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Objective

Evidence regarding the relationship between the triglyceride-to-high-density lipoprotein cholesterol (TG/HDL-c) ratio and the risk of progression from prediabetes to diabetes remains limited. The purpose of our study was to investigate the relationship between the TG/HDL-C ratio and incident diabetes in prediabetic patients.



Methods

This retrospective cohort study covered 32 regions and 11 cities in China and consecutively and non-selectively collected data from 15,017 patients with prediabetes who had received a health check from 2010 to 2016. Data were obtained from the DATADRYAD database (www.datadryad.org). The Cox proportional-hazards regression model with cubic spline functions and smooth curve fitting (cubic spline smoothing) was used to explore the non-linear relationship between the baseline TG/HDL-c ratio and the risk of diabetes in patients with prediabetes. In addition, we performed a series of sensitivity and subgroup analyses.



Results

The mean age of the included individuals was 50.95 ± 13.48 years, and 9,745 (64.51%) were men. The median (interquartile range) TG/HDL-c ratio was 1.09 (0.69–1.72). During a median follow-up time of 3.05 years, 1,731 (11.46%) patients had a final diagnosis of diabetes. The analysis after adjusting for covariates showed that the TG/HDL-c ratio was positively related to incident diabetes in patients with prediabetes (HR = 1.111, 95% CI 1.061–1.164). Participants with the highest TG/HDL-c ratio (Q4) had higher diabetes incidence rates than those with the lowest TG/HDL-c ratio (Q1) (P < 0.001 for the trend). There was a non-linear relationship between the TG/HDL-c ratio and the risk of diabetes, and the inflection point of the TG/HDL-c ratio was 1.415. The effect sizes (HR) on the left and right sides of the inflection point were 1.336 (95% CI: 1.134–1.573) and 1.055 (95% CI: 0.988–1.126), respectively. The sensitivity analysis demonstrated the robustness of these results.



Conclusion

This study demonstrates a positive, non-linear relationship between the TG/HDL-c ratio and the risk of diabetes in Chinese patients with prediabetes. Aggressive intervention from a treatment perspective is required to lower the TG/HDL-c ratio below the inflection point (1.415) by lowering TG or increasing HDL-c levels.
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Introduction

Diabetes mellitus (DM) is a complex metabolic disorder that affects hundreds of millions of people worldwide and causes significant global ill health and economic burdens (1, 2). According to the International Diabetes Federation (IDF), the global diabetes prevalence in 20–79-year-olds in 2021 was estimated to be 10.5% (536.6 million people), rising to 12.2% (783.2 million) in 2045 (1). Diabetes is related to relatively specific microvascular complications affecting the eyes, nerves, and kidneys as well as an increased risk of cardiovascular disease (3–5). Global diabetes-related health expenditures were estimated at 966 billion USD in 2021 and are projected to reach 1,054 billion USD by 2045 (1).

Prediabetes refers to an intermediate stage of dysglycemia along a continuum from normoglycemia to diabetes. It generally reflects the presence of impaired fasting glucose or glucose tolerance. The IDF estimated that approximately 374 million adults had prediabetes in 2017, with a global prevalence of 7.7% (2). IDF projections indicate that the number of adults with prediabetes will reach 548 million by 2045, corresponding to 8.4% of the world’s adult population (6). According to a recent national cross-sectional survey, the prevalence of prediabetes among Chinese adults has reached 35.7% (7). The annual risk of developing diabetes in people with prediabetes is 5%–10%, and up to 70% eventually develop diabetes (8). Prediabetes is often considered to be a warning sign. Nevertheless, most individuals with prediabetes are unaware of this metabolic abnormality and ignore its importance. Therefore, it is particularly important to know the risk factors for diabetes in patients with prediabetes and provide timely intervention to prevent or delay the incidence of diabetes and its complications.

Dyslipidemia refers to abnormal blood lipid levels characterized by high levels of low-density lipoprotein cholesterol (LDL-c) and low levels of high-density lipoprotein cholesterol (HDL-c) and triglycerides (TG) (9). Any type of dyslipidemia, alone or in combination, is associated with an increased probability of diabetes (10). Recently, an atherogenic dyslipidemia parameter, namely, the triglyceride-to-high-density lipoprotein cholesterol (TG/HDL-c) ratio, has been thought to be related to insulin resistance (IR), cardiovascular events, incident hypertension, and fatty liver (11–13). Some studies have explored the association between the TG/HDL-c ratio and the incidence of diabetes. Their findings suggest a positive association between the TG/HDL-c ratio and diabetes, but the effect sizes of these results are inconsistent (14–17). In addition, previous studies investigating the association of the TG/HDL-c ratio with diabetes included the general population. Their relationship has not been reported in patients in the prediabetic stage, a population at high risk of developing diabetes. Therefore, we performed a retrospective cohort study using published data to determine the relationship between the TG/HDL-c ratio and the risk of progression from prediabetes to diabetes.



Methods


Study Design

This study used a retrospective cohort study design, and the data were obtained from a retrospective cohort study previously undertaken by Chinese researchers (Chen et al.) from a computerized database in China. The target-independent variable was the TG/HDL-c ratio at baseline. The outcome variable was diabetes (DM) (dichotomous variable: 0 = non-DM, 1 = DM) (18).



