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Background

To investigate the association between oxidative balance score (OBS), cardiovascular mortality (CVM), and all-cause mortality (ACM) in type 2 diabetes mellitus (T2DM) patients.





Methods

We included 6,119 participants with T2DM from the 2005-2020 National Health and Nutrition Examination Surveys (NHANES). The status of CVM and ACM of participants was followed through December 31, 2019. Multivariable Cox regression models, Kaplan-Meier curves, log-rank test, restricted cubic spline regression, and subgroup analysis, were used to evaluate the relationship between OBS, CVM, and ACM.





Results

During a median of 100.9 months follow-up, 1,790 ACM cases had occurred, 508 of which were due to cardiovascular disease. The T2DM participants were divided into four groups based on the quartiles of OBS. Participants with Q4 tended to be younger, financially better-off, married, highly educated, had lower alcohol consumption rates, were non-smokers, and exhibited a lower likelihood of ACM and CVM. In multivariate Cox regression models, compared with the patients with Q4, those with Q1 had a 30% increased risk for ACM (Q1, reference; Q4, HR: 0.70, 95%CI: 0.58-0.86) and a 43% increased risk for CVM (Q1, reference; Q4, HR: 0.57, 95%CI: 0.36-0.88). The restricted cubic spline regression models have no nonlinear relationship between OBS, CVM, and ACM. Kaplan-Meier survival curves showed that patients with Q4 had a lower risk of ACM and CVM (log-rank P < 0.05).





Conclusions

We find that ACM and CVM increase with higher OBS in T2DM patients. Moreover, there are linear relationships between OBS, ACM, and CVM.
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1 Introduction

Type 2 diabetes mellitus (T2DM), a chronic metabolic disorder, has exhibited a significant growth trend globally due to changes in lifestyle, population aging, and accelerated urbanization. The number of adults with diabetes has increased from 108 million in 1980 to 463 million in 2019, and 90-95% of these cases are T2DM patients (1). It is predicted that the prevalence of T2DM among adults in the United States will reach 25-28% by 2050 (2). T2DM not only has a profound impact on patients’ quality of life but also can trigger a series of severe complications, posing a significant threat to patients’ health and life. This has become one of the significant challenges in the current public health landscape. Diabetes is a cause of one in nine deaths among adults aged 20-79, emphasizing the crucial clinical significance of identifying an appropriate predictor for T2DM mortality (3).

Cardiovascular disease is the principal cause of death and morbidity among T2DM patients (4). According to statistics, the risk of cardiovascular disease in T2DM patients is twice that of non-diabetic patients. Atherosclerosis and heart failure are the most common complications in T2DM patients, and they are significant contributors to morbidity and mortality (5). Current research indicates that circulating metabolites such as hexanoylcarnitine, tryptophan, and kynurenine have been confirmed to be associated with and improve the prediction of all-cause mortality (ACM) in T2DM patients (6). Furthermore, high uric acid levels in T2DM are linked to cardiovascular mortality (CVM). However, while these biomarkers have improved prediction accuracy to a certain extent, their popularity and clinical application value still require further validation.

The oxidative balance score (OBS) is a composite index based on quantiles or categories related to dietary/lifestyle exposures (7). The OBS measures the balance between oxidant and antioxidant exposures, with a higher OBS indicating a dominance of antioxidant exposure, studies have shown a correlation between OBS and the occurrence of T2DM and cardiovascular diseases (8, 9). OBS has been found to have a significant correlation with the incidence of non-alcoholic fatty liver disease (NAFLD) and metabolic dysfunction-associated fatty liver disease (MASLD) among American adults, as well as with ACM associated with MASLD (10, 11). In addition, OBS has been associated with depression, sleep quality, periodontitis, and kidney disease (12–15). Another study has demonstrated that OBS is inversely associated with ACM and CVM (16). By measuring OBS, we can gain a deeper understanding of the pathogenesis of related diseases, providing novel insights into their treatment and prevention.

OBS possesses a unique advantage in assessing the prevalent oxidative stress state in T2DM. However, the current understanding of the relationship between OBS and ACM or CVM among T2DM is still unclear. Therefore, conducting in-depth studies to explore the association between OBS and the prognosis of T2DM is of significant importance and value to the research.




