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Abstract

Background The global prevalence and incidence of metabolic-associated fatty
liver disease (MAFLD) coexisting with type 2 diabetes mellitus (T2DM) con-
tinue to rise, and this coexistence increases the risk of liver-related adverse out-
comes. In clinical practice, screening and early diagnosis of high-risk patients
with MAFLD combined with hyperglycemia are needed to delay its progression.

Objective Based on the relationship between T2DM and MAFLD, this study
utilized existing large-scale physical examination data to explore the impact of
systemic hyperglycemia on hepatic steatosis and liver fibrosis in MAFLD, and
to analyze the key factors influencing the occurrence of MAFLD combined with
hyperglycemia.

Methods Data were collected from 18,286 healthy examinees at the First
Affiliated Hospital of Soochow University between March and July 2024,
including basic information, medical history, abdominal ultrasound examina-
tions, biochemical indicators, and complete blood count parameters. Based on
abdominal ultrasound findings and MAFLD diagnostic criteria, 5,258 MAFLD
patients were screened. These patients were divided into three groups accord-
ing to the Fibrosis-4 Index (FIB-4) levels: Group T1 (FIB-4<1.3, n=4,275),
Group T2 (1.3<FIB-4$2.67,n = 924),andGroupT3(FIB — 4 > 2.67,n =
59), anddi f ferencesinclinicalindicatorsamongthethreegroupswerecompared. Furthermore, basedontheprese
(meeting any one criterion), MAFLD patients were divided into a MAFLD
with hyperglycemia group (n=752) and a MAFLD without hyperglycemia
group (n=4,506), and differences in hepatic steatosis and liver fibrosis-related
indicators between the two groups were compared. Univariate and multivariate
logistic regression analyses were employed to explore the key factors influencing
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the occurrence of MAFLD combined with hyperglycemia. Receiver operating
characteristic (ROC) curves were used to evaluate the predictive value of the
combined prediction model for the occurrence of MAFLD with hyperglycemia.

Results Comparisons among the three groups revealed statistically significant
differences in smoking, hypertension, diabetes, hyperlipidemia, hyperuricemia,
coronary heart disease, age, BMI, FBG, HbAlc, platelet count (PLT), white
blood cell count (WBC), red blood cell count (RBC), hemoglobin (Hb), red
cell distribution width (RDW), neutrophil count (NEUT), lymphocyte count
(LYM), monocyte count (MONO), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
albumin (ALB), gamma-glutamyl transpeptidase (GGT), uric acid (UA), crea-
tinine (Cr), blood urea nitrogen (BUN), total bilirubin (TBIL), direct bilirubin
(DBIL), indirect bilirubin (IBIL), alkaline phosphatase (ALP), and estimated
glucose disposal rate (eGDR) (P<0.05). The MAFLD with hyperglycemia group
exhibited higher fatty liver index (FLI), hepatic steatosis index (HSI), and ZJU
index compared to the MAFLD without hyperglycemia group (P<0.05). The
MAFLD with hyperglycemia group also showed higher FIB-4, AST/PLT ra-
tio (APRI), non-alcoholic fatty liver disease fibrosis score (NFS), body mass
index, aspartate aminotransferase/alanine aminotransferase ratio, and BARD
score compared to the MAFLD without hyperglycemia group (P<0.05). The
MAFLD with hyperglycemia group and MAFLD without hyperglycemia group
were randomly assigned to training and test sets at a 1:1 ratio. Univariate and
multivariate logistic regression analyses of all indicators in the training set re-
vealed that age, waist circumference (WC), hypertension, hyperlipidemia, TG,
GGT, UA, and BUN were influencing factors for the occurrence of MAFLD com-
bined with hyperglycemia (P<0.05). Subsequent ROC analysis of these indica-
tors demonstrated that age, WC, hypertension, hyperlipidemia, TG, GGT, UA,
and BUN, as independent predictors, possessed certain predictive accuracy for
identifying the occurrence of MAFLD with hyperglycemia (0.53<AUC$ $0.75).
A prediction model was constructed by combining these eight key predictors
and ROC curves were plotted. The results showed that the combined model
achieved a predictive accuracy of 0.805 (95%CI=0.781~0.828), with a sensitiv-
ity of 75.8% and specificity of 72.6%. Validation of this combined model in
the test set yielded a positive predictive accuracy of 0.705, negative predictive
accuracy of 0.731, and overall predictive accuracy of 0.727.

