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Association between TyG-related
parameters and NAFLD risk in
Japanese non-obese population
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Non-alcoholic fatty liver disease (NAFLD) constitutes a substantial proportion of cases among

the non-obese population, yet it is frequently overlooked. Studies investigating the association
between triglyceride-glucose (TyG)-related parameters (TyG-BMI, TyG-WC, TyG-WHtR) and NAFLD in
non-obese individuals is limited. Thus, this study aims to investigate the association between TyG-
related parameters and NAFLD in non-obese individuals to improve early detection and intervention
strategies for NAFLD in this population. A cross-sectional analysis was conducted using data from
the NAFLD database, including 11,987 participants who underwent health examinations between
2004 and 2015. Logistic regression models were employed to evaluate the relationship between
TyG-related parameters and NAFLD risk, incorporating cubic spline functions and smooth curve
fitting to identify potential nonlinear relationships. ROC curve analysis was conducted to assess

the predictive performance of thee parameters. After controlling for confounding variables, the
incidence of NAFLD in non-obese individuals increased with higher TyG-related parameters. Notably,
nonlinear relationships between the TyG index and its related parameters regarding NAFLD risk were
identified. The areas under the ROC curve for the TyG index and its related parameters were 0.7984,
0.8553, 0.8584, and 0.8353, respectively. Importantly, the predictive ability of the TyG index and

its related parameters was stronger in the female population than in that of males. A positive and
nonlinear relationship exists between the TyG-related parameters in relation to the risk of NAFLD.
The TyG-related parameters exhibit predictive capabilities for NAFLD, with TyG-related parameters
demonstrating greater strength than the TyG index itself.

Keywords TyG index, TyG-related parameters, NAFLD, Non-obese population, Nonlinear

Non-alcoholic fatty liver disease (NAFLD) is characterized by excessive fat accumulation in the liver due to
non-alcoholic factors, which impairs liver metabolic functions'. NAFLD ranges from simple steatosis to non-
alcoholic steatohepatitis (NASH) and can potentially progress to cirrhosis and hepatocellular carcinoma>.
Worldwide, NAFLD affects over 25% of adults, and in China, the prevalence exceeds 20% among adults*-.
NAFLD is closely associated with metabolic syndrome and is linked to cardiovascular diseases, chronic kidney
disease, polycystic ovary syndrome, and certain cancers’"!?. Early diagnosis and intervention are crucial for
mitigating its adverse health effects.

Methods for identifying NAFLD primarily include imaging, histology, and serological biomarkers, such as
serum insulin levels, high-sensitivity C-reactive protein, and serum glutamyl transpeptidase. These methods are
used alongside evidence of overweight/obesity, type 2 diabetes, or metabolic dysregulation!!!2. However, the
applicability and adoption of imaging studies and liver biopsies may be restricted in some healthcare facilities
and regions. Some markers may lack sensitivity and specificity, which can lead to misdiagnoses or missed
diagnoses. Therefore, further research is necessary to refine prediction methods, enhance diagnostic accuracy
and convenience, and better guide clinical practice and patient management.

NAFLD is closely associated with insulin resistance, which significantly contributes to its development and
progression'>!*. The triglyceride-glucose (TyG) index, derived from fasting glucose and triglyceride levels, is
a reliable indicator of insulin resistance and shows promise in predicting the risk of metabolic syndrome and
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NAFLD!-'7. Research indicates a positive correlation between the TyG index and NAFLD, suggesting that
individuals with higher TyG indices are at an increased risk of developing NAFLD'®. This finding supports
the efficacy of the TyG index as a predictive tool for assessing NAFLD risk. Furthermore, ongoing studies are
exploring TyG-related parameters, including the TyG index combined with waist circumference (WC), body
mass index (BMI), and waist-to-height ratio (WHtR)!”'°. This diversified approach may improve the accuracy
of NAFLD predictions by considering various metabolic factors.

