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Objective

Type 2 diabetes mellitus (T2DM) remains a major and widespread public health concern throughout the world. The prevalence of T2DM in the elderly has risen to the top of the list of public health concerns. In this study, obesity- and lipid-related indices were used to predict T2DM in middle-aged and elderly Chinese adults.





Methods

The data came from the China Health and Retirement Longitudinal Study (CHARLS), including 7902 middle-aged and elderly participants aged 45 years or above. The study assessed the association of obesity- and lipid-related indices and T2DM by measuring 13 indicators, including body mass index (BMI), waist circumference(WC), waist-height ratio (WHtR), conicity index(CI), visceral adiposity index (VAI), Chinese visceral adiposity index (CVAI), lipid accumulation product (LAP), a body shape index (ABSI), body roundness index (BRI), triglyceride glucose index (TyG-index) and its correlation index (TyG-BMI, TyG-WC, TyG-WHtR). The association of 13 obesity- and lipid-related indices with T2DM was investigated by binary logistic regression. Additionally, the predictive anthropometric index was evaluated, and the ideal cut-off value was established using the receiver operating characteristic (ROC) curve analysis and area under the curve (AUC).





Results

The study included 7902 participants, of whom 3638(46.04) and 4264(53.96) were male and female. The prevalence of T2DM in mid-aged and old adults in China was 9.02% in males and 9.15% in females. All the above 13 indicators show a modest predictive power (AUC>0.5), which was significant for predicting T2DM in adults (middle-aged and elderly people) in China (P<0.05). The results revealed that TyG-WHtR [AUC =0.600, 95%CI: 0.566–0.634] in males and in females [AUC =0.664, 95%CI: 0.636–0.691] was the best predictor of T2DM (P<0.05).





Conclusion

Most obesity- and lipid-related indices have important value in predicting T2DM. Our results can provide measures for the early identification of T2DM in mid-aged and elderly Chinese to reduce the prevalence of T2DM and improve health.
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Introduction

The percentage of older adults (defined as those 60 years of age or older) is expected to increase and reach >20% by the year 2050. China has the world’s largest elderly population, 201 million in 2015, which is expected to rise to 479 million by 2050 (1). Type 2 diabetes mellitus(T2DM) is a worldwide problem and the most prevalent metabolic disease affecting about 1 in 10 adults (10.5% of adults worldwide) (2). Over the last two years, the prevalence of T2DM has increased by 16%, which is an alarming increase (2). Without taking into account the risk of death associated with COVID-19, in 2021, approximately 12.2% of adult all-cause deaths worldwide will be due to diabetes and its complications (3). In addition, 10.6% of adults in the world have poor glucose tolerance, which puts them at high risk of developing T2DM (3). In parallel with the rise in prevalence, the economic costs of T2DM have also increased dramatically. Controlling the incidence of T2DM is the key to reducing the cost of global economic development and improving the health of individuals and communities.

T2DM is associated with a variety of factors. The increase in the incidence of T2DM is mainly due to changes in living conditions and habits, such as a sedentary lifestyle (4), physical inactivity (5), smoking (6), and alcohol consumption (7). Several epidemiological investigations have shown that obesity is the most important risk factor for T2DM, and it has a certain impact on the production of insulin resistance and disease progression (8). The epidemic of obesity contributes to the burden of T2DM in worldwide. In a meta-analysis of Mendelian randomization studies, the easiest and most generally used indicator of obesity, body mass index (BMI), was linked to a higher risk of T2DM (9). However, BMI is not entirely inclusive. Such as WC (waist circumference), waist-height ratio (WHtR), and lipid accumulation index (LAP) have been widely used in epidemiology to measure obesity or central obesity (10–13). We can use these indicators to explore the risk of developing T2DM.

It should be noted that no agreement has been reached on the association of obesity and lipid-associated indices with T2DM. For instance, the BMI is frequently used to estimate the likelihood of contracting chronic diseases including diabetes, hypertension, depression, and cancer (14–17). However, compared to other measurements like WC, WHR, and WHtR, BMI was the least accurate predictor for cardiovascular risk factors such as diabetes, hypertension, and dyslipidemia in the study conducted by Lee et al. (18). Some studies have suggested that WC appears to be a stronger predictor of diabetes than BMI in Western populations (19, 20), while the evidence on this remains contradictory in Asian populations (21, 22). Previous studies reported that the Chinese visceral adiposity index (CVAI) was superior to BMI, WC, or visceral adiposity index (VAI) for the diagnosis of diabetes and prediabetes (23, 24). Another study in Japan found that triglyceride glucose index (TyG-index) was linearly associated with the risk of T2DM in the population (25). From these studies, it can be concluded that obesity and lipid-related indices are closely related to T2DM. However, it is not clear which index performs better in predicting diabetes risk. Moreover, most of the research is carried out based on the West, and the results are different because of the differences in nationality and culture. Therefore, it is of great significance to further determine the correlation and predictive value between obesity and lipid-related indicators and T2DM in middle-aged and elderly people for guiding the prevention and treatment of T2DM in elderly people.

Currently, only a small number of cross-sectional studies have investigated the relationship between obesity and T2DM in elderly Chinese adults, but few studies have explored multiple indicators to predict T2DM risk, so to fill these gaps, we conducted a national retrospective cohort study in older Chinese adults. The longitudinal effects of 13 indicators on the incidence of T2DM were examined to predict the incidence of T2DM. This study provides a theoretical basis for early detection of T2DM, advanced and scientific medical prevention, and avoiding the occurrence of complications of T2DM, significantly improving the living standards of the elderly and prolonging life.





Method




Study design and setting

For this national cohort study, we used data from the China Wave2011 Longitudinal Study of Health and Retirement, a national longitudinal study of middle-aged and older Chinese people and their spouses, who were evaluated at baseline and followed up for two years (26). Individuals without T2DM in baseline from the China Health and Retirement Longitudinal Study (CHARLS) Wave 2011 study were included in our analysis after excluding subjects with missing data. Data gathering was then carried out in 2015. We enrolled 7902 individuals over 45 years of age in our nationwide cohort. The CHARLS project received approval from Peking University’s Biomedical Ethics Review Board, and each participant signed an informed consent form. The data and relevant data for this study are available at the CHARLS project website (http://charls.pku.edu.cn/).





Individuals

The subjects of this survey were selected from the CHARLS, Wave 1 (2011). The CHARLS Wave 2011 was used to select participants. Cohort studies are used in this investigation. In 2011, patients with undiagnosed T2DM were included in our follow-up cohort. Four years later, in 2015, the incident rate of those affected by 13 indicators was assessed.





Baseline characteristics

At baseline, trained researchers used a structured questionnaire to acquire sociodemographic status information and health-related indicators, including age, education, marriage, residence, drinking, smoking, activities, exercise, and chronic diseases. The majority of factors were based on our earlier research investigations (27–32).