Data Source

Raw data were obtained from the DATADRYAD database (www.datadryad.org) provided by Chen, Ying et al. (18); data were from a population-based cohort study which investigated the association of body mass index and age with incident diabetes in Chinese adults (called the Dryad Dataset, https://doi.org/10.5061/dryad.ft8750v). Under Dryad’s terms of reference, researchers could use these data for secondary analyses without violating the authors’ rights (18).



Study Population

The original researchers extracted data from a computerized database established by the Rich Healthcare Group in China, which includes all medical records of participants who received a health check from 2010 to 2016, covering 32 regions and 11 cities in China (18). The original study was approved by the Rich Healthcare Group review board, and information was retrieved retrospectively. The institutional ethics committee did not require any study approval or informed consent for this retrospective study (18). Therefore, this secondary analysis did not require ethical approval. The original study was conducted in accordance with the Declaration of Helsinki. All methods were performed following the relevant guidelines and regulations, including a statement in the Declaration section. So did this secondary analysis.

The original study initially included 685,277 individuals who were at least 20 years old and had undergone at least two health checkups. In total, 473,744 participants were excluded from the original study. Ultimately, 211,833 individuals were included in the analysis of the original study. Exclusion criteria for the original study were as follows: (i) no information about sex, TG, or HDL-c indicators, fasting plasma glucose (FPG) value, weight, and height at baseline; (ii) extreme BMI values (<15 kg/m2 or >55 kg/m2); (iii) less than 2 years between visits; (iv) diagnosed with diabetes at enrolment; and (v) unknown diabetes status at follow-up (18). In the current study, we first included 26,018 participants with FPG of 5.6–6.9 mmol/l at baseline. According to the American Diabetes Association 2021 criteria, prediabetes is defined as an FPG level of between 5.6 and 6.9 mmol/l (19). We excluded participants with missing TG or HDL-c information (n = 10,684) and those with abnormal and extreme TG/HDL-c ratios (three standard deviations greater or less than three standard deviations from the mean) (n = 317) (20). Ultimately, 15,017 participants were included in the secondary analysis. Figure 1 describes the participant-selection process.




Figure 1 | Flowchart of study participants.





Data Collection

In the original study, trained investigators obtained baseline information through standard questionnaires, including the demographic characteristics (age and sex), lifestyle (smoking and drinking status), and family history of diabetes. BMI was calculated as weight in kilograms divided by height in meters squared. Standard mercury sphygmomanometers were used to measure blood pressure. Fasting venous blood samples were collected after at least 10 h of fasting at each visit. Plasma glucose, TG, TC (total cholesterol), HDL-c, and LDL-c levels were measured using an autoanalyzer (Beckman 5800) (18).



Variables

The TG/HDL-c ratio was recorded as a continuous variable. The detailed process of defining the TG/HDL-c ratio was described: TG/HDL-c ratio = triglyceride divided by high-density lipoprotein cholesterol. It should be noted that TG and HDL-c units were both mmol/L.



Outcome Measures

Our outcome variable of interest was incident diabetes (dichotomous variable: 0 = non-DM, 1 = DM). Incident diabetes was based on either self-report or fasting blood glucose ≥7.0 mmol/l at follow-up evaluation (18).



Covariates

Covariates were selected according to our clinical experience and previous literature (10, 18, 21–26). The following variables were considered as covariates: (1) continuous variables: age, height, weight, body mass index (BMI), alanine aminotransferase (ALT), aspartate aminotransferase (AST), systolic blood pressure (SBP), diastolic blood pressure (DBP), blood urea nitrogen (BUN), serum creatinine (sCr), HDL-c, LDL-c, and TC; (2) categorical variables: sex, family history of diabetes, drinking status, and smoking status.



Missing Data Processing

In observational research, missing data are regular occurrences that cannot be completely prevented (27). In our study, the number of participants with missing data for SBP, DBP, LDL-c, ALT, AST, BUN, sCr, drinking status, and smoking status was 5 (0.03%), 5 (0.03%), 26 (0.17%), 35 (0.23%), 8,120 (53.75%), 354 (2.34%), 113 (0.75%), 10,473 (69.33%), and 10,473 (69.33%), respectively. To mitigate the variation caused by missing variables, which cannot accurately reflect the statistical efficiency of the target sample throughout the modeling phase, this study used multiple imputations for missing data. The imputation model used linear regression and 10 iterations and included age, sex, BMI, SBP, DBP, ALT, AST, sCr, BUN, LDL-C, TC, smoking status, drinking status, and family history of diabetes. The missing data analysis procedures used missing-at-random (MAR) assumptions (27, 28).



Statistical Analysis

We stratified the participants by TG/HDL-C ratio quartiles. The mean ± standard deviation (SD) (Gaussian distribution) or median (interquartile range) (skewed distribution) are reported for continuous variables, and frequencies and percentages are presented for categorical variables. We used χ2 (categorical variables) and one-way ANOVA (normal distribution), or Kruskal–Wallis H test (skewed distribution) to test for differences among different TG/HDL-c ratio groups.