2 Method



2.1 Study population

The National Health and Nutrition Examination Surveys (NHANES), a program sponsored by the Centers for Disease Control and Prevention (CDC), aims to evaluate the American populace’s health status comprehensively. The data utilized for our analyses were drawn from the NHANES database spanning 2005 to 2020, encompassing 116,876 participants. The Institutional Review Board of the Centers for Disease Control and Prevention approved the NHANES study protocol, ensuring rigorous ethical standards were upheld. In this study, non-T2DM participants without complete information on mortality, OBS, T2DM, weighted, and covariates were excluded; we enrolled 6,119 participants for the final analysis of this research (Figure 1). The survival status of participants was followed up to December 31, 2019. Additionally, all participants gave informed consent, indicating their voluntary participation and understanding of the study’s objectives and procedures.




Figure 1 | Flow chart of the sample selection from NHANES 2007-2016.






2.2 Exposure definitions

The calculation of OBS is based on early research (13, 17, 18). OBS was divided into 16 dietary OBS and four lifestyle OBS, including two prooxidants and 14 antioxidants (19).

The dietary factors were classified into prooxidants (total fat and iron) and antioxidants (β-carotene, dietary fiber, copper, vitamin B6, vitamin B12, vitamin C, niacin, vitamin E, total folate, vitamin B2, magnesium, calcium, zinc, and selenium) according to the effect on oxidative stress. Lifestyle factors were classified as prooxidants (alcohol intake, BMI, and cotinine) and antioxidants (physical activity). Dietary OBS components were assessed in the NHANES using 24-hour food recalls. Physical activity, expressed as weekly metabolic equivalents (MET), was calculated using data on leisure time activities over the past 30 days acquired from household interviews. The primary exposure was OBS and the primary outcomes were ACM and CVM. We used multivariate Cox regression models to assess these relationships, with stepwise adjustments to control for potential confounders.




2.3 Data collection

Questionnaires were collected at baseline to obtain demographic information, including age, personal income ratio (PIR), body mass index (BMI), sex, race, marital status, and education level. Additionally, personal medical history was assessed for T2DM, hypertension, and cardiovascular disease (CVD). Smoking status was categorized as former, current, or never while drinking status was classified as no, moderate, or heavy.

Physical examinations included height, weight, systolic blood pressure (SBP), and diastolic blood pressure (DBP). Blood samples were collected after an 8-hour fast to measure fasting blood glucose (FBG) and conduct other laboratory tests.




2.4 Clinical outcome

ACM refers to deaths occurring for any reason, including cardiovascular disease or cerebrovascular disease, prior to December 31, 2019. Mortality data were obtained from the NHANES-linked mortality files covering 1999-2019. We censored the time from enrollment (date of interview) to death. CVM was defined using the International Classification of Diseases, Tenth Revision codes (I00-I09, I11, I13, I20-I51). Participants who did not have any recorded deaths during the follow-up period were considered alive.




2.5 Statistical analysis

The data were processed by NHANES analytical guidelines (20–22). Continuous variables were expressed as mean ± standard deviation for normally distributed variables or median (interquartile range) if the data were not normally distributed. Categorical variables were presented as numbers (n) and percentages (%). The one-way ANOVA (continuous variables with Gaussian distribution), Kruskal-Wallis H-test (continuous variables with non-Gaussian distribution), or chi-square tests (Differences between groups for categorical variables) were used to assess differences according to OBS quartiles (Q1 ≤ 13, 13<Q2 ≤ 18, 18<Q3 ≤ 24, Q4>24) in groups. Multivariable Cox regression analysis was used to estimate the adjusted hazard ratio (HR) and 95% confidence interval (95% CI) for ACM and CVM according to OBS, lifestyle OBS, and dietary OBS. We used a multivariate Cox regression model to estimate adjusted HRs and 95% CIs because Cox proportional risk models are suitable for analyzing survival data and can handle multiple covariates. Model 1 was constructed without adjusted covariates. Model 2 adjusts for age, sex, and race. Model 3 further adjusts PIR, marital status, education level, smoking status, and hypertension. We performed survival analysis using standardized Kaplan-Meier curves and the log-rank test. The restricted cubic spline (RCS) regression model then tested the association between OBS, ACM, and CVM. Finally, we conducted a subgroup analysis, including age (<60 or ≥60 years), sex (male or female), BMI (<30 or ≥30 kg/m2), smoking (former, now or never), and hypertension (yes or no).

Statistical significance was defined as a two-sided P-value < 0.05. R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria) was used for all statistical analysis.





