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Triglyceride-cholesterol-body weight index associated with the risk of metabolic dysfunction-associated steatotic liver disease: a population-based cross-sectional study
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Background: The triglyceride-cholesterol-body weight index (TCBI), a novel parameter integrating serum triglycerides (TG), total cholesterol (TC), and body weight (BW), has not been comprehensively investigated in relation to metabolic dysfunction-associated steatotic liver disease (MASLD). This study aimed to examine the association between TCBI and MASLD.

Methods: This cross-sectional study used data from the NAGALA project in Japan, including 14,242 participants. TCBI was calculated using the formula: TG (mg/dL) × TC (mg/dL) × BW (kg)/1,000. Participants were stratified into quartiles based on natural log-transformed TCBI (TCBI-LN). The association between TCBI and MASLD was assessed using multiple logistic regression, restricted cubic splines (RCS), subgroup analyses, and receiver operating characteristic (ROC) curve analysis.

Results: Among the 14,242 participants, the mean age was 43.53 ± 8.89 years, and 48.03% were female. In the fully adjusted model, each 1-unit increase in TCBI-LN was associated with a 1.69-fold increased risk of MASLD (OR = 2.69, 95% CI: 2.00–3.64, P < 0.001). Compared to quartile 1, participants in quartile 4 of TCBI-LN had a 2.91-fold higher risk of MASLD (OR = 2.91, 95% CI: 1.94–4.35, P < 0.001). Trend analysis and RCS curve fitting revealed a positive linear and dose-response relationship between TCBI and MASLD risk. Subgroup analysis showed that TCBI was a stronger predictor of MASLD in individuals with abnormal body mass index (BMI) or normal waist circumference (WC). ROC analysis indicated that TCBI had good predictive performance for MASLD among individuals with normal BMI (AUC = 0.810, 95% CI: 0.801–0.822).

Conclusion: Triglyceride-cholesterol-body weight index showed a significant linear positive association with MASLD risk, particularly in individuals with abnormal BMI or normal WC. Moreover, TCBI demonstrated strong predictive accuracy for MASLD among individuals with normal BMI.
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Introduction

Metabolic-associated steatotic liver disease (MASLD) has emerged as a leading chronic liver condition globally, with its prevalence rising markedly in parallel with the epidemics of obesity and type 2 diabetes mellitus (T2DM) (1–5). Current epidemiological data indicate that MASLD affects approximately 38% of adults and 7%–14% of children and adolescents (4, 6), with projections suggesting that prevalence may exceed 55% in adults by 2040 (7). As a multisystem disorder, MASLD pathogenesis is critically driven by insulin resistance (IR) and associated metabolic dysfunction (8–10). It induces progressive hepatic injury ranging from steatosis to cirrhosis, hepatic failure, and hepatocellular carcinoma, and significantly elevates the risk of cardiovascular disease, T2DM, chronic kidney disease, and extrahepatic malignancies, posing a substantial public health burden (8, 11, 12). Consequently, early identification of high-risk individuals and implementation of preventive strategies are imperative to mitigate this burden.

As is well known, obesity, dyslipidemia, and hyperglycemia are established risk factors for MASLD, underscoring its intimate link with metabolic syndrome (13). However, conventional metrics such as isolated lipid parameters or body mass index (BMI) offer limited predictive value: lipid profiles fail to comprehensively represent systemic lipid metabolism, while BMI inadequately characterizes adipose tissue distribution (14). The triglyceride-cholesterol-body weight index (TCBI) is a novel and easily calculable nutritional index that integrates serum triglycerides (TG), total cholesterol (TC), and body weight (BW) (15). The core parameters of TCBI reflect lipid metabolism disorders, energy partitioning, and chronic low-grade inflammation, which may contribute to the “multiple hits” pathogenesis of MASLD. In this process, steatosis and fibrosis progression are collectively driven by lipo-toxicity, IR, and inflammation (16, 17). Furthermore, TCBI has demonstrated prognostic value across various cardiometabolic and neurological disorders, including coronary artery disease (15), acute decompensated heart failure (18), hemodynamically unstable patients (19), stroke (20, 21), and cognitive impairment (22).

Currently, research on the relationship between TCBI and MASLD remains unexplored. Therefore, in this study, we hypothesize that elevated TCBI levels are associated with an increased risk of MASLD, and if so, further evaluate the predictive value of TCBI for MASLD.



Materials and methods


Data source and study participants

This study was conducted as a secondary analysis based on the NAGALA (NAfld in the Gifu Area, Longitudinal Analysis) database, details of which were previously published by Okamura et al. (23). The database data have been deposited in Dryad, an open-access data repository, and are publicly accessible to all researchers1. Furthermore, ethical approval and informed consent procedures were described in Okamura et al.’s original study, and our research strictly followed the ethical guidelines outlined in the Declaration of Helsinki. A total of 15,464 participants were initially obtained from the NAGALA database via Dryad. According to our research criteria, we excluded 9 participants who lacked high-density lipoprotein cholesterol (HDL-C) measurements and 1,213 participants whose alcohol consumption was ≥210 g/week for men or ≥140 g/week for women. Consequently, 14,242 participants were included in the final analysis (Figure 1). It is important to note that the specific NAGALA cohort we analyzed, as defined by Okamura et al., explicitly excluded individuals with diabetes at baseline (23). Therefore, our study population inherently consists of participants without pre-existing diabetes.
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FIGURE 1
Flowchart of study participants.




Data collection and measurements

Details regarding data collection and measurement methods have been described in a prior study (23). Demographic characteristics of all participants, including age, gender, height, BW, waist circumference (WC), and blood pressure (BP), were collected. BMI was calculated as weight in kilograms divided by height in meters squared. Lifestyle factors, such as smoking status, alcohol consumption, and physical activity, were obtained through a standardized self-reported questionnaire. Alcohol consumption was categorized into three levels: none or minimal (<40 g/week), light (40–139 g/week), and moderate (140–280 g/week) (24). Smoking status was classified into three groups: never, past, and current smoker. Physical activity was defined as a binary variable based on whether individuals engaged in physical activity at least once per week (23). Fasting blood samples were collected from all participants to measure the following biochemical parameters: alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), hemoglobin A1c (HbA1c), fasting plasma glucose (FPG), HDL-C, TG, and TC.

According to established methodologies, TCBI was calculated using the following formula: TCBI = TG (mg/dL) × TC (mg/dL) × BW (kg)/1,000 (15).