To explore the link between the TG/HDL-c ratio and the risk of diabetes in patients with prediabetes, after collinearity screening, we used univariate and multivariable Cox proportional-hazards regression models, including a non-adjusted model (crude model: no covariates were adjusted), a minimally adjusted model (model I: adjusted age, sex, BMI), and a fully adjusted model (model II: adjusted age, sex, BMI, SBP, DBP, ALT, AST, sCr, smoking status, drinking status, and family history of diabetes). Effect sizes (HR) with 95% confidence intervals (CI) were calculated. We adjusted for confounding factors based on clinical experience, literature reports, and results of the univariate analysis and alluded to collinearity screening findings. Collinearity screening revealed that TC was collinear with the other variables and was not included in the final multivariable Cox proportional hazards regression equation.

We also employed a Cox proportional hazards regression model with cubic spline functions and smooth curve fitting to account for the non-linear connection between the TG/HDL-c ratio and diabetes risk in prediabetic participants. Moreover, a two-piecewise Cox proportional hazards regression model was employed to elucidate the non-linear relationship between the TG/HDL-c ratio and the risk of diabetes. Finally, a log-likelihood ratio test was used to determine the most appropriate model to describe the relationship between the TG/HDL-c ratio and the risk of diabetes in prediabetic patients.

Subgroup analyses across multiple subgroups were conducted using a stratified Cox proportional hazard regression model (sex, age, BMI, drinking status, smoking status, and SBP). Firstly, continuous variables, including age, BMI, and SBP, were converted into categorical variables based on clinical cutoff points (age: <30, ≥30 to <40, ≥40 to <50, ≥50 to <60, ≥60 to <70, ≥70 years old; BMI: <18.5, ≥18.5, <25, ≥25 kg/m2; SBP: <140, ≥140 mmHg) (29). Secondly, in addition to the stratification factor itself, we adjusted each stratification for all other factors (age, sex, BMI, SBP, DBP, ALT, AST, sCr, drinking status, family history of diabetes, and smoking status). Finally, the likelihood ratio test was used to determine the presence or absence of interaction terms in models with and without interaction terms.

We performed a series of sensitivity analyses to test the robustness of the results. We converted the TG/HDL-c ratio into a categorical variable according to the quartile and calculated the P-value for the trend to test the results of the TG/HDL-c ratio as a continuous variable and to explore the possibility of non-linearity. Previous studies have suggested that LDL-c, TC, and drinking status are significantly associated with diabetes (10, 25). Therefore, when exploring the association between TG/HDL-c ratio and incident diabetes in participants with prediabetes in other sensitivity analyses, we excluded participants with TC ≥5.0 mmol/l or LDL-c>2.5 mmol/l (11, 30). We also performed sensitivity analyses after excluding current and past drinkers. In addition, the proportion of missing data on drinking and smoking status was as high as 69.33%. Therefore, we further explored the association between the TG/HDL-c ratio and diabetes risk in patients with prediabetes when adjusted covariates did not include smoking and drinking status. Furthermore, we used a generalized additive model (GAM) to insert the continuity covariate into the equation as a curve to ensure the robustness of the results. We also explored the potential for unmeasured confounding between the TG/HDL-c ratio and diabetes risk by calculating E-values (31). All results were written according to the STROBE statement (32).

All analyses were conducted using the R statistical software packages (http://www.r-project.org, The R Foundation) and Empower Stats (X&Y Solutions, Inc., Boston, MA, http://www.empowerstats.com). Statistical significance was defined as P values less than 0.05 (two-sided).




Results


Characteristics of Participants

Table 1 shows the demographic and clinical characteristics of the study participants. The mean age was 50.95 ± 13.48 years old, and 9,745 (64.51%) were men. The median (interquartile range) TG/HDL-c ratio was 1.09 (0.69–1.72). The median follow-up time was 3.05 years, and 1,731 (11.46%) participants had a final diagnosis of diabetes. We assigned adults into subgroups using TG/HDL-c ratio quartiles (Q1: <0.692, Q2: 0.692–1.093, Q3: 11.092–1.718, Q4: ≥1.718). Compared with the lowest quartile (Q1: <0.692), age, height, weight, BMI, SBP, DBP, TC, TG, LDL-c, TG/HDL-c ratio, ALT, AST, BUN, and sCr increased significantly in the highest quartile (Q4: ≥1.718), whereas the opposite results were found in the HDL-c covariates. In addition, the proportion of men, current smokers, and current drinkers were higher in the highest quartile. The TG/HDL-c ratio presents a skewed distribution, ranging from 0.039 to 5.453, with a median of 1.093 (Figure 2).


Table 1 | The baseline characteristics of participants.






Figure 2 | Distribution of the TG/HDL-c ratio. It presents a skewed distribution while being in the range from 0.039 to 5.453, with a median of 1.093.





The Incidence Rate of Diabetes in Patients With Prediabetes

In individuals with prediabetes, 1,731 participants developed diabetes (38.93 per 1,000 person-years) during a median follow-up of 3.05 years. In particular, the incidence rate for diabetes among participants with prediabetes of the TG/HDL-c ratio quartiles was Q1: 24.5, Q2:33.20, Q3: 43.71, and Q4: 53.92 per 1,000 person-years, respectively. Participants with the highest TG/HDL-c ratio (Q4) had higher diabetes incidence rates than those with the lowest TG/HDL-c ratio (Q1) (P < 0.001 for trend) (Table 2 and Figure 3). In the age stratification by 10 intervals, the incidence of diabetes in participants with prediabetes was higher in men than in women, regardless of their age group. It was also found that the incidence of diabetes increased with age in both men and women (Figure 4). The overall cumulative incidence of diabetes was 11.46% (1731/15017) over a median follow-up period of 3.05 years.


