

[image: image1]
The ratio of alanine aminotransferase to high-density lipoprotein cholesterol is positively correlated with the insulin resistance in American adults: a population-based cohort study
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Introduction: Previous studies have demonstrated a correlation between the ratio of alanine aminotransferase to high-density lipoprotein cholesterol (ALT/HDL-C) in the serum and the risk of diabetes. However, no existing study has investigated the association between insulin resistance (IR) and ALT/HDL-C. Therefore, this study aims to explore the association between ALT/HDL-C and IR in American adults.

Methods: A total of 7,599 adults selected from the National Health and Nutrition Examination Survey (NHANES) in 2013 to 2020 were studied. IR was assessed based on the homeostatic model assessment of insulin resistance (HOMA-IR). And the association between IR and ALT/HDL-C was assessed through multiple logistic regression, generalized smooth curve fitting and subgroup analyses.

Results: Multiple logistic regression analysis indicated a significant correlation between IR and ALT/HDL-C, with odds ratios (OR) of 1.04 (95% CI = 1.02–1.05) in males and 1.04 (95% CI = 1.02–1.07) in females. A non-linear association and saturation effect between ALT/HDL-C and IR risk were identified, with an inverted L shaped curve and an inflection point at 33.62. The area under the ROC curve (AUC) of ALT/HDL-C was significantly larger (AUC = 0.725 for males and 0.696 for females, all p < 0.01) compared with the use of ALT, HDL-C, AST and AST/ALT. Subgroup analysis showed a significantly higher independent association in obese individuals and individuals aged ≥50 years (All P interaction <0.05).

Conclusion: Elevated ALT/HDL-C demonstrates a significant correlation with IR, which can be used as a potential indicator of IR in American adults.
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Introduction

IR is widely recognized as a significant contributing factor in various pathological conditions, including diabetes, atherosclerosis, hypertension and metabolic syndrome (MetS). Therefore, the accurate measurement on IR is of utmost importance. The hyperinsulinemic-euglycemic clamp is considered as the gold standard for IR. However, its routine clinical application is hindered by issues related to replicability, cost, accessibility and reproducibility (1–5). As an alternative, HOMA-IR is considered as an index widely used in adults (6). Although HOMA-IR is commonly adopted in adults, its reliance on fasting plasma insulin measurements poses challenges within clinical settings. Consequently, there is a demand for a diagnostic test with accuracy, cost-effectiveness and simplicity in predicting IR.

ALT is commonly considered as an epidemiological marker for NAFLD, which is associated with an increased risk of developing diabetes (7). Furthermore, there is evidence suggesting that elevated ALT levels are linked to hepatic IR, potentially contributing to the onset of diabetes (8). Additionally, decreased HDL-C levels have been implicated in the pathogenesis of IR and MetS (9–13). Recently, Cao et al. conducted a study investigating the combination of HDL-C and ALT, and the findings suggest that the ALT/HDL-C ratio serves as a valuable novel predictor for the risk in the development of diabetes in Japanese (14). He et al. conducted a study on a total of 116,251 Chinese people and found a positive correlation between the risk in the development of diabetes and the ALT/HDL-C (15). However, the existence of an association between IR risk and ALT/HDL-C remains unclear. In order to explore this hypothesis, the current study sought to analyze the correlation between ALT/HDL-C and IR through a substantial sample of American adults derived from NHANES.



Methods


Research subjects

The data analyzed in this study were obtained from NHANES (2013–2020), with a stratified, multi-stage probability and complex sample of the uninstituted population in America. The cross-sectional surveys were conducted by NCHS. Further information regarding NHANES methods can be accessed at www.cdc.gov/nchs/NHANEs/.

The study focused exclusively on subjects aged 18 years old and above (n = 27,654), among which, 20,055 subjects were eliminated: (1) Those with missing data on fasting insulin (FINS), ALT, HDL-C or FPG; (2) Those with ALT levels exceeding 100 IU/L, such as elevated levels are predominantly indicative of liver damage resulting from different forms of acute and chronic hepatitis; (3) Those with severe diseases such as stroke, heart disease, kidney disease and inflammatory disease. Consequently, the final analysis involved 7,599 subjects aged 18–80 years old (Figure 1).
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FIGURE 1
 Flowchart of the sample selection from the 2013–2020 NHANES.


