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Background and Objectives: As the prevalence of metabolic dysfunction-associated steatotic liver disease
(MASLD) rises, identifying reliable biomarkers for risk prediction is essential. This study assessed baseline tri-
glyceride glucose (TyG) index and TyG-derived parameters as predictors of future MASLD risk in older adults.
Methods and Study Design: We analyzed data from 2,757 Chinese adults (60-91 years) undergoing annual
health checks (2017-2023). Incident MASLD was detected using ultrasound after excluding baseline cases. Cox
proportional hazards models (with parameters in quartiles) and time-dependent ROC curves quantified associa-
tions and time-varying predictive performance among TyG-related parameters. The predictive performance of
TyG-BMI was also compared with the hepatic steatosis index (HSI) in ROC analysis. Results: Over a median
six-year follow-up, 584 incident MASLD cases occurred. TyG-derived parameters showed stronger associations
than TyG index. Specifically, triglyceride glucose-body mass index (TyG-BMI) demonstrated the highest risk,
with an adjusted hazard ratio of 6.42 (95% CI: 5.33-7.73) for the highest versus lowest quartile. This association
remained robust in sensitivity analysis. TyG-BMI demonstrated numerically higher AUC values than the HSI
(Men: TyG-BMI 0.758 vs. HSI 0.747; Women: TyG-BMI 0.759 vs. HSI 0.756), with overlapping confidence in-
tervals. Time-dependent ROC analysis confirmed TyG-BMI’s superior predictive accuracy over time. The opti-
mal TyG-BMI cut-offs were 187.97 for men and 191.33 for women. Conclusions: TyG-BMI demonstrated supe-
rior predictive performance compared to TyG index itself, other TyG-derived parameters, and the HSI, supporting

its utility as a practical screening tool in primary care.
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INTRODUCTION
Evidence from the Global Burden of Disease study indi-
cates that metabolic dysfunction-associated steatotic liver
disease (MASLD) has become the most rapidly escalating
global health burden, including cirrhosis, liver cancer,
and even hepatic failure.! A 2023 systematic review syn-
thesized epidemiological data confirming MASLD af-
fects 30% of the global population, with persistent up-
ward trajectory over recent decades.? Early detection of
high-risk MASLD individuals is clinically imperative.
The development and progression of MASLD are fun-
damentally driven by insulin resistance (IR).> Triglycer-
ide glucose (TyG) index was reported as an effective tool
to determine IR by integrating fasting triglycerides and

fasting blood glucose level together,* showing potential
value in early screening of MASLD.’ Conventional
MASLD biomarkers—notably fatty liver index (FLI) and
MASLD Liver Fat Score—faced limitations in clinical
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applicability due to their complex calculations and high
detection costs.® For expansive epidemiological investiga-
tions, the TyG index proves exceptionally viable owing to
simplicity, cost-effectiveness, and reliability.* TyG index
might have broad applications in clinical practices. Mul-
tiple cross-sectional analyses had proved that TyG index
was a good indicator for detecting MASLD.® Further,
TyG-derived parameters integrate TyG index with an-
thropometrical measurements, such as body mass index
(BMI), waist circumference (WC), waist-to-height ratio
(WHtR), and waist-to-hip ratio (WHR). These measure-
ments capture different dimensions of adiposity, namely
overall obesity (BMI), central obesity (WC, WHtR), and
fat distribution (WHR); everyone was previously reported
to be independently linked to MASLD progression.’
Combining TyG index with these anthropometrical indi-
cators may therefore provide a more accurate assessment
of metabolic risk. Several cross-sectional studies have
reported that TyG-derived parameters possessed the po-
tential to enhance the identification of MASLD.%° How-
ever, existing evidences were predominantly cross-
sectional and inconsistent regarding which TyG-derived
parameter most robustly predicts MASLD: some studies
favored TyG-BMI while others suggested TyG-WC, and
still others reported gender-specific differences.®!> More-
over, studies specifically focusing on older adults, who
have distinct metabolic and body composition character-
istics, remain scarce.'? '

We hypothesized that one of TyG-derived parameters
would surpass TyG index itself in predicting incident
MASLD among community-dwelling older adults. This
study compared predictive capacity of baseline TyG in-
dex versus TyG-derived parameters regarding incident
MASLD, establishing optimal cutoff values for older
adults.

METHODS
Study cohort
This study was conducted in accordance with the ethical
standards of the Declaration of Helsinki. Conducted as an
observational retrospective cohort at a single center, this

investigation enrolled 8,909 older Chinese adults under-
going annual health assessments at Shanghai Pudong
New Area Caolu Community Health Service Center
(2017-2023). The physical examination included general
check-up, blood samples [blood routine test, fasting
plasma glucose (FPQG), liver and renal function, lipid pro-
files], and abdominal ultrasound examination. Trained
medical staff performed a face-to-face interview to doc-
ument demographic characteristics, medical history, and
information about exercise, drinking, and smoking. Alco-
hol consumption was assessed by asking participants
about their drinking frequency over the past 12 months.
Responses were categorized into four groups: never or
almost never, occasional (<1 time/week), regular (1-6
times/week), and daily. For participants in regular and
daily categories, further details on beverage type and typ-
ical quantity consumed were collected to estimate daily
alcohol intake (g/day). A total number of 6,152 partici-
pants were excluded: (1) presence of hepatic steatosis
detected by ultrasound at baseline (n = 5,203); (2) miss-
ing data on height, body weight, WC, hip circumference
(HC), blood pressure, drinking, smoking, and physical
exercise (n = 783); (3) alcohol intake exceeding sex-
specific limits (men: >30 g/d; women: >20 g/d) (n =
98);'> (4) refused liver ultrasound at baseline (n = 36);
(5) Follow-up <I year (n = 32). Finally, 2,757 Chinese
community-dwelling older participants (980 men and
1,777 women, aged 60-91 years) were included (Figure
1). Study protocol was approved by the Ethical Commit-
tee of Ren Ji Hospital, Shanghai Jiao Tong University
(approval number: KY-2019-112). Written informed con-
sent was obtained from all participants prior to their in-
clusion in the study.

