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Background

It has been proved that triglyceride glucose-body mass index (TyG-BMI) is a readily available and clinically significant indicator of insulin resistance (IR). Nevertheless, the association between TyG-BMI and incident Type 2 diabetes mellitus (T2DM) remains uncertain. This study aimed to study the relationship between TyG-BMI and T2DM and explore the predictive characteristics of TyG-BMI.



Methods

Our study was conducted as a longitudinal cohort study. 8,430 men and 7,034 women were enrolled and analyzed. They were both non-diabetic subjects with normal glycemic levels. Follow-up lasted for 13 years, from 1994 to 2016. To make the number of TyG-BMI in each group similar, the subjects were divided into four groups with 3866 subjects in each group.



Results

During the 13-year follow-up period, 373 subjects were diagnosed with incident T2DM. Our multivariate Cox regression analysis revealed that TyG-BMI was an independent predictor of incident T2DM. In addition, our research identified four specific groups, young people (18-44 years old), women, the non-hypertensive population and non-drinkers were at significantly higher risk of developing TyG-BMI-related diabetes (P-interaction< 0.05). The best threshold TyG-BMI for predicting incident T2DM was 197.2987 (area under the curve 0.7738).



Conclusions

Our longitudinal cohort study demonstrated the positive correlation between baseline TyG-BMI and risk of incident T2DM in Japanese with normal glycemic levels, and this risk was significantly higher in the young people, women, the non-hypertensive population and non-drinkers.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is one of the most common metabolic diseases (1). In 2021, More than half a billion adults aged (between 20 and 79) had diabetes mellitus. The total number of people with diabetes is expected to exceed 600 million in 2030 and rise to 783 million in another 15 years. In 2021, diabetes and its complications will cause 6.7 million deaths worldwide (2). The high mortality was mainly due to cardiovascular disease, kidney disease and infection in T2DM patients (3–5). People with impaired glucose tolerance have been shown to be at increased risk for the disease (6). The number of people with T2DM in Japan has been growing. In 2021, Japanese adult diabetes health expenditure will be about 35.6 billion yuan, ranking fifth in the world (2). Therefore, finding the best way to prevent and treat T2DM is crucial. Insulin resistance (IR) is a determining factor in the pathophysiology of T2DM (7). IR has also been a key mechanism in the development and progression of many other metabolic diseases, such as obesity, metabolic syndrome and nonalcoholic fatty liver disease (NAFLD) (8–10). The golden method for IR detection is the hyperinsulinemic-euglycemic clamp (HIEC) technique (11). Nevertheless, this technique requires accurate quantitative infusion equipment and frequent blood glucose measurement, resulting in high cost and high technical requirements (12). A more convenient and cheaper IR measurement is critical for prospective risk assessment, extensive population screening, and treatment monitoring. Triglyceride glucose-body mass index (TyG-BMI) is a new obesity-related parameter that has been developed in recent years, and it’s obtained by multiplying TyG (composed of fasting plasma glucose and triglycerides) with BMI (derived from weight and height) (13–21). These are routine physical examination indicators that are easy to obtain. Recent studies have confirmed that TyG-BMI, as a simple and clinically valuable index, can be used to identify the alternative index of IR at an early stage (21).

As far as we know, there are three observational studies about the relationship between TyG-BMI and Diabetes (14, 17, 22). Among them, the primary outcome of two studies was prediabetes. Compared with the three studies mentioned above, our advantages and differences are as follows: First, our primary outcome of incident T2DM was very clear, while T2DM and type 1 diabetes mellitus (T1DM) were not distinguished in other studies; Second, the follow-up time is longer, our follow-up time is as long as 13 years; Third, the study excluded participants with alcoholic fatty liver disease, viral hepatitis, diagnosed diabetes, diagnosed pre-diabetes and any type of medication were excluded from the study; Fourth, our population is in a different country. Our study population comes from Japan.

Our longitudinal cohort study was a second study based on a large cohort of people with normal glycemic levels in Japan. It aimed to further characterize and analyze the association between baseline TyG-BMI and the incident T2DM.



Methods and Materials


Participants and Study Design

We performed this study using data from the NAGALA (NAfld in the Gifu Area, Population-based Longitudinal Analysis) database collected at Murakami Memorial Hospital in Japan. This center was founded in 1994, it can perform More than 8,000 medical examinations per year, and more than half of the patients would have one or two physical check-ups a year (23). From 1994 to 2016, 20944 participants were enrolled in this medical examination program. 12,498 of them are male and 8446 of them are female. Then they excluded people with diabetes at the baseline examination, viral hepatitis, alcoholic fatty liver disease, any drug used in baseline, HbA1c of 6.5% or more, fasting plasma glucose of 7 mmol/L or more and missing covariable data (Figure 1). This project has been approved by the Ethics Committee of Murakami Memorial Hospital in Japan at the time of collection, and all participants in this project have signed informed consent to use their physical examination data for research.