The implementation of NHANES was granted approval by NCHS Ethics Review Board, and all subjects provided written informed consent (16).



Anthropometric measurements

The following data were collected at admission, such as history of diabetes, alcohol intake, race, physical activity, education and physical measurements, including weight, waist circumference, height and blood pressure. Subjects who were obesity were defined as BMI ≥ 30 kg/m2, those with normal weight or overweight were defined as BMI <30 kg/m2.

TC, HbA1c, LDL-C, FINS, UA, FPG, triglycerides (TG), ALT, creatinine, AST, albumin and HDL-C were collected in blood samples. Less than 3% of values missed in total. Multiple imputation was performed for missing values. eGFR was estimated with the Modification of Diet in Renal Diseases (2). The detailed measuring method and acquisition process of each variable are available at www.cdc.gov/nchs/nhanes.



Assessment of IR

IR was assessed through the HOMA-IR formula, and HOMA-IR was calculated as multiplied FPG (mmol/L) by FINS (IU/L) divided by 22.5 (2). IR was defined as HOMA-IR values equal to or greater than 2.69 (17, 18).



Statistical analysis

It was worth noting that there were gender disparities in ALT, HDL, and ALT/HDL-C, and separate analyses were necessary for males and females. The assessment on normality for continuous variables involved expressing them as either median and interquartile range or mean ± standard deviation. In order to evaluate the differences between the two groups, t-test or Mann–Whitney U test was adopted for continuous variables, and chi-square tests were adopted for categorical variables. Furthermore, the association between ALT/HDL-C and metabolic risk factors was explored through Spearmen’s correlation. The subjects were divided into groups based on their ALT/HDL-C levels (≤12.94, 12.94–18.68, 18.68–16.08, ≥28.08 in the male group, ≤8.37, 8.37–11.43, 11.43–16.33, ≥16.33 in the female group). Variables demonstrating clinical significance and statistical significance in the univariate analysis (p < 0.05) were incorporated into the multivariate analyses. The association between ALT/HDL-C quartiles and the presence of IR was assessed with binary logistic regression models. In Model 1, no covariate was adjusted; In Model 2, adjustment was made for BMI and age. Based on Model 2, the race, moderate activities, diabetes, SBP, education level, WC, drinking, TC, HbA1c, DBP, serum albumin, eGFR, TG were added as covariates to Model 3. Subgroup analyses stratified by BMI (<30 kg/m2 and ≥ 30 kg/m2), gender (male and female), diabetes (yes and no), age (<50 and ≥ 50 years), moderate activities (yes and no), education level (high school or above and less than high school) and drinking (yes and no) were conducted (19–22). To examine the potential effect modification within subgroups, interaction terms were employed between subgroup indicators, followed by likelihood ratio tests. In order to identify potential nonlinear relationship between IR probabilities and ALT/HDL-C, generalized smooth curve fitting were adopted. ROC curve analyses were performed to evaluate the diagnostic efficacy of ALT/HDL-C in detecting IR. The statistical analysis was conducted with EmpowerStats software and R, with significance at p < 0.05.




Results


Characteristics of participants

As shown in Table 1, the prevalence of IR reached 46.0% in both genders. HOMA-IR, age, proportion individuals with diabetes, WC, BMI, SBP, DBP, HbA1c, FPG, FINS, TG, uric acid, ALT and ALT/HDL-C levels were all higher in IR subjects than those in non-IR subjects with both genders (p < 0.001). Furthermore, the proportion of moderate activities and HDL-C levels were lower in IR subjects than those in non-IR subjects with both genders.



TABLE 1 Baseline characteristics of the study population stratified by insulin resistance and gender.
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Correlation between clinical parameters and Alt/HDL-C

The correlation between metabolic parameters and ALT/HDL-C was analyzed with Spearman’s correlation and the results are shown in Table 2. The analysis revealed positive correlation between ALT/HDL-C and BMI, HbA1c, WC, TG, FPG, DBP, FINS, LDL-C, HOMA-IR in all subjects.



TABLE 2 Spearmen’s correlation of ALT/HDL levels with clinical and biochemical parameters.
[image: Table2]



Correlation between IR and Alt/HDL-C

Table 3 shows binary logistic analyses for the correlation between ALT/HDL-C quartiles with IR in subjects. In the unadjusted model, ALT/HDL-C was positively correlated with IR (OR = 1.06 in males and 1.09 in females). The association still existed in Model 2 (OR = 1.05 in males and 1.07 in females) and Model 3 (OR = 1.04 in both genders). In order to further investigate the association between IR and ALT/HDL-C, smooth curve fittings and generalized additive model were adopted (Table 4 and Figure 2). Among all subjects, the correlation between ALT/HDL-C and IR risk exhibited an inverted L-shaped curve, with inflection points at 33.62.