Anthropometrical measurement and clinical infor-
mation

All participants wore light clothing and bare feet when
performing anthropometric measurements. Briefly, WC
assessment adhered to the midpoint protocol between the
lowermost rib and iliac crest. HC was recorded at the
maximal gluteal protrusion level, corresponding to the

Chinese participants aged > 60 years in 2017 (n= 8,909)

Baseline: 2017

6,152 participants were excluded:

(1) presence of hepatic steatosis detected by ultrasound at baseline (n = 5,203; 58.4%)
(2) missing data on height, body weight, waist circumference, hip circumference,
blood pressure, drinking, smoking, and physical exercise (n = 783; 8.8%)

(3) history of excessive alcohol consumption, equivalent to = 30 g/d for men and >
20 g/d for women (n=98; 1.1%)

(4) refused liver ultrasound at baseline (n = 36; 0.4%)

(5) follow-up < 1 year (n =32 ; 0.4%)

Endpoint: 2023

Participants were eligible for the present study (n=2,757; 30.9%)

Figure 1. Flow chart for participants selection
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superior iliac crest plane. Height, weight, WC, and HC
were measured. BMI, waist-to-height ratio (WHtR), and
waist-to-hip ratio (WHR), were calculated. Following a
10-min rest period, two sequential blood pressure read-
ings were obtained using an automated oscillometric de-
vice (Omron HBP-9020, China), with the mean value
retained for analysis.

Morning venous blood was collected after >8-hour
fasting. FPG and total triglycerides (TG) were quantified
via automated biochemistry analyzer (Roche Cobas
C701module, Germany). Diagnostic thresholds followed
established criteria: hyperglycemia: FPG >7.0 mmol/L or
prior diabetes;'® hypertension: systolic blood pressure
(SBP) >140 mmHg and/or diastolic blood pressure (DBP)
>90 mmHg or confirmed with hypertension;!’
dyslipidemia: total cholesterol (TC) >6.2 mmol/L and/or
triglyceride (TG) >2.3 mmol/L or prior dyslipidemia;'®
hyperuricemia: serum uric acid (SUA) >420 pmol/L or
documented hyperuricemia or gout.'®

Determination of MASLD (Outcome)

The diagnosis of incident MASLD was based on contem-
porary international consensus criteria, which mandate
the concurrent presence of hepatic steatosis and at least
one cardiometabolic risk factor.20 In this cohort of older
Chinese adults, all participants met at least one of the
specified cardiometabolic criteria at baseline. These in-
cluded: BMI >23 kg/m? FPG >5.6 mmol/L or known
type 2 diabetes; systolic/diastolic blood pressure >130/85
mmHg or use of specific antihypertensive treatment; or
TG >1.70 mmol/L (data on high-density lipoprotein cho-
lesterol were unavailable). Accordingly, for this study,
incident MASLD was operationally defined as the new
detection of hepatic steatosis via abdominal ultrasound
during follow-up in participants free of steatosis at base-
line. Sonographic steatosis was defined by the presence of
at least two of the following features: (1) diffusely
heightened hepatic near-field echogenicity with distal
attenuation, (2) liver echogenicity greater than that of the
renal cortex, and (3) poor visualization of the intrahepatic
vessel borders.

Calculation of TyG index and derived parameters (Ex-
posures)

The parameters were calculated as follows: TyG index =
In [fasting TG (mg/dL) x FPG (mg/dL)/2]; TyG-
BMI=TyG x BMI; TyG-WHtR = TyG x WHtR; TyG —
WHR = TyG x WHR; TyG - WC = TyG x WC.21:2

Statistical analyses

Statistical analyses employed SAS version 9.4 (SAS In-
stitute Inc., Cary, North Carolina). A two-tailed p-value
of less than 0.05 was considered statistically significant
for all tests. Participants were classified into two distinct
groups based on the presence or absence of MASLD dur-
ing the follow-up period. Baseline characteristics for the
entire cohort were then summarized, with continuous
variables expressed as either mean [standard deviation
(SD)] or median (interquartile range), and categorical
variables presented as numbers (percentage). For descrip-
tive analyses, group comparisons between participants
developing incident MASLD and those without incident

MASLD were conducted using the Wilcoxon test for con-
tinuous variables and the chi-square test for categorical
variables.

To examine the shape of the association between TyG
index, TyG-derived parameters, and MASLD risk, we
first used restricted cubic splines with five knots in Cox
proportional hazards models, adjusted for the following
covariates: sex (binary), age (continuous), exercise rou-
tines (binary: >1 time/week vs. <l time/week), alcohol
consumption frequency (categorical: never/almost never,
occasional, regular, or daily), and smoking habits (binary:
current smoker vs. non-smoker). The results indicated
significant nonlinear relationships for TyG-BMI, TyG-
WHtR, TyG-WHR, and TyG-WC (all p for nonlinearity
<0.05), while the TyG index did not show significant
deviation from linearity (p = 0.20) (Supplementary Figure
1). Therefore, we categorized TyG index and each TyG-
derived parameter into quartiles for subsequent risk anal-
ysis. Although the TyG index demonstrated a linear rela-
tionship, it was also categorized into quartiles to maintain
consistency in presentation and facilitate direct compari-
son with the non-linear TyG-derived parameters.

