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Abstract
Background  Waist circumference (WC) and body mass index (BMI) are considered useful for the diagnosis of 
metabolic dysfunction-associated steatotic liver disease (MASLD). This study aimed to investigate the association 
between the body roundness index (BRI) and a body shape index (ABSI) with incident MASLD, in comparison to WC 
and BMI.

Methods  Retrospective cohort data from a Japanese health check-up program were analyzed. Logistic regression 
model was used to evaluate the associations between anthropometric measure quartiles and MASLD, and receiver 
operating characteristic (ROC) analysis was performed to evaluate the associations between anthropometric 
measures and incident MASLD, stratified by sex.

Results  A total of 10,561 males and 7,187 females were included, of whom 3,182 males and 914 females developed 
MASLD. Multivariate analysis revealed that higher WC, BMI, and BRI were associated with incident MASLD in both 
sexes, whereas higher ABSI was significantly associated with incident MASLD only in females. Among males, the area 
under the ROC curve (AUC) of BMI was higher than that of WC, BRI, and ABSI. Conversely, among females, the AUC of 
BMI was higher than that of ABSI, whereas it was comparable to that of WC or BRI. The AUC and the optimal cut-off 
values of BMI for predicting incident MASLD were 0.77 and 23.9 kg/m2 in males, and 0.86 and 22.2 kg/m2 in females. 
The optimal cut-off values of WC were 82.0 cm for males and 76.3 cm for females, respectively.

Conclusions  We demonstrated the strongest association between BMI and incident MASLD compared to other 
measures, particularly in males, while also showing a strong association in females. Additionally, specific WC criteria for 
Asians to improve MASLD diagnosis are needed.

Keywords  Anthropometric measure, MASLD, Japan, Cohort

Relationship between anthropometric 
measures and the risk of incident Metabolic 
dysfunction-associated steatotic liver disease: 
a longitudinal study
Takahiro Ichikawa1, Yoshitaka Hashimoto1,2, Takuro Okamura1, Akihiro Obora3, Takao Kojima3, Hiroshi Okada1, 
Masahide Hamaguchi1* and Michiaki Fukui1

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-025-03780-8&domain=pdf&date_stamp=2025-3-26


Page 2 of 9Ichikawa et al. BMC Gastroenterology          (2025) 25:202 

Introduction
In recent years, concerns about the stigma associ-
ated with the terms “non-alcoholic fatty liver disease” 
(NAFLD) and “nonalcoholic steatohepatitis” (NASH) 
have led to the introduction of the term “metabolic dys-
function-associated steatotic liver disease” (MASLD) by 
the Delphi consensus statement [1]. The clinical profile 
of MASLD has been reported to closely resemble that 
of NAFLD [2, 3]. The diagnosis of MASLD requires evi-
dence of hepatic steatosis accompanied by at least one 
cardiometabolic factor, such as overweight, impaired 
glucose metabolism, hypertension, hypertriglyceridemia, 
or reduced high-density lipoprotein (HDL) cholesterol 
levels, in the absence of significant alcohol intake [1]. 
The prevalence of MASLD has risen from 17.6 to 23.4% 
over the past two decades [4], and previous studies have 
revealed that MASLD is linked not only to cirrhosis and 
hepatocellular carcinoma, but also to an increased inci-
dence of cardiovascular disease and extrahepatic malig-
nancies [4, 5]. Therefore, early diagnosis and intervention 
to prevent the onset of MASLD-related complications 
are critically important.

Ultrasonography, computed tomography, and magnetic 
resonance imaging are essential modalities for screening 
hepatic lipidosis [6], one of the criteria for MASLD; how-
ever, it is difficult to perform in all individuals. There-
fore, it is desirable to identify individuals at high risk 
of incident MASLD. Previous studies have highlighted 
the utility of body indices in screening for NAFLD [7], 
demonstrating their potential value in the diagnosis of 
MASLD as well.