MASLD diagnosis

Metabolic dysfunction-associated steatotic liver disease was defined based on the multi-society Delphi consensus criteria developed by the American Association for the Study of Liver Diseases (25). Hepatic steatosis was diagnosed using abdominal ultrasonography conducted by trained technicians, with independent confirmation provided by two gastroenterologists (26). The diagnosis of MASLD requires meeting all of the following criteria: (1) absence of significant alcohol consumption (ethanol intake ≥ 210 g/week for men or ≥140 g/week for women); (2) presence of hepatic steatosis; and (3) presence of at least one of the following five cardiometabolic risk factors: TG ≥ 150 mg/dL or use of lipid-lowering therapy; HDL-C ≤ 40 mg/dL for men and ≤50 mg/dL for women or use of lipid-lowering therapy; FPG ≥ 100 mg/dL or HbA1c ≥ 5.7%, or history of T2DM; BMI ≥ 23.0 kg/m2 (using Asian-specific cutoffs) or WC > 94.0 cm for men and >80.0 cm for women; and BP ≥ 130/85 mmHg or use of antihypertensive therapy.



Statistical analysis

Baseline characteristics were summarized as follows: continuous variables with normal distribution were presented as mean ± standard deviation (SD), skewed variables as median (interquartile range), and categorical variables as frequency (percentage). Normality was assessed using histograms, probability-probability (P-P) plots, and the Kolmogorov-Smirnov test. Due to its skewed distribution, the TCBI variable was natural log-transformed to approximate a normal distribution, and the resulting transformed variable, referred to as TCBI-LN, was utilized in subsequent statistical analyses (Figure 2). Participants were categorized into quartiles based on TCBI-LN cutoffs to enable systematic comparison of baseline characteristics across these strata [TCBI-LN quartiles: Quartile 1 (≤6.08), Quartile 2 (6.09–6.60), Quartile 3 (6.61–7.15), Quartile 4 (>7.15)]. Continuous variables were compared using one-way ANOVA or the Kruskal-Wallis H test, depending on the homogeneity of variance and normality; categorical variables were analyzed using the chi-square test or Fisher’s exact test. To assess the correlation between baseline parameters and TCBI, Pearson correlation coefficients were calculated.
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FIGURE 2
Distribution characteristics of TCBI and TCBI-LN. (a) Histogram of TCBI. (b) Normal P-P plot of TCBI. (c) Histogram of TCBI-LN. (d) Normal P-P plot of TCBI-LN.


Multivariate logistic regression analyses were conducted to evaluate the association between TCBI and the risk of MASLD, with results expressed as odds ratios (OR) per unit increase and their corresponding 95% confidence intervals (CI). Both crude and adjusted models were constructed to account for potential confounding variables: Model 1 was crude; Model 2 adjusted for sex and age; Model 3 further adjusted for exercise habits, alcohol consumption, smoking status, BMI, and WC; Model 4 additionally adjusted for ALT, AST, GGT, HDL-C, HbA1c, FPG, systolic blood pressure (SBP), and diastolic blood pressure (DBP). A trend test was performed to evaluate dose-response relationships across quartiles of TCBI-LN. In addition, restricted cubic splines (RCS) were used to visualize the potential non-linear relationship between TCBI and MASLD prevalence. Stratified logistic regression analyses were carried out according to sex, WC, age, BMI (18.5–23.0 kg/m2 vs. <18.5 or ≥23.0 kg/m2), physical activity, alcohol consumption, smoking status, and hypertension status to explore the association between TCBI and MASLD within different subgroups. Finally, receiver operating characteristic (ROC) curves and the area under the curve (AUC) were generated to evaluate the predictive performance of TCBI for MASLD risk. A post hoc power analysis was performed using G*Power 3.1 software, which confirmed that the present sample size provided >99% power to detect the observed association (OR = 2.69 for TCBI-LN) at a significance level of α = 0.05, indicating sufficient statistical power.

All statistical analyses and graphical presentations were performed using SPSS version 27.0 (IBM Corporation, USA) and R version 4.4.2. A two-sided p-value < 0.05 was considered statistically significant.




Results


Baseline characteristics

As presented in Table 1, a total of 14,242 participants, with a mean age of 43.53 ± 8.89 years and 48.03% female, were categorized into four groups based on TCBI-LN, the natural logarithm of TCBI. Comparative analysis across groups demonstrated statistically significant differences in all measured variables (all P < 0.05). With ascending TCBI-LN quartiles, there were progressive increases in age, BMI, BW, WC, ALT, AST, GGT, TC, TG, HbA1c, FPG, SBP, and DBP, while HDL-C levels showed a consistent decline. Additionally, the proportions of women, individuals engaging in regular exercise, non-drinkers, and never-smokers were lower in the higher TCBI-LN quartiles. Notably, participants with MASLD exhibited significantly higher TCBI-LN values compared to those without MASLD; Furthermore, the prevalence of MASLD increased progressively from Quartile 1 to Quartile 4 (Figure 3).


TABLE 1 Baseline characteristics of participants across TCBI-LN quartiles.


	Variables
	Overall
	TCBI-LN quartiles



	
	
	Quartile 1
	Quartile 2
	Quartile 3
	Quartile 4
	P





	N
	14242
	3561
	3560
	3561
	3560
	



	Age (year)
	43.53 ± 8.89
	39.98 ± 8.17
	43.46 ± 8.77
	45.33 ± 8.97
	45.37 ± 8.55
	<0.001



	Sex (female)
	6840 (48.03%)
	2840 (79.75%)
	2053 (57.67%)
	1326 (37.25%)
	621 (17.44%)
	<0.001



	BMI (kg/m2)
	22.06 ± 3.14
	19.92 ± 2.14
	21.14 ± 2.42
	22.58 ± 2.65
	24.62 ± 3.10
	<0.001



	BW (kg)
	60.26 ± 11.61
	51.83 ± 7.65
	56.77 ± 9.01
	62.23 ± 9.63
	70.20 ± 11.00
	<0.001



	WC (cm)
	76.18 ± 9.10
	69.50 ± 6.46
	73.29 ± 7.29
	77.91 ± 7.51
	84.03 ± 7.89
	<0.001



	ALT (IU/L)
	16.00 (12.00, 23.00)
	13.00 (11.00, 17.00)
	15.00 (12.00,19.00)
	17.00 (14.00, 23.00)
	23.00 (17.00,33.00)
	<0.001