To quantify the association between TyG index, TyG-
derived parameters, and MASLD risk, we employed mul-
tivariate Cox proportional hazard regression models, re-
porting hazard ratios (HRs) with corresponding 95% con-
fidence intervals (CIs). Model construction followed a
sequential approach: an initial unadjusted Model was cre-
ated; Model I adjusted for demographic factors (sex, age);
and Model II additionally incorporated lifestyle covari-
ates (exercise routines, alcohol consumption, and smok-
ing habits). We verified compliance with the proportional
hazards assumption using Kaplan-Meier curves and log-
rank tests (Shown in Supplementary Figure 2). Further-
more, variance inflation factors (VIFs) for all model vari-
ables were examined to assess potential collinearity, with
results indicating no significant multicollinearity concerns
(determined by VIF <3). To evaluate the robustness of the
primary findings across diverse populations, we em-
ployed Model II and systematically excluded participants
diagnosed with dyslipidemia, hyperglycemia, hyperten-
sion, hyperuricemia, overweight and obesity at baseline in
sensitivity analyses. Additionally, to address potential
selection bias, participants with under 6 year-follow-up
were excluded in another sensitivity analysis. Further-
more, considering the potential for MASLD regression
over time, we performed an additional sensitivity analysis
(Sensitivity-7) in which we redefined the outcome as
“persistent MASLD.” Cases considered likely to repre-
sent transient MASLD (i.e., a single positive diagnosis
before the final visit, with MASLD free status at the final
follow up) were excluded from this analysis.

Given the recognized association between alanine ami-
notransferase (ALT) levels and MASLD development, we
also conducted a stratified analysis by baseline ALT lev-
els (using the median value of 15.6 U/L as the cutoff) to
examine whether the associations between TyG-related
parameters and MASLD risk remained consistent across
subgroups.?

We employed ROC curve analysis to determine the op-
timal discriminative thresholds of baseline TyG index and
its derived parameters for predicting MASLD onset with-
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in this 6-year follow-up. To evaluate their predictive per-
formance against an existing MASLD prediction tool, we
also calculated the hepatic steatosis index (HSI) using the
formula: HSI = 8 x (ALT/AST ratio) + BMI (+2, if fe-
male; +2, if diabetes mellitus), and compared its predic-
tive performance with that of the TyG-related parameters
in the same ROC analysis.?* Subsequently, the time-
dependent predictive performance of the baseline TyG
index and TyG-derived parameters for incident MASLD
at multiple follow-up timepoints was evaluated and com-
pared using time-dependent ROC curve analysis.

RESULTS

Baseline characteristics

A total of 2,757 community-dwelling older adults were
included (980 men and 1,777 women, ages ranging from
60 to 91 years). The proportion of participants who were
followed up for 1-3 years, 4-5 years, and six-year, was
11.2%, 13.0%, and 75.8% respectively. Table 1 displayed
baseline characteristics stratified by incident MASLD

development during a median follow-up of 6 years, and
584 participants (197 men and 387 women) developed
MASLD. The incidence of MASLD was 394/10,000 per-
son-years. Compared to participants without MASLD,
those developed MASLD exhibited significantly younger
age and larger anthropometric measures (height, weight,
WC, BMI, WHtR, WHR), TyG index, TyG BMI, TyG
WHtR, TyG WHR, TyG WC, TG, FPG, alanine ami-
notransferase (ALT), uric acid level, and lower creatinine
level. Furthermore, those developed MASLD demonstrat-
ed significantly higher prevalence of hypertension and
dyslipidemia.

Association of TyG index and TyG-derived parameters
with MASLD risk

Prior to multivariable-adjusted Cox regression, the pro-
portional hazards assumption was confirmed as appropri-
ate (Supplementary Figure 2). The unadjusted Cox
regression model demonstrated statistically significant

Table 1. Baseline characteristics of 2757 Chinese older adults MASLD-free at enrollment grouped by 6-year MASLD

incidence'*
Variables Total Incident MASLD Without incident MASLD p value
(n=2,757) (n=584) (n=2,173)
Age (years) 67.0 (63.0, 72.0) 66.0 (63.0, 69.0) 68.0 (63.0, 73.0) <0.001*
Height (cm) 158 (153, 164) 158 (153, 164) 157 (152, 164) 0.04"
Body weight (kg) 57.1(51.6, 63.6) 61.7 (55.4, 68.6) 56.0 (50.8, 62.4) <0.001™
WC (cm) 80.0 (76.0, 85.0) 83.0 (78.0, 88.0) 80.0 (75.0, 85.0) <0.001"
BMI (kg/m?) 23.0(21.2,24.9) 24.4 (22.6,26.5) 22.6(20.9,24.4) <0.001"
WHtR 0.51 (0.48, 0.54) 0.52 (0.49, 0.55) 0.50 (0.47, 0.54) <0.001"
WHR 0.89 (0.85,0.92) 0.89 (0.86, 0.92) 0.88 (0.85,0.92) <0.001™
TyG 8.46 (8.14, 8.81) 8.59 (8.30, 8.94) 8.41 (8.11, 8.76) <0.001™
TyG-BMI 194 (176, 215) 211 (193, 232) 191 (173, 209) <0.001™
TyG-WHtR 4.30 (3.96, 4.66) 4.50 (4.17,4.84) 4.25(3.90, 4.62) <0.001™
TyG-WHR 7.48 (7.05, 7.92) 7.65 (7.30, 8.03) 7.42 (6.99, 7.88) <0.001™
TyG-WC 682 (627, 738) 714 (662, 769) 672 (619, 727) <0.001"
TC (mmol/L) 5.02 (4.43, 5.66) 5.00 (4.46, 5.63) 5.03 (4.41, 5.66) 0.87
TG (mmol/L) 1.19 (0.89, 1.60) 1.35(1.01, 1.82) 1.14 (0.87, 1.53) <0.001"
FPG (mmol/L) 4.80 (4.50, 5.40) 4.90 (4.50, 5.50) 4.80 (4.40, 5.30) 0.02"
ALT (U/L) 15.6 (12.7, 19.5) 17.1(13.8,21.2) 15.2(12.4,18.9) <0.001"
AST (U/L) 22.4(19.7,25.9) 22.1(19.7,25.8) 22.5(19.7,26.0) 0.78
Creatinine (umol/L) 66.0 (57.0, 76.0) 64.5 (56.0, 75.0) 66.0 (58.0, 76.0) 0.01*
Uric acid (mmol/L) 295 (246, 347) 310 (257, 369) 292 (244, 342) <0.001**
Hyperglycemia, N (%) 215 (7.80%) 50 (8.56%) 165 (7.59%) 0.44
Hypertension, N (%) 1,301 (47.19%) 298 (51.03%) 1,003 (46.16%) 0.04*
Dyslipidemia, N (%) 456 (16.54%) 127 (21.75%) 329 (15.14%) <0.001**
Hyperuricemia, N (%) 235 (8.52%) 57 (9.76%) 178 (8.19%) 0.23
Alcohol consumption fre- 0.90
quency, N (%)
Never/almost never 2612 (94.74%) 554 (94.86%) 2058 (94.71%)
Occasional (<1 time/week) 70 (2.54%) 15 (2.57%) 55 (2.53%)
Regular (1-6 times/week) 15 (0.54%) 4 (0.68%) 11 (0.51%)
Daily 60 (2.18%) 11 (1.88%) 49 (2.25%)
Current smoking, N (%) 423 (15.34%) 84 (14.38%) 339 (15.60%) 0.47
Exercise (> 1 times/week), N 1,625 (58.94%) 358 (61.30%) 1267 (58.31%) 0.19