Currently, waist circumference (WC) and body mass 
index (BMI) are recommended as the anthropomet-
ric measures for the diagnosis of MASLD [1]. However, 
recent studies have highlighted the utility of new anthro-
pometric measures such as body roundness index (BRI) 
and a body shape index (ABSI) for clinical practice [8, 
9]. These indicators have been reported to be poten-
tially more useful than other anthropometric measures 
with respect to cardiovascular events and mortality [10, 
11, 12, 13]. Additionally, higher BRI has been linked to 
an increased risk of NAFLD [14], and BRI demonstrates 
a higher predictive ability for NAFLD than BMI [15]. 
Kuang et al. [16] also reported that the combination of 
BMI and ABSI was associated with NAFLD prevalence. 
Thus, there is a possibility that BRI or ABSI is also useful 
as well as WC or BMI in predicting incident MASLD.

In light of these findings, our study investigated the 
association between WC, BMI, BRI, and ABSI with inci-
dent MASLD.

Methods
Study population and design
We have been conducting the NAGALA study (NAfld in 
Gifu Area, Longitudinal Analysis), a longitudinal cohort 
with recruitment spanning from 1994 to 2023. The study 
design employed an opt-out recruitment design. The 
ethics committee at Asahi university hospital approved 
the study protocol (ID:2018-09-01). The research sam-
ples were the medical examiners who underwent health 
check-ups at Asahi university hospital (Gifu, Japan). For 
this study, we included medical examiners from 2004 
to 2018 who had no missing data in the sections listed 
below and who were still undergoing examinations five 
years later.

Data collection and measurements
The methods for data collection and measurements were 
described in detail previously [17]. Briefly, we used a 
standardized self-administered questionnaire to collect 
information on medical history and lifestyle factors, such 
as alcohol intake, smoking habits, and physical activ-
ity [17, 18]. We estimated the mean ethanol intake per 
week based on the amounts and types of alcoholic bev-
erages consumed and categorized participants into three 
groups: none-to-light drinkers (< 210  g/week for men 
and < 140 g/week for women), moderate drinkers (210–
420  g/week for men and 140–280  g/week for women), 
and heavy drinkers (≥ 420  g/week for men and ≥ 280  g/
week for women) [17]. Smoking status was classified as 
never-smokers, past smokers, or current smokers. Regu-
lar exercisers were defined as participants who exercised 
regularly for ≥ 1 day/week [19]. 

Waist circumference was measured at the midpoint 
between the inferior margin of the last rib and the iliac 
crest in the horizontal plane while the participant was 
standing. Body mass index was calculated as weight (kg) 
divided by height squared. The ABSI and BRI were calcu-
lated using the following equation [9, 20]: 

	
ABSI = WC

BMI2/3 × Height1/2

	
BRI = 364.2 − 365.5 ×

√√√√1 −

(
(WC/2π )2

(0.5 × Height)2

)

Definition of metabolic dysfunction-associated steatotic 
liver disease incidence
Hepatic steatosis was evaluated using abdominal ultra-
sound, which was performed by a trained technician and 
independently reviewed by two hepatologists, as detailed 
previously [21]. 
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Metabolic dysfunction-associated steatotic liver dis-
ease was defined according to the multi-society Delphi 
consensus statement from the American Association 
for the Study of Liver Diseases (AASLD) [1]. Accord-
ing to this definition, MASLD requires hepatic steatosis 
along with at least one of five cardiometabolic risk fac-
tors: (1) BMI ≥ 23  kg/m² (specific to the Asian popula-
tion) or WC > 94  cm for men and > 80  cm for women; 
(2) fasting serum glucose ≥ 100 mg/dL, 2-hour post-load 
glucose ≥ 140 mg/dL, HbA1c ≥ 5.7%, or treatment for type 
2 diabetes; (3) blood pressure ≥ 130/85 mmHg or antihy-
pertensive treatments; (4) plasma triglycerides ≥ 150 mg/
dL or lipid-lowering treatments; and (5) plasma HDL 
cholesterol ≤ 40  mg/dL for men and ≤ 50  mg/dL for 
women, or lipid-lowering treatments. Individuals con-
suming < 210 g of alcohol per week for male and < 140 g 
per week for female were classified as having true 
MASLD within this classification.

Statistical analysis
Baseline differences in continuous variables among the 
participants were assessed using the t-test if normally 
distributed and the Wilcoxon rank-sum test if not. Dif-
ferences in categorical variables were evaluated using the 
chi-square test. Continuous variables were summarized 
as mean ± standard deviation (SD) or median (25th, 75th 
quartile), while categorical variables were presented as a 
number (percentage).