	AST (IU/L)
	17.00 (14.00, 21.00)
	16.00 (13.00, 19.00)
	16.00 (14.00,20.00)
	17.00 (14.00, 21.00)
	19.00 (16.00,24.00)
	<0.001



	GGT (IU/L)
	15.00 (11.00, 21.00)
	12.00 (10.00, 14.00)
	13.00 (10.00,17.00)
	16.00 (12.00, 22.00)
	22.00 (16.00,32.00)
	<0.001



	HDL-C (mg/dL)
	56.46 ± 15.48
	64.37 ± 14.56
	61.18 ± 14.91
	54.91 ± 14.03
	45.37 ± 10.83
	<0.001



	TC (mg/dL)
	198.14 ± 33.57
	174.83 ± 26.24
	192.44 ± 27.96
	204.60 ± 29.18
	220.70 ± 32.56
	<0.001



	TG (mg/dL)
	64.00 (43.00, 97.00)
	34.00 (27.00, 40.00)
	53.00 (46.75,61.00)
	77.00 (67.00, 89.00)
	132.00 (108.00,169.00)
	<0.001



	HbA1c (%)
	5.18 ± 0.32
	5.12 ± 0.30
	5.15 ± 0.31
	5.20 ± 0.32
	5.24 ± 0.34
	<0.001



	FPG (mg/dL)
	92.73 ± 7.42
	88.87 ± 6.74
	91.49 ± 7.15
	94.04 ± 6.86
	96.51 ± 6.63
	<0.001



	SBP (mmHg)
	113.93 ± 14.82
	106.73 ± 12.50
	111.16 ± 13.42
	116.19 ± 14.22
	121.64 ± 14.70
	<0.001



	DBP (mmHg)
	71.12 ± 10.38
	65.81 ± 8.75
	69.14 ± 9.36
	72.77 ± 9.93
	76.76 ± 10.09
	<0.001



	Exercise
	
	0.003



	No
	11774 (82.67%)
	2961 (83.15%)
	2876 (80.79%)
	2943 (82.67%)
	2994 (84.08%)



	Yes
	2468 (17.33%)
	600 (16.85%)
	684 (19.21%)
	617 (17.33%)
	567 (15.92%)



	Drinking
	
	<0.001



	None
	11802 (82.87%)
	3231 (90.73%)
	2985 (83.85%)
	2865 (80.48%)
	2721 (76.41%)



	Light
	1754 (12.32%)
	279 (7.83%)
	441 (12.39%)
	491 (13.79%)
	543 (15.25%)



	Moderate
	686 (4.82%)
	51 (1.43%)
	134 (3.76%)
	204 (5.73%)
	297 (8.34%)



	Smoking
	
	<0.001



	Never
	8742 (61.38%)
	2852 (80.09%)
	2450 (68.82%)
	1948 (54.72%)
	1492 (41.90%)



	Past
	2556 (17.95%)
	361 (10.14%)
	535 (15.03%)
	760 (21.35%)
	900 (25.27%)



	Current
	2944 (20.67%)
	348 (9.77%)
	575 (16.15%)
	852 (23.93%)
	1169 (32.83%)



	MASLD
	2333 (16.38%)
	45 (1.26%)
	160 (4.49%)
	558 (15.67%)
	1570 (44.09%)
	<0.001







[image: Violin plot (a) and bar chart (b) comparison. In (a), TCBI and TCBI-LN values for MASLD show higher variability compared to non-MASLD. In (b), the percentage of MASLD and non-MASLD across four TCBI-LN quartiles is illustrated, showing more MASLD cases in higher quartiles.]
FIGURE 3
(a) Distribution of TCBI and TCBI-LN according to MASLD status; (b) Prevalence of MASLD across TCBI-LN quartiles by diagnostic category.




Correlation analysis

Pearson correlation analysis was conducted to assess the associations between TCBI-LN and various metabolic and anthropometric parameters. TCBI-LN showed statistically significant correlations with all analyzed variables (all P < 0.001). TG exhibited the strongest positive correlation with TCBI-LN compared to other parameters (r = 0.86 for TG; r = 0.61 for BW; r = 0.61 for WC; r = 0.58 for BMI; r = 0.53 for TC; r = 0.41 for DBP; r = 0.40 for FPG; r = 0.39 for SBP; r = 0.37 for GGT; r = 0.36 for ALT; r = 0.22 for age; r = 0.19 for AST; r = 0.15 for HbA1c), with the exception of HDL-C (r = −0.47) (Supplementary Table 1). The correlation heatmap further illustrated a consistent pattern of metabolic disturbances and highlighted strong interrelationships among key components of metabolic syndrome and hepatic function markers associated with elevated TCBI-LN levels (Figure 4).


[image: Correlation heatmap displaying relationships among thirteen health parameters, including TCBI-LN, TG, GGT, HDL-C, TC, ALT, AST, BW, BMI, WC, AGE, HbA1c, FPG, SBP, and DBP. Values range from -1.0 to 1.0, shown in a gradient from blue (negative correlation) to red (positive correlation). The matrix highlights strong positive correlations, such as between BW and BMI, and weaker or negative correlations, visualized in blue.]
FIGURE 4
Correlation heatmap illustrating the relationships between TCBI-LN and baseline characteristics.




Association between TCBI and MASLD

Multivariable logistic regression models were employed to investigate the association between TCBI and MASLD (Table 2). In the crude model (Model 1), each 1-unit increase in TCBI-LN was associated with a 6.36-fold higher likelihood of MASLD prevalence (OR = 7.36, 95% CI: 6.77–8.01, P < 0.001). This positive association remained statistically significant across progressively adjusted models: Model 2 (adjusted for sex and age), Model 3 (Model 2 plus exercise, alcohol consumption, smoking status, BMI, and WC), and Model 4 (Model 3 plus ALT, AST, GGT, HDL-C, TC, TG, HbA1c, FPG, SBP, and DBP). After full adjustment in Model 4, each 1-unit increase in TCBI-LN was associated with a 1.69-fold elevated risk of MASLD (OR = 2.69, 95% CI: 2.00–3.64, P < 0.001). When TCBI-LN was analyzed as a categorical variable by quartiles, using the lowest quartile (Quartile 1) as the reference group, the Quartile 2, Quartile 3, and Quartile 4 groups exhibited significantly higher MASLD prevalence by 0.52-fold (OR = 1.52, 95% CI: 1.05–2.20, P < 0.05), 1.35-fold (OR = 2.35, 95% CI: 1.64–3.37, P < 0.001), and 1.91-fold (OR = 2.91, 95% CI: 1.94–4.35, P < 0.001) (P for trend < 0.001) respectively. RCS curve fitting analysis was conducted to explore the dose-response relationship between TCBI and the prevalence of MASLD, revealing a linear increase in MASLD risk with increasing TCBI levels (overall P < 0.001; P for non-linear = 0.086) (Figure 5).