(%)

MASLD: metabolic dysfunction-associated steatotic liver disease; WC: waist circumference; BMI: body mass index; WHtR: waist-to-
height ratio; WHR: waist-to-hip ratio; TyG: triglyceride-glucose; TyG-BMI: triglyceride glucose-body mass index; TyG-WHtR: triglycer-
ide glucose-waist-to-height ratio; TyG-WHR: triglyceride glucose-waist-to-hip ratio; TyG-WC: triglyceride glucose-waist circumference;
TC: total cholesterol; TG: triglyceride; FBG: fasting blood glucose; ALT: alanine aminotransferase; AST: aspartate aminotrans ferase.
fContinuous variables are presented as medians (P25, P75) and categorical variables are presented as N (%)

Continuous variables were tested for differences between men and women using the Wilcoxon test, while categorical variables were test-

ed using the chi-square test.
*p <0.05
**p <0.001
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positive associations between quartiles of TyG index,
TyG-derived parameters, and incident MASLD risk, with
HRs generally increasing across quartiles (Table 2). Fur-
ther adjustment of sex, age, and lifestyle behaviors (exer-
cise routines, alcohol consumption, and smoking habits),
these graded associations remained significant. Among
the evaluated parameters, TyG-BMI demonstrated the
strongest association with incident MASLD risk, with
participants in the highest quartile (Q4) exhibiting an HR
of 6.42 (95% CI 5.33-7.73) compared to the lowest quar-
tile (Q1). Subsequently, progressively less pronounced
associations were observed for TyG-WC (Q4 HR = 4.39,
95% CI 3.70-5.20), TyG-WHtR (Q4 HR = 3.77, 95% CI
3.19-4.45), TyG-WHR (Q4 HR = 2.40, 95% CI 2.06-
2.82), and TyG index (Q4 HR = 2.30, 95% CI 1.98-2.68).

Sensitivity analysis

Sensitivity analysis confirmed stable associations be-
tween TyG index, TyG-derived parameters and incident
MASLD risk (Table 3). Across all sensitivity analyses,
the associations remained significant, with TyG-BMI
consistently exhibiting the strongest effect. Specifically,
after excluding participants with dyslipidemia at baseline
(Sensitivity-1), the adjusted HR for TyG-BMI (Q4 vs.
Q1) was 6.48 (95% CI: 5.26-7.97). Similar robust associ-
ations were observed after excluding those with hyper-
glycemia (HR = 6.64, 95% CI: 5.46-8.08), hypertension
(HR = 6.25, 95% CI: 4.83-8.08), hyperuricemia (HR =
6.23, 95% CI: 5.13-7.56), or overweight/obesity (HR =

4.74, 95% CI: 3.68-6.12). In sensitivity analysis 7, which
redefined the outcome as “persistent MASLD” by exclud-
ing likely transient cases, TyG-BMI continued to demon-
strate the strongest association, with a markedly elevated
HR of 10.45 (95% CI: 7.97-13.69) for the highest versus
lowest quartile.

Stratified analysis by baseline ALT level

Stratified analysis by median baseline ALT level (<15.6
U/L vs. >15.6 U/L) revealed that the positive associations
between TyG index, TyG-derived parameters, and
MASLD risk were consistent in direction across both
subgroups (Supplementary Table 1). The magnitude of
association was generally stronger in the low ALT group
for most parameters, particularly for TyG-BMI, where the
HR for Q4 versus Q1 was 7.36 (95% CI 5.59-9.70) in the
low ALT group and 4.61 (95% CI 3.65-5.83) in the high
ALT group.