Obesity is significantly associated with NAFLD, a relationship well documented in numerous studies?*?!.
However, it is concerning that a substantial proportion of non-obese individuals are also affected by NAFLD.
Epidemiological data indicate that the prevalence of NAFLD among non-obese populations ranges from 10 to
30% in both Western and Eastern countries, reaching 17.5% in China?®23, Furthermore, the connection between
NAFLD and cardiovascular disease (CVD) in non-obese patients indicates a higher risk, suggesting that these
individuals may be more vulnerable to cardiovascular health issues than their obese counterparts®*. Despite
this, research on NAFLD in non-obese populations remains relatively scarce. According to our understanding,
previous studies have found a positive correlation between the TyG index and TyG-BMI with the risk of NAFLD
in non-obese individuals in China?>?°. However, these studies have not compared the predictive value of
the TyG index with TyG-related indices. Considering this, the present study aims to explore the relationship
between the TyG index and related parameters (TyG-BMI, TyG-WC, and TyG-WHtR) with NAFLD in non-
obese individuals to facilitate early intervention for this population.

Method

Data source

The primary data was obtained from the DATADRYAD database, as disclosed by Okamura et al. (2019)%.
The information originates from a study available in the Dryad database named ‘Ectopic fat obesity poses the
highest risk for developing type 2 diabetes: An extensive longitudinal study. According to Dryad’s terms of use,
performing additional analyses on this data by different scientists does not violate the copyrights of the initial
creators.

Study population

The NAGALA database from Murakami Memorial Hospital in Japan served as the data source for this cross-
sectional study. Participant identifiers were replaced with non-traceable codes, and the study was conducted in
accordance with the Declaration of Helsinki, receiving approval from the Clinical Research Ethics Committee
of Murakami Memorial Hospital. Inclusion Criteria: Participants were required to have undergone at least
two health check-ups at Murakami Memorial Hospital between 1994 and 2016, and to be aged 18 years or
older but under 80 years old. All participants provided informed consent. Exclusion Criteria: Individuals
were excluded if they had diabetes, elevated fasting blood glucose levels, known liver conditions, were taking
medications, consumed excessive alcohol, or were missing data for abdominal ultrasound, alcohol consumption,
or laboratory parameters. Additionally, individuals with a body mass index (BMI) > 25 kg/m” were also excluded
(see Fig. 1 for the study flowchart). After excluding 9,007 participants, data analysis was performed on 11,987
individuals. The study included variables such as the number of participants, age, height, BMI, WC, WHIR,
alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), high-
density lipoprotein cholesterol (HDL-c), total cholesterol (TC), triglycerides (TG), systolic blood pressure (SBP),
diastolic blood pressure (DBP), sex, smoking status (non-smoker, ex-smoker, current smoker), drinking status
(non-drinker, ex-drinker, current drinker), as well as the TyG index and its related measures (TyG-BMI, TyG-
WC, and TyG-WHIR).

Data collection

Covariates were selected based on clinical practice and existing literature. The following variables were included
as covariates: gender, age, height, BMI, liver function markers, lipid panel, hypertension, alcohol consumption,
smoking habits, and drinking behavior.

Indices: TyG Index, modified TyG-Related parameters

The TyG index was calculated using the formula: In [fasting serum TG (mg/dL) x fasting plasma glucose (mg/
dL)/2]?. TyG-BMI was calculated as [TyG index x BMI]?7, TyG-WC as [TyG x WC]'® and TyG-WHIR as [TyG
x WC/height]?.

Definition of NAFLD and obesity

Participants were questioned about their weekly alcohol consumption over the previous month, specifying the
type and quantity consumed, and then estimating their average weekly ethanol intake. Those included in the
study reported minimal or no alcohol intake (below 20 g/day for females and below 30 g/day for males).
Skilled technicians conducted abdominal ultrasounds, while gastroenterologists, blinded to participants’
personal details, analyzed the ultrasound images for signs of non-alcoholic fatty liver disease, including liver-
kidney echo contrast, liver brightness, deep attenuation, and vascular blurring. NAFLD, a liver disease associated
with metabolic dysfunction, was redefined in 2020 as MAFLD?*"*2. Obesity was characterized by a BMI > 25 kg/
mA2%7,

