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Background

The atherogenic index of plasma (AIP) is recognized as a surrogate marker for dyslipidemia. It has been well-established that the AIP is significantly associated with diabetes, and obesity is a known risk factor for both dyslipidemia and diabetes. However, the relationship between obesity and diabetes, as well as the potential role of the AIP in hypertensive minority populations, remains unclear. This study aimed to assess the association between obesity index and diabetes in hypertensive people.





Methods and results

This cross-sectional study included 9,446 participants from the China Multi-Ethnicity Cohort (CMEC) study. Our study suggested that obesity indices were significantly higher in diabetic patients compared to those without. Moreover, logistic regression analysis suggested that higher quartiles of obesity indices were associated with an increased risk of diabetes whether in crude or adjusted models (p < 0.05). Mediation analysis revealed that the association between obesity and the risk of diabetes, mediated by body mass index (BMI), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), and body adiposity index (BAI), through the AIP was 17.2%, 15.3%, 15.8%, and 19.2%, respectively. Additionally, restricted cubic spline analysis revealed a non-linear relationship between obesity indices and diabetes.





Conclusion

In summary, obesity is significantly associated with diabetes in hypertensive minority Chinese, with the AIP partially mediating this relationship.
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1 Introduction

Diabetes mellitus, specifically type 2 diabetes (T2DM), is more than just a global health issue; it serves as a precursor to a cascade of debilitating conditions (1). Numerous studies have demonstrated that hypertension is a significant predictor of the incidence of DM (2). The coexistence of these conditions, often referred to as the diabetes–hypertension syndrome, confers a significantly increased risk of cardiovascular events and reproductive health issues, thereby influencing patient morbidity and mortality (3, 4). Obesity, marked by excessive body fat accumulation, is a pivotal factor in the development of both hypertension and DM (5). Obesity’s complexity necessitates multifaceted assessment using metrics such as body mass index (BMI), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), and body adiposity index (BAI), each of which reveals distinct aspects of body fat distribution and associated health risks (6–9). Studies have demonstrated that obesity fuels insulin resistance, a hallmark of DM (10); it also exacerbates hypertension through mechanisms such as increased sympathetic nervous system activity, altered renal function, and changes in adipokine activity (11, 12). This relationship underscores the critical importance of weight management in hypertensive patients to mitigate the onset of diabetes. The atherogenic index of plasma (AIP) is an emerging biomarker that reflects the balance between pro-atherogenic and anti-atherogenic lipids (13). It has garnered attention for its potential in predicting DM risk, particularly in the context of atherogenic dyslipidemia, which is prevalent in obesity (14, 15). Abnormal AIP values indicate an imbalance in lipid metabolism and contribute to atherosclerosis, which subsequently leads to DM (16). The interrelationship among obesity, hypertension, and diabetes underscores the importance of understanding the mediating factors for effective prevention and management. In this context, understanding the role of the AIP as a mediator in the relationship between obesity and diabetes in hypertensive patients is particularly important. However, the precise role of the AIP in mediating the relationship between obesity indices and the risk of diabetes in hypertensive patients remains poorly understood. Such lipid metabolism abnormalities, driven by obesity, have been postulated to partially explain the increased risk of diabetes in hypertensive patients due to elevated AIP levels. Therefore, this study investigates the mediating role of the AIP in the relationship between obesity and diabetes risk in hypertensive patients.




2 Methods



2.1 Study participants

Based on the China Multi-Ethnicity Cohort (CMEC) study, a multistage, stratified cluster sampling method was adopted in Guizhou Province as the study site to conduct a baseline survey among permanent residents aged 30–79 years from July 2018 to August 2019. Initially, a total of 18,790 people from the Miao, Dong, and Bouyei ethnicity groups were selected from the database. Furthermore, 9,183 non-hypertensive participants, 28 participants without high-density lipoprotein or low-density lipoprotein, 29 participants with incomplete diabetes mellitus data, and 26 participants with body mass index or 78 other incomplete covariate variables data were excluded. Finally, 9,446 participants were included in the analyses. The final study population consisted of 9,446 individuals (Figure 1). All participants signed informed consent forms before the investigation. This study was approved by the Sichuan University Medical Ethical Review Board (K2016038) and the Medical Ethics Committee of the Affiliated Hospital of Guizhou Medical University [2018(094)].




Figure 1 | Flow diagram for the screening procedure.






2.2 Clinical, anthropometric, and laboratory measurements

A questionnaire covering sociodemographic characteristics, medical history, family history, and lifestyle factors was used during an interview by the same group of trained experienced personnel. The CMEC collected participants’ blood samples after at least 8 h of fasting and measured levels of cholesterol (CHOL), triglyceride (TG), low-density lipoprotein (LDL-C), and high-density lipoprotein (HDL-C) by an AU5800 Automated Chemistry Analyzer (Beckman Coulter Commercial Enterprise, Shanghai, China).