Table 2 | The incidence rate of diabetes in participants with prediabetes (per 1,000 person-year).






Figure 3 | The incidence rate for diabetes(Per 1000 person-year) according to the quartiles of TG/HDL-c ratio. Participants with the highest TG/HDL-c ratio (Q4) had higher diabetes incidence rates than those with the lowest TG/HDL-c ratio (Q1) (P < 0.001 for trend).






Figure 4 | The incidence of diabetes (per 1,000 person-years) in prediabetic patients of age stratification by 10 intervals.





Factors Influencing Risk of Diabetes in Patients With Prediabetes Analyzed by Univariate Cox Proportional Hazards Regression

Univariate analyses showed that diabetes in prediabetic patients was not associated with TC, LDL-c, BUN, and Scr (all P > 0.05) but was positively correlated with age, BMI, SBP, DBP, TG/HDL-c ratio, AST, ALT, current smoking, and family history of diabetes (all P < 0.05; Table 3).


Table 3 | Factors influencing risk of diabetes in patients with prediabetes analyzed by univariate Cox proportional hazards regression.



Kaplan–Meier survival curves for diabetes-free survival probability stratified by TG/HDL-c ratio quartile are shown in Figure 5. There were significant differences in the probability of diabetes-free survival between the TG/HDL-c ratio quartiles (log-rank test, P < 0.001). The probability of diabetes-free survival gradually decreased with increasing TG/HDL-c ratio, indicating that the group with the highest TG/HDL-c ratio had the highest risk of diabetes among patients with prediabetes.




Figure 5 | Kaplan–Meier event-free survival curve. Kaplan–Meier event-free survival curve. The probability of diabetes-free survival differed significantly between the TG/HDL-c ratio quartiles (log-rank test, P < 0.001). The probability of diabetes-free survival gradually increased with increasing TG/HDL-c ratio, suggesting that the group with the highest TG/HDL-c ratio had the highest risk of diabetes.





The Results of Multivariable Analyses Using Cox Proportional-Hazards Regression Models

Three models were constructed using the Cox proportional-hazards regression model to investigate the relationship between the TG/HDL-c ratio and incident diabetes in participants with prediabetes (Table 4). In the unadjusted model (crude model), an increase of 1 unit of the TG/HDL-c ratio was linked to a 21.4% increase in the risk of diabetes (HR = 1.214, 95% CI: 1.164–1.267, P < 0.001). In the minimally adjusted model (model I), each additional 1 unit of the TG/HDL-c ratio increased the risk of diabetes by 13% in prediabetic participants (HR = 1.130, 95% CI 1.080–1.183, P < 0.001). In the fully adjusted model (model II), each additional 1 unit of the TG/HDL-c ratio was accompanied by an 11.1% increase in diabetes risk in patients with prediabetes (HR = 1.111, 95% CI 1.061–1.164). The distribution of the confidence intervals indicated that the relationship between the TG/HDL-c ratio and diabetes risk in participants with diabetes obtained by the model was reliable.


Table 4 | Relationship between TG/HDL-c ratio and the risk of diabetes in prediabetic patients in different models.





Sensitivity Analysis

A series of sensitivity analyses were performed to verify the robustness of our findings. We first transformed the TG/HDL-c ratio from a continuous variable to a categorical variable (according to quartiles) and then returned the categorically changed TG/HDL-c ratio to the regression equation. The results showed that the trends in effect sizes (HR) between groups were equidistant after transforming the TG/HDL-c ratio into a categorical variable. The P for the trend was consistent with the result when the TG/HDL-c ratio was a continuous variable (Table 4).

Additionally, we used a GAM to introduce the continuity covariate as a curve into the equation. Model III’s outcome in Table 4 demonstrated that this remained reasonably consistent with the fully corrected model (HR = 1.106, 95% CI: 1.056–1.158, P < 0.001). In addition, we generated an E-value to assess sensitivity to unmeasured confounding factors. The E-value (1.46) was more significant than the relative risk (1.33) of unmeasured confounders and the TG/HDL-c ratio, suggesting that unmeasured or unknown confounders had little effect on the relationship between the TG/HDL-c ratio and incident diabetes in patients with prediabetes.