Statistical analysis

The study included participants categorized into two groups: those with NAFLD and those without NAFLD.
Descriptive statistics were provided for continuous variables, reporting means and standard deviations for
normally distributed data, and medians for non-normally distributed data. Frequencies and proportions were
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20,994 participants with at least two medical
examination at Murakami Memorial Hospital in
Japan in 2004-2015

5,480 were excluded

1) 863 missed data of alcohol
intake, exercise, height or
abdominal ultrasonography

2) 416 know liver disease

3) 739 ethanol consumption over
60 g/day for men and 40 g/day for
women

4) 2,321 used medication at
baseline examination

5) 323 diagnosed with diabetes at
baseline

6) 808 fasting plasma glucose was
over 6.1 mmol/L at baseline

Y

The original study had 15,464 eligible participants

3,477 participants were excluded

1) 1,213 ethanol consumption over 30
g/day for men and 20 g/day for women
2) 2,264 participants' BMI >25 kg/m?2

{ Final enrollment in the study was 11,987 participants }

Fig. 1. Flowchart of study participants. The eligibility of 15,464 participants was assessed in the original study.
We excluded patients with ethanol consumption over 30 g/day for men and 20 g/day for women (n=1,213).
The final analysis included 11,987 subjects in the present study.

reported for categorical variables. Group differences were assessed using t-tests, chi-square tests, or Mann-
Whitney U tests based on the data distribution. Various logistic regression models were developed to examine
the association between the TyG index, its related parameters, and the risk of NAFLD. The models included an
unadjusted baseline model (Model I), a model adjusted for gender and age (Model II), and a comprehensive
model adjusted for multiple covariates (Model III: age, gender, BMI, WC, WHtR, AST, ALT, GGT, HDL-c, TC,
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SBP, DBP, smoking status, and alcohol consumption). Odds ratios (OR) and 95% confidence intervals (CI) were
calculated for each model. Nonlinear relationships were explored using cubic spline functions and smoothing
curve fitting. the receiver operating characteristic (ROC) curve analysis was conducted to evaluate the predictive
ability of the TyG index, TyG-BMI, BMI-WC, and BMI-WHIR for NAFLD, with a significance threshold set at
p<0.05. The area under the ROC curve (AUC) indicates the predictive performance of the model, with larger
values representing better performance. An AUC between 0.5 and 0.7 is considered acceptable, 0.7 to 0.9 is
regarded as good, and an AUC greater than 0.9 is considered excellent. In this study, we used Youden’s index to
select the optimal cut-off value>*3. The analysis was conducted using Empower Stats software and R language,
with statistical significance defined as a two-sided p-value < 0.05.

Result

Participants’ baseline characteristics

We conducted a comprehensive analysis of participants’ baseline characteristics to explore the relationship
between TyG-related parameters and NAFLD risk. A total of 11,987 participants were included, comprising
6,227 females (51.95%) and 5,760 males (48.05%), with an average age of 43.45+ 8.98 years. Table 1 presents the
baseline characteristics of the participants, comparing those with and without NAFLD. Overall, participants
with NAFLD were older, with an average age of 45.89 years, compared to 43.18 years in those without NAFLD
(P<0.001). Additionally, BMI, height, WC, and WHtR were significantly higher in the NAFLD group (all
P<0.001). Liver function markers, including ALT, AST, and GGT, were significantly elevated in participants
with NAFLD. Similarly, the lipid profiles indicated lower levels of HDL-c and higher levels of TG and TC in the
NAFLD group (all P<0.001). In terms of blood pressure, both SBP and DBP were higher in individuals with
NAFLD (P<0.001). There were also significant differences in gender distribution and lifestyle factors such as

Variable Non-NAFLD NAFLD P-value
Participants 10,759 1,228

Age, years 43.18£9.01 45.89+8.36 <0.001
BMI, kg/m2 20.85+2.09 23.08+1.40 <0.001
Height, cm 1.64+0.08 1.68+0.07 <0.001
WC, cm 72.94+7.02 81.11+5.16 <0.001
WHtR 0.45+0.04 0.48+0.03 <0.001
ALT, IU/L 15.0 (12.0-19.0) | 24.0(18.0-33.0) | <0.001
AST, IU/L 17.25+8.24 20.39+7.46 <0.001
GGT, IU/L 16.60+£13.12 26.49+22.46 <0.001
HDL-c, mmol/L 1.54+0.40 1.23+£0.32 <0.001
TC, mmol/L 5.04+0.85 5.40+0.85 <0.001
TG, mmol/L 0.75+0.49 1.34£0.78 <0.001
PFG, mmol/L