Conclusion In MAFLD patients grouped by FIB-4, hypertension, FBG, HbAlc,
PLT, WBC, RBC, LYM, AST, and eGDR levels showed significant differences
among the three groups. Systemic hyperglycemia can exacerbate the degree of
hepatic steatosis and liver fibrosis in MAFLD. Furthermore, age, WC, hyperten-
sion, hyperlipidemia, TG, GGT, UA, and BUN are influencing factors contribut-
ing to the progression from MAFLD to MAFLD combined with hyperglycemia.
The prediction model constructed by combining these eight indicators can en-
hance the predictive accuracy for assessing the occurrence of hyperglycemia in
MAFLD populations and may provide a reference basis for early identification
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of hyperglycemia in MAFLD patients in clinical practice.
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Abstract

Background The global prevalence and incidence of Metabolic Associated
Fatty Liver Disease (MAFLD) co-occurring with Type 2 Diabetes Mellitus
(T2DM) are increasing, significantly elevating the risk of liver-related adverse
outcomes. In clinical practice, early screening and diagnosis of high-risk
MAFLD patients with hyperglycemia are crucial to slowing disease progression.

Objective Based on the relationship between T2DM and MAFLD, this study
evaluates the impact of hyperglycemia on hepatic steatosis and liver fibrosis
in MAFLD using large-scale health examination data and aims to identify key
factors influencing the development of MAFLD with hyperglycemia.

Methods Data from 18,286 individuals who underwent health examinations at
the First Affiliated Hospital of Soochow University between March and July
2024 were analyzed. The dataset included demographic information, medi-
cal history, abdominal ultrasound results, biochemical markers, and routine
blood tests. Individuals meeting the MAFLD diagnostic criteria were classi-
fied into the MAFLD group, which was further stratified into three subgroups
according to the Fibrosis-4 index (FIB-4) scores: T1 (FIB-4<1.3), T2 (1.3 <
FIB-4 < 2.67), and T3 (FIB-4>2.67). Clinical indicators among these sub-
groups were compared. Additionally, the MAFLD group was divided into two
subgroups: MAFLD with hyperglycemia and MAFLD without hyperglycemia,
based on a history of diabetes, fasting blood glucose (FBG) > 7.0 mmol/L, or
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glycated hemoglobin Alc (HbAlc) > 6.5% (meeting any one criterion). Dif-
ferences in hepatic steatosis and liver fibrosis-related indicators between these
subgroups were analyzed. Univariate and multivariate Logistic regression anal-
yses were performed to identify key factors associated with MAFLD with hy-
perglycemia. The predictive performance of a combined model for MAFLD
with hyperglycemia was evaluated using receiver operating characteristic (ROC)
curve analysis.

