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Objective: To evaluate the value and feasibility of the lipid accumulation product (LAP) in the prediction of metabolic dysfunction- 
associated steatotic liver disease (MASLD) in Chinese adults with type 2 diabetes mellitus (T2DM).
Methods: In this cross-sectional study, we assessed the value of LAP and other novel indices in the prediction of MASLD in Chinese 
adults with T2DM in a total of 642 patients. Receiver Operating Characteristic (ROC) curves were plotted to assess the predictive 
ability of the indices for the occurrence of MASLD in T2DM.
Results: The results showed that LAP had a strong predictive ability for the occurrence of MASLD in T2DM in both men and women 
and was superior to other traditional visceral fat-related indices. In men, the area under curve (AUC) (95% CI) was 0.815 (0.771– 
0.859) with cut-off value of 36.01, and its sensitivity and specificity were 71.91% and 77.44%, respectively. And in women, the AUC 
(95% CI) was 0.816 (0.762–0.870) with cut-off value of 24.22, and its sensitivity and specificity were 84.93% and 63.54%, 
respectively.
Conclusion: LAP has a high predictive ability for the occurrence of MASLD in T2DM in both men and women and are superior to 
other traditional visceral fat-related indices.
Keywords: diabetes mellitus, type 2, metabolic dysfunction-associated steatotic liver disease, lipid accumulation product

Introduction
The Global Diabetes Map (11th Edition) shows that there are currently more than 589 million people living with diabetes 
globally, and by 2050, the number of people with diabetes will reach 853 million.1 Diabetes has become one of the major 
global public health problems. Among the diabetic population, about 90% or more suffer from type 2 diabetes mellitus 
(T2DM). In the development of T2DM, it is often comorbid with metabolic disorders such as dyslipidemia, insulin 
resistance (IR), obesity, and metabolic dysfunction-associated steatotic liver disease (MASLD). A meta-analysis showed 
that the global prevalence of MASLD in T2DM patients is as high as 55.5%, and the risk of liver fibrosis is about 17%.2 

The coexistence of the two not only increases the risk of diabetes-related complications but also increases the occurrence 
of cirrhosis and hepatocellular carcinoma. Therefore, early screening for MASLD in the T2DM population and timely 
intervention are necessary. In recent years, scholars at home and abroad have made many explorations in the predictive 
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diagnostic models of MASLD, among which the more representative ones in China include the fatty liver disease index, 
the MASLD screening score, the MASLD ridge regression score, etc. However, most of them are still in the research 
stage and lack external validation, so they cannot be widely used in the clinic. Besides that, clinical tests such as 
computed tomography (CT), magnetic resonance imaging (MRI), liver biopsy and so on cannot be used for population 
screening due to the high price and low acceptance of the patients. Recent studies have indicated that indicators such as 
the hepatic steatosis index (HSI),3 fatty liver index (FLI),4 and serum galectin-15 exhibit potential predictive value for the 
onset and progression of MASLD. In contrast, this study focuses on the clinical significance and predictive efficacy of 
the lipid accumulation product (LAP). LAP is a new type of visceral fat-related index based on the calculation of waist 
circumference and blood lipid index, which can better reflect individual fat distribution and visceral fat accumulation. 
Furthermore, it is closely related to IR, T2DM, metabolic syndrome (MetS), CVD, etc.6 IR serves as the central 
pathological link between MASLD and MetS.7 Driven by IR, enhanced lipolysis in adipocytes and excessive production 
of free fatty acids (FFA)8 lead to the accumulation of lipotoxic substances within hepatocytes, resulting in cellular injury 
and eventual progression to fibrosis.9 In this process, abdominal obesity and elevated triglyceride (TG) levels act 
synergistically: visceral adipose tissue exacerbates systemic inflammation and metabolic dysregulation through the 
secretion of adipokines such as leptin, adiponectin, resistin, visfatin, and chemerin,10 while abnormal TG deposition 
directly contributes to hepatic steatosis. Recent studies further demonstrate that omega-3 fatty acid interventions reducing 
TG levels significantly ameliorate liver steatosis,11,12 which not only confirms the pivotal role of TG in the pathogenesis 
of MASLD but also provides mechanistic evidence supporting the strong association between the LAP—a composite 
index integrating waist circumference (WC) and TG—and MASLD. Previous studies showed that LAP was significantly 
associated with the prevalence and severity of MASLD and had good accuracy in the diagnosis of MASLD.13 Also, LAP 
had a good predictive value for MASLD in obese children and was closely related to IR and uric acid levels.14 There are 
fewer studies on the correlation between LAP and T2DM complicated with MASLD in China. Therefore, we aimed to 
assess its predictive value for the risk of MASLD and provide new insight for the prevention and diagnosis of MASLD in 
T2DM.