SBP, mmHg 110.95+13.63 119.41+13.89 <0.001
DBP, mmHg 69.05+9.61 75.23+9.65 <0.001
Sex, n (%) <0.001
Women 5993 (55.70%) 234 (19.06%)

Man 4766 (44.30%) 994 (80.94%)

Smoking status, n (%) <0.001
Non-smoker 7035 (65.39%) 578 (47.07%)

Ex-smoker 1720 (15.99%) 336 (27.36%)

Current smoker 2004 (18.63%) 314 (25.57%)

Drinking status, n (%) 0.020
Non-drink 8945 (83.14%) 1010 (82.25%)

Ex-drink 1326 (12.32%) 141 (11.48%)

Current drink 488 (4.54%) 77 (6.27%)

TyG index 7.85+0.58 8.51+0.54 <0.001
TyG-BMI 164.11+£23.47 196.47 £18.69 <0.001
TyG-WC 574.37+81.95 690.62 £67.65 <0.001
TyG-WHtR 3.50+0.47 4.11+0.41 <0.001

Table 1. The baseline characteristics of participants. Continuous variables were summarized as mean (SD) or
medians (quartile interval); categorical variables were displayed as percentage (%). Abbreviations: BMI, body
mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; TC, total cholesterol;
HDL-c, high-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
GGT, gamma-glutamyl transferase; FBG, fasting plasma glucose; TyG index, triglyceride glucose index. WC,

waist circumference; WHtR, waist-to-height ratio.
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smoking and drinking between the two groups (all P<0.001). Finally, the TyG index and its related parameters
(TyG-BMI, TyG-WC, TyG-WHtR) were significantly higher in participants with NAFLD (all P<0.001). Figure 2
illustrates the distribution of the TyG index and related parameters (TyG-BMI, TyG-WC, TyG-WHtR), which
followed a normal distribution.

The relationship between TyG-related parameters and NAFLD in different model
Table 2 displays the ORs and 95% ClIs associated with various metrics and NAFLD. Our analysis revealed a
positive association between the TyG index and its related parameters (TyG-BMI, TyG-WC, and TyG-WHtR)
with NAFLD. Initially, we did not adjust for any variables, and we found that the TyG index and its related
parameters (TyG-BMI, BMI-WC, and BMI-WHtR) were positively correlated with the incidence of MAFLD,
with odds ratios (OR) and 95% confidence intervals (CI) as follows: 6.76 (6.02, 7.59) for the TyG index, 1.07
(1.06, 1.07) for TyG-BMI, 1.02 (1.02, 1.02) for BMI-WC, and 15.64 (13.43, 18.22) for BMI-WHLIR. After adjusting
for age and gender, the positive correlations remained significant with adjusted ORs and 95% ClIs of 5.05 (4.46,
5.71) for the TyG index, 1.06 (1.06, 1.06) for TyG-BMI, 1.02 (1.02, 1.02) for BMI-WC, and 12.81 (10.91, 15.05)
for BMI-WHItR. Further adjusting for age, gender, BMI, WC, WHtR, AST, ALT, GGT, HDL-c, TC, SBP, DBP,
smoking status, and drinking status, we still found that the TyG index and related parameters maintained
positive correlations with MAFLD, with ORs and 95% ClIs of 2.45 (2.08, 2.89) for the TyG index, 1.04 (1.03, 1.05)
for TyG-BMI, 1.01 (1.01, 1.01) for BMI-WGC, and 6.40 (4.55, 9.01) for BMI-WHtR.

To delve deeper into the relationship between TyG-related parameters and NAFLD, we categorized the TyG-
related parameters into quartiles. For comparative purposes, an OR of 1.00 was assigned to the lowest quartile
(Q1) in all models. In each model, the ORs for TyG-related parameters increased with each quartile increment.