TABLE 2 Multivariate logistic regression analyses for the association between TCBI and MASLD.


	Variables
	Model 1
	Model 2
	Model 3
	Model 4



	
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)





	TCBI-LN
	7.36 (6.77, 8.01)***
	6.49 (5.94, 7.10)***
	3.04 (2.75, 3.37)***
	2.69 (2.00, 3.64)***



	TCBI-LN quartiles



	Quartile 1
	1.00 (reference)
	1.00 (reference)
	1.00 (reference)
	1.00 (reference)



	Quartile 2
	3.68 (2.63, 5.14)***
	3.19 (2.28, 4.47)***
	1.72 (1.22, 2.45)**
	1.52 (1.05, 2.20)*



	Quartile 3
	14.52 (10.67, 19.75)***
	11.28 (8.24, 15.45)***
	3.58 (2.59, 4.97)***
	2.35 (1.64, 3.37)***



	Quartile 4
	61.64 (45.60, 83.32)***
	43.48 (31.85, 59.35)***
	7.90 (5.71, 10.94)***
	2.91 (1.94, 4.35)***



	P for trend
	<0.001
	<0.001
	<0.001
	<0.001






Model 1: crude model. Model 2: adjust: sex, age. Model 3: adjust: sex, exercise, drinking, smoking, age, BMI, WC. Model 4: adjust: sex, exercise, drinking, smoking, age, BMI, WC, ALT, AST, GGT, HDL-C, TC, TG, HbA1c, FPG, SBP, DBP. OR, odds ratio; CI, confidence interval; TCBI-LN, log-transformed TCBI.

*P < 0.05;

**P < 0.01;

***P < 0.001.





[image: Line graph showing the relationship between TCBI-LN values (x-axis) and odds ratio with a confidence interval (y-axis). The red line indicates a positive trend, increasing sharply after 6. Shaded red area represents the 95% confidence interval with statistical significance noted: overall p-value is less than 0.001, nonlinearity p-value is 0.086. A dashed horizontal line at odds ratio 1 is also featured.]
FIGURE 5
Linear association between TCBI and MASLD after adjusting for sex, exercise, drinking, smoking, age, BMI, WC, ALT, AST, GGT, HDL-C, TC, TG, HbA1c, FPG, SBP, and DBP.




Subgroup analyses by adjusted potential effect confounders

The robustness of the association between TCBI and MASLD was further examined through several subgroup and interaction analyses. As shown in Figure 6, the relationship between TCBI-LN and MASLD remained consistent across subgroups defined by sex (male or female), exercise (no or yes), drinking status (none or light/moderate), smoking status (never or past/current), presence of SBP ≥ 140 mmHg or DBP ≥ 90 mmHg (no or yes), and age ≥ 50 years (no or yes). In contrast, significant interaction effects were observed for both BMI and WC (P for interaction < 0.01). Specifically, the positive association was more pronounced among individuals with normal WC (OR = 2.85, 95% CI: 2.01–4.05) and those who were underweight or overweight/obese (OR = 3.05, 95% CI: 2.13–4.37).


[image: Forest plot showing odds ratios (OR) and 95% confidence intervals (CI) for various risk factors. Variables include sex, waist circumference, exercise, drinking, smoking, blood pressure, BMI, and age. P-values for interaction are listed, indicating significance. For example, exercise shows a significant result with OR of 8.08 (3.85-16.95) and P < 0.001. The plot highlights the variability in associations across different factors.]
FIGURE 6
Subgroup analyses of potential effect modifiers on the association between TCBI and MASLD.




Evaluate the accuracy of TCBI in identifying MASLD

Receiver operating characteristic analysis was used to evaluate the predictive value of TCBI-LN in MASLD risk stratification according to BMI status (Figure 7 and Supplementary Table 2). Notably, in individuals with normal BMI, the predictive performance of TCBI-LN (AUC = 0.810, 95% CI: 0.786–0.833) was superior to that of individual conventional metrics, including TG (AUC = 0.798, 95% CI: 0.774–0.823), WC (AUC = 0.791, 95% CI: 0.770–0.811), HDL-C (AUC = 0.753, 95% CI: 0.726–0.780), BMI (AUC = 0.745, 95% CI: 0.721–0.768), and TC (AUC = 0.643, 95% CI: 0.613–0.673). In contrast, among individuals who were underweight, overweight, or obese, the predictive performance of TCBI-LN (AUC = 0.811, 95% CI: 0.801–0.822) was comparable to that of WC (AUC = 0.814, 95% CI: 0.803–0.824).


[image: Four-panel graphic showing ROC curves and AUC values related to BMI categories. Panel (a) depicts ROC curves for BMI between 18.5 and 23, with an accompanying legend. Panel (b) displays a bar chart of AUC values with confidence intervals for the same BMI category. Panel (c) illustrates ROC curves for BMI less than 18.5 or equal to or greater than 23. Panel (d) presents AUC values for this BMI range. Each curve and bar represents different health indicators: BMI, WC, TC, TG, TCBI-LN, and HDL-C.]
FIGURE 7
Diagnostic accuracy of TCBI for MASLD risk stratification across BMI categories. (a) ROC curves for BMI 18.5–23. (b) AUC values for BMI 18.5–23. (c) ROC curves for BMI < 18.5 or ≥ 23. (d) AUC values for BMI < 18.5 or ≥ 23.





Discussion

This study, based on the East Asian population dwelling in the Gifu area of Japan, is the first to reveal the independent and positive association between TCBI and the risk of MASLD. Our data show that the association between TCBI and MASLD is nearly robust whether TCBI is treated as a continuous or categorical variable, regardless of whether in the crude or the fully adjusted model. In addition, the trend analysis and RCS curves indicate that the relationship between TCBI and MASLD is not only potentially linear but also dose-response. It is to be note that a higher TCBI indicates a higher risk of MASLD in individuals with abnormal BMI while shows better predictive value in those with normal BMI, suggesting that TCBI may be particularly applicable to identify one latent MASLD individual with the normal BMI but abnormal metabolism condition.