Optimal thresholds of baseline TyG index, TyG-derived
parameters and HSI for MASLD risk prediction

As shown in Supplementary Table 2, TyG-BMI demon-
strated the highest AUC of 0.758 (95% CI: 0.728, 0.788)
among men and 0.759 (95% CI: 0.737, 0.781) among
women, while TyG index presented the lowest AUC. In a
direct comparison, The HSI also showed good predictive
performance, with AUCs of 0.747 (95% CI: 0.716, 0.778)
among men and 0.756 (95% CI: 0.734, 0.779) among
women. The AUC point estimates for TyG-BMI were

Table 2. Hazard ratios and 95% confidence intervals for future risk of MASLD by quartiles of baseline TyG index
and TyG-derived parameters among 2,757 Chinese older adults

Parameters/ Quartile Unadjusted model

Model If Model II#

TyG

Q1 (7.00-8.14)

Q2 (8.14-8.46)

Q3 (8.46-8.81)

Q4 (8.81-11.14)
TyG-BMI

Q1 (117.54-175.65)

Q2 (175.72-194.41)

Q3 (194.42-214.55)

Q4 (214.66-426.35)
TyG-WHtR

Q1 (2.71, 3.96)

Q2 (3.96, 4.30)

Q3 (4.30, 4.66)

Q4 (4.66,7.14)
TyG-WHR

Q1 (5.13,7.04)

Q2 (7.05, 7.48)

Q3 (7.48,7.92)

Q4 (7.92,10.65)
TyG-WC

Q1 (420.48, 627.39)

Q2 (627.41, 681.81)

Q3 (682.05, 738.20)

Q4 (738.30, 1227.24)

1.00 (Reference)
1.21 (1.03, 1.43)
1.60 (1.37, 1.87)
2.23(1.92,2.60)

1.00 (Reference)
2.42 (1.99, 2.95)
3.91 (3.24, 4.73)
6.35 (5.27, 7.64)

1.00 (Reference)
1.71 (1.44,2.04)
249 (2.11,2.95)
3.39(2.88,3.99)

1.00 (Reference)
1.49 (1.27, 1.76)
2.04 (1.74,2.39)
2.36 (2.02,2.76)

1.00 (Reference)
1.98 (1.66, 2.38)
2.80 (2.35,3.33)
431 (3.64,5.10)

1.00 (Reference)
1.23 (1.04, 1.44)
1.64 (1.40, 1.91)
2.30(1.97,2.67)

1.00 (Reference)
2.42 (1.98,2.95)
3.95 (3.26, 4.77)
6.40 (5.32,7.71)

1.00 (Reference)
1.78 (1.49,2.12)
2.66 (2.25,3.15)
3.77 (3.19, 4.45)

1.00 (Reference)
1.51 (1.28,1.78)
2.06 (1.76, 2.42)
2.40 (2.05,2.81)

1.00 (Reference)
2.00 (1.67, 2.40)
2.85 (2.40, 3.40)
4.38 (3.69, 5.20)

1.00 (Reference)
1.23 (1.04, 1.45)
1.63 (1.40, 1.91)
2.30 (1.98, 2.68)

1.00 (Reference)
2.42 (1.98,2.95)
3.95 (3.26, 4.77)
6.42 (5.33,7.73)

1.00 (Reference)
1.77 (1.49,2.11)
2.67(2.25,3.15)
3.77 (3.19, 4.45)

1.00 (Reference)
1.51 (1.28,1.78)
2.06 (1.76, 2.42)
2.40 (2.06, 2.82)

1.00 (Reference)
2.00 (1.67, 2.40)
2.85 (2.40, 3.40)
4.39 (3.70, 5.20)

MASLD: metabolic dysfunction-associated steatotic liver disease; TyG: triglyceride-glucose; TyG-BMI: triglyceride glucose-body mass
index; TyG-WHtR: triglyceride glucose-waist-to-height ratio; TyG-WHR: triglyceride glucose-waist-to-hip ratio; TyG-WC: triglyceride

glucose-waist circumference.
fModel I was adjusted for sex, age

fModel IT was adjusted for sex, age, exercise routines (binary: >1 time/week vs. <1 time/week), alcohol consumption frequency (categori-
cal: never/almost never, occasional, regular, or daily), and smoking habits (binary: current smoker vs. non-smoker).
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Table 3. Sensitivity analysis: adjusted hazard ratios and 95% confidence intervals for future risk of MASLD associated with baseline TyG index and TyG- derived parameters among
Chinese older adults with different baseline health status