The non-linear relationship between TyG related parameters and NAFLD

We employed cubic spline functions and smooth curve fitting to investigate the nonlinear relationship between
the TyG index, its related parameters, and the risk of NAFLD (see Fig. 3). We identified a nonlinear relationship
between the TyG index and NAFLD risk. Additionally, we identified nonlinear relationships between TyG-
related parameters (TyG-BMI, TyG-WC, and TyG-WHtR) and NAFLD risk.
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Fig. 2. Distribution of TyG index, TyG-BMI, TyG-WC and TyG-WHtR. (A) showed that TyG index presented
a normal distribution ranging from 5.63 to 10.73, with a mean level of 7.92. (B) indicated that TyG-BMI
presented a normal distribution ranging from 97.489 to 200.65, with a median level of 167.42. (C) indicated
that TyG-WC presented a normal distribution ranging from 339.45 to 931.05, with a median level of 586.28.
(D) indicated that TyG-WHIR presented a normal distribution ranging from 2.10 to 5.49, with a median level
of 3.56.
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Moder I Moder IT Moder 11T
Exposure
OR (95%) P-value OR (95%) P-value OR (95%) P-value

Continuous | 6.76 (6.02, 7.59) <0.0001 5.05 (4.46, 5.71) <0.0001 2.45 (2.08, 2.89) <0.0001
Quartiles
Q1 1.0 1.0 1.0

TyG index
Q2 3.15(2.18, 4.57) <0.0001 2.47 (1.70, 3.58) <0.0001 1.60 (1.08, 2.37) 0.0201
Q3 8.41 (5.97, 11.83) <0.0001 5.56 (3.92, 7.87) <0.0001 2.68 (1.84, 3.89) <0.0001
Q4 27.32 (19.64, 38.01) <0.0001 15.24 (10.85, 21.42) <0.0001 4.39 (3.00, 6.43) <0.0001
Continuous | 1.07 (1.06, 1.07) <0.0001 1.06 (1.06, 1.06) <0.0001 1.04 (1.03, 1.05) <0.0001
Quartiles
Q1 1.0 1.0 1.0

TyG-BMI
Q2 5.57 (3.08, 10.09) < 0.0001 4.55 (2.51, 8.26)<0.0001 2.45 (1.29, 4.67) 0.0062
Q3 19.71 (11.25, 34.53) < 0.0001 13.76 (7.81, 24.21) <0.0001 3.67 (1.92, 7.03) <0.0001
Q4 99.61 (57.45, 172.71) <0.0001 61.19 (35.04, 106.87) <0.0001 7.13 (3.56, 14.28) <0.0001
Continuous | 1.02 (1.02, 1.02) <0.0001 1.02 (1.02, 1.02) <0.0001 1.01 (1.01, 1.01) <0.0001
Quartiles
Q1 1.0 1.0 1.0

TyG-WC
Q2 9.77 (4.48, 21.32) < 0.0001 8.69 (3.98, 18.99) <0.0001 4.50 (1.97, 10.28) 0.0004
Q3 38.53 (18.15, 81.81) < 0.0001 30.60 (14.33, 65.35) <0.0001 7.65 (3.36, 17.43) < 0.0001
Q4 185.07 (87.81, 390.08) <0.0001 | 134.37 (63.06, 286.31) <0.0001 | 13.86 (5.89, 32.63) <0.0001
Continuous | 15.64 (13.43, 18.22)<0.0001 12.81 (10.91, 15.05) <0.0001 6.40 (4.55, 9.01) <0.0001
Quartiles

TyG- Q1 1.0 1.0 1.0

WHIR Q2 6.22 (3.45, 11.20) < 0.0001 5.09 (2.82,9.19) <0.0001 2.79 (1.49, 5.22) 0.0014
Q3 24.22 (13.86, 42.32) < 0.0001 16.96 (9.68, 29.72) <0.0001 5.13 (2.75, 9.55) < 0.0001
Q4 90.87 (52.40, 157.59) < 0.0001 58.69 (33.71, 102.19) <0.0001 9.22 (4.76, 17.84) <0.0001

Table 2. The relationship between TyG-related parameters and NAFLD in different model. Model I:
unadjusted. Model II: Adjusted for age and gender. Model III: Adjusted for age, gender, BMI; WC; WHTR;
AST, ALT, GGT, HDL-c, TC, SBP, DBP, smoking, and drinking status. OR, Odds ratios; CI, confidence
intervals.

