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Background: A substantial portion of non-obese population is afflicted with Non-alcoholic Fatty Liver Disease (NAFLD). The Triglyceride Glucose (TyG) index, a quantifier of insulin resistance magnitude, is determined by the product of fasting plasma glucose and triglyceride concentrations. The relationship between the TyG index and NAFLD within this cohort remains ambiguous.

Methods: We conducted a retrospective analysis utilizing datasets acquired from the Dryad digital repository. Non-obese participants (BMI < 25 kg/m2) were enrolled at the Wenzhou Medical Center of Wenzhou People’s Hospital between January 2010 and December 2014. Demographic information and biochemical parameters were systematically compiled, and the diagnosis of NAFLD was established through ultrasonographic evidence.

Results: This study cohort included 16,172 non-obese participants with a 5-year follow-up, among whom 2,322 (14.36%) developed NAFLD. The disparity between TyG index quartiles in the accumulative incidence of new-onset NAFLD was distinct, with an increasing risk of new-onset NAFLD as the TyG index increased. Participants in highest quartile exhibited the maximum risk of NAFLD. In the fully adjusted model 3, the hazard ratios for NAFLD in Q2, Q3, and Q4 were 2.15 (1.62, 2.87), 2.89 (2.20, 3.80) and 4.58 (3.48, 6.02), respectively. Meanwhile, the TyG index and NAFLD risk showed a highly significant overall correlation (p < 0.0001) and nonlinearity (p < 0.0001) according to the limited cubic splines. In subgroup analysis, a significant interaction was noted between new-onset NAFLD and SBP (<140 mmHg vs. ≥140 mmHg; P for interaction = 0.0114). The SBP < 140 mmHg subgroup demonstrated an enhanced TyG index influence on NAFLD risk (HR = 2.83, 95% CI: 2.48–3.23, p < 0.0001).

Conclusion: The TyG index serves as a straightforward instrument for assessing NAFLD risk in non-obese individuals, enabling prompt identification and management in this population segment.
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1 Introduction

Non-alcoholic fatty liver disease (NAFLD) constitutes a predominant etiology of chronic hepatic metabolic disorders, characterized by hepatic steatosis as demonstrated through radiological or histopathological assessment, occurring without exogenous etiologies such as significant alcohol intake or pharmacological intervention. Nowadays, the prevalence of NAFLD is as high as 25% worldwide, with nearly one billion people affected (1). According to epidemiological results epidemiological results, the prevalence is relatively high among Asian populations, at around 27% (2, 3). NAFLD and its progressive form, NASH, affect approximately 30 and 5% of the US population, respectively (1). Given the association of NAFLD with elevated risks of cardiovascular and chronic renal diseases, it significantly escalates global morbidity and mortality rates. Moreover, NAFLD is rapidly emerging as a predominant cause of end-stage liver disease and necessitating liver transplantation (4, 5).

Studies have shown that age, obesity, dyslipidemia, and insulin resistance are important risk factors for NAFLD (6). However, a considerable segment of the NAFLD population maintains normal or even below-average Body Mass Indexes (BMIs). Roughly 40% of people with NAFLD worldwide are non-obese (BMI < 25 kg/m^2), while 20% are classified as thin (BMI < 23 kg/m2), with nearly 20% being lean individuals (BMI < 23 kg/m2) (7). Moreover, non-obese individuals diagnosed with NAFLD exhibit a heightened susceptibility to severe liver diseases such as liver failure, hepatocellular carcinoma, and cirrhosis, as well as cardiovascular diseases, compared with overweight patients (8, 9). Therefore, a simple, effective, non-invasive evaluation index is needed to identify NAFLD in non-obese population.

The etiology of NAFLD is closely associated with insulin resistance (IR), particularly among patients with normal BMI and waist circumference (WC) (10). The Triglyceride Glucose (TyG) index, recently acknowledged as a novel biomarker for detecting IR, is calculated through the product of fasting plasma glucose (FPG) and fasting triglycerides (TG) levels (11). Limited investigations have elucidated the efficacy of the TyG index in prognosticating NAFLD risk (12, 13), but the majority of these studies were cross-sectional and lacked a focus on the non-obese population.