2.3 Definition of variables

In order to include prehypertensive patients in this study, variables were defined as follows: hypertension was defined as systolic blood pressure ≥130 mmHg, diastolic blood pressure ≥80 mmHg (17, 18), or a self-reported previous diagnosis of hypertension. DM was defined using a previous diagnosis or glycosylated hemoglobin (HBA1C1) ≥6.5% or FPG ≥7.0 mmol/L. Hyperlipidemia was defined as a self-reported previous diagnosis of hyperlipidemia by a physician. The cardiovascular disease (CVD) outcome was defined as a previous diagnosis of coronary heart disease, stroke, or peripheral arterial disease and was recorded in the registration platform.




2.4 Anthropometric measures

Anthropometric measurements were conducted by well-trained nurses and physicians. Weight was assessed using an electronic scale with the patients in light clothes and without shoes. Participants were asked to stand with arms hanging freely and height was acquired by a stadiometer with the patient barefoot. BMI was calculated as weight (kg) divided by height squared (m2). Waist circumference (WC) was measured using an inelastic tape measure. Participants were asked to wear light clothes, and WC was assessed midway between the last rib and iliac crest with the participants breathing out gently. Duplicate measures were taken for all measurements with a tolerance error of 1 cm for height and circumference measurements and 1 kg for the weight measurement. A third measurement was needed if the difference of the first two measures was greater than the tolerance limit. The average of the two closest measurements was recorded at last. BAI was calculated as proposed by Bergman et al. (19): hip circumference (cm) divided by [height (m)]1.5 minus 18. WHR was calculated according to the following formula: WC (cm)/hip circumference (cm). WHtR was calculated according to the following formula: WC (cm)/height (cm). The AIP was calculated as the logarithm of the ratio of TG/HDL-C.




2.5 Covariates

In this study, the covariates included demographic characteristics (age, sex, and ethnicity), socioeconomic indicators (education level, household income, residence, and job type), physical activity, alcohol consumption status, smoking status, habit of drinking tea, systolic blood pressure, diastolic blood pressure, high-density lipoprotein, low-density lipoprotein, triglyceride, cholesterol, history of CVD, and hyperlipemia. Ethnicity was classified as Dong, Miao, and Bouyei. The participants’ education level was divided into three levels: lower than high school, high school or equivalent, and above high school. The job type was grouped into four categories: primary industry practitioner, secondary industry practitioner, tertiary industry practitioner, and unemployed or other. Household income per year was divided into three levels: <100,000 CNY, 100,000–199,999 CNY, and ≥200,000 CNY. Smoking condition was categorized into three groups: never, current, and ever. Alcohol consumption condition was categorized into three groups: never, occasionally, and frequently. Habit of drinking tea was categorized into two groups: yes and no. Physical activity was categorized into three groups: low, moderate, and high.




2.6 Statistical analysis

Continuous variables collected from the participants were tested for normality according to the characteristics of the data, and data obeying a normal distribution were expressed as mean ± standard deviation (SD), while data not obeying a normal distribution were expressed as median and interquartile range (IQR). Qualitative variables were expressed as relative numbers or percentages. Differences in characteristics between the DM and non-DM groups were evaluated using the Student’s t-test (for continuous variables) or chi-square test (for categorical variables). Differences between subjects grouped by quartiles of obesity index were compared in multivariable logistic regression, using quartile 1 (Q1) as the reference group, and the values of odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Three logistic models were developed for the analyses: model 1 was not adjusted for any confounding variables and was a univariate analysis; model 2 was adjusted for the main demographic variables (sex, age, and ethnicity); and model 3 added place of household registration, education level, job type, family income per year, smoking status, alcohol intake status, habit of drinking tea, physical activity, systolic blood pressure (SBP), diastolic blood pressure (DBP), HDL-CH, LDL-CH, TG, CHOL, CVD, and hyperlipemia to model 2. Linear regression was used for continuous variables. To visualize more closely the linear or non-linear correlation between obesity indices and DM, curves were fitted using restricted cubic spline (RCS). Finally, mediation analyses were performed using the mediation package, and confidence intervals for the mediating effect were assessed using the bootstrap method to determine the proportion of the mediating effect accounted for by the AIP. Using these statistical methods, the possible causal relationship between four obesity indices and DM can be examined more broadly. Statistical analyses were performed using the R software (version 4.2.0). Statistical significance was defined as P <0.05.





3 Results



3.1 Characteristics of the study population and correlation of obesity indicators

Table 1 shows the baseline characteristics of the study participants. In the whole group of 9,446 hypertensive patients, there were 1,111 patients with diabetes, and the prevalence of diabetes was 11.76%. The medium age of the study population was 53.7 (46.8, 62.5) years for non-DM people and 56.4 (51.3, 65.3) years for DM people. In addition, the prevalence of DM was significantly different stratified by age, sex, ethnicity, place of household registration, education level, job type, family income per year, smoking status, alcohol intake status, habit of drinking tea, physical activity, SBP, DBP, HDL-CH, LDL-CH, TG, CHOL, CVD, and hyperlipemia. Furthermore, there were significant differences in ethnicity between the two groups (Table 1).


Table 1 | Basic characteristics of the study participants.