Triglyceride-cholesterol-body weight index, one composite indicator integrating TG, TC and BW, involves lipid metabolism disorder and energy surplus which are the core pathogenic factors of MASLD (27). Correlation analysis suggests that TCBI has the strongest correlation with TG (r = 0.86, P < 0.001), followed by BW and WC (r = 0.61, P < 0.001), and is negatively correlated to HDL-C (r = −0.47, P < 0.001). This correlation pattern accords with the pathophysiologic core of MASLD that elevated TG indicating the dysregulation of synthesis and transport of lipid in liver, abnormal TC revealing the disorder of cholesterol metabolism, and elevated BW directly related to excessive fat accumulation (28). Besides, the multiplication form of TCBI in part amplifies the synergistic effect between lipid and obesity, more able to reflect the cumulative load of multiple-hits hypothesis compared to the single factor.

Our analysis reveals a robust, dose-response association between TCBI and MASLD that was consistent across various model specifications and extensive covariate adjustments. This robust statistical association is mechanistically grounded in the TCBI formula itself, which integrates triglycerides (reflecting hepatic lipo-toxicity), total cholesterol (indicating cholesterol metabolic homeostasis), and body weight (a proxy for energy surplus and adiposity). Collectively, these components point directly to the core pathophysiological pathways of MASLD: lipo-toxicity, IR, and the associated chronic inflammatory state (29, 30). While our dataset lacks direct inflammatory biomarkers, the metabolic disturbances quantified by TCBI are well-established drivers of a pro-inflammatory state. Therefore, TCBI appears to serve as an integrative marker of the synergistic metabolic insults that contributes to the “multiple hits” hypothesis of MASLD.

Several previous studies had investigated the predictive value of TCBI in other organ systems and found that TCBI was negatively associated with stroke-associated adverse outcomes (21, 31), cognitive impairment (22), hypertension-associated stroke (20), and prognosis of cardiovascular diseases (32–34). These findings indicate that nutritional energy reserve faces great challenge when the body suffers external (such as trauma) or internal (such as aging) stressors. That is to say, nutrition state reflected by high TCBI might to predict metabolic dysregulation in normal homeostasis; in contrast, it might to indicate anti-stress capacity of the body in dysregulated homeostasis (35).

In addition, subgroup analyses revealed variations in the strength of the association between TCBI and MASLD across BMI and WC categories. The association was significantly stronger among individuals with abnormal BMI (defined as <18.5 or ≥23.0 kg/m2), where each unit increase in TCBI was associated with a substantially higher risk of MASLD (OR = 3.05, 95% CI: 2.13–4.37), compared to those with normal BMI (OR = 1.80, 95% CI: 1.04–3.10). A similar pattern was observed in individuals with normal WC (OR = 2.85, 95% CI: 2.01–4.05). In contrast, the association was attenuated and did not reach statistical significance in the abdominal obesity subgroup (OR = 1.77, 95% CI: 0.96–3.26). The distinct patterns of association between TCBI and MASLD across BMI and WC subgroups can be interpreted through the interplay of lipid metabolism, IR, and inflammation. In individuals with abnormal BMI, the stronger association may stem from a synergistic amplification between the lipid abnormalities captured by TCBI and the more severe IR typically present in this group, which collectively accelerate hepatic steatosis and injury (36, 37). Conversely, in participants with abdominal obesity, the association was attenuated. This may be because in such individuals, MASLD risk is predominantly driven by visceral adipose tissue-derived inflammation, which might partially overshadow the contribution of circulating lipids as reflected by TCBI (38, 39). The robust association observed in those with normal WC further affirms TCBI’s ability to detect early metabolic dysregulation even in the absence of overt central obesity, highlighting its clinical relevance for identifying metabolically unhealthy individuals with normal adiposity distribution.

Furthermore, our ROC analysis demonstrated that TCBI had better predictive power for MASLD than traditional single parameters like BMI, WC, TG, or HDL-C among individuals with normal BMI. Collectively, our findings position TCBI as a unique tool for risk stratification. Its particular value lies in identifying high-risk individuals with normal BMI but disturbed lipid metabolism, consequently demonstrating the power of a composite index to capture multifaceted metabolic dysfunction that single metrics may miss. From a clinical perspective, the computational simplicity of TCBI, derived from routine laboratory and anthropometric data, positions it as a potential first-line screening tool for MASLD risk stratification, particularly in primary care. Its clinical utility may be most pronounced in identifying individuals with normal BMI yet elevated metabolic risk. In such cases, an elevated TCBI could serve as an indicator for referral to more definitive, albeit costlier, diagnostic procedures such as liver ultrasonography or vibration-controlled transient elastography. This approach could enhance the detection of the lean MASLD phenotype, facilitating earlier intervention.


Study strengths and limitations

The primary strength of this study lies in being the first to investigate the association between TCBI and MASLD, uncovering a novel positive linear relationship. Comprehensive statistical adjustments were performed to account for multiple confounding factors, including anthropometric, lifestyle, and biochemical variables. Furthermore, the large sample size enhances the robustness and reliability of the findings.

However, several limitations should be acknowledged when interpreting these results. First and foremost, the cross-sectional design of this study inherently precludes causal inference. Although we observed a robust association between TCBI and MASLD after extensive adjustment for confounders, this finding should be interpreted as identifying a significant risk indicator rather than proving causation. In future, prospective longitudinal studies are essential to verify the temporal sequence and any potential causal link. Furthermore, the design cannot rule out the possibility of reverse causality, whereby pre-existing MASLD could exacerbate dyslipidemia and metabolic dysregulation, thereby influencing the components of TCBI. This potential bidirectional relationship also warrants clarification in future prospective longitudinal studies. Second, the external validity of our findings requires further investigation. Our results were derived from a single, ethnically homogeneous Japanese cohort and lack validation in an independent external cohort. This may limit the generalizability of our findings to other populations. Future studies involving multi-ethnic and geographically diverse cohorts are necessary to validate the association and predictive performance of TCBI for MASLD. Third, our findings are derived from a cohort that excluded individuals with diabetes at baseline. Thus, our study population does not represent the full spectrum of MASLD, it may result in an underestimation of the overall MASLD risk in the general population and limits the generalizability of our results to populations that include diabetic individuals. Fourth, although we adjusted for major known confounding factors, residual confounding due to unmeasured variables–such as dietary patterns, gut microbiota composition, and genetic background–cannot be ruled out and may affect the interpretation of our findings. Fifth, we acknowledge a potential for circularity because TG and BW are used both to calculate the TCBI and as components of the MASLD diagnostic criteria. This overlap may inflate the strength of the observed association. Therefore, TCBI is best viewed as a practical integrator of these core metabolic risk factors rather than as a completely independent predictor. Finally, TCBI was assessed only at baseline, which limits our ability to evaluate its dynamic changes over time in relation to MASLD development.




