglyceride; FBG: Fasting blood glucose; ZJU: Zhejiang University.
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playing a role in the development of MASLD; (2) The RCS results demonstrated a non-linear association between the ZJU
index and MASLD, with the ZJU index of 38.87 being identified as the key critical value for the diagnosis of MASLD; and
(3) In comparison with metabolic indices alone, the metabolic indices analysed by regression analysis showed that the
new prediction model established had a higher diagnostic value for MASLD and demonstrated good accuracy.

As demonstrated in previous studies, the ZJU index has been shown to serve as a reliable indicator for the diagnosis
and prediction of MASLD. Additionally, the ZJU index has been found to be associated with hepatic steatosis and fibrosis
in patients diagnosed with MASLDJ[12]. The ZJU index has also been linked to a number of metabolic diseases, including
sarcopenia in American adults, sleep apnoea in Chinese middle-aged and older adults, and gallbladder stones in
American adults[13-15]. T2DM is a major public health concern, affecting hundreds of millions of people worldwide, and
the prevalence of MASLD is particularly high in this demographic[16-19]. Consequently, the development of novel and
straightforward diagnostic models that predict MASLD risk in T2DM patients appears to be of significant clinical
relevance. The findings of this study suggest that the ZJU index is a promising tool for predicting MASLD in patients
with T2DM.

The Z]JU index is a more comprehensive indicator of insulin resistance[20,21]. A non-linear association was identified
between ZJU index and MASLD by the RCS study, which also determined a critical threshold of 38.87 for the ZJU index.
Subsequent analysis of variance demonstrated that patients with a ZJU value greater than 38.87 exhibited a significantly
elevated risk of developing MASLD. The ROC results further demonstrated that the AUC value of the ZJU index for the
diagnosis of MASLD in patients with T2DM was significantly higher than the diagnostic value of ALT, AST, TG, and FBG
alone for the diagnosis of MASLD, with an AUC value of 0.7. In order to further enhance the diagnostic validity of
MASLD, a novel predictive model was constructed by screening multiple variables through a regression model. The
findings demonstrated that the AUC of this novel model reached 0.76, signifying its diagnostic validity. The analysis
revealed that alcohol consumption, ZJU index, WBC, LDL-C and UA were all identified as adverse influences.
Conversely, age emerged as a protective factor, which may be associated with a decrease in BMI and a greater focus on
dietary control and weight management in the elderly, contributing to the observed protective effect of CAD. With regard
to lipids, TG was not included in the new model as it is a key variable in the calculation of the ZJU index. HDL-C appears
to have a greater effect on MASLD than other lipid indices, therefore contributing to the lower scores for TC. The DCA
curves and the calibration curves indicate the reliability of the model. Consequently, it can be concluded that the newly
developed model, which incorporates alcohol consumption, age, ZJU index, WBC, TC, HDL-C, LDL-C, UA, and BUN,
possesses a high degree of clinical applicability in predicting the development of MASLD in patients with T2DM. This
model can be utilised as a reliable instrument for clinical diagnosis and therapeutic intervention. The ZJU index is a score
for typical MASLD that adequately reflects insulin resistance. However, it should be noted that diseases such as
metabolic syndrome and polycystic ovary syndrome have also been associated with prediabetes and insulin resistance.
The combined effect of these diseases has not been considered in this study, and it is one of the directions for further
research in the future.

The present study is not without its limitations. Firstly, patients with T2DM were not subjected to liver biopsies, which
precluded the determination of the extent of liver fibrosis. Secondly, the study’s design did not permit the exploration of
a causal link among the ZJU index and MASLD; furthermore, patients included in the study were predominantly
inpatients, many of whom exhibited multiple complications, thus introducing a risk of overestimation of the MASLD
prevalence. Thirdly, this study did not take into consideration the medication use of the T2DM patients, which could
have influenced the results. Finally, this study failed to consider the impact that diet and exercise routines, along with
insulin levels, might possibly have had on the outcomes.

CONCLUSION

The findings of this study demonstrated that an elevated ZJU index was associated with an increased risk of MASLD in
patients with T2DM. The risk of MASLD increased significantly when the ZJU index exceeded 38.87. The novel model
developed in this study, which is based on the ZJU index, has been shown to have a satisfactory predictive value for the
risk of developing MASLD in patients with T2DM. Notably, the new low-cost model demonstrates a high level of
accuracy, suggesting its potential for wide application in clinical practice and the enhancement of health management for
patients with T2DM.
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