Logistic regression was used to assess the longitudi-
nal relationship between baseline quartile values of four 
anthropometric measures—WC, BMI, BRI, and ABSI—
and incident MASLD, stratified by sex. To examine the 
effects of the quartiles of the four anthropometric mea-
sures on MASLD, we included the following factors as 
independent variables in multivariate logistic regres-
sion analyses. In Model 1, we adjusted for age. In Model 
2, we additionally adjusted for confounding variables, 
including systolic and diastolic blood pressure, aspartate 
aminotransferase, alanine aminotransferase, gamma-
glutamyltransferase, triglycerides, HDL-cholesterol, low-
density lipoprotein (LDL) cholesterol, fasting plasma 
glucose, drinking habits, smoking status, and physical 
exercise. These were included along with the variables in 
Model 1. The associations were presented as odds ratios 
(ORs) with 95% confidence intervals (CIs).

The area under the curve (AUC) of BMI, WC, BRI 
and ABSI for predicting the incidence of MASLD was 
calculated using the receiver operating characteristic 
curve (ROC) analysis and optimal cut-off values for the 
incidence of MASLD were determined with separate 
sex-specific analyses conducted for male and female par-
ticipants. Additionally, we compared the AUC of BMI, 
WC, BRI, and ABSI using the DeLong method [22] with 
the Bonferroni correction, separately for male and female 

participants. A value of p < 0.05 was considered statisti-
cally significant. However, after applying the Bonferroni 
correction, a value of p < 0.008 was considered statisti-
cally significant. Calculations were performed with JMP 
Pro, version 17.2.0 (SAS Institute, Cary, NC, USA) and 
R version 4.3.2 (R Foundation for Statistical Computing, 
Vienna, Austria); analyses were performed in RStudio.

Results
In total, 10,561 male participants and 7,187 female par-
ticipants were included in the study. The baseline charac-
teristics of the participants are shown in Table 1.

WC, BMI, BRI and ABSI were higher at baseline in the 
individuals with incident MASLD than in those with-
out MASLD. The ORs of univariate and multivariate 
logistic regression models for incident MASLD for male 
and female participants are presented in Tables 2 and 3, 
respectively.

For male participants, Model 2 of multivariate logistic 
regression analysis showed that higher WC, BMI, and 
BRI were significantly associated with the risk of incident 
MASLD, (p for trend < 0.001). Similarly, for female partic-
ipants, Model 2 of multivariate logistic regression anal-
ysis showed that higher WC, BMI, BRI, and ABSI were 
significantly associated with the risk of incident MASLD, 
(p for trend < 0.001).

We present the AUC and optimal cut-off values using 
ROC curve analysis, with separate analyses conducted 
for male and female participants, which are shown in 
Table 4.

In male participants, the AUC and optimal cut-off 
values for predicting incident MASLD were 0.75 and 
82.0 cm for WC, 0.77 and 23.9 kg/m2 for BMI, 0.75 and 
2.98 for BRI and 0.53 and 0.074 for ABSI, respectively. In 
female participants, the corresponding values were 0.85 
and 76.3 cm for WC, 0.86 and 22.2 kg/m2 for BMI, and 
0.86 and 3.02 for BRI, and 0.60 and 0.075 for ABSI.

Figure  1 shows the ROC curve indicating the ability 
of WC, BMI, BRI, and ABSI to predict the development 
of MASLD for male and female participants. Table  5 
shows the results of the comparison of the AUC for WC, 
BMI, BRI, and ABSI among male participants, with BMI 
showing the highest AUC, followed by WC, BRI, and 
ABSI. (Table 5. Comparison of area under the curve for 
body indices with incidence MASLD in male and female 
participants)

In contrast, the AUC of BMI among female participants 
was higher than that of ABSI, whereas it was comparable 
to that of WC or BRI. The AUC of ABSI was lower than 
that of WC, BMI, and BRI among both male and female 
participants.
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Discussion
Our major findings were as follows: (1) BMI, WC, and 
BRI were associated with the incidence of MASLD in 
male participants, whereas, all anthropometric indices 
were significantly associated with MASLD incidence 

in female participants; (2) BMI showed a stronger asso-
ciation with incident MASLD compared to WC, BRI, 
and ABSI in males and was also strongly associated in 
females; (3) The optimal cut-off values of BMI were 
23.9 kg/m2 for males and 22.2 kg/m2 for females; (4) The 