Materials and Methods
Study Population
This cross-sectional study included 642 patients with T2DM aged 18–80 years old who were admitted to the Affiliated 
Hospital of Integrated Traditional Chinese and Western Medicine, Nanjing University of Chinese Medicine, from 
January 2018 to December 2023, and all of them met the 1999 WHO diagnostic criteria for diabetes mellitus.15 

Exclusion criteria: (1) type 1 diabetes mellitus (T1DM), gestational diabetes mellitus (GDM), or special types of diabetes 
mellitus; (2) history of severe infections or advanced diabetes mellitus complications [advanced cardiovascular disease 
(CVD), congestive heart failure (CHF), chronic kidney disease (CKD) > stage 3]; (3) history of acute and chronic liver 
diseases such as viral hepatitis, alcoholic liver disease, autoimmune liver disease, drug-induced liver injury, and drug (eg, 
tamoxifen, valproate, methotrexate, and glucocorticoids) induced hepatic fat deposition; (4) any biliary tract disease (ie, 
primary biliary cirrhosis, primary sclerosing cholangitis, and history of biliary tract obstruction); (5) history of alcohol 
consumption, more than 140 grams per week for men and 70 grams per week for women; (6) combination of other 
serious comorbidities such as severe cardiovascular, cerebrovascular, hepatic and renal insufficiency, infectious diseases, 
psychiatric disorders, or malignant neoplasms; (7) taking lipid lowering medications, following weight loss diets, or 
taking weight loss supplements; (8) pregnant or breastfeeding women.

Clinical Parameters
Age, sex, smoking status, and history of hypertension and dyslipidemia were recorded on admission to the hospital. 
Height and weight were measured using a calibrated integrated electronic measuring device (Bingyu RGZ-160) with 
patients in a standing position, without shoes, and wearing light undergarments only. Measurements were recorded to the 
nearest 0.5 cm for height and 0.1 kg for weight. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 
measured with the patients’ arms placed at the same level as the heart after sitting still for 5 minutes, and three 
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measurements were taken using an Omron electronic blood pressure monitor (HEM-752FUZZY). Body mass index 
(BMI) was calculated as weight (kg)/height (m2). WC was measured by detecting the distance between the lowest point 
of the lower edge of the ribs and the midpoint of the line of the anterior superior iliac spine using a soft ruler.

Biochemical examinations were performed in the morning after overnight fasting (at least 10 hours without any 
food, except water). Indicators included total cholesterol (TC), TG, high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), fasting blood glucose (FBG), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), and alkaline phosphatase (ALP), serum 
creatinine (SCr), blood urea nitrogen (BUN), and uric acid (UA) were measured by Roche Cobas 8000. 2-hour 
postprandial blood glucose (2hPG) was measured by the glucose oxidase method, and hemoglobin A1c (HbA1c) 
was detected by high-performance liquid chromatography.