3 Results



3.1 Baseline characteristics

During the continuous NHANES cycles from 2005 to 2020, a total of 6,119 participants were included. Table 1 presents the baseline characteristics of the study participants, categorized by quartiles of OBS. The average age of the included participants was 59.06 ± 0.27 years, with 3,012 females (49.43%). Among the participants, there were 1,198 Mexican Americans (8.44%), 1,522 Non-Hispanic Black individuals (13.89%), 2,452 Non-Hispanic White individuals (66.20%), 526 Other Hispanic individuals (5.13%), and 421 other race individuals (6.34%). While no significant differences were observed in sex, BMI and C-reactive protein (CRP) across the quartiles of OBS, significant variations were found among participants in different quartiles concerning age, PIR, race, marital status, education level, alcohol consumption, smoking, hypertension, and CVD. Specifically, the prevalence of CVD from the lowest to the highest quartile of the OBS was 31.99%, 24.09%, 21.76%, and 19.72%, respectively. In addition, participants with Q4 tended to be younger, financially better-off, married, highly educated, have lower alcohol consumption rates, be non-smokers, and exhibit a lower likelihood of ACM and CVM. Besides, compared to deceased patients, survivors show higher OBS, dietary OBS, and lifestyle OBS. More information can be found in Table 2.


Table 1 | Baseline characteristics of participants according to the OBS quartiles.




Table 2 | Characteristics of the study population grouped by survival status.






3.2 Relationships between OBS, ACM and CVM

During an average follow-up period of 100.9 months, there were 1,790 cases of ACM and 508 cases of CVM. In multivariate Cox regression models (Table 3), patients with T2DM in Q4 showed significantly lower risk of ACM and CVM compared with patients in Q1. Specifically, in model 1, patients in Q4 had an HR of 0.47 (95% CI: 0.38-0.58) for ACM and 0.39 (95% CI: 0.25-0.59) for CVM. Even after adjusting for confounders such as age, sex, race, PIR, marital status, education level, smoking status, and hypertension, patients in Q4 had an HR of 0.70 (95% CI: 0.58-0.86) for ACM and 0.57 (95% CI: 0.36-0.88) for CVM.


Table 3 | Association between OBS and mortality of the T2DM population.



The Kaplan-Meier curves and the log-rank test revealed significant differences among the four groups, with the Q4 group demonstrating a higher survival probability (Figure 2). RCS analysis indicated a linear relationship between OBS, ACM and CVM, with ACM and CVM increasing with higher OBS (Figure 3).




Figure 2 | Kaplan-Meier curve of the OBS group for all-cause mortality (Left) and cardiovascular mortality (Right).






Figure 3 | Restricted cubic splines analysis between OBS, all-cause mortality (Left), and cardiovascular mortality (Right).






3.3 Relationships between lifestyle, dietary OBS, ACM, and CVM

Table 4 illustrates the relationship between lifestyle, dietary OBS, and both ACM and CVM in T2DM. As continuous variables, both dietary OBS and lifestyle OBS were significantly associated with a decreased risk of ACM in T2DM (lifestyle OBS: HR = 0.91, 95% CI 0.87-0.96, P < 0.001; dietary OBS: HR = 0.98, 95% CI 0.97-0.99, P < 0.05) and CVM (lifestyle OBS: HR = 0.89, 95% CI 0.82-0.97, P < 0.05; dietary OBS: HR = 0.97, 95% CI 0.95-0.99, P < 0.05) in fully adjusted Model 3.


Table 4 | Association between lifestyle OBS, dietary OBS, and mortality of T2DM.






3.4 Subgroup analysis

In patients with T2DM, those with high OBS consistently demonstrate lower risks of ACM and CVM across different subgroups based on age, sex, BMI, smoking, and hypertension, as shown in Tables 5, 6. The interaction showed that the presence of hypertensive disorders influenced the negative association between OBS and CVM.


Table 5 | Subgroup analysis between OBS and ACM in T2DM population.




aTable 6 | Subgroup analysis between OBS and CVM in the T2DM population.







4 Discussion

In this large-scale retrospective study, we identified a significant negative correlation between OBS and both ACM and CVM among T2DM patients, even after adjusting for confounding factors such as age, sex, BMI, smoking, and hypertension. Our findings suggest that higher OBS is associated with a reduced risk of ACM and CVM. These results underscore the importance of promoting health-conscious behaviors, particularly in dietary and lifestyle OBS adjustment, among individuals with T2DM, potentially decreasing ACM and CVM.