Data collection and definitions

Fasting plasma glucose (FPG), HbA1c, TC, triglycerides (TG), high-density lipoprotein-cholesterol (HDL-c), and low-density lipoprotein-cholesterol (LDL-c) were measured by fasting blood samples. FPG, TG, TC, HDL-c, and LDL-c were determined by enzyme colorimetric assay, while the HbA1c test was carried out by high-performance liquid chromatography (HPLC) (33). T2DM was defined as 1) self-reported doctor-diagnosed diabetes, 2) fasting plasma glucose ≥7.0mmol/L, 3) 2-h plasma glucose ≥11.1mmol/L, or 4) HbA1c ≥6.5% (34). Participants with a diagnosis of T2DM at baseline were excluded from this analysis.





Measurements

The BMI was calculated based on the weight and height of the participants. According to the Chinese standard, BMI was classified into three categories: obesity (BMI ≥ 28 kg/m2), overweight (24 ≤ BMI< 28 kg/m2), and underweight and normal (BMI< 24 kg/m2) (35). The lower rib margin and the middle of the flexible measuring tape were used to determine the WC (32). Conicity Index (CI) was measured by WC, weight, and height (36). When calculating the Body shape Index (BSI), body roundness index (BRI), and VAI, it should be noted that VAI is not gender-specific like other measurements (37–39). WHtR is defined as the WC (m) divided by the height (m) (40). The LAP is calculated somewhat differently by subtracting from the WC (men: 65 cm, women: 58 cm) and multiplying it with TG (41). In order to create a more suitable metric for Chinese people, CVAI is built on VAI (42). The following formulas were used to measure the other anthropometric indexes (Equations 1-12).







	













	













Statistical analysis

All the statistical analyses were analyzed using STATA software version 25.0. Continuous variables were applied by mean (standard deviation, SD) depending on normal distribution or not, while the frequency with percentage was presented for categorical variables. A chi-squared test was run to compare dichotomous or categorical variables. Results from studies that were gender-specific are also included because the relationship between T2DM and obesity status varies between the sexes. The odds ratios (OR) and 95% confidence intervals (CI) for each of the 13 obesity- and lipid-related indices were calculated by binary logistic regression after adjusting for age, education, marital status, current residence, current smoking, alcohol consumption, activity participation, regular exercise, and chronic disease. The 13 indices were divided into two categories based on their optimal cutoff values. The P-value obtained by the statistical significance test is usually regarded as the statistical significance when P< 0.05, and the P< 0.001 is very significant. The ability of these indices to distinguish T2DM was tested by drawing the receiver operating curve (ROC curve) and AUC calculation. The ROC curve can be used to calculate the sensitivity, specificity, positive, negative, positive, positive, and negative. A Youden index (sensitivity + specificity 1) was used to select the cut-off points to evaluate classification accuracy.






Results

Table 1 shows the characteristics of the participants with complete samples. This study included 7902 patients, of which 3638 (46. 04%) were male, and 4 264 (53.96%) were female. Most of them were 45-64 years old, there were significant differences between men and women in age, education, marital status, current smoking, alcohol drinking, number of chronic diseases, WC, BMI, WHtR, VAI, ABSI, BRI, LAP, CI, CVAI, TyG index, TyG-BMI, TyG-WC and TyG-WHtR (P< 0.05). However, there was no statistical significance in the distribution of current residence, taking activities, and having regular exercises between the two groups (P > 0.05). Due to these marked gender differences (P< 0.05), the main analysis was conducted separately by gender.


Table 1 | Characteristics of participants with full samples(N=7902).



Table 2 presents the baseline characteristics of T2DM and non-diabetic subjects by gender. Based on the findings, the percentage of women with T2DM was significantly higher (9.15% versus 9.02% for males). There were significant differences in WC, BMI, WHtR, VAI, ABSI, BRI, LAP, CI, CVAI, TyG, TyG-BMI, TyG-WC, and TyG-WHtR in men with T2DM (P< 0.05); There were significant differences in age, current residence, chronic illness, WC, BMI, WHtR, VAI, ABSI, BRI, LAP, CI, CVAI, CVAI, TyG-BMI, TyG-WC, and TyG-WHtR in women with T2DM (P< 0.05). There were no significant differences among T2DM subgroups, male or female, in terms of educational background, marital status, current smoking, alcohol drinking, taking activities, and having regular exercises (P > 0.05).


Table 2 | Baseline characteristics of the study participants with and without T2DM by sex.



Table 3 illustrates the evaluation of the prediction using ROC curves and AUC. The ROC curves of each parameter for predicting the risk of T2DM are presented in Figures 1, 2. In men, the TyG -WHtR was the best predictor of T2DM in the middle-aged and elderly male population (AUC=0.600, SE=0.017, 95% CI=0.566-0.634, and optimal cut-off=4.769). Meanwhile, it can be observed from the table that WC (AUC = 0.583, S E = 0.018, 95% CI = 0.549-0.618, and optimal cut-off =88.850) and LAP (AUC = 0.583, S E = 0.017, 95% CI = 0.549-0.617, and optimal cut-off =28.333) had similar predictive values. Similarly, the predictive values were similar for the WHtR (AUC = 0.592, SE = 0.017, 95% CI =0.558-0.627, and optimal cut-off = 0.520), BRI (AUC = 0.592, SE = 0.017, 95% CI =0.558-0.627, and optimal cut-off =3.739) and TyG-WC (AUC = 0.592, SE = 0.017, 95% CI =0.558-0.626, and optimal cut-off = 765.677). In addition, in female patients, TyG -WHtR was also the best predictor of T2DM (AUC=0.664, SE=0.015, 95%CI 0.636-0.691, and optimal cut-off=5.031). Similarly, the predictive values were similar for the WHtR (AUC = 0.641, SE = 0.014, 95% CI =0.613-0.670, and optimal cut-off = 0.553), BRI (AUC = 0.641, SE = 0.014, 95% CI =0.613-0.670, and optimal cut-off =4.416). There was a statistical difference in all the indexes (P< 0.05). The results showed that the AUC of these 13 indexes was above 0.5, suggesting that they could predict the development of T2DM.


Table 3 | Cut-off between area under curve, sensitivity, and specificity for obesity- and lipid-related indices to detect T2DM by sex.






Figure 1 | The ROC curves of each indicator in the prediction of T2DM risk in males. (A) WC, (B) BMI, (C) WHtR, (D) VAI, (E) ABSI, (F) BRI, (G) LAP, (H) CI, (I) CVAI, (J) TyG-index, (K) TyG-BMI, (L) TyG-WC, (M) TyG-WHtR.






Figure 2 | The ROC curves of each indicator in the prediction of T2DM risk in females. (A) WC, (B) BMI, (C) WHtR, (D) VAI, (E) ABSI, (F) BRI, (G) LAP, (H) CI, (I) CVAI, (J) TyG-index, (K) TyG-BMI, (L) TyG-WC, (M) TyG-WHtR.