Formula
(1) Waist-to-height ratio (WHtR) calculated by dividing WC by height, is an age-independent, easy-to-use screening tool 
that is more sensitive and cost-effective than BMI for detecting health risks.16

WHtR ¼ WC cmð Þ=height m2� �17

(2) Metabolic score of insulin resistance (METS-IR) evaluates IR by integrating routine metabolic parameters such as 
BMI, TG0 (fasting triglycerides), G0 (fasting glucose) and HDL-C, without requiring direct insulin measurements. This index 
effectively identifies IR-related pathological mechanisms associated with MetS.18

METS � IR ¼ ln 2�G0ð ÞþTG0ð Þ�BMIð Þ

ln HDL� Cð Þ
19

(3) Metabolic score for visceral fat (METS-VF) estimates visceral adipose tissue by integrating clinical parameters 
including age, sex, WHtR, and METS-IR, demonstrating broad applicability and reliability across diverse ethnic 
populations.20

METS � VF ¼ 4:466þ 0:011 ln METS � IRð Þð Þ
3

h i
þ 3:239 ln WHtRð Þð Þ

3
h i

þ 0:319 Sexð Þ þ 0:594 ln Ageð Þð Þ21

(4) LAP is a novel obesity-related indicator that assesses abdominal fat accumulation, particularly quantifying 
visceral adipose deposition. Extensive studies have validated its strong association with MetS, CVD, and T2DM, 
demonstrating its utility in accurately predicting risks of IR, CVD, and MetS.22

LAP Menð Þ ¼ WC cmð Þ � 65ð Þ � TG mmol=Lð Þð Þ23

LAP Womenð Þ ¼ WC cmð Þ � 58ð Þ � TG mmol=Lð Þð Þ23

(5) Visceral adiposity index (VAI) is a novel method for quantifying visceral obesity using WC, BMI, TG, and HDL- 
C. Studies have demonstrated strong concordance between VAI and CT-measured visceral fat, highlighting its robust 
predictive capacity for the onset of glucose and lipid metabolic disorders.24

VAI Menð Þ ¼ WC
39:68þ 1:88�BMIð Þ

� �
� TG

1:03

� �
� 1:31

HDL� C
� �25

VAI Womenð Þ ¼ WC
36:58þ 1:89�BMIð Þ

� �
� TG

0:81

� �
� 1:52

HDL� C
� �25

(6) A body shape index (ABSI) is a novel anthropometric index that incorporates waist circumference, height, and body 
mass to better reflect an individual’s fat distribution and visceral fat proportion, offering a more nuanced assessment than BMI.

ABSI ¼ WC
BMI

2
3�height

1
2

26
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(7) Body roundness index (BRI), calculated using height and WC, is an effective tool for assessing body fat 
percentage and visceral adipose distribution. Compared to the BMI, BRI demonstrates superior accuracy in predicting 
metabolic disease risks, particularly in individuals with normal BMI but abnormal body fat distribution.

BRI ¼ 364:2 � 365:5
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 �
WC
2πð Þ

2

0:5�heightð Þ
2

r

27

(8) Cardiometabolic index (CMI) is a novel metric that integrates WC, TG, HDL-C, and height. Compared with 
traditional indicators such as BMI, CMI provides a more comprehensive assessment of metabolic health by reflecting 
both visceral adiposity and lipid-glucose dysregulation.

CMI ¼ TG
HDL� C
� �

�WHTR28

Ultrasonic Measurement
The diagnosis of MASLD was made with reference to the guidelines for the prevention and treatment of metabolic 
dysfunction-associated (non-alcoholic) fatty liver disease of Chinese Society of Hepatology in 2024.29 The diagnosis of 
MASLD was mainly based on the results of an abdominal ultrasound examination, which was performed by a color 
ultrasound model of the Siemens Acuson X300 with a probe frequency of 3.5 MHz and was carried out by a highly 
experienced and uniformly trained senior ultrasonographer.

Statistical Analysis
SPSS 25.0 statistical software was used for data analysis. The data processing workflow included normality testing. 
Normally distributed data are presented as mean ± standard deviation (SD), while non-normally distributed data are 
expressed as median with interquartile ranges (IQR). Intergroup comparisons were conducted using independent samples 
t-tests for normally distributed variables and Mann–Whitney U-test for non-normally distributed variables. Categorical 
variables are expressed as frequencies and percentages (%), with intergroup comparisons performed using Pearson’s chi- 
square (χ²) test or Fisher’s exact test as appropriate. Logistic regression models were employed to identify risk factors 
associated with MASLD: Model 1 (unadjusted); Model 2 (adjusted for BMI and diastolic blood pressure in females). 
Receiver operating characteristic (ROC) curve analysis was performed to compare the predictive capabilities of 
indicators and determine optimal cut-off values. Two-tailed p-values < 0.05 were considered statistically significant.