Figure 1 | Flow chart showing the exclusion criteria of participants. T2DM, type 2 diabetes mellitus.





Data Collection and Measurements

They use a standardized self-management behavior questionnaire form to collect data on lifestyle (smoking and alcohol habits and physical activity). The specific definitions of lifestyle (smoking status, drinking status and exercise habits), viral hepatitis, alcoholic fatty liver disease, and incident T2DM can be obtained in the original article described above (23). We described only the following key definitions of our concern. They asked participants how many grams of alcohol they drank per week in the previous month, dividing them into four groups: never, light, moderate and heavy drinkers. They also divided the participants into three groups based on their smoking status: never smoked, never smoked or current smokers. Exercising more than once a week was defined as an exercise habit. The incident T2DM was defined as having an HbA1c of 6.5% or more and fasting plasma glucose of 7 mmol/L (24) or more, or self-reported.



Definition of Index

The formulas for calculating the indexes: BMI = weight(kg) / height(m)2; TyG index = Ln [1/2 fasting plasma glucose (mg/dL × fasting triglycerides (mg/dL)]; TyG – BMI = BMI × TyG index.



Statistical Analyses

The EmpowerStats and R (a free software environment for statistical computing and graphics; http://www.r-project.org) were used for all statistical analyses in our study (25). In Table 1, participants are categorized into four groups according to the baseline TyG-BMI quartiles. We used mean ± standard deviation (SD) to represent continuous variable baseline characteristics and frequency (%) to represent categorical variable baseline characteristics. We first tested the normality of the data by Kolmogorov-Smirnov test. In the case of continuous normal distribution, ANOVA or Kruskal–Wallis H tests were used to test the statistical difference between the two groups. If the normality hypothesis of the T-test was not satisfied, we used the Manni-Whitney tests. The Chi-square test was used to analyze the statistical differences between categorical variables. In Table 2, Our aim was to assess the association between baseline TYG-BMI levels and the incidence of T2DM using a Multivariate Cox regression analysis. Five models were used for this analysis (1): the primary model without adjustment; (2) the model I adjusted for the most basic variable (baseline sex and age); (3) the model II adjusted for baseline HDL-cholesterol, total cholesterol, triglycerides, drinking, smoking, and exercise habits; (4) model III adjusted for variables in model II and variables with P < 0.001 in univariate analysis (Supplementary Table 1); (5) model IV adjusted for all above variables. Finally, in Table 3, In this study, the Cox model and likelihood ratio test were used for stratified analysis and it was found that there were significant differences in the relationship between TyG-BMI and newly diagnosed T2DM in different genders, ages, drinking status and blood pressure, with significant interaction. Potential confounders we used in these analyses include baseline age, sex, HDL cholesterol, total cholesterol, triglycerides, habit of exercise, alcohol consumption, smoking status, fatty liver, ALT, AST, GGT, systolic blood pressure (SBP) and diastolic blood pressure (DBP). In Figure 2 and Table 4, receiver operating characteristic (ROC) curve analysis was adopted to calculate the area under the curve (AUC) and best threshold, which presented predictive abilities of the TyG-BMI, TyG index and BMI for incident T2DM risk. A P-value less than 0.05 was considered statistically significant.


Table 1 | Baseline variables according to the quartile of TyG-BMI.




Table 2 | Associations of baseline TyG-BMI with incident T2DM.




Table 3 | Stratified association between TyG-BMI and diabetes by age, sex, alcohol consumption, smoking status, SBP and DBP.






Figure 2 | Receiver operating characteristic (ROC) curve analyses to predict incident T2DM. AUC, area under the curve; TyG-BMI, triglyceride glucose-body mass index; TyG, triglyceride-glucose; BMI, body mass index.




Table 4 | AUC with the 95% CI of TyG-BMI, TyG index and BMI for predicting incident T2DM.