ROC curves for TyG index parameters predicting NAFLD

Figure 4; Table 3 presents ROC curves for TyG index parameters in predicting NAFLD among all participants,
males, and females. The AUROC values and 95% Cls for TyG index, TyG-BMI, TyG-WC, and TyG-WHtR
were 0.7984 (0.7860-0.8107), 0.8553 (0.8454-0.8652), 0.8584 (0.8489-0.8679), and 0.8353 (0.8249-0.8457),
respectively (Table 3). In females, the AUROC values were 0.8083 (0.7813-0.8354), 0.8771 (0.8575-0.8966),
0.8767 (0.8576-0.8958), and 0.8578 (0.8373-0.8782). In males, these values were 0.7299 (0.7131-0.7466), 0.7948
(0.7803-0.8093), 0.793 (0.7795-0.8082) and 0.7873 (0.7727-0.8018). The cut-off values for TyG index, TyG-
BMI, TyG-WC, and TyG-WHIR were 8.19, 181.27, 624.48 and 3.65, respectively.

Discussion
This study reveals a positive and nonlinear relationship between the TyG index and its related parameters and
the risk of NAFLD in the Japanese non-obese population. The results indicate that TyG-related parameters (such
as TyG-BMI, TyG-WC, and TyG-WHtR) have greater predictive capacity for NAFLD than the TyG index itself.
This suggests that clinical practice should emphasize monitoring and assessing these parameters. Notably, the
predictive ability of the TyG index and its related parameters is stronger in females, emphasizing the importance
of gender in NAFLD risk assessment. These findings facilitate the early identification and intervention of
individuals at risk for NAFLD, thereby reducing the incidence of the disease and its associated complications.
The TyG index, which is derived from triglyceride and glucose levels, serves as a reliable indicator of insulin
sensitivity and has been shown to predict the development of diabetes, prediabetes, and adverse cardiovascular
events®*~’7. Recent studies have highlighted the significance of TyG-related parameters, particularly TyG-
BMI, TyG-WC, and TyG-WHtR. One study found that a higher TyG-BMI significantly increases the risk of
prediabetes, particularly in women, non-obese individuals, and those under 50 years of age®s. Khamseh et al.
demonstrated that TyG-BMI accurately predicts liver fibrosis in non-diabetic overweight or obese individuals®.
Another study concluded that TyG-BMI is more effective than the TyG index for assessing NAFLD risk in
non-obese patients*’. TyG-WC is also utilized to evaluate insulin resistance and predict the risk of MAFLD*!.
Research indicates that TyG-WC is a more precise marker for predicting MAFLD occurrence, particularly in
females. TyG-WHIR is also employed to assess insulin resistance and metabolic health2. Several studies have
shown that a higher TyG-WHtR correlates with an increased incidence of fatty liver and is regarded as an
effective marker for predicting fatty liver risk'®. In summary, although the TyG index and related parameters
are closely linked to fatty liver, research examining the relationship between TyG-related indices and NAFLD
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Fig. 3. The nonlinear relationship between TyG index, TyG-BMI, TyG-WC, TyG-WHIR and risk of NAFLD. A
nonlinear relationship between them was detected after adjusting for age, gender, BMI; WC; WHTR; AST, ALT,
GGT, HDL-c, TC, SBP, DBP, smoking, and drinking status.

in non-obese populations remains limited. One study found that TyG-related parameters were more effective
than other markers at predicting NAFLD in young, non-obese individuals*’. Another study indicated that TyG-
WC outperformed HOMA-IR in identifying NAFLD among healthy Korean adults, particularly in non-obese
individuals®. In a study conducted on a Chinese population, TyG-BMI proved to be more accurate in assessing
NAFLD risk in non-obese individuals compared to individual parameters such as TyG, BMI, TG, and FPG*.
However, these studies had relatively small sample sizes, and several merely conducted correlation analyses
without ROC curves, failing to incorporate multiple TyG-related parameters simultaneously. Therefore, we
analyzed data from a Japanese non-obese population to further explore the relationship between the TyG index,
its related parameters, and NAFLD, addressing the limitations of previous research.