Results
Baseline Characteristics
Based on the inclusion and exclusion criteria, 642 T2DM patients with a mean age of 57 (50, 64) years were finally 
included in the study, of which 242 (37.69%) were females and 400 (62.31%) were males. MASLD was diagnosed by 
ultrasound in 413 patients with an overall detection rate of 64.33%, of which 60.33% were females and 66.75% were 
males. The baseline characteristics of the 642 T2DM patients who were included are shown in Table 1.

Table 1 Comparison of Baseline Characteristics of Study Participants

Baseline characteristics MASLD 
(n=413) 

Mean ± SD or Median (25P, 75P)

Non-MASLD 
(n=229) 

Mean ± SD or Median (25P, 75P)

P value

Age (years) 56.00 (50.00, 63.00) 59.00 (50.00, 65.00) 0.010

T2DM duration (years) 7.50 (3.00, 13.00) 9.00 (3.50, 14.00) 0.143
SBP (mmHg) 135.00 (123.00, 146.00) 133.00 (121.50, 147.00) 0.557

DBP (mmHg) 82.00 (76.00, 89.00) 78.00 (71.00, 88.00) <0.001

(Continued)
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MASLD Detection in LAP Quartile Subgroups in T2DM Patients
The detection rate of MASLD in both males and females increased progressively with increasing LAP values, as is 
shown in Figure 1. In male patients, the detection rates of MASLD in the Q1 (LAP ≤ 23.02), Q2 (23.02 ≤ LAP < 40.91), 

Table 1 (Continued). 

Baseline characteristics MASLD 
(n=413) 

Mean ± SD or Median (25P, 75P)

Non-MASLD 
(n=229) 

Mean ± SD or Median (25P, 75P)

P value

FBG (mmol/L) 7.59 (6.41, 9.51) 7.23 (5.92, 9.19) 0.037

2hPG (mmol/L) 15.61 (14.06, 17.02) 15.61 (14.36, 16.85) 0.500

HbA1c (%) 8.40 (7.20, 9.70) 8.00 (6.90, 9.40) 0.119
TC (mmol/L) 4.47 (3.82, 5.12) 4.14 (3.56, 4.47) <0.001

TG (mmol/L) 1.77 (1.29, 2.61) 1.09 (0.81, 1.52) <0.001

HDL-C (mmol/L) 0.99 (0.85, 1.17) 1.16 (0.99, 1.43) <0.001
LDL-C (mmol/L) 2.90±0.92 2.65±0.76 <0.001

ALT (U/L) 21.00 (14.15, 30.00) 15.00 (11.50, 20.50) <0.001

AST (U/L) 18.00 (15.00, 23.00) 15.00 (13.00, 20.00) <0.001
GGT (U/L) 26.00 (18.00, 41.00) 17.00 (12.00, 27.00) <0.001

ALP (U/L) 70.00 (59.00, 84.00) 70.00 (56.00, 85.00) 0.682

SCr (μmol/L) 68.00 (57.50, 78.50) 65.00 (55.00, 77.00) 0.098
BUN (mmol/L) 5.30 (4.40, 6.10) 5.27 (4.40, 6.10) 0.489

UA (μmol/L) 320.00 (264.00, 371.00) 307.00 (249.00, 360.00) 0.043

BMI (kg/m2) 25.81 (24.03, 28.41) 23.44 (21.50, 25.00) <0.001
WC (cm) 93.00 (86.00, 99.00) 84.00 (79.00, 90.00) <0.001

WHtR 0.55 (0.52, 0.59) 0.51 (0.47, 0.55) <0.001

METS-IR 3.15±0.32 2.90±0.30 <0.001
METS-VF 6.37 (6.10, 6.61) 6.05 (5.68, 6.34) <0.001

LAP (cm.mol/L) 48.72 (31.39, 75.12) 21.70 (12.63, 33.43) <0.001
VAI 2.23 (1.47, 3.64) 1.09 (0.77, 1.74) <0.001