Results Among the T1, T2, and T3 subgroups, significant differences (P<0.05)
were observed in clinical indicators, including smoking, hypertension, diabetes,
hyperlipidemia, hyperuricemia, coronary heart disease, age, BMI, FBG, HbAlc,
platelet count (PLT), white blood cell count (WBC), red blood cell count (RBC),
hemoglobin (Hb), red blood cell distribution width (RDW), neutrophil count
(NEUT), lymphocyte count (LYM), monocyte count (MONQO), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), total cholesterol (TC),
triglycerides (TG), high density lipoprotein cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C), albumin (ALB), glutamyl transferase (GGT),
uric acid (UA), creatinine (Cr), blood urea nitrogen (BUN), total bilirubin
(TBIL), direct bilirubin (DBIL), indirect bilirubin (IBIL), alkaline phosphatase
(ALP), and estimated glucose processing rate (eGDR). Moreover, the fatty liver
index (FLI), hepatic steatosis index (HSI), and ZJU index were significantly
higher in the MAFLD with hyperglycemia group compared to the MAFLD
without hyperglycemia group (P<0.05). Additionally, the FIB-4, AST/PLT ra-
tio index (APRI), non-alcoholic fatty liver disease fibrosis score (NFS), BMI,
AST/ALT ratio, and diabetes score (BARD) were also higher in the MAFLD
with hyperglycemia group (P<0.05). The samples of MAFLD with hyper-
glycemia and MAFLD without hyperglycemia groups were randomly divided
into training and validation sets at a 1:1 ratio respectively. In the training set,
univariate and multivariate logistic regression analyses identified age, waist cir-
cumference (WC), hypertension, hyperlipidemia, TG, GGT, UA and BUN as
key influencing factors associated with MAFLD with hyperglycemia (P<0.05).
Further ROC analysis of these factors demonstrated moderate predictive accu-
racy for MAFLD with hyperglycemia (0.53 < AUC < 0.75). A predictive model
incorporating these eight key factors achieved an area under the curve (AUC) of
0.805 (95%CI=0.781-0.828), with a sensitivity of 75.8% and specificity of 72.6%.
Validation of this combined model in the validation set yielded a positive predic-
tive value of 0.705, a negative predictive value of 0.731, and an overall predictive
accuracy of 0.727.

Conclusion Among MAFLD patients stratified by FIB-4, significant differ-
ences in hypertension, FBG, HbAlc, PLT, WBC, RBC, LYM, AST, and eGDR
were observed across the three subgroups. Hyperglycemia exacerbates hepatic
steatosis and liver fibrosis in MAFLD. Furthermore, age, WC, hypertension, hy-
perlipidemia, TG, GGT, UA and BUN were identified as significant risk factors
for the progression of MAFLD to MAFLD with hyperglycemia. The predictive
model incorporating these eight indicators enhances the accuracy of assessing
hyperglycemia risk in MAFLD, potentially providing a reference for the early
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differential diagnosis in clinical practice.

Keywords: Metabolic associated fatty liver disease; Hyperglycemia; Hepatic
steatosis; Liver fibrosis; Predictive model

Introduction

Metabolic Associated Fatty Liver Disease (MAFLD) is a chronic progressive
liver disease caused by nutritional excess and insulin resistance in genetically
susceptible individuals. The global prevalence and incidence of this disease
continue to rise, particularly in China, where the situation is especially severe.
MAFLD patients often present with metabolic syndrome components, including
obesity, Type 2 Diabetes Mellitus (T2DM), hyperlipidemia, and hypertension.
Research indicates that T2DM is the most closely related risk factor for MAFLD
development, with approximately 70% of T2DM patients concurrently suffering
from MAFLD, demonstrating a significant overlap between the two conditions.
Pathophysiologically, T2DM can accelerate MAFLD progression, thereby has-
tening the development of hepatic and extrahepatic adverse outcomes. Con-
versely, MAFLD also increases the risk of developing T2DM and adversely af-
fects glucose metabolism in patients with existing diabetes. The coexistence of
these two diseases significantly elevates the risk of liver-related complications
and imposes a more severe burden on extrahepatic prognosis, constituting a
major public health challenge.

Consequently, in clinical practice, MAFLD patients require screening and early
diagnosis for diabetes, while T2DM patients need timely assessment of liver
disease progression. Fasting blood glucose (FBG) and glycated hemoglobin
(HbAlc), as essential components of T2DM diagnostic criteria, are also closely
associated with MAFLD disease progression. However, beyond glycemic indica-
tors, other key factors influencing the liver disease course in MAFLD patients
remain to be fully investigated. More importantly, the impact of hyperglycemia
on liver disease progression and the risk factors for MAFLD combined with hy-
perglycemia are not yet clearly understood.