Furthermore, dyslipidemia was significantly associated with diabetes. We excluded participants with LDL-c >2.5 mmol/l in the sensitivity analyses. After correcting for confounding variables (including age, sex, BMI, SBP, DBP, ALT, AST, sCr, smoking status, drinking status, and family history of diabetes), the findings indicated that the TG/HDL-c ratio was also positively associated with diabetes risk (HR = 1.109, 95% CI: 1.034–1.190, P = 0.004) (Table 5). We also excluded participants with TC ≥5.0 mmol/l for the sensitivity analyses. After correcting for confounding variables (including age, sex, BMI, SBP, DBP, ALT, AST, sCr, smoking status, drinking status, and family history of diabetes), the results suggested that the TG/HDL-c ratio was still positively associated with incident diabetes in participants with diabetes (HR = 1.103, 95% CI: 1.020–1.193, P = 0.014). In addition, restricting the analysis to participants who never drank alcohol (adjusted for age, sex, BMI, SBP, DBP, ALT, AST, sCr, smoking status, and family history of diabetes), the results suggested that the HR between the TG/HDL-c ratio and the risk of diabetes in prediabetic patients was 1.115 (95% CI : 1.059–1.175, P < 0.001). Further, we explored the relationship between the TG/HDL-c ratio and the risk of progression from prediabetes to diabetes (Table 5 model IV) after excluding smoking and drinking status. The results suggested that the HR between the TG/HDL-c ratio and the risk of diabetes in patients with prediabetes was 1.121 (95% CI: 1.045–1.202, P = 0.001) (Table 5). The results obtained from all the sensitivity analyses indicated the robustness of our findings.


Table 5 | Relationship between TG/HDL-c ratio and the risk of diabetes in participants with prediabetes in different sensitivity analyses.





Cox Proportional Hazards Regression Model With Cubic Spline Functions to Address Non-Linearity

Through the Cox proportional hazards regression model with cubic spline functions, we noticed that the link between the TG/HDL-c ratio and incident diabetes in prediabetic patients was likewise non-linear (Figure 6). Therefore, data were fitted to a two-piecewise Cox proportional hazards regression model to fit two different slopes. We also fitted the data using a standard binary two-piecewise Cox proportional-hazards regression model based on the sensitivity analysis and selected the best-fit model through the log-likelihood ratio test (Table 6). The P-value for the log-likelihood ratio test was 0.021. Using a recursive algorithm, we first determined that the inflection point of the TG/HDL-c ratio was 1.415 and then calculated the HR and CI on the left and right of the inflection point using a two-piecewise Cox proportional hazards regression model. The HR was 1.336 on the left side of the inflection point (95% CI: 1.134–1.573). The HR was 1.055 on the right side of the inflection point (95% CI: 0.988–1.126), but the difference was not statistically significant.




Figure 6 | The non-linear relationship between TG/HDL-c ratio and the risk of diabetes in prediabetic participants. We used a Cox proportional hazards regression model with cubic spline functions to evaluate the relationship between TG/HDL-c ratio and diabetes risk. The result showed that the relationship between the TG/HDL-c ratio and diabetes risk in prediabetic patients was non-linear, with the inflection point of TG/HDL-c ratio being 1.415.




Table 6 | The result of the two-piecewise linear regression model.





The Results of Subgroup Analyses

In all the prespecified or exploratory subgroups evaluated (Table 7), there was no significant interaction in age, BMI, drinking status, smoking status, and SBP. In contrast, significant interactions were detected in sex. Specifically, a stronger association between the TG/HDL-c ratio and the risk of incident diabetes was observed in female participants (HR = 1.210, 95% CI: 1.100–1.331, P < 0.001). In contrast, a weaker relationship between the TG/HDL-c ratio and diabetes risk was observed in male participants with prediabetes (HR = 1.084, 95% CI: 1.029–1.142, P = 0.003). However, considering that drinking and smoking may be related to sex, the proportion of missing data for drinking and smoking status was 69.33%. This may be the reason for the sex differences in the subgroup analysis. Therefore, we performed a series of subgroup analyses, adjusted for covariates excluding smoking and drinking status (Supplementary Table 1). The results suggest that sex did not affect the relationship between the TG/HDL-c ratio and the risk of diabetes in patients with prediabetes.


Table 7 | Stratified associations between TG/HDL-c ratio and diabetes in participants with prediabetes by age, sex, BMI, SBP, smoking status, and drinking status.






Discussion

This retrospective cohort study was designed to examine the link between the TG/HDL-C ratio and incident diabetes in prediabetic patients. We found that an increase in the TG/HDL-c ratio was related to a significantly increased risk of diabetes in prediabetic patients. In addition, a threshold effect curve was also found, and different relationships between the TG/HDL-c ratio and the risk of diabetes were detected on both sides of the inflection point.

The actual 5-year rate of progression from prediabetes to diabetes in a Japanese study was 8.5% (33). The 7-year rate of progression to diabetes in American patients with prediabetes aged 70–79 years is 10.6% (34). In the present study, the cumulative incidence of diabetes in participants with prediabetes was 11.46% over a median follow-up time of 3.05 years. These differences in the incidence of diabetes among these patients may be due to differences in the participants’ age and ethnicity. It is worth noting that all studies have confirmed that patients with prediabetes have a high risk of developing diabetes. Therefore, it is essential to actively search for various other risk factors for the progression from prediabetes to diabetes.