Table 1  Participant characteristics
Male ALL Incident MASLD (+) Incident MASLD (-) p value
n 10,561 3,182 7,379
Age (years) 44.0 (37.0–51.0) 44.0 (38.0–51.0) 44.0 (37.0–52.0) 0.335
Waist circumference (cm) 81.0 (76.0-86.8) 86.0 (81.0–91.0) 79.0 (74.0–84.0) < 0.001
Body weight (kg) 67.3 (61.3–74.5) 73.5 (66.9–80.9) 65.0 (59.6–71.3) < 0.001
Body mass index (kg/m2) 23.1 (21.3–25.2) 25.2 (23.3–27.3) 22.3 (20.7–24.1) < 0.001
Body roundness index 2.9 (2.4–3.5) 3.4 (2.9-4.0) 2.7 (2.2–3.2) < 0.001
A body shape index 0.076 (0.074–0.078) 0.076 (0.075–0.079) 0.076 (0.074–0.078) < 0.001
Systolic blood pressure (mmHg) 120.0 (111.0-130.0) 124.5 (115.5-133.5) 118.5 (109.5-128.5) < 0.001
Diastolic blood pressure (mmHg) 75.5 (69.0–83.0) 78.5 (72.0-85.5) 74.5 (68.0–82.0) < 0.001
AST (IU/L) 19.0 (15.0–23.0) 21.0 (16.0–27.0) 18.0 (15.0–22.0) < 0.001
ALT (IU/L) 21.0 (16.0–30.0) 28.0 (20.0–41.0) 19.0 (15.0–25.0) < 0.001
GGT (IU/L) 21.0 (15.0–33.0) 24.5 (18.0–36.0) 20.0 (14.0–30.0) < 0.001
Triglyceride (mg/dL) 84.0 (57.0-127.0) 109.0 (76.0-157.0) 75.0 (52.0-112.0) < 0.001
HDL-cholesterol (mg/dL) 49.3 (41.5–59.0) 44.2 (38.6–52.0) 52.0 (43.5–62.0) < 0.001
LDL-cholesterol (mg/dL) 127.0 (107.2–148.0) 134.3 (114.4-155.5) 124.0 (104.2-144.7) < 0.001
Fasting plasma glucose (mg/dL) 97.0 (92.0-104.0) 100.0 (95.0-107.0) 96.0 (91.0-102.0) < 0.001
Drinking habits
(none to light/moderate/heavy) (%)

8,880/1,248/433
(84.1/11.8/4.1)

3,012/136/34
(94.7/4.3/1.1)

5,868/1,112/399
(79.5/15.1/5.4)

< 0.001

Smoking status
(never/past/current) (%)

3,516/3,435/3,610
(33.3/32.5/34.2)

1,149/1,027/1,006
(36.1/32.3/31.6)

2,367/2,408/2,604
(32.1/32.6/35.3)

< 0.001

Physical exercise (-/+) (%) 8,607/1,954
(81.5/18.5)

2,700/482
(84.9/15.1)

5,907/1,472
(80.1/20.0)