This study aims to investigate the effects of hyperglycemia on hepatic steatosis
and liver fibrosis in MAFLD and analyze the risk factors influencing the devel-
opment of MAFLD with hyperglycemia by leveraging existing large-scale health
examination data based on the relationship between T2DM and MAFLD. Addi-
tionally, we sought to construct a comprehensive prediction model to assess the
risk of MAFLD with hyperglycemia, providing a more effective tool for MAFLD
risk assessment and management in clinical practice.
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Methods

1.1 Study Population We selected individuals who underwent health exam-
inations at the Health Management Center of the First Affiliated Hospital of
Soochow University between March and July 2024. After excluding samples
with incomplete clinical data, 18,286 subjects were included. Based on liver B-
ultrasound examination results, the complete dataset was divided into fatty liver
patients (6,727 cases) and non-fatty liver patients (11,559 cases). Subsequently,
according to MAFLD diagnostic criteria, non-MAFLD cases were excluded from
the fatty liver patients, resulting in a final cohort of 5,258 MAFLD patients.

1.2 Inclusion and Exclusion Criteria Inclusion criteria: (1) Complete
clinical data; (2) Laboratory tests and auxiliary examinations such as abdominal
B-ultrasound completed as required, with B-ultrasound diagnosis of fatty liver;
(3) At least one component of metabolic syndrome (MetS): BMI > 24.0 kg/m?,
or waist circumference (WC) > 90 c¢m (males) and 85 cm (females), or excess
body fat and body fat percentage; FBG > 6.1 mmol/L, or 2-hour post-load
blood glucose > 7.8 mmol/L or HbAlc > 5.7%, or history of type 2 diabetes,
or homeostasis model assessment of insulin resistance > 2.5; Fasting serum
triglycerides (TG) > 1.70 mmol/L, or receiving lipid-lowering medication;

Serum high-density lipoprotein cholesterol (HDL-C) < 1.0 mmol/L (males) and
1.3 mmol/L (females), or receiving lipid-lowering medication; Blood pressure >
130/85 mmHg (1 mmHg = 0.133 kPa), or receiving antihypertensive medication.

Exclusion criteria: (1) Incomplete clinical data; (2) B-ultrasound diagnosis
of non-fatty liver; (3) B-ultrasound diagnosis of fatty liver with any of the
following conditions: Diseases that can cause fatty liver such as genotype 3
HCYV infection, drug-induced fatty liver, Wilson’ s disease, and malnutrition;
Malignant tumors and history of tumor surgery; Excessive alcohol consumption
(weekly ethanol intake > 210 g for males, > 140 g for females).

1.3 Research Methods We collected general patient information and rele-
vant clinical examination indicators, including gender, smoking history (smoking
> 1 cigarette/day for 6 months or more continuously or cumulatively), drinking
history [including no drinking (never drank), occasional drinking (small amount
and irregular frequency), moderate drinking (regular frequency but not reach-
ing excessive drinking standards), and excessive drinking (ethanol intake > 210
g/week for males, > 140 g/week for females)], history of hypertension, diabetes,
hyperlipidemia, hyperuricemia, coronary heart disease, tumor history, age, BMI,
WC, FBG, HbAlc, platelet count (PLT), white blood cell count (WBC), red
blood cell count (RBC), hemoglobin (Hb), red blood cell distribution width
(RDW), neutrophil count (NEUT), lymphocyte count (LYM), monocyte count
(MONO), neutrophil percentage (NEUT%), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total cholesterol (TC), TG, HDL-C, low-
density lipoprotein cholesterol (LDL-C), albumin (ALB), globulin (GLB), ~-
glutamyl transpeptidase (GGT), uric acid (UA), creatinine (Cr), blood urea
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nitrogen (BUN), total bilirubin (TBIL), direct bilirubin (DBIL), indirect biliru-
bin (IBIL), alkaline phosphatase (ALP), and ultrasound examinations.