3.2 Association of obesity index and AIP with diabetes mellitus

Regarding subjects in the lowest quartile of each indicator, ORs (95% CIs) for those in the highest quartile were 4.961 (3.351, 7.345), 5.965 (3.825, 9.304), 5.903 (3.821, 9.121), 3.932 (2.725, 5.672), and 3.280 (2.331, 4.615) for BAI, WHR, WHtR, BMI, and AIP, respectively, after adjusting for all covariates (Table 2). The exposure–response trend of DM with five indicators was observed (all p-trend < 0.05). Every 0.1-unit increment of BAI, WHR, WHtR, and AIP was associated with a 30.5%, 95.8%, 118%, and 21.2% increased risk of DM, respectively; every 1-unit increment of BMI was associated with a 14.4% increased risk of DM.


Table 2 | Association between adiposity indicators or AIP and diabetes mellitus.






3.3 Restricted cubic spline curve fitting

Figure 2 depicts the relationship between four obesity indicators and diabetes mellitus using the RCS curve, with A–D depicting the dose–response relationship between BAI, WHR, WHtR, BMI, and diabetes mellitus after adjusting for all covariates, respectively. As the index increased, the incidence of diabetes mellitus gradually increased. Overall, there was a linear negative correlation between BAI, WHtR, BMI, and diabetes mellitus, which was particularly evident in BMI (non-linear p = 0.672). Furthermore, we could find a non-linear relationship between WHR and the prevalence of diabetes mellitus (non-linear p ≤ 0.001).




Figure 2 | The RCS model of the association between obesity indices and risk of diabetes mellitus. OR, odds ratio; CI, confidence interval. (A) BAI; (B) WHR; (C) WHtR; (D) BMI. Adjusted for age, sex, ethnicity, place of household registration, education level, job type, family income per year, smoking, drinking, habit of drinking tea, physical activity, SBP, DBP, HDL-CH, LDL-CH, TG, CHOL, CVD, and hyperlipemia.






3.4 Mediation analysis

Figure 3 presents the direct and indirect effects of BAI, WHR, WHtR, and BMI on diabetes mellitus with AIP as mediators after adjusting all covariates. Overall, the AIP mediated the relationship between all four obesity indicators and diabetes mellitus. The findings suggest that the association of each obesity indicator with diabetes mellitus was mediated by the AIP, and the proportion of the total effect of obesity indicator mediated by the AIP was 19.6%, 15.3%, 15.8%, and 17.2% for BAI, WHR, WHtR, and BMI, respectively.




Figure 3 | Mediation analyses of the AIP in the association of obesity indices with diabetes mellitus. The asterisk (*) indicates statistical significance, specifically p < 0.05.







4 Discussion

This study aims to explore and elucidate the mediating role of the AIP in the relationship between multiple obesity indices (BMI, WHR, WHtR, and BAI) and the prevalence of diabetes in the hypertensive minority. The results reveal that the AIP significantly mediates the association between each of the four obesity indices and diabetes prevalence.

The co-occurrence of hypertension and diabetes has been well-documented in numerous studies (20, 21). For example, Liu et al. reported that the prevalence of diabetes among hypertensive outpatients could be as high as 24.3%, a rate significantly higher than that observed in the present study (22). This discrepancy may originate from differences in the diagnostic criteria for hypertension or differences in the study populations.

Previous studies have shown that the AIP, a marker of lipid metabolism, is significantly associated with diabetes (23). The AIP, reflecting the TG-to-HDL-C ratio, effectively captures dyslipidemia, a key factor in diabetes development (24, 25). Importantly, the role of the AIP is magnified in the context of hypertension, where dyslipidemia and insulin resistance frequently coexist.

Hypertension in patients is often accompanied by oxidative stress, which is known to play a significant role in the development of cardiovascular diseases (26). Oxidative stress can disrupt normal physiological functions, including lipid metabolism (27). The AIP acts as a mediator in multiple ways. An elevated AIP, resulting from abnormal lipid metabolism, can lead to increased formation of oxidized low-density lipoproteins (ox-LDL) (28, 29). These ox-LDL particles are taken up by macrophages, forming foam cells that contribute to atherosclerosis (30). The atherosclerotic process restricts blood flow to tissues, including the pancreas, impairing insulin secretion (31). Moreover, the AIP can induce chronic inflammation (32), with inflammatory cytokines interfering with insulin signaling pathways, leading to insulin resistance (33). In obese hypertensive patients, these mechanisms are further exacerbated, increasing the risk of diabetes onset (34).

BMI is a widely recognized measure of obesity, with a well-established link to diabetes (35, 36). A cohort study by Sattar et al. found a significant association between higher BMI and an increased risk of type 2 diabetes, particularly in obese individuals (37). Despite BMI’s inability to differentiate between fat and muscle, its simplicity and broad applicability make it a mainstay in clinical and epidemiological research (38). Studies also show a significant correlation between BMI and AIP, suggesting that BMI may influence diabetes prevalence by affecting lipid metabolism, with AIP as the mediating factor (39). WHR and WHtR, as indicators of abdominal obesity, have also been widely recognized for their association with diabetes (40). Zhu et al. highlighted that WHR and WHtR are positively correlated with type 2 diabetes risk, with WHtR being a superior predictor compared to BMI (41), and abdominal fat accumulation is a key contributor to insulin resistance, leading to diabetes (42).