Parameters Sensitivity-1T Sensitivity-2* Sensitivity-3% Sensitivity-41 Sensitivity-57F Sensitivity-61F Sensitivity-71
(n=2,301) (n=2,542) (n=1,456) (n=2,522) (n=1,778) (n=2,091) (n=2,393)
TyG
Ql 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1.25 (1.05, 1.50) 1.24 (1.05, 1.48) 1.14 (0.90, 1.44) 1.22 (1.03, 1.45) 1.31 (1.03, 1.66) 1.35(1.13, 1.62) 1.45(1.17, 1.81)
Q3 1.63 (1.37,1.93) 1.61 (1.37, 1.90) 1.61 (1.29,2.02) 1.49 (1.26, 1.76) 1.69 (1.34,2.12) 1.69 (1.42,2.01) 2.00 (1.63, 2.46)
Q4 2.11 (1.78, 2.50) 2.26 (1.92,2.65) 2.49 (2.01, 3.09) 2.20 (1.87,2.57) 2.41(1.92,3.01) 2.44 (2.06, 2.89) 3.00 (2.46, 3.66)
TyG-BMI
Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 2.49 (1.99, 3.10) 2.42 (1.96, 2.98) 1.95 (1.47,2.59) 2.28 (1.85,2.80) 1.98 (1.50, 2.62) 2.59 (2.09, 3.22) 2.92(2.18,3.91)
Q3 3.87 (3.13,4.78) 3.82 (3.12, 4.66) 3.55(2.73,4.62) 3.79 (3.11,4.62) 3.04 (2.33,3.96) 4.01 (3.25,4.94) 5.94 (4.51,7.82)
Q4 6.48 (5.26,7.97) 6.64 (5.46, 8.08) 6.25 (4.83, 8.08) 6.23 (5.13, 7.56) 4.74 (3.68, 6.12) 6.62 (5.39, 8.12) 10.45 (7.97, 13.69)
TyG-WHtR
Ql 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1.90 (1.57,2.30) 1.75 (1.45, 2.10) 1.92 (1.49, 2.47) 1.73 (1.44, 2.08) 2.00 (1.57, 2.56) 1.84 (1.51,2.23) 2.17 (1.71, 2.75)
Q3 2.53 (2.10, 3.06) 2.58 (2.16,3.07) 2.73 (2.14, 3.49) 2.62 (2.19,3.12) 2.44(1.91, 3.10) 2.69 (2.23,3.24) 3.56 (2.84, 4.46)
Q4 3.74 (3.11, 4.49) 3.77 (3.17,4.49) 4.24 (3.33,5.39) 3.67 (3.09, 4.37) 2.98 (2.34, 3.80) 3.81(3.17,4.58) 5.15 (4.12, 6.44)
TyG-WHR
Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1.46 (1.21, 1.75) 1.49 (1.25,1.77) 1.65 (1.30, 2.09) 1.51 (1.27, 1.79) 1.46 (1.15, 1.85) 1.51 (1.26, 1.82) 1.81 (1.45,2.27)
Q3 2.11 (1.77,2.51) 2.17 (1.84, 2.56) 2.25(1.79, 2.83) 2.07 (1.75,2.45) 1.81 (1.44,2.28) 2.19 (1.83, 2.60) 2.74 (2.22,3.38)
Q4 2.28 (1.91,2.72) 2.38 (2.01, 2.81) 2.70 (2.15, 3.40) 2.32(1.97,2.74) 2.17 (1.73, 2.72) 2.42 (2.03, 2.88) 3.21 (2.60, 3.96)
TyG-WC
Ql 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 2.05(1.67,2.51) 2.01 (1.66, 2.43) 2.12 (1.63, 2.76) 2.01 (1.66, 2.43) 1.84 (1.42,2.38) 2.01 (1.65, 2.46) 2.55(1.98, 3.30)
Q3 2.84 (2.34,3.45) 2.88 (2.40, 3.46) 3.08 (2.39,3.97) 2.80 (2.33, 3.36) 2.50(1.95, 3.20) 2.90 (2.40, 3.52) 4.22 (3.31,5.37)
Q4 4.27 (3.53,5.16) 4.49 (3.75,5.37) 4.86 (3.80, 6.23) 4.23 (3.54, 5.06) 3.37 (2.65,4.29) 4.32(3.58,5.21) 6.38 (5.03, 8.10)

MASLD: metabolic dysfunction-associated steatotic liver disease; TyG: triglyceride-glucose; TyG-BMI: triglyceride glucose-body mass index; TyG-WHtR: triglyceride glucose-waist-to-height ratio; TyG-WHR:
triglyceride glucose-waist-to-hip ratio; TyG-WC: triglyceride glucose-waist circumference.
Sensitivity-1: Participants diagnosed with dyslipidemia at baseline were excluded.
fSensitivity-2: Participants diagnosed with hyperglycemia at baseline were excluded.
$Sensitivity-3: Participants diagnosed with hypertension at baseline were excluded.
Sensitivity-4: Participants diagnosed with hyperuricemia at baseline were excluded.

TfSensitivity-5: Participants with BMI > 24 kg/m2 at baseline were excluded.

HiSensitivity-6: Participants with a follow-up of less than 6 years were excluded.

MSensitivity-7: Participants with non-persistent MASLD (single diagnosis not at final follow-up) were excluded, redefining the outcome as persistent MASLD.

Every sensitivity analysis adjusted for sex, age, exercise routines (binary: >1 time/week vs. <1 time/week), alcohol consumption frequency (categorical: never/almost never, occasional, regular, or daily), and smoking
habits (binary: current smoker vs. non-smoker).
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Table 4. Areas under the time-dependent receiver operating characteristic curves for baseline TyG index and TyG- derived parameters predicting incident MASLD among Chinese
older adults’

Predict time

AUC (95% CI)

TyG TyG-BMI TyG-WHtR TyG-WHR TyG-WC
Men (n=980)
1 year 0.643 (0.605, 0.682) 0.731 (0.698, 0.764) 0.664 (0.628, 0.700) 0.642 (0.606, 0.679) 0.688 (0.653, 0.723)
3 years 0.653 (0.614, 0.693) 0.770 (0.737, 0.803) 0.698 (0.662, 0.735) 0.661 (0.623, 0.700) 0.719 (0.683, 0.754)
4 years 0.678 (0.638, 0.718) 0.789 (0.756, 0.822) 0.714 (0.676, 0.751) 0.678 (0.639, 0.718) 0.735 (0.698, 0.771)
5 years 0.650 (0.611, 0.688) 0.782 (0.750, 0.815) 0.706 (0.669, 0.743) 0.657 (0.618, 0.696) 0.734 (0.699, 0.769)
6 years 0.649 (0.610, 0.688) 0.796 (0.764, 0.828) 0.710 (0.673, 0.747) 0.656 (0.617, 0.696) 0.735 (0.699, 0.771)
Women (n=1,777)
1 year 0.633 (0.603, 0.663) 0.776 (0.752, 0.800) 0.730 (0.704, 0.756) 0.659 (0.631, 0.687) 0.741 (0.716, 0.766)
3 years 0.646 (0.617, 0.675) 0.764 (0.739, 0.789) 0.721 (0.695, 0.748) 0.659 (0.630, 0.687) 0.728 (0.702, 0.755)
4 years 0.647 (0.617, 0.677) 0.766 (0.741, 0.792) 0.717 (0.690, 0.745) 0.655 (0.625, 0.684) 0.726 (0.699, 0.753)
5 years 0.645 (0.617, 0.674) 0.780 (0.757, 0.804) 0.719 (0.693, 0.746) 0.654 (0.626, 0.683) 0.731 (0.705, 0.757)
6 years 0.642 (0.613, 0.672) 0.775 (0.750, 0.800) 0.711 (0.684, 0.739) 0.648 (0.618, 0.678) 0.724 (0.697, 0.751)