Conclusion

In conclusion, TCBI demonstrates a significant and linear positive association with MASLD risk. As an easily accessible composite index, it shows strong potential for integration into clinical practice to identify high-risk individuals, especially those with normal BMI but underlying metabolic dysfunction, thereby facilitating targeted prevention and early intervention strategies.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: The raw data can be accessed at: https://doi.org/10.5061/dryad.8q0p192.



Ethics statement

The study was approved by the ethics committee of Murakami Memorial Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

LF: Writing – review & editing, Writing – original draft. YkS: Writing – review & editing, Formal analysis, Conceptualization, Supervision. YC: Writing – review & editing. LX: Writing – review & editing. HH: Writing – review & editing. CL: Writing – review & editing. JP: Writing – review & editing. YS: Writing – review & editing. MJ: Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We would like to express our sincere gratitude to Takuro Okamura and his team for providing the data support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1698297/full#supplementary-material



Abbreviations

ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUC, area under the curve; BMI, body mass index; BP, blood pressure; BW, body weight; CI, confidence interval; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GGT, gamma-glutamyl transferase; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; IR, insulin resistance; MASLD, metabolic dysfunction-associated steatotic liver disease; OR, odds ratios; RCS, restricted cubic splines; ROC, receiver operating characteristic; SBP, systolic blood pressure; SD, standard deviation; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TCBI, triglyceride-cholesterol-body weight index; TCBI-LN, log-transformed TCBI; TG, triglycerides; WC, waist circumference.



Footnotes


1      https://doi.org/10.5061/dryad.8q0p192



References

	1. Targher G, Valenti L, Byrne C. Metabolic dysfunction-associated steatotic liver disease. N Engl J Med. (2025) 393:683–98. doi: 10.1056/NEJMra2412865

	2. Younossi Z, Kalligeros M, Henry L. Epidemiology of metabolic dysfunction-associated steatotic liver disease. Clin Mol Hepatol. (2024) 31:S32–50. doi: 10.3350/cmh.2024.0431

	3. Wong V, Ekstedt M, Wong G, Hagström H. Changing epidemiology, global trends and implications for outcomes of Nafld. J Hepatol. (2023) 79:842–52. doi: 10.1016/j.jhep.2023.04.036

	4. Younossi Z, Golabi P, Paik J, Henry A, Van Dongen C, Henry L. the global epidemiology of nonalcoholic fatty liver disease (Nafld) and nonalcoholic steatohepatitis (Nash): a systematic review. Hepatology. (2023) 77:1335–47. doi: 10.1097/hep.0000000000000004

	5. Israelsen M, Francque S, Tsochatzis E, Krag A. Steatotic liver disease. Lancet. (2024) 404:1761–78. doi: 10.1016/S0140-673601811-7

	6. Paik J, Kabbara K, Eberly K, Younossi Y, Henry L, Younossi Z. Global burden of Nafld and chronic liver disease among adolescents and young adults. Hepatology. (2022) 75:1204–17. doi: 10.1002/hep.32228

	7. Le M, Yeo Y, Zou B, Barnet S, Henry L, Cheung R, et al. Forecasted 2040 global prevalence of nonalcoholic fatty liver disease using hierarchical bayesian approach. Clin Mol Hepatol. (2022) 28:841–50. doi: 10.3350/cmh.2022.0239

	8. Targher G, Byrne C, Tilg H. Masld: a systemic metabolic disorder with cardiovascular and malignant complications. Gut. (2024) 73:691–702. doi: 10.1136/gutjnl-2023-330595

	9. Yang Z, Zhao J, Xie K, Tang C, Gan C, Gao J. Masld development: from molecular pathogenesis toward therapeutic strategies. Chin Med J. (2025) 138:1807–24. doi: 10.1097/CM9.0000000000003629

	10. Bilson J, Mantovani A, Byrne C, Targher G. Steatotic liver disease, masld and risk of chronic kidney disease. Diabetes Metab. (2024) 50:101506. doi: 10.1016/j.diabet.2023.101506

	11. Targher G, Corey K, Byrne C, Roden M. The complex link between Nafld and type 2 diabetes mellitus - mechanisms and treatments. Nat Rev Gastroenterol Hepatol. (2021) 18:599–612. doi: 10.1038/s41575-021-00448-y

	12. Ren H, Hu M, Yan Y, Cheng M, Yang C, Yuan G, et al. Association of the metabolic dysfunction-associated steatotic liver disease with cardiovascular and kidney disease in patients with type 2 diabetes mellitus: a cross-sectional study. Diabetes Res Clin Pract. (2025) 28:112927. doi: 10.1016/j.diabres.2025.112927

	13. Stefan N, Yki-Järvinen H, Neuschwander-Tetri B. Metabolic dysfunction-associated steatotic liver disease: heterogeneous pathomechanisms and effectiveness of metabolism-based treatment. Lancet Diabetes Endocrinol. (2024) 13:134–48. doi: 10.1016/S2213-858700318-8

	14. Prillaman M. Why BMI is flawed – and how to redefine obesity. Nature. (2023) 622:232–3. doi: 10.1038/d41586-023-03143-x

	15. Doi S, Iwata H, Wada H, Funamizu T, Shitara J, Endo H, et al. A novel and simply calculated nutritional index serves as a useful prognostic indicator in patients with coronary artery disease. Int J Cardiol. (2018) 262:92–8. doi: 10.1016/j.ijcard.2018.02.039

	16. Friedman S, Neuschwander-Tetri B, Rinella M, Sanyal A. Mechanisms of Nafld development and therapeutic strategies. Nat Med. (2018) 24:908–22. doi: 10.1038/s41591-018-0104-9

	17. Steinberg G, Valvano C, De Nardo W, Watt M. Integrative metabolism in Masld and Mash: pathophysiology and emerging mechanisms. J Hepatol. (2025) 83:584–95. doi: 10.1016/j.jhep.2025.02.033

	18. Ishiwata S, Yatsu S, Kasai T, Sato A, Matsumoto H, Shitara J, et al. Prognostic effect of a novel simply calculated nutritional index in acute decompensated heart failure. Nutrients. (2020) 12:3311. doi: 10.3390/nu12113311