Table 4 shows the associations of obesity- and lipid-related indices with T2DM. In this survey, 13 obesity and lipid indices were converted into two categories according to the figures in Table 3. Table 4 is based on the transformed variables. In general, the greater the OR, the higher the risk. After adjusting for factors such as age, education, marital status, current residence, current smoking, alcohol drinking, taking activities, having regular exercises, and chronic diseases, both men’s and women’s odds of developing T2DM gradually increased with increasing obesity and lipid measurement units. After adjusting for all covariates, each unit rise in TyG -WHtR, for example, was related to a 2.249-fold (95% CI=1.771-2.857) increase in the likelihood of developing T2DM in males. Each unit increase in TyG-WC was linked to a 2.761-fold (95% CI=2.223-3.430) increase in the likelihood of developing T2DM in females. Among the 13 indicators, the correlation between ABSI and T2DM was weakest in males (OR=1.637, 95% CI: 1.277-2.099) and females (OR=1.415, 95% CI: 1.117-1.791). After adjusting for confounding factors, all indicators were statistically significant (P< 0.05). Figure 3 illustrates the forest plot or values before and after adjustment for the confounding factors for men and women.


Table 4 | Associations of obesity- and lipid-related indices with T2DM and its components.






Figure 3 | Forest diagram of OR before and after adjustment of confounding factors for males and females. (A) Male unadjusted; (B) male adjusted; (C) female unadjusted; (D) female adjusted. Adjusted OR: Adjusted for age, educational levels, marital status, live place, current smoking, alcohol drinking, activities, exercises, and chronic diseases.







Discussion

T2DM has been identified as a major public health problem with significant implications for people’s lives and health spending. A significant risk factor for T2DM is obesity. Finding a quick and easy way to test for diabetes can therefore serve as a foundation for an early diagnosis of T2DM. This study evaluated the predictive power of 13 obesity- and lipid-related indices in identifying the risk of T2DM in middle-aged and old adults in China. In our study, a total of 7902 people participated in the study. After adjusting for population factors in our population-based cohort analysis, we found a statistically significant relationship between obesity and lipid-related indices and T2DM.

This study revealed that 13 obesity and lipid-related indicators are all related to the risk of T2DM. Similar to other studies, all 13 indicators play an important role in different populations (43–45). After adjusting for multiple covariates, as the 13 indicators increase, the prevalence of T2DM increases. Among them, TyG-WHtR and CVAI have a stronger correlation with the prevalence of T2DM.

As far as we know, insulin resistance (IR) and islet β-cell dysfunction are the main pathophysiology of T2DM (46–48). A great deal of hormones and cytokines are produced in adipose and adipose tissue, which are important in glucose metabolism and lipid metabolism (49). A characteristic of several metabolic diseases, including hyperglycemia and hypertriglyceridemia, is IR (50). Ahn et al. have shown that the TyG index is composed of factors related to fat and blood sugar, and it is a reliable indicator that has a good reflection of human IR (10). Studies have shown that the TyG index can be a cheap and reliable indicator for the diagnosis of IR, which is important for the early diagnosis of T2DM high-risk people (51). The TyG index, a new measure based on TG and FBG, has been shown to be a useful predictor of metabolic disorders and T2DM (52–54). Several studies have suggested that TyG index is significantly linked to the chance of acquiring T2DM in Singapore (55), Japan (56), Korea (57), and Thailand (58). Ferreira, J.R.S (59). has shown that the TyG-related factors are a useful tool to predict metabolic syndrome. So far, the majority of studies (60–62) have also demonstrated a strong relationship between the TyG-related factors and pre-diabetes/diabetes.

In fact, factors related to TyG played a far greater role in this study than other factors. In our study, TyG-related factors such as TyG-WHtR, TyG-BMI, and TyG-WC can provide a broader basis for obesity- and lipid-related indices to estimate T2DM. TyG-WHtR (AUC=0.600 in males and 0.664 in females) had greater efficacy in predicting T2DM symptoms than the TyG index alone. Many earlier several studies share similar views to our findings (63, 64). As the TyG index is a reliable and alternate indicator of IR, it may be used to assess the risk of T2DM. It is easy to get and calculate it in the clinic or large-scale epidemiological survey.

In addition, our study showed that women have a higher risk of developing T2DM than men. This may be because women lose more height than men and have more subcutaneous fat storage. One study showed that increased visceral fat levels were associated with about a threefold increased risk of T2DM in women, and a modest 20% increased risk in men (65). The central distribution of adipose tissue has a greater impact on the incidence of non-insulin-dependent T2DM in women than in men and may lead to an increased risk of T2DM (65, 66). Together, consistent with our study, older women have a higher risk of new-onset T2DM than men and are more sensitive to predicting the prevalence of T2DM in women with a higher area under the curve for most indicators.

Interestingly, in our study, women were 2.761 times more likely to develop T2DM for each unit increase in TyG-WC (95% CI=2.223-3.430), and a similar study reported a stronger correlation between visceral adiposity and serum TG in women than in men (67). This may be because women generally show higher hepatocyte lipids on an empty stomach and after a glucose and lipid load (68). Several studies (64, 69) have jointly shown that TyG-WC can be used as the main monitoring parameter for diabetes screening and clinical assessment/prediction of diabetes risk in the population, which also has certain reference value for our research.

BMI and WC are safe, easy, and cheap tools to evaluate a person’s health status and make a rough estimate of the risk of obesity, including T2DM. In a retrospective study of 41, 242 people aged 45 or older, the relationship between BMI and WC and T2DM was higher than that of WHtR or TyG index (70). Qiwei Ge et al. (71) also found that WC was the best predictor of T2DM in elderly men. However, these studies’ indicators differed from those in our analysis. In our research, BMI and WC were relatively weak in predicting T2DM. A Japanese cohort study (72) showed that BRI was superior to BMI and WC in predicting T2DM. Moreover, it is noteworthy that Jayedi et al.’s recent meta-analysis of 216 cohort studies, which was published in the BMJ, demonstrated that WHtR was more closely linked to T2DM in routine assessments than WC, waist-to-hip ratio, and BMI (73). With some reports demonstrate that WHtR had higher predictive power than WC and BMI (74, 75). The cut-off values for BMI and WC are greatly impacted by gender differences, and both BMI and WC have various limits (76). Perhaps in the future, BMI can be combined with WHtR and WC, which can improve the risk phenotype of T2DM and screen diabetic patients.

VAI is the visceral obesity index (77), which was often used in the past in Caucasians, and the correlation with the area of adipose tissue in the Chinese body is low, and the difference may be related to the different distribution of adipose tissue in the body of Caucasians and Asians, and Asians may be more prone to have visceral fat accumulation, which may be related to different lifestyles. Therefore, in order to find an index that better represents the characteristics of body fat distribution and has a higher predictive value, CVAI is a new index for the evaluation of visceral adipose. Research indicates that among Chinese individuals, CVAI positively correlates with the risk of T2DM (23, 24, 78). The Japanese study indicated a significant association between CVAI and T2DM risk, which further confirmed the efficacy of CVAI in Asia, and was superior to BMI and WC in predicting T2DM. This could be due to the fact that CVAI is a composite of age, BMI, WC, and blood lipids. Therefore, it is superior to a single index. In our study, the AUC of CVAI was smaller than that of TyG-WHtR in middle-aged and older adults in both males (AUC = 0.593, Std. Error = 0.018, 95% CI = 0.559–0.628, and optimal cutoff value = 99.429) and female (AUC = 0.663, Std. Error = 0.014, 95% CI = 0.636–0.691, and optimal cutoff value = 114.005), making CVAI the second-best indicator after TyG-WHtR in this group. A 5-year prospective study in China showed that it was superior to VAI and anthropometric indicators in assessing metabolic risk (79). Similarly, Wei In reviewer al. also found that CVAI outperformed WC, BMI, and ABSI in T2DM screening among Chinese adults (22).