The TG/HDL-c ratio has often been used to evaluate insulin resistance in previous studies (35, 36). Recent studies have shown that an elevated TG/HDL-c ratio is associated with the risk of incident diabetes (15, 17, 37). A retrospective cohort study enrolled 114,787 participants and found that after adjusting for potential confounding factors, an increase of 1 unit of TG/HDL-c ratio was linked with a 15.9% increase in the risk of diabetes (HR = 1.159, 95% CI: 1.104–1.215) (17). Another study included 11,946 participants without baseline diabetes from a rural Chinese cohort. The results showed that people in the highest TG/HDL-c ratio quartile had a higher diabetes risk than those in the lowest quartile (HR: 2.11, 95% CI: 1.55–2.86) (38). Our findings are consistent with previous results showing that the TG/HDL-c ratio is positively related to the incidence of diabetes. However, to the best of our knowledge, the present study is the first to reveal a relationship between the TG/HDL-c ratio and the risk of progression from prediabetes to diabetes. Meanwhile, the sensitivity analysis found that this relationship still exists among participants with TC < 5.0 mmol/l, LDL-c ≤ 2.5 mmol/l, or those who never engaged in drinking. The results mentioned above have confirmed the relationship’s stability between TG/HDL-c ratio and diabetes risk in patients with prediabetes. These results provide a reference for optimizing interventions to reduce the risk of developing diabetes in patients with prediabetes.

Insulin resistance may be the main mechanism by which high TG/HDL-c ratios are associated with a higher incidence of diabetes in prediabetic patients (36). Additionally, pancreatic β-cell dysfunction may be one of the possible explanations for the relationship between the TG/HDL-c ratio and the progression of prediabetes (15, 39). Lower levels of HDL-c reduce cholesterol efflux, leading to cholesterol accumulation in the pancreatic β-cells. This leads to β-cell dysfunction, including elevated blood glucose, impaired insulin secretion, and β-cell apoptosis (40, 41). Furthermore, elevated TG levels elevate nitric oxide and ceramide levels, which induce β-cell apoptosis and impair glucose-stimulated insulin secretion (15, 42). These mechanisms may reflect the relationship between the TG/HDL-c ratio and the incidence of diabetes.

Furthermore, the present study observed a non-linear relationship between the TG/HDL-c ratio and the risk of diabetes in patients with prediabetes for the first time. This study used a two-piecewise Cox proportional hazards regression model to clarify the non-linear relationships. The results showed a non-linear relationship and saturation effect between the TG/HDL-c ratio and the risk of diabetes in patients with prediabetes. The inflection point of the TG/HDL-c ratio was 1.415 after adjusting for confounders. When the TG/HDL-c ratio was below 1.415, a 1-unit increase in the TG/HDL-c ratio was associated with a 33.6% increase in the incidence rate of diabetes. The risk of diabetes did not increase with an increase in the TG/HDL-c ratio when the TG/HDL-c ratio was greater than 1.415.

It could be found that compared to participants with a TG/HDL-c ratio >1.415, participants with TG/HDL-c ratio ≤1.415 were generally younger and had lower BMI, SBP, DBP, LDL-c, TC, AST, and ALT. In addition, those with a TG/HDL-c ratio ≤1.415 had a lower proportion of currently drinking (Supplementary Table 2). However, these indicators are closely related to diabetes (21, 43–46). When the TG/HDL-c ratio was higher than 1.415, the TG/HDL-c ratio had a relatively weak effect on diabetes owing to the presence of these risk factors. On the contrary, when the TG/HDL-c ratio was less than 1.415, the level of these risk factors for diabetes was lower, the impact on diabetes was reduced, and the effect of the TG/HDL-c ratio was relatively enhanced. The discovery of a curvilinear relationship between the TG/HDL-c ratio and diabetes in prediabetic patients has excellent clinical value. It provides a reference for optimizing diabetes prevention decision-making and promoting clinical consultation in patients with prediabetes.

Our study had several strengths: (i) The total sample size was relatively large. (ii) To the best of our knowledge, this is the first time that Chinese prediabetic people have been used as a research population to explore the association between TG/HDL-c ratio and the risk of diabetes. (iii) Compared to previous research, research addressing non-linearity is a significant improvement. (iv) Multiple imputations were employed to handle missing data. This method can maximize the statistical power and minimize the potential bias caused by missing covariate information. (v) In this study, we tested the robustness of the results through a series of sensitivity analyses (conversion of target-independent variable form, subgroup analysis, using a GAM to insert the continuity covariate into the equation as a curve, calculating E-values to explore the potential for unmeasured confounding, and reanalyzing the relationship between the TG/HDL-c ratio and the risk of diabetes in prediabetic patients with TC <5.0 mmol/l, LDL-c ≤2.5 mmol/l, or never drinking) to ensure the reliability of the results.

The potential limitations of this study are as follows. First, since all participants were of Chinese descent, further research is needed to determine the relationship between the TG/HDL-c ratio and the risk of diabetes in prediabetic individuals with different genetic backgrounds. Second, diabetes was defined as a fasting plasma glucose (FPG) ≥7.00 mmol/l and/or self-reported diabetes during the follow-up period, but not a 2-h oral glucose tolerance test or measurement of glycosylated hemoglobin level, which may underestimate the incidence of diabetes. Additionally, the type of diabetes was not determined. Type 2 diabetes mellitus (T2DM) is the most common type of diabetes, accounting for more than 90% of all diabetes cases in China (47). Therefore, our findings are representative of T2DM patients. Third, this study is based on a secondary analysis of published data; therefore, it is impossible to adjust variables not included in the original dataset, such as insulin concentration, TNF, and IL-6. However, we calculated the E-value to quantify the potential impact of unmeasured confounders and found that unmeasured confounders were unlikely to explain the results. Likewise, detailed measures of additional parameters and methods of assessing information cannot be specified. Fourth, for such a large sample of participants, the median follow-up time was 3.05 years, the longest follow-up time was 5 years, and 1,350 participants (8.94%) were older than 70 years old. Potential censoring by death is unavoidable. Therefore, if the original research data contained information on the censoring by death, then the competitive risk model would be a more appropriate choice. In the future, we can consider designing our studies and collect the potential censoring by death. We could analyze the relationship between the TG/HDL-c ratio and diabetes in patients with prediabetes through a competitive risk model. In addition, this retrospective observational study provided an association inference rather than establishing a causal relationship between the TG/HDL-c ratio and the risk of diabetes in prediabetic patients. Finally, the present study only measured TG, HDL-c, and other parameters at baseline and did not consider the TG/HDL-c ratio changes over time. In the future, we can also consider designing our studies or collaborating with other researchers to collect as many variables as possible, including information on the evolution of TG/HDL-C during patient follow-up.