	19. Minami-Takano A, Iwata H, Miyosawa K, Kubota K, Kimura A, Osawa S, et al. A novel nutritional index serves as a useful prognostic indicator in cardiac critical patients requiring mechanical circulatory support. Nutrients. (2019) 11:1420. doi: 10.3390/nu11061420

	20. Shi Y, Wang X, Yu C, Zhou W, Wang T, Zhu L, et al. Association of a novel nutritional index with stroke in Chinese population with hypertension: insight from the China H-type hypertension registry study. Front Nutr. (2023) 10:997180. doi: 10.3389/fnut.2023.997180

	21. Zhang G, Pan Y, Zhang R, Wang M, Meng X, Li Z, et al. A novel nutritional index and adverse outcomes in ischemic stroke: results from the third China national stroke registry. Nutr Metab Cardiovasc Dis. (2022) 32:1477–84. doi: 10.1016/j.numecd.2022.02.015

	22. Liu G, Zhang J. Association of a novel nutritional index with cognitive impairment in middle-aged and elderly Chinese adults: a cross-sectional analysis from the China health and retirement longitudinal study. Front Nutr. (2025) 12:1486917. doi: 10.3389/fnut.2025.1486917

	23. Okamura T, Hashimoto Y, Hamaguchi M, Obora A, Kojima T, Fukui M. Ectopic fat obesity presents the greatest risk for incident type 2 diabetes: a population-based longitudinal study. Int J Obes. (2019) 43:139–48. doi: 10.1038/s41366-018-0076-3

	24. Hashimoto Y, Hamaguchi M, Kojima T, Ohshima Y, Ohbora A, Kato T, et al. Modest alcohol consumption reduces the incidence of fatty liver in men: a population-based large-scale cohort study. J Gastroenterol Hepatol. (2015) 30:546–52. doi: 10.1111/jgh.12786

	25. Rinella M, Lazarus J, Ratziu V, Francque S, Sanyal A, Kanwal F, et al. A multisociety delphi consensus statement on new fatty liver disease nomenclature. J Hepatol. (2023) 79:1542–56. doi: 10.1016/j.jhep.2023.06.003

	26. Vianna P, Mehrbod P, Chaudhary M, Eickenberg M, Wolf G, Belilovsky E, et al. Unsupervised test-time adaptation for hepatic steatosis grading using ultrasound b-mode images. IEEE Trans Ultrason Ferroelectr Freq Control. (2025) 72:601–11. doi: 10.1109/tuffc.2025.3555180

	27. Sawada K, Chung H, Softic S, Moreno-Fernandez M, Divanovic S. The bidirectional immune crosstalk in metabolic dysfunction-associated steatotic liver disease. Cell Metab. (2023) 35:1852–71. doi: 10.1016/j.cmet.2023.10.009

	28. Syed-Abdul M. Lipid metabolism in metabolic-associated steatotic liver disease (Masld). Metabolites. (2023) 14:12. doi: 10.3390/metabo14010012

	29. Iturbe-Rey S, Maccali C, Arrese M, Aspichueta P, Oliveira C, Castro R, et al. Lipotoxicity-driven metabolic dysfunction-associated steatotic liver disease (Masld). Atherosclerosis. (2025) 400:119053. doi: 10.1016/j.atherosclerosis.2024.119053

	30. Bansal S, Bansal M. Pathogenesis of Masld and Mash –role of insulin resistance and lipotoxicity. Aliment Pharmacol Ther. (2024) 59:S10–22. doi: 10.1111/apt.17930

	31. Liu Y, Chen Y, Zhi Z, Wang P, Wang M, Li Q, et al. Association between TCBI (triglycerides, total cholesterol, and body weight index) and stroke-associated pneumonia in acute ischemic stroke patients. Clin Interv Aging. (2024) 19:1091–101. doi: 10.2147/cia.S467577

	32. Shao X, Zhang H, Xu Z, Lang X. Prognostic value of TCBI for short-term outcomes in atad patients undergoing surgery. Gen Thorac Cardiovasc Surg. (2023) 71:685–91. doi: 10.1007/s11748-023-01949-0

	33. Hao W, Cheng C, Cheng T. Addressing the alarming link between nonalcoholic fatty liver disease and cardiovascular mortality in men. World J Cardiol. (2024) 16:502–7. doi: 10.4330/wjc.v16.i9.502

	34. Batta A, Hatwal J. Excess cardiovascular mortality in men with non-alcoholic fatty liver disease: a cause for concern! World J Cardiol. (2024) 16:380–4. doi: 10.4330/wjc.v16.i7.380

	35. Lee B, Ordovás J, Parks E, Anderson C, Barabási A, Clinton S, et al. Research gaps and opportunities in precision nutrition: an NIH workshop report. Am J Clin Nutr. (2022) 116:1877–900. doi: 10.1093/ajcn/nqac237

	36. Petrie E, Gray M, Bril F. Metabolic characteristics of patients with metald: caveats of a new definition. Liver Int. (2024) 44:2929–38. doi: 10.1111/liv.16034

	37. Kahl S, Straßburger K, Pacini G, Trinks N, Pafili K, Mastrototaro L, et al. Dysglycemia and liver lipid content determine the relationship of insulin resistance with hepatic oxphos capacity in obesity. J Hepatol. (2025) 82:417–26. doi: 10.1016/j.jhep.2024.08.012

	38. Xiang M, Tian X, Wang H, Gan P, Zhang Q. Inappropriate diet exacerbates metabolic dysfunction-associated steatotic liver disease via abdominal obesity. Nutrients. (2024) 16:4208. doi: 10.3390/nu16234208

	39. Estefes-Duarte J, Espinosa-Sánchez A, Pérez-Hernández N, Ortiz M, Fernández-Martínez E. Mechanisms of bioactive lipids to modulate master regulators of lipid homeostasis and inflammation in metabolic syndrome. Curr Pharm Biotechnol. (2024) 26:1755–76. doi: 10.2174/0113892010340506241014112341




Copyright
 © 2025 Fan, Su, Chen, Xu, Huang, Lu, Peng, Sun and Jia. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
©

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Triglyceride-cholesterol-body weight index associated with the risk of metabolic dysfunction-associated steatotic liver disease: a population-based cross-sectional study