Similarly, LAP is a good predictor of metabolic synthesis. LAP was found to be a strong predictor of insulin resistance (80, 81), indicating a significant relationship between LAP and T2DM. The greatest component in this study’s ROC analysis of obesity- and lipid-associated measurements for females was the AUC of LAP (AUC = 0.643, Std. Error = 0.014, 95% CI = 0.616-0.670, and optimal cut-off = 30.835), which was excepted for the TyG related factors and CVAI.

In this study, 13 obesity- and lipid-related indices were transformed into two categories based on the optimum cut-off point in Table 3. Table 4 is based on the transformed variables. In general, a higher OR indicates a greater risk factor. In Table 4, the ABSI OR was significantly lower than the other 12 indices (OR=1.637 in males and 1.415 in females), after adjustment for all confounding factors. According to ROC analysis, the AUC value of ABSI is lower than the other 12 indices (AUC=0.554 in males and 0.559 in females). Consistent with our research results, Chang et al. also found that in terms of predicting the existence of T2DM among the rural population in Northeast China, compared with BRI, ABSI has the weakest predictive ability (82).

In this study, the relationship between obesity and lipid-associated index and T2DM was discussed. These straightforward and easily measured indicators can assist middle-aged and elderly individuals in implementing early intervention measures, such as lifestyle modifications (balanced diet and appropriate physical activity), to prevent the occurrence of T2DM. Because T2DM is a chronic disease, early detection of potential risk factors and maintaining a healthy lifestyle are key to preventing it. In the field of public health, the results can be used as a reference for clinical practice, public health consultation, and for identifying high-risk groups for prevention.




Strengths and limitations of the study

Our research is based on a nationally representative longitudinal dataset. As far as we know, aging-related diseases are rapidly expanding among the elderly in China, and this is the first cohort study to evaluate the association between 13 obesity and lipid-related indicators and the prevalence of T2DM among the elderly in China. Secondly, the measurement methods of most indicators are simple to operate and can be popularized in clinical practice. In addition, this study included 7902 people aged 45 years and older, a large sample size, which provides a scientific basis and theoretical basis for the prevention and treatment of T2DM. The study does have some limitations. First of all, this study focuses on middle-aged and elderly people in China, and it is difficult to apply the conclusions of this study to elderly people in other countries when there are differences between the East and the West. Second, although we adjusted for multiple influencing factors such as education level, smoking status, drinking status, and chronic diseases, undetected residual factors may alter the relationship between obesity and T2DM or hinder its development.






Conclusions

In conclusion, our findings revealed that T2DM was connected to overall obesity- and lipid-related indicators. Additionally, the TyG-WHtR is the most accurate marker for detecting T2DM in both males and females. CVAI was a good predictor of T2DM in males and females. Our findings highlight the importance of increasing knowledge about T2DM and improving health care.
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References

1. Aiken-Morgan, AT, Capuano, AW, Arvanitakis, Z, and Barnes, LL. Changes in body mass index are related to faster cognitive decline among african american older adults. J Am Geriatrics Society (2020) 68(11):2662–7. doi: 10.1111/jgs.16814

2.Diabetes is "a pandemic of unprecedented magnitude" now affecting one in 10 adults worldwide. Diabetes Res Clin practice (2021) 181:109133. doi: 10.1016/j.diabres.2021.109133

3. Nishi, SK, Viguiliouk, E, Kendall, CWC, Jenkins, DJA, Hu, FB, Sievenpiper, JL, et al. Nuts in the prevention and management of type 2 diabetes. Nutrients (2023) 15(4):878. doi: 10.3390/nu15040878

4. Li, M, Jeeyavudeen, MS, Arunagirinathan, G, and Pappachan, J. Is type 2 diabetes mellitus a behavioural disorder? An evidence review for type 2 diabetes mellitus prevention and remission through lifestyle modification. TouchREVIEWS endocrinology (2023) 19(1):7–15. doi: 10.17925/EE.2023.19.1.7

5. Wu, J, Wang, Y, Xiao, X, Shang, X, He, M, and Zhang, L. Spatial analysis of incidence of diagnosed type 2 diabetes mellitus and its association with obesity and physical inactivity. Front endocrinology (2021) 12:755575. doi: 10.3389/fendo.2021.755575

6. Jeong, SM, Yoo, JE, Park, J, Jung, W, Lee, KN, Han, K, et al. Smoking behavior change and risk of cardiovascular disease incidence and mortality in patients with type 2 diabetes mellitus. Cardiovasc diabetology (2023) 22(1):193. doi: 10.1186/s12933-023-01930-4

7. Cullmann, M, Hilding, A, and Östenson, CG. Alcohol consumption and risk of pre-diabetes and type 2 diabetes development in a Swedish population. Diabetic Med J Br Diabetic Assoc (2012) 29(4):441–52. doi: 10.1111/j.1464-5491.2011.03450.x

8. Tong, Y, Xu, S, Huang, L, and Chen, C. Obesity and insulin resistance: Pathophysiology and treatment. Drug Discovery Today (2022) 27(3):822–30. doi: 10.1016/j.drudis.2021.11.001

9. Riaz, H, Khan, MS, Siddiqi, TJ, Usman, MS, Shah, N, Goyal, A, et al. Association between obesity and cardiovascular outcomes: A systematic review and meta-analysis of mendelian randomization studies. JAMA network Open (2018) 1(7):e183788. doi: 10.1001/jamanetworkopen.2018.3788

10. Ahn, N, Baumeister, SE, Amann, U, Rathmann, W, Peters, A, Huth, C, et al. Visceral adiposity index (VAI), lipid accumulation product (LAP), and product of triglycerides and glucose (TyG) to discriminate prediabetes and diabetes. Sci Rep (2019) 9(1):9693. doi: 10.1038/s41598-019-46187-8

11. Calderón-García, JF, Roncero-Martín, R, Rico-Martín, S, De Nicolás-Jiménez, JM, López-Espuela, F, Santano-Mogena, E, et al. Effectiveness of body roundness index (BRI) and a body shape index (ABSI) in predicting hypertension: A systematic review and meta-analysis of observational studies. Int J Environ Res Public Health (2021) 18(21):11607. doi: 10.3390/ijerph182111607