Conclusion

This study demonstrates a positive and non-linear relationship between the TG/HDL-c ratio and incident diabetes in Chinese adults with prediabetes. There is a saturation effect between the TG/HDL-c ratio and the risk of diabetes in patients with prediabetes. When the TG/HDL-c ratio was <1.415, there was a significant positive association with the risk of progression from prediabetes to diabetes. This result is expected to provide a reference for clinicians to control dyslipidemia in prediabetic patients. It makes sense to lower the TG/HDL-c ratio below the inflection point by aggressive intervention to lower TG or increase HDL-c levels from a treatment perspective. Reducing the TG/HDL-c ratio can significantly reduce the risk of progression from diabetes to diabetes when the TG/HDL-c ratio is below the inflection point (1.415).
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Smoking status

Never smoker 11,238 (74.389%) Ref

Ever smoker 603 (3.992%) 1.507 (1.227, 1.853) 0.00010

Current smoker 3,266 (21.619%) 1.333 (1.198, 1.483) <0.00001
Drinking status

Never drinker 11,998 (79.420%) Ref

Ever drinker 2,534 (16.774%) 0.863 (0.758, 0.984) 0.02712

Current drinker 575 (3.806%) 1.156 (0.925, 1.445) 0.20104
Family history of diabetes

NO 14,712 (97.385%) Ref

Yes 395 (2.615%) 1.325 (1.048, 1.675) 0.01863

Continuous variables are summarized as mean (SD) or median (quartile interval); categorical variables are presented as percentages (%).

TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BUN, blood urea nitrogen; sCr serum creatinine; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; DBP, diastolic blood pressure; SBP, systolic blood pressure; TG/HDL-C ratio, triglyceride to high-density lipoprotein cholesterol ratio;
HR. hazard ratios: Cl, confidence: Ref. reference.
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OEBPS/Images/table7.jpg
Characteristic

Age, years
<30
30 to <40
40 to <50
50 to <60
60 to <70
=70
Sex
Male
Female
BMI (kg/m?)
<185
>18.5, <25
>25
Drinking status
Current
Ever
Never
Smoking status
Current
Ever
Never
SBP (mmHg)
<140
>140

No. of participants

589
3,047
3,387
3,818
2,916
1,350

9,745
5,362

257
7,881
6,969

575
2,534
11,998

3266
603
11,238

11,785
3,372

HR (95% Cl) P value

1.175 (0.627, 2.201) 0.616
1.430 (1.251, 1.636) <0.001
1.232 (1.122, 1.353) <0.001
1.084 (0.953, 1.122) 0.424
1.036 (0.946, 1.138) 0.447
1.082 (0.898, 1.185) 0.660

1.085 (1.030, 1.143) 0.002
1.214 (1.104, 1.335) <0.001

1.273 (0.324, 5.012) 0.730
1.181 (1.093, 1.275) <0.001
1.096 (1.036, 1.159) 0.001

1.172 (0.963, 1.425) 0.113
1.084 (0.970, 1.210) 0.154
1.114 (1.057, 1.173) <0.001

1.064 (0.981, 1.154) 0.134
1.077 (0.918, 1.263) 0.362
1.143 (1.078, 1.211) <0.001

1.110 (1.050, 1.173) <0.001
1.095 (1.012, 1.185) 0.024

P for interaction

0.105

0.045

0.523

0.785

0.177

0.716

Model adjusted for age, sex, BMI, SBP, DBP, ALT, AST, sCr, smoking status, drinking status, and family history of diabetes.
In each case, the model is not adjusted for the stratification variable.
HR, hazard ratios; Cl, confidence; CE: Please ensure that all reference citations are styled correctly., reference.
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OEBPS/Images/table1.jpg
TG/HDL ratio quartile Q1 (<0.692) Q2 (0.692-1.093) Q3 (1.092-1.718) Q4 (>1.718) P-value
Participants 3764 3,789 S 3,777
Age (years) 48.68 + 13.87 51.03 + 13.96 5211 £ 13.19 51.96 + 12.60 <0.001
Sex <0.001

Male 1,784 (47.40%) 2,368 (62.50%) 2,672 (70.74%) 2,921 (77.34%)