< 0.001

Female ALL Incident MASLD (+) Incident MASLD (-) p value
n 7,187 914 6,273
Age (years) 43.0 (38.0–50.0) 48.0 (41.0–53.0) 42.0 (37.0–49.0) < 0.001
Waist circumference (cm) 71.5 (66.5–77.5) 82.0 (77.0–88.0) 70.1 (66.0-75.5) < 0.001
Body weight (kg) 52.1 (47.5–57.5) 61.4 (55.4–68.8) 51.2 (47.0-55.9) < 0.001
Body mass index (kg/m2) 20.7 (19.1–22.8) 24.8 (22.6–27.5) 20.3 (18.9–22.0) < 0.001
Body roundness index 2.5 (2.0-3.2) 3.8 (3.1–4.5) 2.4 (1.9–2.9) < 0.001
A body shape index 0.075 (0.072–0.078) 0.077 (0.074–0.080) 0.075 (0.072–0.078) < 0.001
Systolic blood pressure (mmHg) 109.0 (100.5–120.0) 119.5 (110.0-130.0) 107.5 (99.5–118.0) < 0.001
Diastolic blood pressure (mmHg) 67.5 (61.0-74.5) 74.5 (67.0–82.0) 66.5 (60.5–73.5) < 0.001
AST (IU/L) 16.0 (13.0–19.0) 17.0 (14.0–22.0) 16.0 (13.0–19.0) < 0.001
ALT (IU/L) 13.0 (11.0–17.0) 18.0 (13.0–24.0) 13.0 (10.0–16.0) < 0.001
GGT (IU/L) 12.0 (10.0–15.0) 15.0 (12.0–21.0) 12.0 (10.0–15.0) < 0.001
Triglyceride (mg/dL) 51.0 (36.0–73.0) 81.0 (59.0-114.0) 48.0 (35.0–67.0) < 0.001
HDL-cholesterol (mg/dL) 64.0 (54.2–75.0) 54.1 (46.3–65.0) 65.0 (56.0–76.0) < 0.001
LDL-cholesterol (mg/dL) 117.5 (98.4-139.3) 132.3 (112.8-155.8) 115.4 (96.8-136.8) < 0.001
Fasting plasma glucose (mg/dL) 90.0 (86.0–96.0) 96.0 (91.0-103.0) 90.0 (85.0–94.0) < 0.001
Drinking habits
(none to light/moderate/heavy) (%)

6,901/196/90
(96.0/2.7/1.3)

899/12/3
(98.4/1.3/0.3)

6,002/184/87
(95.7/2.9/1.4)

< 0.001

Smoking status
(never/past/current) (%)

6,268/503/416
(87.2/7.0/5.8)

796/60/58
(87.1/6.6/6.3)

5,472/443/358
(87.2/7.1/5.7)

0.655

Physical exercise (-/+) (%) 6104/1083
(84.9/15.1)

782/132
(85.6/14.4)

5,322/951
(84.8/15.2)

0.571

Data were presented as n (%), median (25th, 75th)

Abbreviations: MASLD, Metabolic dysfunction-associated steatotic liver disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-
glutamyltransferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein
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optimal cut-off values of WC were 82.0  cm for males 
and 76.3  cm for females, both lower than conventional 
criteria.

Previous studies suggested that MASLD was associated 
with a higher risk of various complications, including 

metabolic and cardiovascular outcomes [4]. Moreover, 
fibrosis progression has been observed in 39% of MASLD 
cases over a 14-year period [23], and the presence of sig-
nificant liver fibrosis in MASLD is associated with an ele-
vated mortality risk [24]. These findings highlighted the 

Table 2  Odds ratios for associations between anthropometric measures quartiles and the risk of MASLD incidence in male 
participants (95% CI)

Q1 Q2 Q3 Q4 P-values for trend
Waist circumference (cm) -76.0 76.0–81.0 81.0-86.8 86.8-
Crude Ref. 3.07 (2.62–3.60)** 5.46 (4.70–6.38)** 13.14 (11.32–15.29)** < 0.001
Model 1 Ref 3.21 (2.74–3.77)** 5.93 (5.09–6.94)** 14.35 (12.34–16.75)** < 0.001
Model 2 Ref. 2.35 (1.99–2.78)** 3.25 (2.75–3.86)** 6.28 (5.28–7.48)** < 0.001
Body mass index (kg/m2) -21.3 21.3–23.1 23.1–25.2 25.2-
Crude Ref. 2.82 (2.39–3.35)** 5.74 (4.89–6.76)** 16.73 (14.28–19.69)** < 0.001
Model 1 Ref. 2.87 (2.42–3.40)** 5.90 (5.02–6.96)** 17.09 (14.58–20.12)** < 0.001
Model 2 Ref. 2.16 (1.81–2.58)** 3.56 (2.99–4.24)** 7.54 (6.29 − 0.07)** < 0.001
Body Roundness Index -2.37 2.37–2.91 2.91–3.49 3.49-
Crude Ref. 3.42 (2.89–4.06)** 6.96 (5.92–8.22)** 14.54 (12.39–17.16)** < 0.001
Model 1 Ref. 3.74 (3.15–4.45)** 8.23 (6.97–9.75)** 18.05 (15.28–21.41)** < 0.001
Model 2 Ref. 2.63 (2.20–3.15)** 4.39 (3.66–5.27)** 7.36 (6.09–8.94)** < 0.001
A Body Shape Index -0.074 0.074–0.076 0.076–0.078 0.078-
Crude Ref. 1.44 (1.28–1.62)** 1.45 (1.29–1.64)** 1.41 (1.25–1.60)** < 0.001
Model 1 Ref. 1.46 (1.30–1.65)** 1.51 (1.33–1.70)** 1.51 (1.33–1.71)** < 0.001
Model 2 Ref. 1.24 (1.08–1.43)* 1.15 (1.00-1.33)* 1.10 (0.95–1.27) 0.45
Model 1 was adjusted for age