AUC: area under the curves; MASLD: metabolic dysfunction-associated steatotic liver disease; TyG: triglyceride-glucose; TyG-BMI: triglyceride glucose-body mass index; TyG-WHtR: triglyceride glucose-waist-to-
height ratio; TyG-WHR: triglyceride glucose-waist-to-hip ratio; TyG-WC: triglyceride glucose-waist circumference.
Liver ultrasound data were unavailable in the second year of follow-up
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numerically higher than those for the HSI, although their
confidence intervals overlapped in both sexes. The opti-
mal TyG-BMI cut-off value was 187.97 (sensitivity:
75.7%, specificity: 66.1%) for men and 191.33 (sensitivi-
ty: 74.7%, specificity: 63.2%) for women.

Time dependent ROC analysis for MASLD prediction
using the TyG index and its derived parameters
Supplementary Figure 3 displayed temporal trajectories
of AUC values via fluctuation curves, illustrating how the
predictive accuracy of these indicators evolved across the
follow-up period. All baseline TyG index and its derived
parameters maintained robust predictive capacity for in-
cident MASLD across multiple timepoints, with TyG-
derived parameters consistently outperforming the
standalone TyG index in AUC values. Notably, TyG-BMI
achieved the highest predictive accuracy for MASLD
onset in both genders (Table 4 and Supplementary Figure
3).

DISCUSSION

This large longitudinal cohort study of Chinese adults
demonstrated that higher quartiles of the baseline TyG
index and its derived parameters were associated with
progressively increased risks of incident MASLD. More-
over, combining TyG index with anthropometrical meas-
urements (BMI, WHtR, WHR, WC) enhanced both risk
assessment and predictive accuracy for MASLD. Im-
portantly, TyG-BMI showed superior performance, as
reflected by the highest quartile hazard ratio and the
greatest time-dependent AUC, in forecasting MASLD
risk compared to the TyG index and other derived param-
eters. TyG-BMI emerged as the optimal biomarker for
identifying high-risk older adults, underscoring its clinical
utility in MASLD screening strategies.

As a cost-effective surrogate marker for IR,>° TyG in-
dex reflected IR's central role in MASLD pathogenesis.
The core pathophysiological impact of IR manifested as
impaired glucose uptake in adipose and muscular tissues.
This defect suppressed triglyceride hydrolysis while sim-
ultaneously elevating hepatic free fatty acid uptake,
which exacerbated triglyceride synthesis in the liver.?>?7
Consequently, IR, along with subsequent hyperinsuline-
mia and elevated systemic glucose and free fatty acid
levels, promoted substantial hepatic lipid deposition,
thereby initiating steatosis and advancing MASLD.
Moreover, impaired insulin sensitivity in IR patients in-
duced persistent hyperglycemia, triggering compensatory
hyperinsulinemia and appetite stimulation.?® This meta-
bolic dysfunction promoted dietary preferences favoring
high-carbohydrate intake and reinforced a self-
perpetuating cycle. Simultaneously, IR correlated with
low-grade chronic inflammation mediated by pro-
inflammatory cytokines that both aggravated insulin re-
sistance and accelerated MASLD pathogenesis. Key
mechanisms comprised dysregulated adipose tissue lipol-
ysis, enhanced de novo lipogenesis, compromised mito-
chondrial B-oxidation of fatty acids, abnormal fat distri-
bution, gut microbiome compositional shifts, and adi-
pokine/cytokine level alterations.> Recent Japanese and
Chinese investigations identified significant TyG index-
MASLD association, supporting regular TyG monitoring

for risk mitigation.?® 3° Furthermore, another large-scale
cohort study established that elevated baseline TyG index
independently correlated with increased risk of
MASLD.3! Building upon this framework, TyG-BMI
extended predictive capacity of TyG index by incorporat-
ing BMI, which captured additional burden of adiposity.
Excess adiposity, reflected by higher BMI, exacerbates IR
through the release of free fatty acids and pro-
inflammatory adipokines from dysfunctional adipose tis-
sue, thereby amplifying the pathways described above.’?
33 By multiplying TyG index (a marker of IR) with BMI
(a measure of overall obesity), TyG-BMI effectively
quantifies the synergistic crosstalk between systemic IR
and adiposity, where a high degree of IR in the setting of
significant obesity leads to an amplified risk of hepatic
steatosis.>* This integration of metabolic dysfunction and
obesity-related pathways likely explained its superior
predictive performance for MASLD.