Results


Study Population Description Based on TyG-BMI Quartiles

After excluding people with diabetes at the baseline examination, viral hepatitis, alcoholic fatty liver disease, any drug used in the baseline, our cohort study eventually included 15464 participants (8430 men and 7034 women) (Figure 1). The mean age of our cohort was 43.71 ± 8.90 years. After the mean follow up duration of 2207.82 ± 1379.72 days, incident T2DM occurred in 373 (2.41%) participants (Supplementary Table 2). It was clear that most baseline variables were statistically significantly differences between the four groups. Compared with participants in quartile 1 which had the lowest BMI, participants in quartile 4 were older, heavier, more likely to be male, had bigger waist circumference, higher total cholesterol, higher triglycerides, HbA1c, AST, ALT, GGT, blood pressures and fasting plasma glucose, more had fatty liver and incident T2DM, more smokers, more drinker. However, participants of quartile 4 were lower HDL-cholesterol levels, fewer regular exercisers, non-smokers and non-drinkers (P<0.001) (Table 1).



The Association Between Incident T2DM and Baseline TyG-BMI

This study evaluated the relationship between TyG-BMI and incident T2DM by Cox regression model. In order to verify the stability of the relationship under different conditions, four models were established (Table 2). First of all, the model I only adjusted for baseline age and sex. The results of regression analysis by this model showed that TyG-BMI was significantly positively correlated with the risk of incident T2DM (P<0.001). Meanwhile, it could be seen from the results of this model that the risk of diabetes corresponding to TyG-BMI was significantly increased in quartile 4 compared with quartile 1. Model II adjusted for confounding factors about blood lipids and lifestyle, such as baseline HDL-cholesterol, total cholesterol, triglycerides, alcohol consumption, smoking, habits of exercise. The results of this model suggest that TyG-BMI is still positively and significantly associated with the risk of diabetes, but it is weaker than the model I (P<0.001). Model III adjusted for variables in model II and variables that were significantly associated with the risk of developing incident T2DM in univariate analysis (P<0.001). However, nonlinear relationships begin to emerge between TyG-BMI and incident T2DM in this model, but the general trend remains the same (p<0.05). Finally, we adjusted for almost all variables above in model IV and the trend remains unchanged and elevated TyG-BMI remains a risk factor for incident T2DM (p<0.05). In a word, we conclude that TyG-BMI is an independent risk factor for incident T2DM. And as a continuous variable, the relationship between baseline TyG-BMI and incident T2DM was nearly positively linear.



Subgroup Analysis and Interaction Test

Table 3 evaluates the interaction of age, sex, alcohol consumption, smoking status and blood pressure, with TyG-BMI and incident T2DM. Within these stratifications, young adults, women, non-drinkers, and baseline non-hypertensive individuals were at a significantly higher risk of developing TyG-BMI-related Diabetes than their counterparts (P-interaction< 0.05).



Predictive Value of TyG-BMI in Incident T2DM

A ROC curve drawn by our researchers, which aims to more clearly demonstrate the predictive value of TyG-BMI, TyG index and BMI on the incidence of T2DM. The area under the curve (AUC) of TyG-BMI was 0.7738 (0.7498, 0.7979), which was higher than the AUC of TyG and BMI. The AUC of TyG index 0.7505 (0.7255,0.7754) and the AUC of BMI was 0.7327 (0.7068, 0.7585) (Figure 2). The best threshold of TyG-BMI that we focused on was 197.2987, with a sensitivity of 74.16% and specificity of 68.36% (Table 4).




Discussion

After reviewing numerous studies, we believed that this was the first retrospective cohort study in a Japanese population to describe the association between TyG-BMI and the risk of T2DM in subjects with normal glycemic levels. In this cohort study, we found that TyG-BMI was always stable in different models and was independently positively associated with the incidence of T2DM. Meanwhile, we found some particular phenomena in the subgroup analysis. There are significant differences between TyG-BMI and the risk of incident T2DM among people of different ages, genders, blood pressure and alcohol consumption. Among them, the independent correlation between TyG-BMI and the incidence of T2DM was more evident in young people (18-44 years old), women, non-hypertensive people and non-drinkers. It is not clear why TyG-BMI is associated with a significantly increased risk of Diabetes in these populations. However, the following points need to be noted: (1) With the rapid development of society, young people develop more and more unhealthy living habits due to the increasing pressure and entertainment life, which affects their metabolism (26–28). (2) Body composition and metabolism vary significantly between men and women, with men generally having higher muscle mass and faster metabolism (29, 30). (3) Alcohol consumption affects the liver, lipid metabolism and gut microbiome composition, even if it is moderate (31) (4). Long-term high blood pressure can also aggravate Diabetes. For example, high blood pressure can cause systemic arteriosclerosis, which affects the function of the islet (32, 33).