Therefore, to explore the prognostic capacity of the TyG index regarding NAFLD risk among non-obese individuals, our investigation delineated the longitudinal association between the TyG index and the incidence of new-onset NAFLD within the non-obese cohort.



2 Methods


2.1 Participants and study design

This longitudinal, retrospective cohort study, approved by the Ethics Committee of Wenzhou People’s Hospital, targeted non-obese individuals (BMI ≤ 25 kg/m2, LDL ≤ 3.12 mmol/L) selected from health screenings at the Wenzhou Medical Center of the Wenzhou People’s Hospital between January 2010 and December 2014. Exclusions applied to individuals with high alcohol intake, those on antihypertensive, antidiabetic, or lipid-lowering medications, and those with a history of viral hepatitis, autoimmune hepatitis, or other known etiologies of chronic liver disease. Lost to follow-up and incomplete data were also excluded. The methodology and main outcomes have been previously published in the study by Sun et al. (14).



2.2 Data collection

Baseline demographics and an extensive clinical profile were documented for each participant. BMI, an indicator of body fat, as an index of adiposity derived from height and weight. Blood pressure readings were obtained in a calm setting with the participant seated. A biochemical panel assessing metabolic health included markers for liver function, kidney function, fasting plasma glucose (FPG), and lipid profile, all of which were analyzed using standard methods on an automated Abbott AxSYM analyzer. The formula ln(fasting triglycerides (mg/dL) × FPG (mg/dL)/2) was used to create the TyG index (15).



2.3 Diagnosis of NAFLD

Abdominal ultrasonography, utilized abdominal ultrasonography by certified technicians adhering to the Chinese Liver Disease Association’s diagnostic standards for NAFLD detection (14). This condition was identified by a decreased far-field echo and an enhanced near-field echo in the liver region, which was more pronounced than in the kidney or spleen areas.

Diagnostic criteria encompassed a spectrum of manifestations, from obscured intrahepatic ductal architecture and varying degrees of hepatic enlargement with a softer, rounded contour to uniformly diminished yet normally patterned blood flow signals and inadequate or non-existent visualization of the right hepatic lobe’s outer layer and the diaphragm. Hepatic ultrasound evaluations were carried out blindly to determine the achievement of the study’s outcome objectives.



2.4 Statistical analysis

Statistical analyses were executed utilizing the R software environment (Version 4.3.2; The R Foundation; accessible at http://www.R-project.org). Participants were stratified by the TyG index into quartiles in an ascending sequence for the subsequent comparison of attributes among these groups. For variables adhering to a normal distribution and measured on a metric scale, we depicted the data using mean ± standard deviation. Conversely, variables characterized by a non-normal, skewed distribution were presented through the median and interquartile range. Analytical comparisons between multiple groups, where data exhibited normal distribution, were conducted utilizing one-way analysis of variance (ANOVA), while the Kruskal-Wallis rank test was employed for analyses under skewed distribution scenarios. For categorical variables, presented as percentages, the chi-square or Fisher’s exact tests were applied to assess the differences. This methodical approach facilitated a nuanced evaluation of the distribution and impact of the TyG index across participant quartiles. The follow-up duration for each participant was calculated from the baseline visit date to the earlier of two endpoints: the conclusion of the follow-up period or the confirmation of a NAFLD diagnosis.

The cumulative risk of new-onset NAFLD was described by the Kaplan-Meier curve, and the cumulative risk of different TyG groups was compared with the log-rank test. Subsequently, Cox proportional hazards models were employed to explore the association between the TyG index and the risk of developing NAFLD. The initial model (Model 1) remained unadjusted, whereas Model 2 incorporated adjustments for age and sex. The determination of covariates for inclusion or removal from the primary model hinged upon their effect on the regression coefficients for TyG quartiles, with shifts exceeding 10% marking them as pivotal for adjustments. Variates including sex, age, BMI, HDL, LDL, TC, DBIL were finally selected into Model 3. Analyses of linear trends were performed by treating TyG index quartiles as ordinal variables in a continuous framework. Subgroup analysis was conducted to estimate the consistency of the effect in different groups including sex, age (<60, ≥60 years), BMI (<18.5, ≥18.5 kg/m2) and systolic blood pressure (SBP) (<140, ≥140 mmHg). Statistical significance was determined based on two-tailed p values, with values less than 0.05 considered to be statistically significant.