12. Ho, RC, Niti, M, Kua, EH, and Ng, TP. Body mass index, waist circumference, waist-hip ratio and depressive symptoms in Chinese elderly: a population-based study. Int J geriatric Psychiatry (2008) 23(4):401–8. doi: 10.1002/gps.1893

13. Jagadamba., SU. Influence of central obesity assessed by conicity index on lung age in young adults. J Clin Diagn Res JCDR (2017) 11(4):Cc09–cc12. doi: 10.7860/JCDR/2017/23428.9718

14. Khatib, M, Badillo, N, Kahar, P, and Khanna, D. The risk of chronic diseases in individuals responding to a measure for the initial screening of depression and reported feelings of being down, depressed, or hopeless. Cureus. (2021) 13(9):e17634. doi: 10.7759/cureus.17634

15. Lu, P, Zhang, Y, Liu, Q, Ding, X, Kong, W, Zhu, L, et al. Association of BMI, diabetes, and risk of tuberculosis: a population-based prospective cohort. Int J Infect Dis IJID Off Publ Int Soc Infect Diseases (2021) 109:168–73. doi: 10.1016/j.ijid.2021.06.053

16. Oniszczenko, W, and Stanisławiak, E. Association between sex and body mass index as mediated by temperament in a nonclinical adult sample. Eating weight Disord EWD (2019) 24(2):291–8. doi: 10.1007/s40519-018-0617-8

17. Sohn, W, Lee, HW, Lee, S, Lim, JH, Lee, MW, Park, CH, et al. Obesity and the risk of primary liver cancer: A systematic review and meta-analysis. Clin Mol hepatology (2021) 27(1):157–74. doi: 10.3350/cmh.2020.0176

18. Lee, CM, Huxley, RR, Wildman, RP, and Woodward, M. Indices of abdominal obesity are better discriminators of cardiovascular risk factors than BMI: a meta-analysis. J Clin Epidemiol (2008) 61(7):646–53. doi: 10.1016/j.jclinepi.2007.08.012

19. Langenberg, C, Sharp, SJ, Schulze, MB, Rolandsson, O, Overvad, K, Forouhi, NG, et al. Long-term risk of incident type 2 diabetes and measures of overall and regional obesity: the EPIC-InterAct case-cohort study. PloS Med (2012) 9(6):e1001230. doi: 10.1371/journal.pmed.1001230

20. Nordström, A, Hadrévi, J, Olsson, T, Franks, PW, and Nordström, P. Higher prevalence of type 2 diabetes in men than in women is associated with differences in visceral fat mass. J Clin Endocrinol Metab (2016) 101(10):3740–6. doi: 10.1210/jc.2016-1915

21. Cheng, YH, Tsao, YC, Tzeng, IS, Chuang, HH, Li, WC, Tung, TH, et al. Body mass index and waist circumference are better predictors of insulin resistance than total body fat percentage in middle-aged and elderly Taiwanese. Medicine. (2017) 96(39):e8126. doi: 10.1097/MD.0000000000008126

22. Wei, J, Liu, X, Xue, H, Wang, Y, and Shi, Z. Comparisons of visceral adiposity index, body shape index, body mass index and waist circumference and their associations with diabetes mellitus in adults. Nutrients. (2019) 11(7):1580. doi: 10.3390/nu11071580

23. Wu, J, Gong, L, Li, Q, Hu, J, Zhang, S, Wang, Y, et al. A Novel Visceral Adiposity Index for Prediction of Type 2 Diabetes and Pre-diabetes in Chinese adults: A 5-year prospective study. Sci Rep (2017) 7(1):13784. doi: 10.1038/s41598-017-14251-w

24. Xia, MF, Lin, HD, Chen, LY, Wu, L, Ma, H, Li, Q, et al. Association of visceral adiposity and its longitudinal increase with the risk of diabetes in Chinese adults: A prospective cohort study. Diabetes/metabolism Res Rev (2018) 34(7):e3048. doi: 10.1002/dmrr.3048

25. Liu, EQ, Weng, YP, Zhou, AM, and Zeng, CL. Association between triglyceride-glucose index and type 2 diabetes mellitus in the Japanese population: A secondary analysis of a retrospective cohort study. BioMed Res Int (2020) 2020:2947067. doi: 10.1155/2020/2947067

26. Zhao, Y, Hu, Y, Smith, JP, Strauss, J, and Yang, G. Cohort profile: the China health and retirement longitudinal study (CHARLS). Int J Epidemiol (2014) 43(1):61–8. doi: 10.1093/ije/dys203

27. Zhang, L, Li, JL, Guo, LL, Li, H, Li, D, and Xu, G. The interaction between serum uric acid and triglycerides level on blood pressure in middle-aged and elderly individuals in China: result from a large national cohort study. BMC Cardiovasc Disord (2020) 20(1):174. doi: 10.1186/s12872-020-01468-3

28. Zhang, L, Li, JL, Zhang, LL, Guo, LL, Li, H, and Li, D. No association between C-reactive protein and depressive symptoms among the middle-aged and elderly in China: Evidence from the China Health and Retirement Longitudinal Study. Medicine. (2018) 97(38):e12352. doi: 10.1097/MD.0000000000012352

29. Zhang, L, Li, JL, Zhang, LL, Guo, LL, Li, H, and Li, D. Body mass index and serum uric acid level: Individual and combined effects on blood pressure in middle-aged and older individuals in China. Medicine. (2020) 99(9):e19418. doi: 10.1097/MD.0000000000019418

30. Zhang, L, Li, JL, Zhang, LL, Guo, LL, Li, H, Yan, W, et al. Relationship between adiposity parameters and cognition: the "fat and jolly" hypothesis in middle-aged and elderly people in China. Medicine. (2019) 98(10):e14747. doi: 10.1097/MD.0000000000014747

31. Zhang, L, Liu, K, Li, H, Li, D, Chen, Z, Zhang, LL, et al. Relationship between body mass index and depressive symptoms: the "fat and jolly" hypothesis for the middle-aged and elderly in China. BMC Public Health (2016) 16(1):1201. doi: 10.1186/s12889-016-3864-5

32. Zhang, L, Yang, L, Wang, C, Yuan, T, Zhang, D, Wei, H, et al. Individual and combined association analysis of famine exposure and serum uric acid with hypertension in the mid-aged and older adult: a population-based cross-sectional study. BMC Cardiovasc Disord (2021) 21(1):420. doi: 10.1186/s12872-021-02230-z

33. Wu, X, Gao, Y, Wang, M, Peng, H, Zhang, D, Qin, B, et al. Atherosclerosis indexes and incident T2DM in middle-aged and older adults: evidence from a cohort study. Diabetol Metab syndrome (2023) 15(1):23. doi: 10.1186/s13098-023-00992-4

34. Yang, H, Zhang, M, Nie, J, Zhang, M, Lu, G, Chen, R, et al. Associations of obesity-related indices with prediabetes regression to normoglycemia among Chinese middle-aged and older adults: a prospective study. Front Nutr (2023) 10:1075225. doi: 10.3389/fnut.2023.1075225

35. Zhou, BF. Effect of body mass index on all-cause mortality and incidence of cardiovascular diseases–report for meta-analysis of prospective studies open optimal cut-off points of body mass index in Chinese adults. Biomed Environ Sci BES (2002) 15(3):245–52.