Additional combined indices were calculated using the following formu-
las: (1) Hepatic steatosis-related indices: Fatty Liver Index (FLI) =
100/[14e ], where z = 0.953xIn(TG) + 0.139xBMI + 0.718xIn(GGT)
+ 0.053xWC - 15.745; Hepatic Steatosis Index (HSI) = 8xALT/AST +
BMI + 2 (if DM) + 2 (if female); ZJU index = BMI + FPG + TG +
3xALT/AST + 2 (if female). (2) Liver fibrosis-related indices: AST/PLT
ratio (APRI) = [(AST/40)/PLT]$x100; Fibrosis — 4index(FIB — 4) =
agex AST /[PLT x(ALT)}/{2}]; Non—alcoholic fattyliverdiseasefibrosisscore(NFS) =
—1.675+0.037xage +0.094x BM I 4 1.13x (abnormal FBG /DM, yes = 1,no =
0) + 0.99xAST/ALT — 0.013xPLT — 0.66x$ALB; BMI, AST/ALT ratio,
and diabetes score (BARD score) = AST/ALT (if $$0.8=2) + BMI (if
$28 =1)+ 1(if DM).(3)Insulinresistance — relatedindices : Triglyceride —
glucoseindex(TyG) = In(TGx FBG/2); Triglyceride — glucose— BMI(TyG —
BMI) = TyGxBMI; Estimatedglucosedisposalrate(eGDR) = 19.02 —
0.22x BMT —3.26x HT'N — 0.61 x$HbAlc, where HTN is hypertension (yes=1,
no=0).

1.4 Study Grouping The MAFLD group was divided into T1 group (FIB-
4<1.3), T2 group (1.3 < FIB-4 < 2.67), and T3 group (FIB-4>2.67) based
on FIB-4 levels. The MAFLD group was also divided into MAFLD with hy-
perglycemia group and MAFLD without hyperglycemia group based on the
presence of diabetes history, FBG > 7.0 mmol/L, or HbAlc > 6.5% (meeting
any one criterion).

1.5 Statistical Analysis Data analysis was performed using SPSS 27.0 and
GraphPad 9.0 software. Normality tests were conducted on measurement data;
all measurement data in this study did not conform to normal distribution
and were expressed as M(P25,P75). Comparisons between two groups were
performed using Mann-Whitney U test, and comparisons among multiple groups
were performed using Kruskal-Wallis H test. Count data were expressed as
relative numbers, and inter-group comparisons were performed using 2 test.
Univariate and multivariate Logistic regression analyses were used to explore key
factors influencing the development of MAFLD with hyperglycemia. Receiver
operating characteristic (ROC) curves were plotted to evaluate the predictive
value of the combined prediction model for MAFLD with hyperglycemia, and
the area under the ROC curve (AUC) was used to assess predictive performance.
P<0.05 was considered statistically significant.

Results

2.1 Comparison of General Data Among MAFLD Patients Grouped
by FIB-4 Levels No statistically significant differences were observed among
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the T1, T2, and T3 groups in gender, WC, NEUT%, GLB, TyG, and TyG-BMI
(P>0.05). However, significant differences were found among the three groups
in smoking, hypertension, diabetes, hyperlipidemia, hyperuricemia, coronary
heart disease, age, BMI, FBG, HbAlc, PLT, WBC, RBC, Hb, RDW, NEUT,
LYM, MONO, ALT, AST, TC, TG, HDL-C, LDL-C, ALB, GGT, UA, Cr, BUN,
TBIL, DBIL, IBIL, ALP, and eGDR (P<0.05) .