Model 2 was adjusted for age, systolic blood pressure, diastolic blood pressure, aspartate aminotransferase, alanine aminotransferase, gamma-glutamyltransferase, 
triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, fasting plasma glucose, drinking habits, smoking status, and the presence 
of physical exercise

**p < 0.001. *p < 0.05

Abbreviations: MASLD, Metabolic dysfunction-associated steatotic liver disease

Table 3  Odds ratios for associations between anthropometric measures quartiles and the risk of MASLD incidence in female 
participants (95% CI)

Q1 Q2 Q3 Q4 P-values for trend
Waist circumference (cm) -66.5 66.5–71.5 71.5–77.5 77.5-
Crude Ref. 4.37 (2.59–7.84)** 12.52 (7.72–21.82)** 66.27 (41.57–114.10)** < 0.001
Model 1 Ref 4.28 (2.54–7.68)** 11.51 (7.09–20.06)** 58.68 (36.76-101.13)** < 0.001
Model 2 Ref. 3.62 (2.13–6.51)** 7.49 (4.58–13.13)** 25.38 (15.70-44.15)** < 0.001
Body mass index (kg/m2) -19.1 19.1–20.7 20.7–22.8 22.8-
Crude Ref. 3.01 (1.82–5.22)** 9.85 (6.27–16.41)** 55.37 (35.93–90.99)** < 0.001
Model 1 Ref. 2.84 (1.71–4.93)** 8.77 (5.57–14.63)** 48.79 (31.62–80.25)** < 0.001
Model 2 Ref. 2.35 (1.41–4.09)* 5.89 (3.72–9.88)** 20.53 (13.10-34.17)** < 0.001
Body Roundness Index -1.97 1.97–2.49 2.49–3.15 3.15-
Crude Ref. 3.76 (2.10–7.26)** 15.38 (9.09–28.50)** 82.05 (49.24-150.43)** < 0.001
Model 1 Ref. 3.68 (2.05–7.10)** 14.44 (8.52–26.78)** 73.76 (44.15-135.49)** < 0.001
Model 2 Ref. 3.19 (1.77–6.18)** 9.58 (5.62–17.86)** 32.38 (19.15-60.00)** < 0.001
A Body Shape Index -0.072 0.072–0.075 0.075–0.078 0.078-
Crude Ref. 1.31 (1.04–1.64)* 1.89 (1.53–2.35)** 2.54 (2.07–3.14)** < 0.001
Model 1 Ref. 1.31 (1.04–1.65)* 1.81 (1.46–2.26)** 2.10 (1.70–2.60)** < 0.001
Model 2 Ref. 1.29 (1.00-1.66) 1.80 (1.41–2.30)** 1.90 (1.49–2.42)** < 0.001
Model 1 was adjusted for age

Model 2 was adjusted for age, systolic blood pressure, diastolic blood pressure, aspartate aminotransferase, alanine aminotransferase, gamma-glutamyltransferase, 
triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, fasting plasma glucose, drinking habits, smoking status, and the presence 
of physical exercise