36. Rato, Q. Conicity index: An anthropometric measure to be evaluated. Rev portuguesa cardiologia orgao oficial da Sociedade Portuguesa Cardiologia = Portuguese J Cardiol an Off J Portuguese Soc Cardiol (2017) 36(5):365–6. doi: 10.1016/j.repce.2017.04.006

37. Amato, MC, Giordano, C, Galia, M, Criscimanna, A, Vitabile, S, Midiri, M, et al. Visceral Adiposity Index: a reliable indicator of visceral fat function associated with cardiometabolic risk. Diabetes Care (2010) 33(4):920–2. doi: 10.2337/dc09-1825

38. Krakauer, NY, and Krakauer, JC. A new body shape index predicts mortality hazard independently of body mass index. PloS One (2012) 7(7):e39504. doi: 10.1371/journal.pone.0039504

39. Thomas, DM, Bredlau, C, Bosy-Westphal, A, Mueller, M, Shen, W, Gallagher, D, et al. Relationships between body roundness with body fat and visceral adipose tissue emerging from a new geometrical model. Obes (Silver Spring Md) (2013) 21(11):2264–71. doi: 10.1002/oby.20408

40. Zhang, FL, Ren, JX, Zhang, P, Jin, H, Qu, Y, Yu, Y, et al. Strong association of waist circumference (WC), body mass index (BMI), waist-to-height ratio (WHtR), and waist-to-hip ratio (WHR) with diabetes: A population-based cross-sectional study in Jilin Province, China. J Diabetes Res (2021) 2021:8812431. doi: 10.1155/2021/8812431

41. Kahn, HS. The "lipid accumulation product" performs better than the body mass index for recognizing cardiovascular risk: a population-based comparison. BMC Cardiovasc Disord (2005) 5:26. doi: 10.1186/1471-2261-5-26

42. Xia, MF, Chen, Y, Lin, HD, Ma, H, Li, XM, Aleteng, Q, et al. A indicator of visceral adipose dysfunction to evaluate metabolic health in adult Chinese. Sci Rep (2016) 6:38214. doi: 10.1038/srep38214

43. Feng, X, Wang, J, Wang, S, Wu, S, Wang, Z, Wei, Y, et al. Correlation analysis of anthropometric indices and type 2 diabetes mellitus in residents aged 60 years and older. Front Public Health (2023) 11:1122509. doi: 10.3389/fpubh.2023.1122509

44. Feng, Y, Yang, X, Li, Y, Wu, Y, Han, M, Qie, R, et al. Metabolic Score for Visceral Fat: a novel predictor for the risk of type 2 diabetes mellitus. Br J Nutr (2022) 128(6):1029–36. doi: 10.1017/S0007114521004116

45. Wang, L, Cong, HL, Zhang, JX, Hu, YC, Wei, A, Zhang, YY, et al. Triglyceride-glucose index predicts adverse cardiovascular events in patients with diabetes and acute coronary syndrome. Cardiovasc diabetology (2020) 19(1):80. doi: 10.1186/s12933-020-01054-z

46. Galicia-Garcia, U, Benito-Vicente, A, Jebari, S, Larrea-Sebal, A, Siddiqi, H, Uribe, KB, et al. Pathophysiology of type 2 diabetes mellitus. Int J Mol Sci (2020) 21(17):6275. doi: 10.3390/ijms21176275

47. Gao, R, Meng, X, Xue, Y, Mao, M, Liu, Y, Tian, X, et al. Bile acids-gut microbiota crosstalk contributes to the improvement of type 2 diabetes mellitus. Front Pharmacol (2022) 13:1027212. doi: 10.3389/fphar.2022.1027212

48. Lee, YS, and Olefsky, J. Chronic tissue inflammation and metabolic disease. Genes Dev (2021) 35(5-6):307–28. doi: 10.1101/gad.346312.120

49. Hajer, GR, van Haeften, TW, and Visseren, FL. Adipose tissue dysfunction in obesity, diabetes, and vascular diseases. Eur Heart J (2008) 29(24):2959–71. doi: 10.1093/eurheartj/ehn387

50. Samuel, VT, and Shulman, GI. The pathogenesis of insulin resistance: integrating signaling pathways and substrate flux. J Clin Invest (2016) 126(1):12–22. doi: 10.1172/JCI77812

51. Jia, W, Weng, J, Zhu, D, Ji, L, Lu, J, Zhou, Z, et al. Standards of medical care for type 2 diabetes in China 2019. Diabetes/metabolism Res Rev (2019) 35(6):e3158. doi: 10.1002/dmrr.3158

52. Guo, Y, Zhao, J, Zhang, Y, Wu, L, Yu, Z, He, D, et al. Triglyceride glucose index influences platelet reactivity in acute ischemic stroke patients. BMC neurology (2021) 21(1):409. doi: 10.1186/s12883-021-02443-x

53. Zhao, Y, Sun, H, Zhang, W, Xi, Y, Shi, X, Yang, Y, et al. Elevated triglyceride-glucose index predicts risk of incident ischaemic stroke: The Rural Chinese cohort study. Diabetes Metab (2021) 47(4):101246. doi: 10.1016/j.diabet.2021.101246

54. Zhou, Y, Pan, Y, Yan, H, Wang, Y, Li, Z, Zhao, X, et al. Triglyceride glucose index and prognosis of patients with ischemic stroke. Front neurology (2020) 11:456. doi: 10.3389/fneur.2020.00456

55. Low, S, Pek, S, Moh, A, Ang, K, Khoo, J, Shao, YM, et al. Triglyceride-glucose index is prospectively associated with chronic kidney disease progression in Type 2 diabetes - mediation by pigment epithelium-derived factor. Diabetes Vasc Dis Res (2022) 19(4):14791641221113784. doi: 10.1177/14791641221113784

56. Xuan, X, Hamaguchi, M, Cao, Q, Okamura, T, Hashimoto, Y, Obora, A, et al. U-shaped association between the triglyceride-glucose index and the risk of incident diabetes in people with normal glycemic level: A population-base longitudinal cohort study. Clin Nutr (Edinburgh Scotland) (2021) 40(4):1555–61. doi: 10.1016/j.clnu.2021.02.037

57. Yoon, JS, Lee, HJ, Jeong, HR, Shim, YS, Kang, MJ, and Hwang, IT. Triglyceride glucose index is superior biomarker for predicting type 2 diabetes mellitus in children and adolescents. Endocrine J (2022) 69(5):559–65. doi: 10.1507/endocrj.EJ21-0560

58. Chamroonkiadtikun, P, Ananchaisarp, T, and Wanichanon, W. The triglyceride-glucose index, a predictor of type 2 diabetes development: A retrospective cohort study. Primary Care diabetes (2020) 14(2):161–7. doi: 10.1016/j.pcd.2019.08.004