ABSI 0.08 (0.08, 0.08) 0.08 (0.08, 0.08) 0.081

BRI 4.34 (3.67, 5.24) 3.42 (2.87, 4.22) <0.001
CMI 0.95 (0.65, 1.57) 0.46 (0.32, 0.71) <0.001

Abbreviations: MASLD, metabolic dysfunction-associated steatotic liver disease; T2DM, type 2 diabetes mellitus; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; 2hPG, 2-hour postprandial blood glucose; HbA1c, hemoglobin A1c; 
TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ALT, alanine 
transaminase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase; SCr, serum creatinine; BUN, 
blood urea nitrogen; UA, uric acid; BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; METS-IR, metabolic score 
of insulin resistance; METS-VF, metabolic score for visceral fat; LAP, lipid accumulation product; VAI, visceral adiposity index; ABSI, a body 
shape index; BRI, body roundness index; CMI, cardiometabolic index.

Figure 1 Prevalence of MASLD in LAP quartile subgroups in T2DM patients.
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Q3 (40.91 ≤ LAP < 67.03), and Q4 (LAP ≥ 67.03) groups were 30%, 62%, 83%, and 92% (χ2=102.492, P< 0.001). In 
female patients, the detection rates of MASLD in the Q1 (LAP ≤ 19.28), Q2 (19.28 ≤ LAP < 33.66), Q3 (33.66 ≤ LAP < 
52.20), and Q4 (LAP ≥ 52.20) groups were 19.7%, 60%, 70.5%, and 91.7%, respectively (χ2=69.387, P< 0.001).

Multifactorial Analysis of the Corelationship Between LAP and MASLD
In multifactorial logistic regression model 1, different quartile levels of LAP were positively associated with the risk of 
MASLD in both male and female populations. In model 2, the odds ratio for MASLD were 1.000 (reference group), 
3.807 (2.114–6.855), 11.392 (5.802–22.367), and 26.833 (11.589–62.129) with increased LAP levels in men (P< 0.001). 
In model 2 for women, after adjusting for BMI and SBP, the odds ratio for MASLD were 1.000 (reference group), 4.773 
(1.953–11.667), 5.887 (2.295–15.102), and 20.412 (5.781–72.069) respectively (P< 0.001) (Table 2).

Diagnostic Value of LAP and Other Visceral Fat-Related Indices in MASLD
ROC curves were plotted to assess the predictive ability of LAP, BMI, WC, WHtR, METS-IR, METS-VF, VAI, ABSI, 
BRI, and CMI for the occurrence of MASLD in T2DM. The results showed that LAP had a high predictive ability for the 
occurrence of MASLD in T2DM in both men and women, and was superior to other visceral fat-related indices. In men, 
the AUC (95% CI) was 0.815 (0.771–0.859) with cut-off value of 36.01, and its sensitivity and specificity were 71.91% 
and 77.44%, respectively. And in women, the AUC (95% CI) was 0.816 (0.762–0.870) with cut-off value of 24.22, and 
its sensitivity and specificity were 84.93% and 63.54% (Table 3 and Figures 2, 3).

Table 2 Multifactorial Analysis of the Relationship Between LAP Quartiles and MASLD

Odds Ratio (95% CI) P value

Q1 Q2 Q3 Q4

Men
Model 1 1 3.807 (2.114–6.855) 11.392 (5.802–22.367) 26.833 (11.589–62.129) <0.001

Model 2 1 2.974 (1.617–5.472) 7.907 (3.929–15.916) 14.904 (6.185–35.915) <0.001

Women
Model 1 1 6.125 (2.709–13.846) 9.755 (4.222–22.537) 44.917 (14.772–136.573) <0.001

Model 2 1 4.773 (1.953–11.667) 5.887 (2.295–15.102) 20.412 (5.781–72.069) <0.001

Notes: Binary logistic regression analyses were used to correlate LAP quartiles with MASLD after adjusting for confounders, 
and odds ratio and 95% CI for MASLD risk were calculated. The following regression models were used: unadjusted in 
model 1. BMI and diastolic blood pressure (women) were further adjusted in model 2. Two-tailed p-values < 0.05 were 
considered statistically significant.