TABLE 3 Association of the insulin resistance with ALT/HDL-C quartiles.
[image: Table3]



TABLE 4 Threshold effect analysis of ALT/HDL-C on IR using the two-piecewise linear regression model.
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FIGURE 2
 The smooth curve fit for the association between ALT/HDL-C and prevalence of IR.




Subgroup analysis on the correlation between IR and Alt/HDL-C

Subgroup analysis was conducted based on age, diabetes, sex, BMI, moderate activities and education level to investigate the association between ALT/HDL-C and the risk of IR in various commonly categorized populations. The findings indicate that there are significant statistical differences (p < 0.05) in the association between the ALT/HDL-C ratio and the risk of IR across various age and BMI groups. According to Table 5, the likelihood of developing IR exhibits notable disparities across distinct age groups, with individuals aged 50 and above displaying a heightened risk in comparison to those at the age < 50 (p = 0.003). In the subgroup analysis based on BMI, it was found that obese subjects have a higher risk of IR associated with the ALT/HDL-C ratio compared to non-obese subjects (OR: non-obese 1.03 VS obese 1.06; p = 0.044). Furthermore, upon employing smooth curve fittings to characterize the non-linear association, it was observed that the positive correlation between IR and ALT/HDL-C levels persisted in the majority of groups (Figure 3).



TABLE 5 Association between ALT/HDL and insulin resistance stratified by gender, age, race and BMI.
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FIGURE 3
 Subgroups analysis for the association between ALT/HDL-C and prevalence of IR by gender, age, race, BMI, diabetes, moderate activities, education level and drinking.




Predictive value of Alt/HDL-C for IR

The ROC curve in Figure 4 presents the diagnostic performance of ALT/HDL-C, HDL-C, ALT, AST and AST/ALT in identifying IR. Table 6 demonstrates that the AUC for ALT/HDL-C in the ROC analysis was 0.725 (95% CI: 0.709–0.742) for males and 0.696 (95% CI, 0.680–0.713) for females, exceeding ALT, HDL-C, AST and AST/ALT (p < 0.001), which suggests that ALT/HDL-C may serve as a superior indicator of IR compared with ALT or HDL-C alone, although its diagnostic accuracy remains somewhat limited.
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FIGURE 4
 ROC analysis of ALT/HDL-C, ALT, HDL-C, AST and AST/ALT to IR among American adults.




TABLE 6 The results of ROC analysis of ALT/HDL, ALT, HDL-C, AST, AST/ALT and TG/HDL for the diagnosis of IR.
[image: Table6]




Discussion

This study aims to investigate the connection between IR and ALT/HDL-C. Subsequently, stratified analyses were conducted to ascertain a notably stronger association between the two variables in subjects aged 50 and above, and those with obesity. Moreover, the ROC analysis demonstrated a substantial enhancement in the capacity to identify IR when utilizing the ALT/HDL-C ratio as compared to HDL-C, ALT, AST/ALT and AST. These findings indicate that ALT/HDL-C has the potential to be a valuable and straightforward biomarker for assessing the risk of IR.

The liver enzyme ALT is found to be strongly associated with hepatic fat accumulation and has also been linked to obesity and various components of MetS. Elevated ALT levels have been found to be associated with a higher prevalence of diabetes, MetS and cardiovascular diseases (23, 24). Additionally, ALT is considered as a predictive factor for non-alcoholic steatosis (25) and has been associated with both cardiovascular risk and IR in adolescents (26, 27). A reduction in HDL-C concentration is observed as a manifestation of MetS. Moreover, an elevation in HDL-C is widely recognized as a protective factor against IR (28). Furthermore, recent studies have proposed that the combination of HDL-C and ALT may serve as a more sensitive and novel biomarker for assessing inflammatory and metabolic disorders (14, 15).