2.2 Comparison of Hepatic Steatosis and Fibrosis Indices Between
MAFLD with Hyperglycemia and MAFLD without Hyperglycemia
Groups The FLI, HSI, and ZJU indices were significantly higher in the
MAFLD with hyperglycemia group compared to the MAFLD without hyper-
glycemia group (Z=-5.550, P=2.86E-08; Z=-3.505, P=4.57TE-04; Z=-14.442,
P=2.81E-47) [Figure 1: see original paper|. Additionally, the FIB-4, APRI,
NFS, and BARD scores were significantly higher in the MAFLD with hy-
perglycemia group compared to the MAFLD without hyperglycemia group
(Z=-15.518, P=2.61E-54; Z=-3.261, P=1.11E-03; Z=-31.115, P=1.51E-212;
Z=-15.286, P=9.43E-53) [Figure 2: see original paper].

2.3 Comparison of General Data Between MAFLD with Hy-
perglycemia and MAFLD without Hyperglycemia Groups No
statistically significant differences were observed between the MAFLD with
hyperglycemia and MAFLD without hyperglycemia groups in BMI, RBC, Hb,
LYM, AST, TBIL, DBIL, and IBIL (P>0.05). However, significant differences
were found between the two groups in gender, smoking, hypertension, hyper-
lipidemia, hyperuricemia, coronary heart disease, age, WC, PLT, WBC, RDW,
NEUT, MONO, NEUT%, ALT, TC, TG, HDL-C, LDL-C, ALB, GLB, GGT,
UA, Cr, BUN, and ALP (P<0.05) .

2.4 Logistic Regression Analysis of Factors Influencing MAFLD with
Hyperglycemia Using random grouping methods, samples from the MAFLD
with hyperglycemia and MAFLD without hyperglycemia groups were divided
into training and testing sets at a 1:1 ratio. Among the 752 cases in the MAFLD
with hyperglycemia group, 376 were allocated to the training set and 376 to the
testing set. Similarly, the MAFLD without hyperglycemia group was divided
accordingly. General data for the MAFLD with hyperglycemia and MAFLD
without hyperglycemia groups in the training set are presented in . Univariate
Logistic regression analysis of all indicators in the training set revealed that
smoking, hypertension, hyperlipidemia, hyperuricemia, coronary heart disease,
age, WC, PLT, WBC, NEUT, GGT, UA, BUN, and ALP were influencing
factors for MAFLD with hyperglycemia (P<0.05). Subsequent multivariate
Logistic regression analysis of these indicators showed that hypertension, hy-
perlipidemia, age, WC, TG, GGT, UA, and BUN were independent influencing
factors for MAFLD with hyperglycemia (P<0.05) .
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2.5 Construction and Validation of a Combined Prediction Model for
MAFLD with Hyperglycemia ROC curve analysis was performed on the
factors identified as influencing MAFLD with hyperglycemia through multivari-
ate Logistic regression analysis in section 2.4. The results demonstrated that age,
WC, hypertension, hyperlipidemia, TG, GGT, UA, and BUN, as independent
predictors, had moderate predictive accuracy for MAFLD with hyperglycemia
(0.53 < AUC < 0.75). Based on the Logistic regression analysis results, a predic-
tive model for MAFLD with hyperglycemia was constructed using these eight
key predictive factors in the training set. The prediction formula was: logit(P)
= -7.446 + 0.046xage + 0.036xWC + 0.766 xhypertension (yes=1, no=0) +
0.494 x hyperlipidemia (yes=1, no=0) + 0.162xTG + 0.005xGGT - 0.007xUA
+ 0.279xBUN. The combined model achieved a predictive accuracy of 0.805
(95%CI1=0.781~0.828), with a sensitivity of 75.8%, specificity of 72.6%, and a
cutoff value of -1.842 [Figure 3: see original paper]. The predictive performance
of this combined model was validated in the testing set, yielding a positive
predictive accuracy of 0.705, negative predictive accuracy of 0.731, and overall
predictive accuracy of 0.727 .