3 Results


3.1 Baseline characteristics of the participants

The study cohort comprised a total of 16,172 non-obese participants. Table 1 presents the foundational attributes of the cohort, comprising 8,483 (52.45%) males and 7,689 (47.55%) females, with a mean participant age of 43.23 ± 14.96. After an average follow-up of 33.6(13.7) months, 2,322(14.36%) participants were diagnosed with NAFLD.



TABLE 1 Baseline characteristics of the participants in TyG quartiles.
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In higher quartiles of TyG, a notably higher rate of new-onset NAFLD was observed (p < 0.001). Furthermore, individuals in these higher TyG groups tended to be male and had advanced age as well as increased measurements of higher BMI, blood pressure (SBP, diastolic blood pressure (DBP)), liver enzymes (including ALP, GGT, ALT, AST), ALB, BUN, CR, UA, GLU, TC, TG, LDL-C, whereas DBIL and HDL-c levels were lower in this group compared to those in the lower TyG index groups (all p < 0.001). However, TB levels did not show a statistically significant variation among the different groups (p > 0.05).



3.2 Kaplan-Meier curve analysis of NAFLD incidence by TyG index quartiles

Figure 1 illustrates the aggregate occurrence of newly diagnosed NAFLD via Kaplan-Meier curves, stratified by TyG index quartiles. A pronounced disparity (p < 0.001) was observed in NAFLD risk across different TyG index levels, with an ascending TyG index correlating to an incremental prevalence of NAFLD. Notably, the uppermost quartile distinctly exhibited the greatest risk.
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FIGURE 1
 Kaplan-Meier estimator of new-onset NAFLD by TyG quartiles.




3.3 Relationship between TyG index and new-onset NAFLD

Table 2 presents the hazard ratios (HRs) with 95% confidence intervals (CIs) for new-onset NAFLD among participants, stratified by TyG index quartiles. In the initial unadjusted Model 1, the HRs for NAFLD in Q2, Q3, and Q4 were 3.05 (2.44, 3.81), 5.87 (4.77, 7.23), and 14.89 (12.20, 18.16) respectively. The HRs remained comparable in Model 2 even after adjusting for sex and age. In Model 3, which accounted for potential confounders including sex, age, BMI, HDL, LDL, TC, and DBIL, the HRs for the TyG index and NAFLD in Q2, Q3, and Q4 were 2.15 (1.62, 2.87), 2.89 (2.20, 3.80), and 4.58 (3.48, 6.02), respectively.



TABLE 2 Association between TyG groups and incidence of NAFLD.
[image: Table2]



3.4 TyG and NAFLD connection assessed using restricted cubic spline analysis

To advance the examination of the link between the TyG index and NAFLD susceptibility, a restricted cubic spline (RCS) analysis was utilized to assess the dose–response trajectory correlating TyG levels with NAFLD occurrence. The results obtained from the RCS analysis illustrated a pronounced nonlinear relationship between the TyG index and the risk of new-onset NAFLD (Figure 2). The RCS model highlighted a statistically significant association with an increase in the TyG index correlating to a heightened risk of NAFLD (p-value for overall and p-value for nonlinearity both <0.0001).

[image: Figure 2]

FIGURE 2
 Restricted cubic splines for new onset NAFLD by TyG. The y axis represents HR with the shaded area representing 95% CIs (overall trend, p < 0.001; nonlinear trend, p < 0.001). Model is adjusted for sex, age, HDL, LDL, DBIL, TC, BMI. TyG, triglyceride glucose; HR, hazard ratio; CI, confidence interval; NAFLD, non-alcoholic fatty liver disease.