As suggested in the study of Cao et al., the ALT/HDL-C composite index demonstrated enhanced predictive capabilities for diabetes compared to individual parameters (14). This amalgamation holds promise for potential applications in metabolic diseases. Based on the strong associations observed between the commonly employed atherosclerosis indicator HDL-C and the liver enzyme marker ALT with NAFLD (29–32). It is postulated that the amalgamation of ALT and HDL-C ratios is intricately associated with IR, potentially augmenting the capacity to detect IR.

The ALT/HDL-C ratio, the combination of the parameters of ALT and HDL-C, is predominantly investigated in clinical research (14). Conversely, establishing the threshold for ALT/HDL-C typically necessitates the accumulation of substantial clinical research evidence, thereby mitigating the selective disregard of chronic disease risks resulting from excessively high thresholds. In this study, the efficacy of various liver enzyme indicators was additionally compared in detecting IR. The findings demonstrate that ALT/HDL-C outperforms AST and AST/ALT significantly in identifying IR. The findings collectively indicate that the combination of HDL-C and ALT can potentially serve as a valuable tool for monitoring and diagnosing chronic diseases. The results obtained from the ROC analysis of this study suggest that an ALT/HDL-C (18.32 in males and 11.74 in females) can be considered as a screening threshold for identifying IR.

Furthermore, a more comprehensive subgroup analysis conducted in this study revealed intriguing findings, particularly highlighting a stronger association between IR and ALT/HDL-C in obese individuals and those aged 50 years and above. The main analysis of this study was presented as follows: Obese subjects generally exhibited elevated levels of ALT (33, 34) and decreased levels of HDL-C compared to non-obese subjects (35–38). A numerical analysis reveals that an increase in ALT or a decrease in HDL-C leads to an elevation in the ALT/HDL-C ratio. According to the findings, an elevated ALT/HDL-C ratio was indicative of an increased risk of IR in obese subjects. Additionally, advanced age and obesity were associated with poorer metabolic outcomes (39–41). Consequently, the heightened risk of IR observed in these populations in relation to ALT/HDL-C may be influenced by other metabolic pathways that contribute to these unfavorable outcomes.

Furthermore, an intriguing discovery of a previously unreported non-linear correlation between IR and ALT/HDL-C was made. It is likely that there is a saturating effect of IR risk when ALT/HDL-C reaches 33.62. The findings have the potential to provide new insights into the treatment and prevention of IR.

There are possible mechanistic explanations for the correlation between ALT/HDL-C and IR. It has been established that heightened levels of serum transaminases are linked to physical inactivity and obesity (42). Subjects with these characteristics exhibit lipid accumulation in hepatocytes and other tissues. ALT is recognized as the most reliable indicator of hepatic lipid accumulation (43). The elevated ALT can be interpreted as an indicator of subclinical systemic inflammation, with a correlation observed between ALT and proinflammatory molecules such as cytokines, CRP, and TNF-α (44). These molecules play a direct role in the pathogenesis of IR by modulating their signaling pathways (45). Additionally, ALT is primarily responsible for the conversion of alanine to pyruvate during hepatic glucose regulation, a process crucial for gluconeogenesis and closely linked to IR and the development of diabetes (46–48). HDL-C possesses various beneficial effects including reverse cholesterol transport, which can mitigate atherosclerosis, as well as anti-thrombotic, vasodilatory, anti-inflammatory and antiapoptotic properties (49). This study suggests that ALT/HDL-C, a combination of the lipid metabolism and inflammatory response, may serve as a potential indicator for IR.

The strengths of investigation encompass the extensive sample size and the nationwide representativeness of the United States. In addition, various confounding factors, including diabetes, age, drinking status, gender, physical activity and BMI, have been taken into account. Nevertheless, there are certain constraints in this study. First of all, the cross-sectional studies do not allow us to establish a cause-and-effect association between ALT/HDL-C and IR. Secondly, HOMA-IR was adopted as a means to assess IR. Although it is not taken as a gold standard, it is widely used because of its practicality. Thirdly, the AUC for ALT/HDL-C in the ROC analysis was close to 0.7, indicating limited diagnostic ability. Fourthly, it is crucial to verify the connection between ALT/HDL-C and IR in diverse populations and ethnicities, as this study solely focuses on American.



Conclusion

In conclusion, findings from this investigation conducted on American adults reveal a positive correlation between IR and ALT/HDL-C. This association is particularly significant among individuals with obesity and those aged 50 or older. It may be an effective indicator to identify IR in American and prevent disease progression.
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