The AIP is significantly associated with both WHR and WHtR, indicating that individuals with higher abdominal obesity tend to have elevated AIP levels, which may increase diabetes risk both directly and indirectly (43). The BAI, a newer obesity metric, has also been linked to diabetes risk, with research suggesting that it outperforms BMI in predicting body fat percentage (44). Studies show a significant correlation between BAI and AIP, highlighting the role of fat distribution in lipid metabolism (41). The relationship between hypertension and diabetes is complex, with hypertension not only increasing diabetes risk but also exacerbating the pathology of both conditions (45). This study found that elevated AIP significantly raises the risk of diabetes in hypertensive patients, likely due to hypertension-induced oxidative stress and inflammation impairing insulin signaling. Mediation analysis suggests that the AIP partially mediates the relationship between obesity indices and diabetes risk, implying that obesity may indirectly increase diabetes risk by elevating the AIP. These findings highlight the importance of early intervention in lipid metabolism for obese and hypertensive patients.

This study has several limitations. First, as a cross-sectional design, it cannot establish causality. Longitudinal studies are needed to confirm the causal relationship between the AIP and its mediating role between obesity and diabetes. Second, the sample is primarily composed of individuals from minority regions in southwest China, which may limit the generalizability of the findings. Future research should validate these results in more diverse populations. Additionally, only four obesity indices were examined; future studies should explore a broader range of obesity metrics and their associations with AIP and diabetes. One of the key strengths of this study is the use of a mediation analysis to explore the associations between obesity-related indices, AIP, and diabetes. Additionally, we conducted a comprehensive review of the existing literature, carefully considering and controlling for various potential confounding factors that may influence the relationship between obesity indices and diabetes. The application of a multivariable regression model further strengthens the accuracy and robustness of our conclusions.




5 Conclusion

In conclusion, the AIP plays a crucial mediating role in the relationship between obesity and diabetes risk in hypertensive patients. Elevated AIP levels, indicative of atherogenic dyslipidemia and insulin resistance, may partially explain the increased diabetes risk observed in this population. Addressing the AIP through targeted interventions may provide a novel approach to reducing diabetes incidence in hypertensive individuals with obesity. Further research is needed to elucidate the underlying mechanisms and develop effective strategies for managing this at-risk population.





Data availability statement

The data can be obtained upon reasonable request with the approval of the corresponding author. Requests to access the datasets should be directed to FH, hongfeng-73@163.com.





Ethics statement

The studies involving humans were approved by the Sichuan University Medical Ethical Review Board (K2016038) and the Medical Ethics Committee of the Affiliated Hospital of Guizhou Medical University [2018(094)]. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

EZ: Writing – original draft, Writing – review & editing. FH: Funding acquisition, Resources, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by grants 2017YFC0907301 from the National Key Research and Development Program of China and 82173566 from the National Natural Science Foundation of China.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Glovaci, D, Fan, W, and Wong, ND. Epidemiology of diabetes mellitus and cardiovascular disease. Curr Cardiol Rep. (2019) 21:21. doi: 10.1007/s11886-019-1107-y

2. Yen, F-S, Wei, JC-C, Chiu, L-T, Hsu, C-C, and Hwu, C-M. Diabetes, hypertension, and cardiovascular disease development. J Trans Med. (2022) 20:9. doi: 10.1186/s12967-021-03217-2

3. Liu, Y, Li, J, Dou, Y, and Ma, H. Impacts of type 2 diabetes mellitus and hypertension on the incidence of cardiovascular diseases and stroke in China real-world setting: a retrospective cohort study. BMJ Open. (2021) 11:e053698. doi: 10.1136/bmjopen-2021-053698

4. Luncan, M, Huniadi, A, Bimbo-Szuhai, E, Botea, M, Zaha, I, Stefan, L, et al. The effectiveness of intrauterine antibiotic infusion versus oral antibiotic therapy in the treatment of chronic endometritis in patients during IVF (in vitro fertilization) procedures. BMC Women’s Health. (2022) 22:529. doi: 10.1186/s12905-022-02128-8

5. Li, H, Shi, Z, Chen, X, Wang, J, Ding, J, Geng, S, et al. Relationship between obesity indicators and hypertension–diabetes comorbidity in an elderly population: a retrospective cohort study. BMC Geriatrics. (2023) 23:789. doi: 10.1186/s12877-023-04510-z

6. Gill, D, Zuber, V, Dawson, J, Pearson-Stuttard, J, Carter, AR, Sanderson, E, et al. Risk factors mediating the effect of body mass index and waist-to-hip ratio on cardiovascular outcomes: Mendelian randomization analysis. Int J Obes. (2021) 45:1428–38. doi: 10.1038/s41366-021-00807-4