This retrospective cohort research documented a
MASLD incidence density of 394/10,000 person-years,
closely aligning with findings from another Chinese in-
vestigation.’® The similarity in incidence between the two
studies resulted from the shared demographic characteris-
tics of community residents in China aged over 60 years
who underwent health examinations. Recent studies un-
derscored the critical role of body fat percentage and adi-
pose tissue distribution in driving hepatic steatosis pro-
gression. Our findings extend this understanding by
demonstrating that integrating the TyG index with BMI
(TyG-BMI) provides a stronger predictive signal than
either component alone or its combination with other adi-
posity measures (WC, WHtR, WHR). TyG-derived pa-
rameters, which incorporated fasting plasma glucose,
triglycerides, and simple anthropometrical measurements,
were easily obtained and applied in clinical practice. **
Furthermore, investigations have sought to identify which
TyG-derived parameters was the most suitable one to
screen MASLD. A large-scale study found that TyG-BMI
was a more effective predictor of future MASLD risk
than traditional indicators, particularly among young and
middle-aged participants who were not fat.> However,
another research performed in overweight and obese pop-
ulations demonstrated that TyG-WC was better than ei-
ther TyG-BMI or TyG index in detecting MASLD.® The
research on the American population established TyG-
WC as the strongest predictor of MASLD, followed by
TyG-WHtR and TyG-BMI.9 Furthermore, another inves-
tigation revealed distinct gender-specific patterns, identi-
fying TyG-WHtR as exhibiting enhanced efficacy for
detecting MASLD in women, while TyG-WC was more
effective in men.'> The discrepancies among previous
studies could be explained by differences in study popula-
tions: many studies focused on adults with a small num-
ber of elderly participants whereas our research exclu-
sively included the older population. Our longitudinal
analysis in an exclusively older Chinese cohort confirmed
TyG-BMI as the most predictive parameter in this demo-
graphic. Importantly, our results remained robust in mul-
tiple sensitivity analyses, including addressing potential
outcome misclassification by excluding likely transient
MASLD cases. Additionally, positive association was
consistent across subgroups stratified by baseline ALT
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level, suggesting that its applicability extends beyond
individuals with elevated liver enzymes. Notably, in a
head-to-head comparison within our cohort, TyG-BMI
demonstrated a comparable discriminative ability to the
established HSI. The superiority of TyG-BMI lied not
merely in a marginal statistical advantage but, more im-
portantly, in its extreme simplicity of composition. While
the HSI incorporates the ALT/AST ratio and diabetes
status, TyG-BMI requires only TG, FPG, and BMI. This
elimination of the need for liver enzymes or diabetes his-
tory constituted a major practical advantage for risk strati-
fication in primary care settings and large-scale epidemio-
logical screening. Furthermore, WC was subject to con-
siderable error in older adults, due to age-related changes
such as abdominal muscle laxity and postural variations.'?
This might be partly attributed to age-related body com-
position alterations, such as visceral fat redistribution,
which could distort waist circumference as a reliable
marker of adiposity and metabolic risk in older adults,
whereas BMI might better reflect the overall burden of
adiposity and muscle loss relevant to MASLD pathogene-
sis.!* Consistently, a recent large-scale comparative study
reported that TyG-BMI achieved the highest AUC for
MASLD prediction among TyG-derived indices, outper-
forming both TyG-WC and TyG-WHIR in both sexes.3¢

The sex specific TyG BMI cut off values identified in
this study were derived from our community based cohort
of Chinese older adults and should therefore be regarded
as preliminary. Their definitive calibration and validation
represent necessary next steps. We acknowledge that the
stability of these cut offs requires internal validation, and
more importantly, their applicability to other populations,
such as younger individuals, different ethnic groups, or
patients with various comorbidities, is unknown and must
be tested through external validation in independent and
demographically diverse cohorts. Consequently, these
thresholds should not be generalized to clinical settings
beyond populations with similar characteristics without
further confirmation.

Key strengths of the present investigation included its
cohort design and the application of time-dependent ROC
curves, which directly compared the predictive perfor-
mance of baseline TyG index and its derived parameters
for MASLD risk at various follow-up time points. Addi-
tionally, the incorporation of multiple sensitivity analyses
and adjustments for confounders further strengthened the
reliability of the findings. Several limitations should be
noted. The primary limitation was that MASLD diagnosis
relied on abdominal ultrasound, which, despite its con-
venience and practicality, had limited sensitivity for mild
hepatic steatosis and could not assess liver fibrosis or
inflammation.’” Future studies is necessary to consider
incorporating complementary non-invasive tests, such as
transient elastography (FibroScan) for fibrosis assess-
ment, and the Fibrosis-4 (FIB-4) index to enhance diag-
nostic accuracy and risk stratification. Another limitation
was the lack of data on important confounding factors.
Specifically, we had no information on medication use,
for example lipid-lowering, antidiabetic, and antihyper-
tensive drugs, or on detailed dietary patterns, including
intake of total fat, saturated and polyunsaturated fatty
acids.’® These factors directly influence triglyceride, glu-

cose, and uric acid levels, which were core components of
TyG-BMI or closely related metabolic pathways, and
were also associated with MASLD risk.*> 4 Their ab-
sence might limit our ability to fully adjust for potential
confounding. Future prospective studies should therefore
prioritize collecting such data to clarify the independent
association of TyG-BMI with MASLD. Additionally,
data on other potential confounders such as socioeconom-
ic status were deficient.*! Another constraint was the lack
of systematic follow-up data on mortality and other se-
vere comorbidities, including malignancies, which pre-
vented us from accounting for competing risks that may
influence absolute risk estimates in this older cohort.
Moreover, all the participants were from one single-
center, thus limiting its generalizability. Also, as the co-
hort was derived from individuals voluntarily undergoing
health check-ups, it is susceptible to the “healthy volun-
teer” selection bias.*? Participants in such settings were
often more health-conscious, with better access to
healthcare and potentially a lower baseline risk profile
than the general elderly population. This might lead to an
underestimation of the true MASLD incidence and could
affect the absolute risk estimates, although the internal
validity of the observed relative associations and the
comparative performance among different TyG-derived
parameters was likely preserved. Therefore, future multi-
center, community-based studies encompassing a broader
spectrum of older adults, including those not engaged in
regular health screenings, are warranted to validate the
generalizability and clinical utility of TyG-BMI as a
screening tool.

Conclusions

TyG-BMI demonstrated superior performance in forecast-
ing MASLD risk, compared to TyG index itself, other
TyG-derived parameters, and the HSI. The robust asso-
ciation observed across sensitivity analysis and ALT sub-
groups supported its reliability. This practical tool ena-
bled primary care providers to stratify older adults' risk
during wellness visits, supporting timely interventions
without specialized resources.
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