**p < 0.001. *p < 0.05

Abbreviations: MASLD, Metabolic dysfunction-associated steatotic liver disease
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Table 4  Area under the curve and optimal cut-off values for incidence MASLD in male and female participants
Male AUC (95% CI) Sensitivity Specificity Cut-off value
Waist circumference 0.75 (0.74–0.76) 72.0% 64.4% 82.0
Body mass index 0.77 (0.76–0.78) 67.1% 72.7% 23.9
Body roundness index 0.75 (0.74–0.76) 71.8% 64.9% 2.98
A body shape index 0.53 (0.52–0.55) 77.5% 29.5% 0.074
Female AUC (95% CI) Sensitivity Specificity Cut-off value
Waist circumference 0.85 (0.84–0.86) 76.4% 78.4% 76.3
Body mass index 0.86 (0.85–0.87) 80.6% 76.4% 22.2
Body roundness index 0.86 (0.85–0.87) 80.2% 78.1% 3.02
A body shape index 0.60 (0.59–0.62) 63.3% 53.2% 0.075
Abbreviations: AUC, area under the curve, CI, confidence intervals

Table 5  Comparison of area under the curve for body indices with incidence MASLD in male and female participants
Male vs. WC vs. BMI vs. BRI

Difference value (95% CI) p value Difference value (95% CI) p value Difference value (95% CI) p value
WC reference — —
BMI 0.020 (0.014 to 0.025) < 0.001 reference —
BRI 0.000 (-0.004 to 0.004) 0.913 -0.020 (-0.025 to -0.014) < 0.001 reference
ABSI -0.215 (-0.226 to -0.203) < 0.001 -0.235 (-0.250 to -0.219) < 0.001 -0.215 (-0.227 to -0.203) < 0.001
Female vs. WC vs. BMI vs. BRI

Difference value (95% CI) pvalue Difference value (95% CI) pvalue Difference value (95% CI) pvalue
WC reference — —
BMI 0.009 (-0.000 to 0.018) 0.054 reference —
BRI 0.012 (0.007 to 0.017) < 0.001 0.003 (-0.005 to 0.012) 0.455 reference
ABSI -0.246 (-0.264 to -0.228) < 0.001 -0.255 (-0.279 to -0.231) < 0.001 -0.258 (-0.276 to -0.240) < 0.001
Abbreviations: WC, Waist circumference; BMI, Body mass index; BRI, Body roundness index; ABSI, A body shape index

Fig. 1  Receiver operating characteristic curve showing the ability of WC, BMI, BRI, ABSI to determine the incidence of MASLD with (a) male participants 
and (b) female participants
WC, Waist circumference; BMI, Body mass index; BRI, Body round index; ABSI, A body shape index
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critical importance of effective management and early 
diagnosis for MASLD.

Obesity is a significant global health concern [25], with 
its prevalence having tripled worldwide since 1980 [26]. 
Obesity, defined by the excessive accumulation of body 
fat, has been linked to metabolic dysfunction. Obesity-
induced inflammation has been reported to lead to insu-
lin resistance [27], and this condition was linked with 
cardiovascular disease [28]. Similarly, insulin resistance 
has been found to play a pivotal role in the development 
of MASLD [29]. Hepatic insulin resistance enhances 
anabolic reactions, leading to elevated levels of circulat-
ing free fatty acids, causing insulin resistance in adipose 
tissue, and increasing de novo lipogenesis. Notably, this 
accumulation of fatty acids in the liver constitutes a cen-
tral pathological mechanism. Additionally, β-oxidation is 
primarily carried out in hepatocyte mitochondria, where 
fatty acids are converted to triglycerides and released 
into systemic circulation as components of very-low-
density lipoproteins (VLDL). When the balance between 
these mechanisms is disturbed, triglycerides accumu-
late in hepatocytes as lipid droplets, ultimately leading 
to hepatic steatosis. Clinically, Jiang et al. [30] reported 
that anthropometric indices such as BMI and WC have 
a positive association with insulin resistance. Regard-
ing MASLD, patients with severe obesity, as defined by 
BMI, are known to face a higher mortality risk than lean 
patients [31]. Therefore, the assessment of BMI is cru-
cial in the management of MASLD. In fact, this study 
revealed that BMI demonstrated a stronger association 
with the incident MASLD compared to WC, BRI, and 
ABSI in male participants and there was also a strong 
association between BMI and incident MASLD in female 
participants.