Discussion

This study conducted a retrospective data analysis based on large-scale health
examination data to explore factors influencing liver fibrosis in MAFLD, pri-
marily including hypertension, FBG, HbAlc, PLT, WBC, RBC, LYM, AST,
and eGDR. Through comparison between the MAFLD with hyperglycemia and
MAFLD without hyperglycemia groups, this study confirmed that T2DM is
an important risk factor for MAFLD, consistent with previous research find-
ings. Our data demonstrated that hepatic steatosis and fibrosis indices (such
as FLI and FIB-4) were higher in the MAFLD with hyperglycemia group than
in the MAFLD without hyperglycemia group, further supporting the close asso-
ciation between hyperglycemic status and MAFLD progression. This suggests
that glycemic control is crucial for slowing MAFLD progression. Hyperglycemia
may accelerate liver disease progression not only by promoting hepatic fat de-
position but also by exacerbating systemic inflammation and oxidative stress,
thereby facilitating hepatic fibrosis development.

This study further identified key influencing factors for MAFLD with hyper-
glycemia through Logistic regression analysis and ROC curve evaluation, among
which age, WC, hypertension, hyperlipidemia, TG, GGT, UA, and BUN were
important independent predictors. These indicators are all closely related to
metabolic syndrome, particularly hyperlipidemia and abdominal obesity, which
are typical features of insulin resistance. Elevated TG levels are closely associ-
ated with the development of fatty liver, while increased GGT, UA, and BUN
levels can exacerbate the risk of MAFLD. These results suggest that improving
metabolic status, especially controlling dyslipidemia and reducing abdominal
fat accumulation, may be important for preventing and managing MAFLD with
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hyperglycemia.

Finally, this study successfully constructed and validated a combined predic-
tion model for MAFLD with hyperglycemia. The model demonstrated high
predictive accuracy (AUC=0.805), indicating that indicators such as age, WC,
hypertension, hyperlipidemia, TG, GGT, UA, and BUN can be effectively used
for early clinical screening and risk assessment. Notably, the model utilizes
multiple metabolic factors beyond glycemic indicators to comprehensively eval-
uate the risk of MAFLD with hyperglycemia. In the testing set, the model
achieved a positive predictive accuracy of 0.705 and negative predictive accu-
racy of 0.731, further proving its clinical application value. Early monitoring
and intervention of these key indicators may help delay liver disease progression
in MAFLD patients and reduce the risk of hyperglycemia-related complications.
This combined prediction model provides clinicians with an effective assessment
method for early identification of high-risk patients, facilitating timely targeted
prevention and intervention measures, and providing a scientific basis for indi-
vidualized treatment plans and optimized patient management.

Compared with previous studies, the strengths of this research lie in its large
sample size and retrospective design, enhancing the generalizability and reliabil-
ity of the findings. However, this study has several limitations. First, as a cross-
sectional study, it cannot establish causal relationships between hyperglycemia
and MAFLD progression. Second, this study did not incorporate broader ge-
netic and environmental factors. Future longitudinal and multicenter studies
are needed to further validate the generalizability and reliability of these influ-
encing factors. Additionally, since this study was based on a health examina-
tion population, sample selection may have introduced certain biases, and the
generalizability of the results requires further validation. Future multicenter,
longitudinal cohort studies are planned to comprehensively explore important
regulatory factors affecting MAFLD development and progression, providing
reference for reducing MAFLD incidence and disease progression.

In summary, this study revealed key risk factors for MAFLD with hyperglycemia
and constructed an effective combined prediction model using large-scale popu-
lation data. Future research will further focus on exploring the underlying mech-
anisms of key influencing factors and validating and optimizing the prediction
model in clinical practice, providing more precise clinical guidance and theoret-
ical reference for early prevention and individualized management of MAFLD
with hyperglycemia.
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