Table 3 ROC Curve Analysis of the Predictive Ability of LAP and Other Visceral Fat-Related Indices for the 
Development of MASLD in T2DM

AUC 95% CI P value Cut-Off Values Sensitivity (%) Specificity (%) Youden Index

Male

METS-IR 0.710 0.657–0.763 0.000 2.94 84.64 46.62 0.31
METS-VF 0.684 0.628–0.740 0.000 6.23 68.54 61.65 0.30

LAP 0.815 0.771–0.859 0.000 36.01 71.91 77.44 0.49

VAI 0.783 0.733–0.833 0.000 1.73 77.15 69.17 0.46
ABSI 0.545 0.483–0.607 0.142 0.08 88.39 22.56 0.11

BRI 0.707 0.653–0.761 0.000 3.89 64.42 69.17 0.34

CMI 0.793 0.744–0.842 0.000 0.64 82.40 66.92 0.49

(Continued)
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Discussion
In this study, we retrospectively analyzed clinical data from 642 patients with T2DM and found that LAP was positively 
associated with the risk of MASLD in both men and women with T2DM. LAP has a strong predictive ability for T2DM 
with MASLD and is better than other traditional visceral fat-related indices. The results of this study suggested that LAP 

Table 3 (Continued). 

AUC 95% CI P value Cut-Off Values Sensitivity (%) Specificity (%) Youden Index

Female

METS-IR 0.718 0.653–0.784 0.000 2.97 60.96 73.96 0.35
METS-VF 0.721 0.655–0.787 0.000 5.91 83.56 52.08 0.36

LAP 0.816 0.762–0.870 0.000 24.22 84.93 63.54 0.48

VAI 0.724 0.660–0.788 0.000 0.94 81.51 53.13 0.35
ABSI 0.526 0.451–0.601 0.499 0.08 83.56 21.88 0.05

BRI 0.738 0.674–0.802 0.000 3.90 76.71 63.54 0.40

CMI 0.778 0.719–0.837 0.000 0.66 65.75 76.04 0.42

Abbreviations: METS-IR, metabolic score of insulin resistance; METS-VF, metabolic score for visceral fat; LAP, lipid accumulation product; VAI, 
visceral adiposity index; ABSI, a body shape index; BRI, body roundness index; CMI, cardiometabolic index.

Figure 2 Diagnostic value of LAP and other visceral fat-related indices for the diagnosis of MASLD in men analysed using ROC curves.

Figure 3 Diagnostic value of LAP and other visceral fat-related indices for the diagnosis of MASLD in women analysed using ROC curves.
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can be used as a risk predictor of T2DM complicated with MASLD, which is beneficial to early detection and 
intervention of MASLD as well as reducing the occurrence and development of T2DM complicated with MASLD.