First, we conducted a logistic regression analysis to investigate the relationship between the TyG index, its
related parameters, and NAFLD. After adjusting for confounding variables, we identified significant associations
between the TyG index and its related parameters (TyG-BMI, TyG-WC, and TyG-WHtR) with NAFLD, yielding

Scientific Reports |

(2025) 15:7119

| https://doi.org/10.1038/s41598-025-88478-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

All

Female Male

1.0

Sensitivity
04 06 0.8

0.2

0.0
1

1.0

0.8

0.6
1
Sensitivity

0.4

Sensitivity

0.4

AUC

TYGWC :0.858 —— TYGBMI (SEX= (| TYGBMI (SEX= 1
TYGBMI :0.855 TYGWC (SEX= 0| TYGWC (SEX= 1

AUC AUC

0.2
1

TYGWHTR :0.89
TYGWHTR (SEX4 TYGWHTR (SEXA
— TYG.INDEX: 0.7 TYG.INDEX (SEX — TYG.INDEX (SEX

02
1

0.0

0.2

T
04

1 - Specificity

T T T
06 08 1.0

T T T T T T T T T T T T
0.0 02 04 06 08 1.0 0.0 0.2 04 06 08 1.0
1 - Specificity 1 - Specificity

Fig. 4. ROC curves for each parameter in predicting NAFLD (A) in all participants, (B) in women only, and
(C) in men only.

Parameters | AUC | Cut-off value [ 95% Cllow | 95% Cl up [ Sensitity (%) [ Specificity (%) | PPV (%) [ NPV (%)

All participants

TyGindex | 0.7984 |8.19 0.7860 0.8107 0.7549 0.7066 0.2270 0.9619

TyG-BMI 0.8553 | 181.27 0.8454 0.8652 0.8135 0.7517 0.2722 0.9725

TyG-WC 0.8584 | 624.48 0.8489 0.8679 0.8396 0.7329 0.2640 0.9756

TyG-WHtR | 0.8353 | 3.65 0.8249 0.8457 0.8070 0.7171 0.2456 0.9702

Female only

TyGindex | 0.8083 | 8.03 0.7813 0.8354 0.7607 0.7063 0.0918 0.9869

TyG-BMI 0.8771 | 172.24 0.8575 0.8966 0.8162 0.7812 0.1272 0.9909

TyG-WC 0.8767 | 564.80 0.8576 0.8958 0.8419 0.7636 0.1221 0.9920

TyG-WHtR | 0.8578 | 3.62 0.8373 0.8782 0.8291 0.7389 0.1103 0.9910

Male only

TyGindex | 0.7299 | 8.55 0.7131 0.7466 0.7354 0.6078 0.2812 0.9168

TyG-BMI 0.7948 | 192.86 0.7803 0.8093 0.7254 0.7310 0.3600 0.9273

TyG-WC 0.7939 | 710.66 0.7795 0.8082 0.8561 0.5944 0.3057 0.9519

TyG-WHtR | 0.7873 | 4.14 0.7727 0.8018 0.7575 0.6849 0.3339 0.9312

Table 3. The ROC curves of TyG index-related parameters for predicting incident NAFLD.