59. Ferreira, JRS, Zandonade, E, de Paula Alves Bezerra, OM, and Salaroli, LB. Cutoff point of TyG index for metabolic syndrome in Brazilian farmers. Arch Endocrinol Metab (2021) 65(6):704–12. doi: 10.20945/2359-3997000000401

60. Sánchez-García, A, Rodríguez-Gutiérrez, R, Mancillas-Adame, L, González-Nava, V, Díaz González-Colmenero, A, Solis, RC, et al. Diagnostic accuracy of the triglyceride and glucose index for insulin resistance: A systematic review. Int J endocrinology (2020) 2020:4678526. doi: 10.1155/2020/4678526

61. Ramdas Nayak, VK, Satheesh, P, Shenoy, MT, and Kalra, S. Triglyceride Glucose (TyG) Index: A surrogate biomarker of insulin resistance. JPMA J Pakistan Med Assoc (2022) 72(5):986–8. doi: 10.47391/JPMA.22-63

62. Dikaiakou, E, Vlachopapadopoulou, EA, Paschou, SA, Athanasouli, F, Panagiotopoulos, I, Kafetzi, M, et al. Triglycerides-glucose (TyG) index is a sensitive marker of insulin resistance in Greek children and adolescents. Endocrine. (2020) 70(1):58–64. doi: 10.1007/s12020-020-02374-6

63. Zeng, ZY, Liu, SX, Xu, H, Xu, X, Liu, XZ, and Zhao, XX. Association of triglyceride glucose index and its combination of obesity indices with prehypertension in lean individuals: A cross-sectional study of Chinese adults. J Clin hypertension (Greenwich Conn) (2020) 22(6):1025–32. doi: 10.1111/jch.13878

64. Zheng, S, Shi, S, Ren, X, Han, T, Li, Y, Chen, Y, et al. Triglyceride glucose-waist circumference, a novel and effective predictor of diabetes in first-degree relatives of type 2 diabetes patients: cross-sectional and prospective cohort study. J Trans Med (2016) 14(1):260. doi: 10.1186/s12967-016-1020-8

65. Kanaya, AM, Harris, T, Goodpaster, BH, Tylavsky, F, and Cummings, SR. Adipocytokines attenuate the association between visceral adiposity and diabetes in older adults. Diabetes Care (2004) 27(6):1375–80. doi: 10.2337/diacare.27.6.1375

66. Wu, L, Liu, H, Cui, Z, Hou, F, Gong, X, Zhang, Y, et al. Fluctuations in waist circumference increase diabetes risk: a 4-year cohort study in 61,587 older adults. Nutr Metab (2021) 18(1):99. doi: 10.1186/s12986-021-00627-3

67. Smith, SR, Lovejoy, JC, Greenway, F, Ryan, D, deJonge, L, de la Bretonne, J, et al. Contributions of total body fat, abdominal subcutaneous adipose tissue compartments, and visceral adipose tissue to the metabolic complications of obesity. Metabolism: Clin experimental (2001) 50(4):425–35. doi: 10.1053/meta.2001.21693

68. Machann, J, Thamer, C, Schnoedt, B, Stefan, N, Stumvoll, M, Haring, HU, et al. Age and gender related effects on adipose tissue compartments of subjects with increased risk for type 2 diabetes: a whole body MRI/MRS study. Magma (New York NY) (2005) 18(3):128–37. doi: 10.1007/s10334-005-0104-x

69. Kuang, M, Yang, R, Huang, X, Wang, C, Sheng, G, Xie, G, et al. Assessing temporal differences in the predictive power of baseline TyG-related parameters for future diabetes: an analysis using time-dependent receiver operating characteristics. J Trans Med (2023) 21(1):299. doi: 10.1186/s12967-023-04159-7

70. He, K, Zhang, W, Hu, X, Zhao, H, Song, R, Bai, K, et al. Stronger associations of body mass index and waist circumference with diabetes than waist-height ratio and triglyceride glucose index in the middle-aged and elderly population: A retrospective cohort study. J Diabetes Res (2022) 2022:9982390. doi: 10.1155/2022/9982390

71. Ge, Q, Li, M, Xu, Z, Qi, Z, Zheng, H, Cao, Y, et al. Comparison of different obesity indices associated with type 2 diabetes mellitus among different sex and age groups in Nantong, China: a cross-section study. BMC geriatrics (2022) 22(1):20. doi: 10.1186/s12877-021-02713-w

72. Zhao, W, Tong, J, Li, J, and Cao, Y. Relationship between body roundness index and risk of type 2 diabetes in Japanese men and women: A reanalysis of a cohort study. Int J endocrinology (2021) 2021:4535983. doi: 10.1155/2021/4535983

73. Jayedi, A, Soltani, S, Motlagh, SZ, Emadi, A, Shahinfar, H, Moosavi, H, et al. Anthropometric and adiposity indicators and risk of type 2 diabetes: systematic review and dose-response meta-analysis of cohort studies. BMJ (Clinical Res ed) (2022) 376:e067516. doi: 10.1136/bmj-2021-067516

74. Lawal, Y, Bello, F, Anumah, FE, and Bakari, AG. Waist-height ratio: How well does it predict glucose intolerance and systemic hypertension? Diabetes Res Clin Pract (2019) 158:107925. doi: 10.1016/j.diabres.2019.107925

75. Moosaie, F, Fatemi Abhari, SM, Deravi, N, Karimi Behnagh, A, Esteghamati, S, Dehghani Firouzabadi, F, et al. Waist-to-height ratio is a more accurate tool for predicting hypertension than waist-to-hip circumference and BMI in patients with type 2 diabetes: A prospective study. Front Public Health (2021) 9:726288. doi: 10.3389/fpubh.2021.726288

76. Tramunt, B, Smati, S, Grandgeorge, N, Lenfant, F, Arnal, JF, Montagner, A, et al. Sex differences in metabolic regulation and diabetes susceptibility. Diabetologia. (2020) 63(3):453–61. doi: 10.1007/s00125-019-05040-3

77. Amato, MC, Giordano, C, Pitrone, M, and Galluzzo, A. Cut-off points of the visceral adiposity index (VAI) identifying a visceral adipose dysfunction associated with cardiometabolic risk in a Caucasian Sicilian population. Lipids Health Dis (2011) 10:183. doi: 10.1186/1476-511X-10-183

78. Han, M, Qin, P, Li, Q, Qie, R, Liu, L, Zhao, Y, et al. Chinese visceral adiposity index: A reliable indicator of visceral fat function associated with risk of type 2 diabetes. Diabetes/metabolism Res Rev (2021) 37(2):e3370. doi: 10.1002/dmrr.3370

79. Qiao, T, Luo, T, Pei, H, Yimingniyazi, B, Aili, D, Aimudula, A, et al. Association between abdominal obesity indices and risk of cardiovascular events in Chinese populations with type 2 diabetes: a prospective cohort study. Cardiovasc diabetology (2022) 21(1):225. doi: 10.1186/s12933-022-01670-x