The diagnosis of obesity is typically based on BMI, with 
a threshold of BMI ≥ 30  kg/m2 generally indicating obe-
sity [32]. However, in East Asia, including Japan, a BMI 
threshold of ≥ 25  kg/m2 was proposed for diagnosing 
obesity [33], as obesity-related health complications were 
observed at lower BMI thresholds than in Western popu-
lations [34, 35].

With respect to the diagnosis of MASLD, BMI thresh-
old of ≥ 23 kg/m2 was proposed for the Asian populations 
[1]. In our study, the optimal BMI cut-off for incident 
MASLD was identified as 23.9 kg/m2 in male participants 
and 22.2  kg/m2 in female participants. This was closely 
aligned with the BMI threshold proposed in previous 
consensus statements for the diagnosis of MASLD [1]. In 
the Asian population, individuals with MASLD at lower 
BMI could present with more severe manifestations than 
other ethnic groups [36]. Therefore, careful monitoring is 
warranted for those with MASLD and BMI ≥ 23 kg/m2 in 
the Asian population.

Recently, the clinical utilities of anthropometric mea-
sures such as BRI and ABSI have been highlighted.8920 
BRI has shown a particularly strong association with the 
risk of NAFLD [14]. Conversely, ABSI has been reported 
to have a weaker correlation with NAFLD compared to 
BRI [37]. In the present study, BRI demonstrated a stron-
ger association with incident MASLD compared to ABSI. 
These findings are consistent with the previous study by 
Motamed et al. [37]. 

The previous study indicated that increased WC was 
associated with the onset of NAFLD in the Asian popu-
lation [38]. Although the diagnostic criteria for MASLD 
suggest a WC threshold of > 94 cm for male participants 
and > 80 cm for female participants [1], the present study 
identified lower cut-off values of 82.0 cm in male partici-
pants and 76.3  cm in female participants for predicting 
incident MASLD, compared to the conventional criteria. 
Previously, Suzuki et al. [39] reported that the diagnostic 
criteria based on thresholds for metabolic syndrome in 
Japanese populations (specifically, WC ≥ 85 cm for males 
and ≥ 90 cm for females) might be useful for diagnosing 
MASLD, in contrast to conventional diagnostic stan-
dards. In this study, the cut-off values were derived from 
a longitudinal study, which complicates direct compari-
son with the diagnostic criteria for MASLD. However, 
the cut-off values of BMI in our study were close to the 
proposed diagnostic criteria for MASLD in the Asian 
populations. Thus, for WC as well, it may be necessary to 
consider lower cut-off values compared to the diagnostic 
criteria specific to the Asian populations.

The limitations of our study are as follows. Initially, this 
study was conducted at a single center with participants 
solely from the Japanese population. Consequently, the 
potential for selection bias cannot be excluded, limiting 
the generalizability of the findings to other ethnic groups. 
Second, hepatic steatosis was not assessed using scoring 
methods. However, since we evaluated fatty liver based 
on standardized diagnostic criteria, we were able to iden-
tify a certain degree of hepatic steatosis. Thirdly, smok-
ing status and alcohol consumption were self-reported, 
which might not be entirely accurate. Nevertheless, pre-
vious studies have shown that self-reported data can be 
reliable for assessing smoking status and alcohol con-
sumption behaviors [40, 41], and the lifestyle data col-
lected in the present study is considered valid. Despite 
these limitations, to the best of our knowledge, our study 
was the first to compare WC, BMI, BRI and BMI in rela-
tion to incident MASLD. This represented a significant 
strength of our study.

In conclusion, BMI, WC, and BRI were associated with 
the incidence of MASLD in male participants, with BMI 
demonstrating a stronger association compared with 
WC, BRI, and ABSI. In females, all anthropometric indi-
ces were significantly associated with MASLD incidence, 
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with BMI also showing a strong association with inci-
dent MASLD. Additionally, the lower cut-off values for 
WC compared to the conventional criteria for incident 
MASLD in this study suggest that there may be a need 
to develop specific criteria for WC, in addition to BMI, 
which already has established criteria for diagnosing 
MASLD in the Asian populations.

Abbreviations
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