7. Cerqueira, MS, dos Santos, CA, Silva, DAS, Amorim Pr dos, S, Marins, JCB, and Franceschini S do, CC. Validity of the body adiposity index in predicting body fat in adults: A systematic review. Adv Nutr. (2018) 9:617–24. doi: 10.1093/advances/nmy043

8. Ke, J-F, Wang, J-W, Lu, J-X, Zhang, Z-H, Liu, Y, and Li, L-X. Waist-to-height ratio has a stronger association with cardiovascular risks than waist circumference, waist-hip ratio and body mass index in type 2 diabetes. Diabetes Res Clin Pract. (2022) 183:109151. doi: 10.1016/j.diabres.2021.109151

9. Zhu, Q, Shen, F, Ye, T, Zhou, Q, Deng, H, and Gu, X. Waist-to-height ratio is an appropriate index for identifying cardiometabolic risk in Chinese individuals with normal body mass index and waist circumference 腰臀比是鉴别体重指数和腰围正常的中国人群的心血管代谢风险的适宜指标. J Diabetes. (2014) 6:527–34. doi: 10.1111/1753-0407.12157

10. Shams, E, Kamalumpundi, V, Peterson, J, Gismondi, RA, Oigman, W, and de Gusmão Correia, ML. Highlights of mechanisms and treatment of obesity-related hypertension. J Hum Hypertens. (2022) 36:785–93. doi: 10.1038/s41371-021-00644-y

11. Barazzoni, R, Gortan Cappellari, G, Ragni, M, and Nisoli, E. Insulin resistance in obesity: an overview of fundamental alterations. Eat Weight Disord. (2018) 23:149–57. doi: 10.1007/s40519-018-0481-6

12. Li, X, Chang, X, Dang, Y, Xue, Y, Wang, Q, Liu, W, et al. Additive interactions between obesity and insulin resistance on hypertension in a Chinese rural population. BMC Public Health. (2023) 23:2519. doi: 10.1186/s12889-023-17454-1

13. Kim, SH, Cho, YK, Kim, Y-J, Jung, CH, Lee, WJ, Park, J-Y, et al. Association of the atherogenic index of plasma with cardiovascular risk beyond the traditional risk factors: a nationwide population-based cohort study. Cardiovasc Diabetol. (2022) 21:81. doi: 10.1186/s12933-022-01522-8

14. Sun, Y, Li, F, Zhou, Y, Liu, A, Lin, X, Zou, Z, et al. Nonlinear association between atherogenic index of plasma and type 2 diabetes mellitus in overweight and obesity patients: evidence from Chinese medical examination data. Cardiovasc Diabetol. (2024) 23:226. doi: 10.1186/s12933-024-02330-y

15. Fu, L, Zhou, Y, Sun, J, Zhu, Z, Xing, Z, Zhou, S, et al. Atherogenic index of plasma is associated with major adverse cardiovascular events in patients with type 2 diabetes mellitus. Cardiovasc Diabetol. (2021) 20:201. doi: 10.1186/s12933-021-01393-5

16. Jiang, L, Li, L, Xu, Z, Tang, Y, Zhai, Y, Fu, X, et al. Non-linear associations of atherogenic index of plasma with prediabetes and type 2 diabetes mellitus among Chinese adults aged 45 years and above: a cross-sectional study from CHARLS. Front Endocrinol. (2024) 15:1360874. doi: 10.3389/fendo.2024.1360874

17. Liang, X, Chou, OHI, and Cheung, BMY. Intensive blood pressure control in older patients with hypertension-a STEP in the right direction? Postgrad Med J. (2023) 99:47–9. doi: 10.1093/postmj/qgad011

18.Chinese Society of Cardiology, Chinese Medical Association; Hypertension Committee of Cross-Straits Medicine Exchange Association; Cardiovascular Disease Prevention and Rehabilitation Committee, Chinese Association of Rehabilitation Medicine. Clinical practice guidelines for the management of hypertension in China. Chinese J Cardiology. (2024) 52(9):985–1032. doi: 10.3760/cma.j.cn112148-20240709-00377

19. Bergman, RN, Stefanovski, D, Buchanan, TA, Sumner, AE, Reynolds, JC, Sebring, NG, et al. A better index of body adiposity. Obesity. (2011) 19:1083–9. doi: 10.1038/oby.2011.38

20. Wei, GS, Coady, SA, Goff, DC, Brancati, FL, Levy, D, Selvin, E, et al. Blood pressure and the risk of developing diabetes in African Americans and Whites. Diabetes Care. (2011) 34:873–9. doi: 10.2337/dc10-1786

21. Tatsumi, Y, Morimoto, A, Asayama, K, Sonoda, N, Miyamatsu, N, Ohno, Y, et al. Risk of developing type 2 diabetes according to blood pressure levels and presence or absence of hypertensive treatment: the Saku study. Hypertens Res. (2019) 42:105–13. doi: 10.1038/s41440-018-0121-6