OR of 2.45, 1.04, 1.01, and 6.40, respectively, all with P values <0.0001. These results align with the findings
of most previous studies?>?*%>, Additionally, we categorized the TyG-related parameters into four quartiles
and observed that the risk of NAFLD increased with ascending quartiles of the TyG index and its associated
parameters. We also utilized cubic spline functions, which revealed a non-linear relationship between the TyG
index, its related parameters, and NAFLD risk. Understanding these non-linear relationships can facilitate the
development of more personalized screening and prevention strategies. Additionally, we determined that the
area under the ROC curve values for TyG-related parameters—TyG-BMI, TyG-WC, and TyG-WHtR—were
0.8553, 0.8584, and 0.8353, respectively; all values surpassed the AU ROC of 0.7984 for the TyG index. These
parameters incorporate BMI, WC, and WHIR, reflecting individual fat distribution and body composition.
Compared to the TyG index alone, these composite parameters may provide a more accurate assessment of risk,
especially for individuals with different body compositions. Furthermore, we found that the cut-off values for
TyG-related parameters (TyG-BMI, TyG-WC, and TyG-WHtR) were 8.19, 181.27, 624.48, and 3.65, respectively.
Additionally, the predictive ability of the TyG index and its related parameters was found to be stronger in the
female population, which exhibited relatively lower cut-off values. This phenomenon may be attributed that
non-obese women tend to accumulate fat in the abdominal and subcutaneous regions, and this pattern of fat
distribution may be related to the predictive ability of TyG-related parameters, as abdominal fat is more closely
associated with IR and NAFLD*. The results outlined above hold significant guiding value for clinicians in
their daily practice, assisting them in accurately identifying high-risk patients at an early stage, thereby enabling
appropriate intervention measures. Additionally, we recommend the regular monitoring of TyG-related
parameters (TyG-BMI, TyG-WC, TyG-WHtR) during health examinations to facilitate the timely detection of
NAFLD risk. We can also establish specific lifestyle intervention plans for high-risk individuals based on the
cutoff values of TyG-related parameters (TyG-BMI: 8.19, TyG-WC: 181.27, TyG-WHTtR: 624.48, and TyG index:
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3.65). These plans may include dietary adjustments, increased physical activity, and the promotion of other
healthy lifestyle practices.

This study possesses several strengths. First, it focuses on the non-obese population in Japan, addressing a
gap in previous research concerning the relationship between the TyG index, its related parameters, and NAFLD.
Analyzing this specific population enhances the understanding of how metabolic indicators relate to NAFLD
risk across various weight statuses and provides clinical guidance for non-obese individuals. Furthermore, we
examined not only the TyG index but also systematically assessed related parameters, including TyG-BMI,
TyG-WC, and TyG-WHtR. This multidimensional analytical approach allows researchers to comprehensively
understand the role of these parameters in predicting NAFLD risk, thus enhancing the reliability and clinical
applicability of the results. Finally, this study reveals the non-linear relationship between the TyG index, its related
parameters, and NAFLD risk through logistic regression analysis and cubic spline functions. This methodology
captures complex biological relationships and provides a scientific basis for developing personalized screening
and intervention strategies.

However, several limitations of this study should be acknowledged. First, although the participant count
is substantial, it is restricted to a Japanese population, which may not accurately represent White or Black
groups. Consequently, while our findings may be relevant to Asian populations, they might not apply to White
or Black individuals. Secondly, while the participation rate in health examinations is relatively high among
the Japanese population, allowing the sample to somewhat represent a larger segment of the population, there
remain individuals who do not undergo health check-ups. This may result in certain characteristics of the sample
differing from those of the general non-obese population. Additionally, the cross-sectional design of this study
does not establish a longitudinal relationship between TyG-related factors and NAFLD incidence in non-obese
individuals. This underscores the necessity for further cohort or prospective studies to investigate this specific
relationship in greater depth. Furthermore, while TyG-related factors include indicators such as the Fatty Liver
Index (FLI), TyG-BMI, TyG-WC, and TyG-WHLIR, our study incorporated only three of these factors, which
may not fully account for all relevant indicators. Lastly, this study represents a secondary analysis of an existing
dataset, which may limit control over all potential variables that could influence the analysis results.

Conclusion

We identified a positive non-linear relationship between the TyG-related parameters, and NAFLD risk. Both the
TyG index and its related parameters demonstrate predictive capabilities for NAFLD; however, the TyG-related
parameters exhibit superior prognostic abilities, particularly in women. These findings provide a substantial
theoretical foundation for future research on the prognosis and treatment of NAFLD and offer valuable insights
for medical practice.

Data availability
The original contributions presented in the study are included in the article. Further inquiries can be directed to
the corresponding authors.
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