Female 1,980 (52.60%) 1,421 (37.50%) 1,105 (29.26%) 856 (22.66%)
Height (cm) 164.63 +8.21 166.25 + 8.46 167.21 £ 8.35 168.32 + 8.05 <0.001
Weight (kg) 62.44 + 10.62 68.17 £ 11.17 71.43 +11.58 7443 +11.79 <0.001
BMI (kg/m?) 22.96 + 3.04 24.59 £ 3.13 25.47 +3.12 26.18 + 3.07 <0.001
SBP (mmHg) 12313 £ 17.59 127.36 + 17.66 12911 £17.37 180.13 £ 17.37 <0.001
DBP (mmHg) 75.25 +10.78 77.92 +11.11 79.64 +11.12 80.93 + 10.90 <0.001
TC (mmol/L) 4.79 + 0.89 4.98 + 0.92 511 +£0.93 5.24 +0.95 <0.001
TG (mmol/L) 0.76 + 0.21 1.22 +0.24 1.74 +0.36 299+ 1.05 <0.001
HDL-c (mmol/L) 1.56 + 0.32 1.39 +0.23 1.28 +0.23 113+ 0.24 <0.001
TG/HDL ratio 0.49 + 0.13 0.88 +0.12 1.37 +0.18 267 +0.85 <0.001
LDL-c (mmol/L) 2.78 £ 0.67 2.96 + 0.68 3.03+0.70 3.01+0.76 <0.001
ALT (U/L) 16.25 (12.10-23.00) 20.70 (15.00-29.20) 24.00 (17.20-35.00) 28.40 (20.00-41.60) <0.001
AST (UL) 23.33 +10.78 25.52 + 11.62 26.90 + 11.52 2898 +12.25 <0.001
BUN (mmol/L) 4.98 +1.25 503+1.26 5.03 +1.23 497 +1.21 0.049
Scr (umol/L) 68.83 + 15.44 72.73 + 16.40 74.64 +15.78 75.63 + 16.13 <0.001
Smoking status <0.001

Current smoker 483 (12.83%) 746 (19.69%) 917 (24.28%) 1,120 (29.65%)

Ever smoker 127 (3.37%) 146 (3.85%) 159 (4.21%) 171 (4.53%)

Never smoker 3,154 (83.79%) 2,897 (76.46%) 2,701 (71.51%) 2,486 (65.82%)
Drinking status <0.001

Current drinker 77 (2.05%) 119 (3.14%) 159 (4.21%) 220 (5.82%)

Ever drinker 471 (12.51%) 656 (17.31%) 696 (18.43%) 711 (18.82%)

Never drinker 3,216 (85.44%) 3,014 (79.55%) 2,922 (77.36%) 2,846 (75.35%)
Family history of diabetes 0.746

No
Yes

3,665 (97.37%)
99 (2.63%)

3,699 (97.62%)
90 (2.38%)

3,674 (97.27%)
103 (2.73%)

3,674 (97.27%)
103 (2.73%)

Continuous variables are summarized as mean (SD) or median (quartile interval); categorical variables are presented as percentages (%).

BMI, body mass index, TG, triglyceride; TC, total cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; BUN, blood urea nitrogen; Scr, serum
creatinine; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DBP, diastolic blood pressure; SBP, systolic blood pressure; TG/HDL-C ratio, triglyceride-to-high-density

lipoprotein cholesterol ratio.
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Exposure Model | (HR, 95% Cl) P

Model I (HR, 95% CI) P

Model Il (HR, 95%Cl) P

Model IV (HR, 95% CI) P

TG/HDL-c ratio
TG/HDL-c ratio quartile

1.109 (1.034, 1.190) 0.004

Qi Ref

Q2 1.123(0.900, 1.401) 0.305

Q3 1.445 (1.166, 1.792) <0.001

Q4 1.478 (1.191, 1.833) <0.001
P for trend <0.001

1.103 (1.020, 1.193) 0.014

Ref
1.306 (0.976, 1.749) 0.073
1.602 (1.200, 2.138) 0.001
1.691 (1.280, 2.233) <0.001
<0.001

1.115 (1.059, 1.175) <0.001

Ref
1.133 (0.948, 1.354) 0.169
1.296 (1.091, 1.539) 0.003
1.404 (1.184, 1.666) <0.001
<0.001

1.121 (1.045, 1.202) 0.001

Ref
1.128 (0.905, 1.407) 0.284
1.461 (1.179, 1.810) <0.001
1.505 (1.214, 1.866) <0.001
<0.001

Model | was a sensttivity analysis in participants without TC 25.0 mmol/L (N = 7738). We adjusted for age, sex, BMI, SBP, DBP, ALT, AST, sCr, smoking status, drinking status, and a family

history of diabetes.

Model Il was a sensitivity analysis in participants without LDL-c >2.5 mmol/L (N = 4218). We adjusted for age, sex, BMI, SBP, DBP, ALT, AST, sCr, smoking status, drinking status, and a

family history of diabetes.

Model lll was a sensitivity analysis of participants who had never consumed alcohol (N = 11998). We adjusted for age, sex, BMI, SBP, DBP, ALT, AST, sCr, smoking status, and a family

history of diabetes.

Model IV was a sensitivity analysis of all participants with prediabetes (N = 15,107). We adjusted for age, sex, BMI, SBP, DBP, ALT, AST, sCr, and family history of diabetes.
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