22. Liu, J, Zhao, D, Liu, J, Qi, Y, Sun, J, and Wang, W. Prevalence of diabetes mellitus in outpatients with essential hypertension in China: a cross-sectional study. BMJ Open. (2013) 3:e003798. doi: 10.1136/bmjopen-2013-003798

23. Zhang, J, Suo, Y, Wang, L, Liu, D, Jia, Y, Fu, Y, et al. Association between atherogenic index of plasma and gestational diabetes mellitus: a prospective cohort study based on the Korean population. Cardiovasc Diabetol. (2024) 23:237. doi: 10.1186/s12933-024-02341-9

24. Shi, Y, and Wen, M. Sex-specific differences in the effect of the atherogenic index of plasma on prediabetes and diabetes in the NHANES 2011-2018 population. Cardiovasc Diabetol. (2023) 22:19. doi: 10.1186/s12933-023-01740-8

25. Yin, B, Wu, Z, Xia, Y, Xiao, S, Chen, L, and Li, Y. Non-linear association of atherogenic index of plasma with insulin resistance and type 2 diabetes: a cross-sectional study. Cardiovasc Diabetol. (2023) 22:157. doi: 10.1186/s12933-023-01886-5

26. Zaha, I, Muresan, M, Tulcan, C, Huniadi, A, Naghi, P, Sandor, M, et al. The role of oxidative stress in infertility. J Personalized Med. (2023) 13:1264. doi: 10.3390/jpm13081264

27. Birben, E, Sahiner, UM, Sackesen, C, Erzurum, S, and Kalayci, O. Oxidative stress and antioxidant defense. World Allergy Organ J. (2012) 5:9–19. doi: 10.1097/WOX.0b013e3182439613

28. Babakr, A, Mukhtar, M, Althubiti, M, Al-Amodi, H, Almaimani, R, Eldin, MMN, et al. Investigation of hyperlipidemia associated with increased levels of oxidized low-density lipoproteins and 8-hydroxy-2´-deoxyguanosine. DMSO. (2023) 16:447–55. doi: 10.2147/DMSO.S396676

29. Karim, M, Rahman, M, Islam, K, Mamun, AA, Hossain, S, Hossain, E, et al. Increases in oxidized low-density lipoprotein and other inflammatory and adhesion molecules with a concomitant decrease in high-density lipoprotein in the individuals exposed to arsenic in Bangladesh. Toxicological Sci. (2013) 135:17–25. doi: 10.1093/toxsci/kft130

30. Yoshida, H. An intriguing and important concept relevant to oxidized low-density lipoprotein and atherogenesis is still problematic for its contribution to the better understanding of clinical atherosclerosis. J Atheroscler Thromb. (2018) 25:1007–8. doi: 10.5551/jat.ED101

31. Rosso, D, Carnazzo, G, Giarelli, L, Motta, L, and Maugeri, D. Atherosclerosis and pancreatic damage. Arch Gerontology Geriatrics. (2001) 32:95–100. doi: 10.1016/S0167-4943(00)00088-1

32. Won, K-B, Heo, R, Park, H-B, Lee, BK, Lin, FY, Hadamitzky, M, et al. Atherogenic index of plasma and the risk of rapid progression of coronary atherosclerosis beyond traditional risk factors. Atherosclerosis. (2021) 324:46–51. doi: 10.1016/j.atherosclerosis.2021.03.009

33. Rehman, K, and Akash, MSH. Mechanisms of inflammatory responses and development of insulin resistance: how are they interlinked? J Biomed Sci. (2016) 23:87. doi: 10.1186/s12929-016-0303-y

34. DeBoer, MD. Obesity, systemic inflammation, and increased risk for cardiovascular disease and diabetes among adolescents: A need for screening tools to target interventions. Nutrition. (2013) 29:379–86. doi: 10.1016/j.nut.2012.07.003

35. Cantley, NW, Lonnen, K, Kyrou, I, Tahrani, AA, and Kahal, H. The association between overweight/obesity and double diabetes in adults with type 1 diabetes; a cross-sectional study. BMC Endocrine Disord. (2021) 21:187. doi: 10.1186/s12902-021-00851-1

36. Aras, M, Tchang, BG, and Pape, J. Obesity and diabetes. Nurs Clin North Am. (2021) 56:527–41. doi: 10.1016/j.cnur.2021.07.008

37. Andréasson, K, Edqvist, J, Adiels, M, Björck, L, Lindgren, M, Sattar, N, et al. Body mass index in adolescence, risk of type 2 diabetes and associated complications: A nationwide cohort study of men. eClinicalMedicine. (2022) 46. doi: 10.1016/j.eclinm.2022.101356

38. Zeng, Q, Li, N, Pan, X-F, Chen, L, and Pan, A. Clinical management and treatment of obesity in China. Lancet Diabetes Endocrinol. (2021) 9:393–405. doi: 10.1016/S2213-8587(21)00047-4

39. Shen, S-W, Lu, Y, Li, F, Yang, C-J, Feng, Y-B, Li, H-W, et al. Atherogenic index of plasma is an effective index for estimating abdominal obesity. Lipids Health Dis. (2018) 17:11. doi: 10.1186/s12944-018-0656-1