Comparisons With Other Studies and What Does the Current Work add to the Existing Knowledge

TyG, a product calculated from triglycerides and glucose, is a readily available measure of insulin sensitivity (34). New research showed that the TyG index may be an important prognostic indicator of prediabetes patients and can independently predict new cardiovascular and cerebrovascular adverse events (35). Some studies have also proved that with the increase of TyG index, the risk of Diabetes also significantly increased and it was a risk markers of insulin resistance (36–38). BMI was known to be used to assess the risk of obesity and metabolic diseases and is the most readily available indicator calculated by height and weight (39). An elevated BMI increases the risk of Diabetes (40). TyG-BMI was the product of BMI multiplied by the TyG index and a new obesity-related parameter that has been developed in recent years. Compared with TyG, BMI, TG and fasting blood glucose, TyG-BMI has an advantage in determining NAFLD risk in nonobese patients (20).In 2020, the results showed that TyG-BMI was positively correlated with the incidence of NAFLD in the normal lipid levels and nonobese subgroups of the Chinese population (18). In August 2021, Khamseh et al. proved that TyG-BMI could reliably predict liver fibrosis in overweight or obese people without Diabetes (16). In November of the same year, Jiang et al. found in a cohort study that a higher TyG-BMI would significantly increase the risk of prediabetes in the population, especially in women, nonobese people and people under 50 years old (17). Apart from that, Early studies have found that TyG-BMI, which consists of fasting blood glucose, triglyceride and obesity status, can more efficiently predict IR than TyG index, BMI and other obesity indexes (21). In conclusion, these studies suggest that TyG-BMI has a predictive value in metabolic diseases. At the same time, a study also found a strong relationship between TyG-BMI and ischemic stroke. Their results also suggest the potential use of TyG-BMI in improving risk stratification for ischemic stroke (19). However, studies examining the relationship between emerging Diabetes and TyG-BMI are limited, with only one relevant study. In the Chinese population, Wang et al. found a causal relationship between TyG-BMI and the incidence of diabetes and this independent relationship was more pronounced in younger people and nonobese individuals (14). This study had the following limitations (1): the diagnosis of diabetes in their primary outcome did not distinguish between T2DM and T1DM; they only found a relationship between TyG-BMI and new-onset diabetes mellitus; (2) In their study, the diagnosis of diabetes was defined as fasting blood glucose greater than 7.0 mmol/L or self-reported, while ignoring the measurement of HbA1C, which could lead to a false negative for the incidence of Diabetes mellitus; (3) Participants in their study were followed for only about seven years, which resulted in a lower incidence of endpoint events and distorted results. Correspondingly, our study makes up for most of the above limitations of the Chinese data cohort study: (1) The primary outcome collected in our cohort was incident T2DM, which was clear and unambiguous; (2) We defined the diagnosis of T2DM as self-reported, HbA1C of at least 6.5% or fasting blood glucose of at least 7.0 mmol/L, which is more accurate; (3) we collected data for a more extended follow-up period, up to 13 years. In addition, our study population was not only in different countries. And the results of our subgroup analysis of interactions are also different. Their subgroup analysis results show that participants who were young people, middle-aged people and people with a BMI of less than 24 kg/m2 have a higher risk of Diabetes mellitus associated with TyG-BMI. In contrast, our subgroup analysis results show that young people (18-44 years old), women, the non-hypertensive population and non-drinkers had a higher risk of developing diabetes mellitus associated with TyG-BMI.



Strength and Limitations of This Study

However, our study certainly had some limitations. First of all, our current study was based only on the Japanese population, making it uncertain whether the results would apply to people in other countries. This means that further research on different ethnic groups is needed. In addition, although our diagnosis of T2DM takes into account HbA1c and fasting glucose, the prevalence of new-onset diabetes may be more accurate if oral glucose tolerance tests are added. Although the population size of our database is large then other studies, it is still small compared with that of the Chinese database, but it is understandable because there is a large gap between the total population. Despite these limitations, the study has several advantages. First of all, the study was conducted in people with normal glycemic levels, excluding diabetes and pre-diabetes (HbA1C≥6.5% or fasting blood glucose≥7.0 mmol/L), which is different from previous studies, so our results may be more applicable to people with normal blood sugar levels. Besides, compared to prior studies, our population is different. The original data used in our study is from Japanese physical examination data. Due to the different development rates among different countries and significant differences among individuals, it has more targeted guidance significance for the Japanese. What’s more, compared with previous studies, our analysis adjusted for more confounding factors, making the results more reliable. Finally, our study had a longer follow-up period than other studies. Our follow-up lasted for 13 years.




Conclusions

Overall, we found that TyG-BMI was independently positively associated with the incident T2DM after adjusting a large number of confounders. This independent relationship was significantly higher in young people (18-44 years old), women, the non-hypertensive population and non-drinkers. And our findings maybe provide evidence for the predictive value of TyG-BMI in preventing incident T2DM.
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