As is already known, MASLD is associated with T2DM. When T2DM is complicated with MASLD, it will not only 
increase the risk of diabetes complications but also promote the further progression of MASLD and the vicious cycle. 
Therefore, earlier screening of MASLD in T2DM patients can delay the progression of the disease and provide more 
space for clinical treatment. Obesity and the visceral fat-related indices are the most effective indicators for predicting 
MASLD.30 As mentioned in our introduction, the strong predictive capacity of LAP stems from its integration of two 
core pathological mechanisms: visceral adipose accumulation (WC) and lipid metabolism dysregulation (TG). The 
visceral fat-driven hepatic steatosis and lipotoxicity-induced pancreatic β-cell damage represent the shared pathological 
foundation for the comorbidity of MASLD and T2DM.31,32 Traditional metrics such as BMI solely assess overall obesity 
and fail to differentiate metabolic status, while composite formulas (eg, VAI) lack stability due to their inclusion of 
variables like HDL-C, which are prone to confounding factors. This advantage has been validated in recent years: 
multiple studies confirm that LAP demonstrates superior diagnostic accuracy for MetS compared to BMI, WC, and 
WHtR.33,34 A cross-sectional study35 further revealed that VAI exhibits the lowest diagnostic efficacy for MASLD, as its 
formula includes HDL-C, which shows high variability in MASLD patients. Additionally, ABSI was primarily developed 
using data from Western populations, limiting its applicability.36 Studies have found that LAP is significantly correlated 
with the onset and severity of MASLD and has high diagnostic accuracy in identifying MASLD in the general 
population.13 Also, a systematic review and meta-analysis synthesized sixteen observational studies with 96,101 
participants, including four cohort studies, one case-control study, and 11 cross-sectional studies with baseline data. 
The LAP index was compared in subjects with and without MASLD, and the difference was significant with 34.90 units 
(95% CI: 30.59–39.31, P< 0.001) of the LAP index. The DTA meta-analysis was conducted and showed that the LAP 
index pooled sensitivity and specificity for screening for MASLD were 94% (95% CI: 72%–99%, P < 0.001) and 85% 
(95% CI: 62%–96%, P < 0.001), respectively. This study showed that the LAP is an inexpensive, sensitive, and specific 
method to evaluate MASLD and may be valuable for MASLD screening.6 By far, the pathogenesis of T2DM 
complicated with MASLD is still unclear and may be related to many factors such as lipotoxic reactions, oxidative 
stress reactions, intestinal flora imbalances, and IR.37 In addition, T2DM is an important risk factor for MASLD and the 
most important clinical predictor of adverse clinical outcomes such as advanced liver fibrosis and mortality.2 Although 
existing studies have found a significant association between LAP and MASLD, the association between LAP and the 
incidence of MASLD associated with T2DM remains unclear. Dai et al found that LAP showed high diagnostic accuracy 
in identifying MASLD in adults. The identified cut-off values for LAP in men and women were 30.5 (sensitivity: 77%, 
specificity: 75%) and 23.0 (sensitivity: 82%, specificity: 79%), respectively. In addition, the diagnostic accuracy of LAP 
was found to be particularly high in younger age groups.13 Our study showed that in T2DM patients with MASLD, the 
cut-off value of LAP in male patients was 36.01, and its sensitivity and specificity were 71.91% and 77.44%. The cut-off 
value of LAP in female patients was 24.22, and its sensitivity and specificity were 84.93% and 63.54%, respectively. 
While the observed sex-specific differences may be attributed to variations in adipose tissue distribution patterns, the 
precise mechanisms underlying these disparities remain to be fully elucidated. We speculate that the differences in 
sensitivity and specificity between sexes may stem from variations in fat distribution: females have a higher proportion of 
subcutaneous fat, whereas males exhibit more prominent visceral adipose tissue (VAT), a critical fat depot driving IR and 
metabolic abnormalities.36 Since LAP is based on WC, a marker of visceral fat, it may demonstrate greater sensitivity in 
males. Additionally, the sharp decline in estrogen levels post-menopause triggers a redistribution of adipose tissue to the 
abdominal region.38 This age-related estrogen deficiency exacerbates metabolic risks,36 which are closely linked to 
increased IR, cardiovascular diseases, and MASLD.39 Compared with Dai et al’s study, we further demonstrated the 
predictive ability of LAP for T2DM complicated with MASLD and revealed that the detection rate of MASLD in males 
and females would gradually increase with the increase in LAP value.

Strengths and Limitations
A strength of our study is that it was conducted in a large population of representative Chinese adults, which provided 
high statistical power for data analyses. However, some limitations should also be noted. Firstly, we only collected 
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baseline data on LAP, so the effect of dynamic changes in LAP in T2DM with MASLD is unclear. Secondly, our study 
was a single-center retrospective cohort design, and it was impossible to draw conclusions about a causal association 
between LAP and T2DM combined with the risk of MASLD. Finally, the gold standard for diagnosing MASLD is liver 
biopsy, not abdominal ultrasound, so the detection rate of MASLD may be underestimated to a certain extent, resulting in 
some error in the results. To compensate for these limitations, future research must focus on standardized and 
confirmatory studies, which will provide more reliable cut-off values that make LAP a more universally applicable 
predictive marker.

Conclusions
LAP has a high predictive ability for T2DM with MASLD and can provide new insights for the prevention and diagnosis 
of T2DM with MASLD in the future.
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