80. Anoop, SS, Dasgupta, R, Rebekah, G, Jose, A, Inbakumari, MP, Finney, G, et al. Lipid accumulation product (LAP) as a potential index to predict risk of insulin resistance in young, non-obese Asian Indian males from Southern India: observations from hyperinsulinemic-euglycemic clamp studies. BMJ Open Diabetes Res Care (2021) 9(1):e002414. doi: 10.1136/bmjdrc-2021-002414

81. Chen, J, Sun, H, Qiu, S, Tao, H, Yu, J, and Sun, Z. Lipid accumulation product combined with urine glucose excretion improves the efficiency of diabetes screening in chinese adults. Front endocrinology (2021) 12:691849. doi: 10.3389/fendo.2021.691849

82. Chang, Y, Guo, X, Chen, Y, Guo, L, Li, Z, Yu, S, et al. A body shape index and body roundness index: two new body indices to identify diabetes mellitus among rural populations in northeast China. BMC Public Health (2015) 15:794. doi: 10.1186/s12889-015-2150-2




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Wang, Zhang, Li, Gui, Mei, Yang, Liu, Guo, Li, Lei, Li, Sun, Yang, Yuan, Wang, Zhang, Li, Liu, Hua and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/M2.jpg
wc

WHR = g

@





OEBPS/Images/M11.jpg
Females: CVAI = ~187.32 + 1.71 x age + 4.32 x BMI (kg/m2) + 1.12 x WC (cm) + 39.76 x Logio TG (mmol/I) - 11.66

x HDL - C(mmol/l)





OEBPS/Images/M10.jpg
Males: CVAI = ~267.93 +0.68 x age + 0.03 x BMI (kg/m2) +4.00 x WC (cm) +22.00 x Logio TG (mmol/l) - 16.32

X HDL - Clmmol/l) ®





OEBPS/Images/fendo-14-1331739-g002.jpg





OEBPS/Images/M6.jpg
BRI = 364.2 - 365.5. ©

J

WC+@n)?
(05 x Heighty





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Obesity- and lipid-related indices as a predictor of type 2 diabetes in a national cohort study

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Method

        

          		

            Study design and setting

          



          		

            Individuals

          



          		

            Baseline characteristics

          



          		

            Data collection and definitions

          



          		

            Measurements

          



          		

            Statistical analysis

          



        



        



        		

          Results

        



        		

          Discussion

        

          		

            Strengths and limitations of the study

          



        



        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table4.jpg
femsie

5y e e e VA et e RS A b i o 5, A oAb e oy b 1 e
T L 3 e NG s W N oW
U o e e i o e P s g St b e e e





OEBPS/Images/table3.jpg
O s
Sy )
(18

Femsie
e
O cts
Sty )
sty )

W s B . Aty S s s A ALl ks ey s TG i





OEBPS/Images/M12.jpg
vG index = Ln|(TG(mg/dl) x glucose(mg /dl)/2)| ©





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/M1.jpg
BMI =

Height?

0]





OEBPS/Images/fendo-14-1331739-g003.jpg
oW
o
o8
Trowe
TR

ow
o
e
o
e

owesay
I
L]
sy
)
g
Lomisiz
rvenen)
L)
L]
e
195824
120
RGN

o
Lt
L)
1920121209
L)
L)
196018269
sz
12T
191082517
s
2
R
eI

Pae
am
am
am
am
am
am
am
am
am
am
am
am
am

P
an
am
am
am
am
am
am
am
am
am
am
am
an

"
-
e
w
™
"
w
a

T
o
T

T

ORpEHC)
FEEET)
L)
150000
pE )
1572150
a51aa32
im0
LINRR209
)
)
Lm0
wpmae)
veamae)

oy
951310
LTI
pEney
LN
L)
0819309
LRI
IS
i
)
Lo
e
LM

Pake
am
am
am
am
am
<am
<am
<am
<am
am
<am
ami
<am

Foe
am
am
am
an

am
am
am
am
am
am

an





OEBPS/Images/M5.jpg
T @
Height! x BMI?






OEBPS/Images/M13.jpg
TyG - BMI

TyG x BMI (10)





OEBPS/Images/M9.jpg
@





OEBPS/Images/M4.jpg
we 16 152
36.58+ (1.89 x BMI) * 0.81 * HDL






OEBPS/Images/fendo.2023.1331739_cover.jpg
& frontiers | Frontiers in Endocrinology

Obesity- and lipid-related indices as a
predictor of type 2 diabetes in a national
cohort study





OEBPS/Images/table2.jpg
Variables Male (N=3638) Female (N=4264)

P Wih T2OM  Without T2DOM P WinT2DM  Without T20M
A N 00 NGO NG) N 04
Agetyears)
s o wem s e mewy | soow  sw o
wn s ey oy ey
Eucaton
ke saism wmm e om mew | wewsm o eme
e 2 s s mo
Moot status
snee nomw wom e | 0w eww o wm om
Curentresidence
Rt o wewsn o e mesn  wows e
Curent smoking
Aconol ginking
5 wwse s W we e e
Mocmocamen | b0 s B e
Toing acties
Honing regulr xercises
[re— Py @ @ s
[ o o s v
Chvonc dseasesicount)
o Wy neoss | umow oo mown  me | em
s @ wam o wsaom
i wmoe | weses | aw com wmaan | ssesen e <om
newe i mmemn | aw com | meswis e s <om

. vt et Bl o . ' et V. by e S, by e e By i o Lt i
PG VAL S s sy i e e ot T Tt Bl W T W BN





OEBPS/Images/M8.jpg
Females: LAP = [WC (em) - 58] x TG (mmol /Iy





OEBPS/Images/M3.jpg
we TG 152
39.68+ (1.88 x BMI)  0.81 * HDL

®)






OEBPS/Images/M14.jpg
TyG - WC = TyG x WC an





OEBPS/Images/M15.jpg
TG

WHIR = TyG x WHIR 12)





OEBPS/Images/fendo-14-1331739-g001.jpg
7/
Vacoscirastaossien | acorirosssoan | avcosaromossocy |

oS0 amossaocsy





OEBPS/Images/table1.jpg
Male

Varisbles

NE)
x s wson 390 EX
Aoty
s oo onan 620089 s
wn s e 1o
s o o w0
Educaton
- s mam s
pre—— @ nam a0
Moot stows
soge w020 esasin ez am com
Currentresidence.
oot sseen s 00 o e om
e 00 e o
Curet smoting.
~ s oz oo s cam
Aconol dinking
Toking actvies
Haning requar exrcies
— nsan o omy) o s
it o s 1
Crvonic dsessesicounts)
o o) o neam
e wsoaas) e
saas ssasis) e e
G sszoss asost asesoss o am

. it ol Ly T, w1 et Al e gy RS ey o .y s i LAY, i i
L VAL o e s b € vy o s e ) ot L G 1 B T W s W TG WA





OEBPS/Images/M7.jpg
Males: LAP = [WC (cm) - 65] x TG (mmol/l) (6)