3.5 Subgroup analysis for the risk of new-onset NAFLD by TyG index

To delve deeper into additional risk factors, we conducted a subgroup analysis focusing on the association between the TyG index and the occurrence of newly diagnosed NAFLD (Figure 3). The analysis was segmented based on sex, age, BMI, and SBP. A notable interaction was detected between SBP and the new-onset NAFLD (P for interaction = 0.0114). For individuals with an SBP below 140 mmHg, the HR was 2.83 (95% CI: 2.48–3.23, p < 0.0001). In contrast, for those with an SBP of 140 mmHg or above, the HR was reduced to 2.21 (95% CI: 1.83–2.67, p < 0.0001). Within the BMI subgroup, participants with a BMI under 18.5 had an HR of 9.35 (95% CI: 2.27–38.59, p = 0.0020), while those with a BMI of 18.5 or above had an HR of 2.59 (95% CI: 2.29–2.92, p < 0.0001). However, this difference in BMI subgroups did not show a significant interaction (P for interaction = 0.137). There were no discernible relationships between the TyG index and the age and sex subgroups, as all the interaction p-values were above 0.05.

[image: Figure 3]

FIGURE 3
 Subgroup analysis of associations between newly onset NAFLD and TyG by univariate cox regression analysis. HR per 1 increase in TyG. TyG, triglyceride glucose; BMI, body mass index; SBP, systolic blood pressure; HR, hazard ratio; CI, confidence interval.





4 Discussion

In this longitudinal cohort study, we examined the link between the TyG index and the emergence of new-onset NAFLD among non-obese individuals. The results consistently showed a significant association between higher TyG index values and the occurrence of non-alcoholic fatty liver disease, even when controlling for confounding variables. Apart from variations in SBP, this association persisted uniformly across different subgroups. Notably, an interaction between SBP levels and the onset of NAFLD was identified in the subgroup analysis (P for interaction = 0.0114), revealing that the TyG index offered enhanced prognostic accuracy for identifying NAFLD risk in individuals with non-elevated SBP.

NAFLD, recognized as the most common chronic liver condition, is defined by the excessive buildup of lipids within the liver, impacting individuals regardless of obesity status. Disturbances in glycolipid metabolism play a pivotal role in its progression. Despite limited understanding of NAFLD’s pathogenesis, it is widely accepted that insulin resistance (IR) is closely associated with its development. In 1998, a British researcher introduced the “two-hit theory” of NAFLD for the first time worldwide (16). According to this theory, IR acts as the initial hit, while oxidative stress serves as the second hit. IR promotes the mobilization of peripheral fat and elevates free fatty acid levels in the bloodstream, leading to mitochondrial oxidative overload in hepatocytes and subsequent hepatic lipid accumulation. As research progresses, the “multiple-hit theory” has largely overtaken the “two-hit theory” in explaining the pathogenesis of NAFLD, yet IR remains acknowledged as a crucial factor in the disease’s onset. The review by Reena et al. highlighted the significant link between IR and NAFLD, indicating that individuals with diabetes exhibit a 5-fold higher prevalence of NAFLD compared to non-diabetic persons (17). In their study, Smith et al. showed that the hepatic de novo lipogenesis (DNL), a key factor in NAFLD-related steatosis, escalates concurrently with the rise in insulin-resistant glucose metabolism (18). Currently, NAFLD stands as the fastest escalating cause of liver-related mortality and morbidity (19). Given the severity of the disease, it is necessary to identify an effective marker to identify the presence and extent of IR to predict NAFLD, especially in non-obese individuals.

The TyG index is a mathematical model initially proposed by Simental-Mendia et al. It was primarily designed to assess IR in South American populations (15). The index is derived from the measurement of serum triglycerides and fasting glucose levels in patients, making it a suitable tool for large-scale epidemiological screening of populations. Subsequent studies have confirmed that the TyG index is a reliable proxy for insulin resistance that can be used in a variety of settings and for a wide range of racial, ethnic, sex and age groups (11, 20–24). Moreover, in cross-sectional studies conducted by Luis et al., it was demonstrated that the TyG index was negatively correlated with insulin secretion in young adults who were of normal weight, highlighting the index’s potential as a comprehensive indicator of metabolic dysfunction (25). Given the significant role of IR in the development of NAFLD, the TyG index, which can determine the degree and existence of IR, holds considerable diagnostic value in identifying NAFLD. Additionally, NAFLD in non-obese individuals can sometimes lead to more adverse outcomes than in obese patients, including a faster progression to cirrhosis (26). Previous studies have demonstrated the association between the TyG index and liver fibrosis (27). Patients with higher TyG index quartiles exhibit an increased prevalence of NAFLD and liver fibrosis (28). The progression of fibrosis occurs more rapidly in lean individuals with NAFLD compared to those with a higher BMI (29). This suggests the potential value of the TyG index in predicting NAFLD in non-obese populations.