		Introduction



		Materials and methods



		Data source and study participants



		Data collection and measurements



		MASLD diagnosis



		Statistical analysis







		Results



		Baseline characteristics



		Correlation analysis



		Association between TCBI and MASLD



		Subgroup analyses by adjusted potential effect confounders



		Evaluate the accuracy of TCBI in identifying MASLD







		Discussion



		Study strengths and limitations







		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References

















OPS/images/fnut-12-1698297-g006.jpg
=50

Variables OR (95%CI) P for interaction
All patients 2.69 (2.00 ~ 3.64) i —.
~ E 0303
male 2.51 (1.75 ~ 3.59) i ——i
female 2.94 (1.64 ~ 5.26) o
WC =90cm(M)/80cm(F) | <001
no 2.85 (2.01 ~ 4.05) i
yes 1.77 (0.96 ~ 3.26) —
Exercise . 03953
no 2.18 (1.55 ~ 3.05) C —e—
yes 8.08 (3.85 ~ 16.95) i
Drinking i 0.390
none 2.78 (2.00 ~ 3.88) .
light/moderate 2.05 (0.98 ~ 4.28) %:
Smoking | 0575
never 2.60 (1.69 ~ 3.99) i
past/current 2.74 (1.77 ~ 4.25) i
SBP = 140mmHg/DBP =90mmHg | 0370
no 2.66 (1.91 ~ 3.71) i ——
yes 0.98 (0.31 ~ 3.08) . |
BMI(kg/m’) i .
18.5-23 1.80 (1.04 ~ 3.10) B
<18.5/=23 3.05 (2.13 ~ 4.37) |
Age(year) i 0.088
<50 2.69 (1.87 ~ 3.88)

;

1

2.24 (1.31 ~ 3.83)






OPS/images/cover.jpg
, frontiers ‘ Frontiers in Nutrition

Triglyceride-cholesterol-body
weight index associated with
the risk of metabolic
dysfunction-
associated steatotic liver
disease: a population-based
cross-sectional study





OPS/images/fnut-12-1698297-g007.jpg
d 18.5=BMI <23

—— BMI
—WC
—TC
—TG
—TCBI-LN
— .HOL.C
—— Reference Line
0.%10 0.2 04 06 08 1.0
1 - Specificity
BMI<18.5 OR BMI =23
10
— BMI
08 ~——WC
— e
TG
=—TCBI-LN
~—— .HDL-C
g 06 ~—— Reference Line
(§ 04
02|
0.0
0.0 0.2 04 06 08 1.0

1 - Specificity

AUC(95%ClI)

AUC(95%CI)

0.85+

0.80+

0.75+

0.70

0.65-

18.5=BMI <23

0.85-

0.80-






OPS/images/fnut-12-1698297-g004.jpg
o K A A S N v'foo R R
CE FLLC PP L PR L
TCBI-LN 0.37 0.36/0.19 0.22]0.15(0.40{0.39/0.41
TG 0.33 0.33/0.31/0.17]0.41|0.40{0.43|0.15[0.11]0.30|0.29{0.31
GGT Jo0.37|0.33 0.19[0.47|0.35(0.33]0.28[0.33]0.08[0.08|0.25|0.24|0.25
HDL-C 0.13 |
TC 0.33[0.19/0.13 0.15]0.11{0.11{0.20]0.19{0.30|0.21]0.17[0.18]0.19
ALT lo.36/0.31 +D.47" 0.15 0.39/0.37[0.38|  [0.00]0.21|0.23[0.23
AST0.19]0.17/0.35 0.11 0.20]0.20]0.22|0.06|0.110.09(0.16]0.17
BW 0.41]0.33 0.11{0.39]0.20 0.08|0.39]0.44|0.43
BMI 0.40{028| [0.20]0.37]0.20 0.08]0.15|0.34|0.460.44
WC 0.43(0.33 0.19(0.38(0.22 0.14(0.16]0.39|0.46|0.45
AGE [0.22(0.15]0.08 0.30 0.06 0.08(0.14 0.22]0.17]0.19/0.23
HbA1c [0.15/0.110.08 0.21]0.09/0.11{0.08]0.15/0.16{0.22 0.32]0.12(0.10
FPG |0.40|0.30[0.25 0.17]0.21/0.09{0.39/0.34|0.39]0.17]0.32 0.35/0.33
SBP |0.39/0.29(0.24 0.18]0.23/0.16{0.44|0.46/0.46{0.19]/0.12|0.35
DBP J0.41(0.31]|0.25 0.19]0.23/0.17{0.43 0.44'10.;45_ 0.23/0.10(0.33

0.5






OPS/images/fnut-12-1698297-g005.jpg
14-

Odds ratio (95% CI)

P for overall =< 0.001
P tor nonlinear = 0.086







OPS/images/fnut-12-1698297-g002.jpg
4,000 |

TCBI-LN

b

Expected Cumulative Probability

Expected Cumulative Probability

1.0

0.8

0.6

0.4

0.2

Normal P-P Plot of TCBI

00

1.0

08

0.6

0.4

0.2

0.2 0.4 06 0.8
Observed Cumulative Probability

Mormal P-P Plot of TCBI-LN

1.0

0.0
0.0

02 0.4 0.6 0.8
Observed Cumulative Probability

1.0






OPS/images/fnut-12-1698297-g003.jpg
TCBI

5000~

4000

3000~

2000~

1000+

TCBI-LN

Percentage (%)

=iy

100+

50+

-50+

AN00

N Vv
.@0 .\3@ .\\Q {.0\0
2 2> > 2
o o o o

TCBI-LN

non-MASLD
» MASLD







OPS/images/fnut-12-1698297-g001.jpg
According to the original study

NAGALA cohort, Registration
May lIst, 1994-Dec 31st, 2016
n = 20,944

Exclusion: n = 5,480

(1) Missing variable data: n=863

(2) Pre-existing liver diseases: n=416

(3) Medication usage: n=2,321

P (4) Alcohol consumption (exceeding 60 g/day for
men and 40 g/day for women): n=739

(5) Diabetes at baseline: n=323

(6) FPG = 6.1 mmol/L at baseline: n=808

(7) unexplained withdrawal from the survey: n=10

4

15,464 (8,430 men and 7,034 women)
were included in the original study

According to our study

Exclusion: n= 1,222

(1) exclusion of significant alcohol consumption
—®» (ethanol intake >210g/week for men or >140g/week
for women): n=1213

(2) missing data of HDL-c: n=9

4

14,242 were included in study analysis








OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