40. Kodama, S, Horikawa, C, Fujihara, K, Heianza, Y, Hirasawa, R, Yachi, Y, et al. Comparisons of the strength of associations with future type 2 diabetes risk among anthropometric obesity indicators, including waist-to-height ratio: A meta-analysis. Am J Epidemiol. (2012) 176:959–69. doi: 10.1093/aje/kws172

41. Zhu, X, Yu, L, Zhou, H, Ma, Q, Zhou, X, Lei, T, et al. Atherogenic index of plasma is a novel and better biomarker associated with obesity: a population-based cross-sectional study in China. Lipids Health Dis. (2018) 17:37. doi: 10.1186/s12944-018-0686-8

42. Koay, YC, Coster, ACF, Chen, DL, Milner, B, Batarseh, A, O’Sullivan, JF, et al. Metabolomics and lipidomics signatures of insulin resistance and abdominal fat depots in people living with obesity. Metabolites. (2022) 12:1272. doi: 10.3390/metabo12121272

43. Li, Y, He, Y, Yang, L, Liu, Q, Li, C, Wang, Y, et al. Body roundness index and waist-hip ratio result in better cardiovascular disease risk stratification: results from a large Chinese cross-sectional study. Front Nutr. (2022) 9:801582. doi: 10.3389/fnut.2022.801582

44. de Oliveira, CM, Pavani, J, Krieger, JE, de Oliveira Alvim, R, Mourão-Junior, CA, and da Costa Pereira, A. Body adiposity index in assessing the risk of type 2 diabetes mellitus development: the Baependi Heart Study. Diabetol Metab Syndr. (2019) 11:76. doi: 10.1186/s13098-019-0467-1

45. Jia, G, and Sowers, JR. Hypertension in diabetes: an update of basic mechanisms and clinical disease. Hypertension. (2021) 78:1197–205. doi: 10.1161/HYPERTENSIONAHA.121.17981




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 © 2025 Zhou and Hong. 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/fendo.2025.1518060_cover.jpg
& frontiers | Frontiers in Endocrinology

Obesity indices and diabetes risk among
hypertensive patients: insights from the
China Multi-Ethnicity Cohort study





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Obesity indices and diabetes risk among hypertensive patients: insights from the China Multi-Ethnicity Cohort study

      

        		

          Background

        



        		

          Methods and results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study participants

          



          		

            2.2 Clinical, anthropometric, and laboratory measurements

          



          		

            2.3 Definition of variables

          



          		

            2.4 Anthropometric measures

          



          		

            2.5 Covariates

          



          		

            2.6 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Characteristics of the study population and correlation of obesity indicators

          



          		

            3.2 Association of obesity index and AIP with diabetes mellitus

          



          		

            3.3 Restricted cubic spline curve fitting

          



          		

            3.4 Mediation analysis

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variable

BAI

Q1 (£22.40)

Q2 (22.40-25.91)
Q3 (25.91-29.60)
Q4 (>29.60)

p for trend

Every 1-unit increment

WHR

Model 1

OR (95% CI)

1.00
1.956 (1.572, 2435)**
2401 (1.940, 2.972)***
3.782 (3.085, 4.635)**
<0.001

1.085 (1.072, 1.097)***

Model 2
OR (95% CI)

1.00
2150 (1723, 2.683)***
2.886 (2.321, 3.589)***
5210 (4.189, 6.481)**
<0.001

1.110 (1.096, 1.124)***

Model 3
OR (95% CI)

1.00

1.683 (1.104, 2.563)*
2.079 (1.383, 3.123)***
4.028 (2.681, 6.052)**
<0.001

1.088 (1.064, 1.112)**

Ql (<0.87)
Q2 (0.88-0.92)
Q3 (0.93-0.97)
Q4 (>0.98)
p for trend

Every 0.1-unit increment

1.00

2.448 (1.894, 3.165)**
3.993 (3.129, 5.094)***
7.006 (5.541, 8.858)***
<0.001

2461 (2.243, 2.701)**

1.00

2362 (1.825, 3.056)***
3.759 (2,943, 4.802)**
6415 (5.067, 8.122)***
<0.001

2.366 (2.153, 2.600) ***

1.00

2.451 (1.512, 3.974)*
3.920 (2.482, 6.190)***
5.965 (3.825, 9.304)***
<0.001

1.958 (1.653, 2.319) ***

WHtR

QI (20.51)

Q2 (0.52-0.55)

Q3 (0.56-0.59)

Q4 (>0.60)

p for trend

Every 0.1-unit increment
BMI

QI (£22.58)

Q2 (22.59-24.84)

Q3 (24.85-27.16)