Current predictive tools for NAFLD, such as the fatty liver index (FLI), hepatic steatosis index (HSI), and various imaging modalities, have limitations in terms of accessibility, cost, and accuracy, especially in non-obese populations. The FLI and HSI, for instance, often rely on parameters like BMI and waist circumference, which may not accurately capture the risk in individuals with a normal BMI (30, 31). Imaging techniques, while effective, are often costly and not feasible for widespread screening in large populations (32). The TyG index, calculated from routine laboratory measures of fasting plasma glucose and triglycerides, offers a cost-effective and easily accessible alternative. Recent years have witnessed an increase in studies validating the association between the TyG index and NAFLD in the broader population. According to Zheng et al.’s longitudinal research, which included 4,539 Chinese subjects over a nine-year follow-up, the TyG index exhibited enhanced diagnostic accuracy over TG, ALT, and FPG based on ROC curve assessments. Furthermore, Cox regression analyses underscored an independent and positive correlation between the TyG index and the likelihood of developing NAFLD (33). In a longitudinal cohort study, Kim et al. enrolled 52,575 adults and followed them for a median of 5.1 years. They discovered that the risk of NAFLD increased when the TyG index level went from moderate to high, and that the level at which the risk increased appeared to be 8.24 (34). In the cohort study conducted Wang et al., conducted over a follow-up period of 53,481 person-years, those in the highest quartile of baseline TyG index were found to have 2.52-fold higher risk (95% CI, 2.21–2.86) of developing NAFLD compared to those in the lowest quartile (35). In order to investigate the relationship between the TyG index and the prognosis of NAFLD, Liu et al. conducted a cohort study involving 11,424 patients with NAFLD. The study discovered that greater TyG levels were linked to a higher risk of NAFLD development and a worse chance of NAFLD improvement over a median follow-up period of 21 months (36). A cross-sectional study of 4,986 Korean adults compared the TyG index and HOMA-IR as predictors of NAFLD, showing the superiority of the TyG index in this regard (37). Additionally, the TyG-BMI score and NAFLD showed an independent and favorable connection, according to the cross-sectional investigation by Wang et al. (38).

However, the majority of these research on the connection between NAFLD and the TyG index have been conducted on a broad population. Although lean or non-obese people make up roughly 25% of the NAFLD population (39), similar studies focusing on non-obese individuals are scarce. Therefore, this study may provide important clinical evidence that can be used to improve early detection and intervention strategies for NAFLD in this population.


4.1 Strengths and limitations

Key features of this study included its prospective framework, extended follow-up duration, substantial cohort size, and focus on a non-obese population. Additionally, robust statistical adjustments were made to reduce confounding factors, ensuring more reliable findings. Nonetheless, there are several restrictions that must be recognized. Firstly, as an observational study, the evidentiary standards are lower, and it cannot establish causal relationships. Secondly, the lack of data on variables such as smoking, alcohol consumption, waist circumference, and hip circumference is a potential limitation that may impact the results. Moreover, the reliance on abdominal ultrasound as the primary diagnostic tool for NAFLD may have missed cases with lower fat content. Furthermore, the study did not differentiate between various pathological states and progression stages of fatty liver, which limited the evaluation of the TyG index for predicting outcomes like liver fibrosis and hepatocellular carcinoma. Future research should aim to address these limitations by incorporating comprehensive data on lifestyle factors, including dietary habits, physical activity, smoking status, and alcohol consumption. Investigating the TyG index’s predictive capability for different stages of fatty liver disease, including liver fibrosis and hepatocellular carcinoma, would provide deeper insights into its clinical utility. Expanding the study to diverse populations and including a broader range of potential confounders will further validate the TyG index as a universal predictive marker for NAFLD. By exploring these directions, future research can build on our findings to offer more robust and comprehensive insights into the relationship between the TyG index and NAFLD.
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