Q4 (>27.17)

p for trend

Every 1-unit increment

AIP

1.00

2.209 (1.745, 2.797)**
3.286 (2.624, 4.116)"**
4.867 (3.914, 6.052)***
<0.001

2.308 (2.087, 2.551) ***

1.00

1.332 (1.075, 1.650)**
2067 (1692, 2.525)*
3114 (2572, 3.771)**
<0.001

1.141 (1.121, 1.161)***

1.00

2.389 (1.883, 3.030)***
3.638 (2.896, 4.569)***
5.825 (4.652, 7.294)***
<0.001

2.607 (2.341, 2.902) ***

1.00

1474 (1187, 1.831)**
2390 (1.949, 2.931)***
3.849 (3.159, 4.690)***
<0.001

1.169 (1.147, 1.190)***

1.00

2.685 (1.693, 4.257)***
3.676 (2.361, 5.724)"**
5.903 (3.821, 9.121)***
<0.001

2.189 (1.813, 2.642)***

1.00

1.641 (1.104, 2.441)*
2,528 (1.734, 3.688)**
3.932 (2,725, 5.672)**
<0.001

1.129 (1.093, 1.166)***

QI (£0.22)
Q2 (0.23-0.41)
Q3 (0.42-0.62)
Q4 (>0.63)
p for trend

Every 0.1-unit increment

1.00

1.453 (1.171, 1.803)"**
1.948 (1.585, 2.395)**
3.556 (2.931, 4.314)***
<0.001

1155 (1133, 1.179)***

1.00
1.462 (1.199, 1.818)**
2.003 (1.626, 2.466)***
3.884 (3.189, 4.731)***
<0.001

1172 (1.149, 1.196)***

1.00
1.423 (0.981, 2.064)
2.042 (1.440, 2.896)*
3.280 (2.331, 4.615)**
<0.001

1.212 (1.114, 1.320)***

Model 1: unadjusted. Model 2: adjusted for age, sex, and ethnicity. Model 3: adjusted for model 2 plus place of household registration, education level, job type, family income per year, smoking

status, alcohol intake status, habit of drinking tea, physical activity, SBP, DBP, HDL-CH, LDL-CH, TG, CHOL, CVD, and hyperlipemia.

95% CI, 95% confidence interval; OR, odds ratio; BAIL, body adiposity index; WHR, waist-to-hip ratio; WHR, waist-to-height ratio; BMI, body mass index; AIP, atherogenic index of plasma.

*p < 0.05; **p < 0.005; ***p < 0.001.





OEBPS/Images/fendo-16-1518060-g003.jpg
Mediation effect=0.116

Mediati ffect=0. 002
edliation effec P-value <0.001

P-value <0.001

Proportion mediated (%)=
19. 6*

Direct effect=0.008
P-value <0.001

Proportion mediated (%)=
15. 3*

Direct effect=0. 643
P-value <0.001

Mediation effect=0.137 Mediation effect=0.0. 002
P-value <0.001 P-value <0.001

Proportion mediated (%)=

Proportion mediated (%)=
15. 8* 17. 2*

.
Direct effect=0.729 Direct effect=0.012

P-value <0.001 P-value <0.001






OEBPS/Images/fendo-16-1518060-g001.jpg
Participants recruited from
2018 to 2019 in the

Dong, Miao or Bouye
(1,8790)

Excluding participants

1) Not hypertensive (9,183)

2) Without LDL or HDL (28)

3) Without DM (29)

4) Without body mass index (26) or

other covariate(78)

Participants in analyses
(9,446)






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





OEBPS/Images/table1.jpg
Variables

Age [median (IQR)] 54.1 (47.3, 62.9) 53.7 (46.8, 62.5) 56.4 (51.3, 65.3) <0.001
Male (%) 3,978 (42.1) 3,413 (40.9) 565 (50.9) <0.001
Ethnicity (%) 0.773
Dong 3,474 (36.8) 3,076 (36.9) 398 (35.8)
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Miao 2,830 (30.0) 2,494 (29.9) 336 (30.2)
Urban residence (%) 2,079 (22.0) 1,718 (20.6) 361 (32.6) <0.001
Education level (%) <0.001
Lower than high school 7,721 (81.7) 6,879 (82.5) 842 (75.8)
High school or equivalent 860 (9.1) 729 (8.7) 131 (11.8)
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Household income per year (%) <0.001
<100,000 CNY 8,629 (91.5) 7,647 (91.9) 982 (88.5)
100,000-199,999 CNY 717 (7.6) 608 (7.3) 109 (9.8)
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History of CVD (%) 385 (4.1) 318 (3.8) 67 (6.0) 0.001
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WHR [mean (SD)] 0.9 (0.1) 0.9 (0.1) 1.0 (0.1) <0.001
WHIR [median (IQR)] 0.5 (0.5, 0.6) 0.5 (0.5, 0.6) 0.6 (0.5, 0.6) <0.001
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AIP [median (IQR)] 0.4 (0.2, 0.6) 0.4 (02, 0.6) 0.5 (0.4, 0.8) <0.001

DM, diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL_CH, high-density lipoprotein: LDL_CH, low-density lipoprotein; TG, triglyceride; CHOL, cholesterol;
CVD, cardiovascular disease; BAL body adiposity index; WHR, waist-to-hip ratio; WHIR, waist-to-height ratio; BMI, body mass index; AIP, atherogenic index of plasma.
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