The two main features of T2DM are insulin resistance in target tissues and a relative deficiency in insulin production by pancreatic β-cells, and the production of reactive oxygen species (ROS) is closely related to insulin resistance (23). The ROS production and the antioxidant defense system imbalance lead to oxidative stress (OS). The antioxidant defense system can also reduce ROS accumulation, alleviating oxidative stress (24). The interplay between pro-oxidant and antioxidant factors determines an individual’s oxidative balance. Van Hoydonck et al. first introduced the concept of the OBS, which comprehensively assesses this state by considering dietary intake of vitamin C, beta-carotene, and iron (25).

OBS is now widely used in epidemiological research to assess the association between OS and the risk of chronic diseases (26). Studies have found that OBS is variably associated with reduced risks of T2DM, cardiovascular diseases, chronic kidney disease, periodontitis, sleep disorders, colorectal adenomas, and colorectal cancer (8, 9, 13, 14, 27–29). OBS is also helpful in predicting clinical outcomes and is significantly negatively correlated with all-cause, cardiovascular, and cancer mortality (16, 26). Moreover, current research indicates that OBS can serve as a valuable predictor of prognosis. Early identification of high-risk T2DM patients is crucial for improving prognosis. Existing studies suggest a U-shaped association between the triglyceride-glucose (TyG) index and all-cause as well as CVM in US individuals with diabetes or prediabetes (30). Another study indicates that the TyG-BMI index in US elderly diabetic patients is U-shapedly associated with ACM and linearly associated with CVM (31). Physiologically, OBS may influence health outcomes by modulating the state of OS in the body. OS is thought to be one of the key factors in the development of diabetes and its complications because it can damage cellular components, including lipids, proteins, and nucleic acids (32).

Kwon et al. conducted a study involving 7,369 participants aged 40-69 years enrolled in the Korean Genome and Epidemiology Study (33). They found that during a mean follow-up period of 13.6 years, 908 men and 880 women developed T2DM. The conclusion drawn was that individual with high OBS had a lower risk of developing T2DM. Previous studies have suggested the potential role of OBS in the risk of ACM and CVM. Rodriguez et al. conducted a prospective investigation of participants in the Seguimiento Universidad de Navarra Study and found a negative correlation between OBS, ACM and CVM (16). However, this study only focused on university graduates aged 20 and above. The study by Hoydonck et al. targeted male smokers; Kong et al. focused on individuals at high risk of cardiovascular disease; and Mao et al. conducted a similar study among older women in Iowa (25, 34, 35). However, these studies did not consider the relationship between OS and T2DM, nor did they account for the impact of OBS on this specific population. Utilizing the NHANES database, our study benefits from a large amount of observational data and long-term follow-up, taking full advantage of its inclusion of diverse racial backgrounds, educational levels, etc., thus contributing to the current body of research evidence.

In our results, the increase in PIR and education level from Q1 to Q4 in participants is consistent with previous studies, where individuals who are better off or have a higher level of education are more likely to adopt health-conscious behaviors, including a higher intake of antioxidants, which can help to improve their oxidative homeostasis and thus reduce the risk of ACM and CVM (36, 37). In addition, the interaction showed that the presence or absence of comorbid hypertensive disease in patients with T2DM affected the negative association between OBS and CVD. Previous studies have identified that hypertensive disease increases the body’s OS, inflammatory response, and vasoconstriction, and leads to structural changes in the heart and blood vessels and that these changes lead to an increased risk of cardiovascular mortality in patients with T2DM, thereby interfering with OBS (38, 39).

Our study possesses several strengths. Firstly, utilizing the nationally representative NHANES population constitutes the primary and most significant advantage. Secondly, subgroup analysis enhances the robustness of the observed relationship between OBS, ACM, and CVM in T2DM patients, underscoring the reliability of the findings regardless of other cardiovascular risk factors such as age, sex, BMI, smoking, and hypertension. Furthermore, we conducted independent investigations into the influence of lifestyle OBS and dietary OBS on the association between ACM and CVM in T2DM patients.

Our study also exhibits several limitations. Firstly, OBS was only measured at baseline, thereby precluding consideration of potential changes or fluctuations in OBS over time. Consequently, our analysis cannot address longitudinal variations in OBS. To overcome the limitation of measuring OBS only at baseline, future studies may consider prospective cohort studies in which OBS is measured at regular intervals to assess its changes over time and its long-term impact on health outcomes. Secondly, our findings cannot establish causal relationships due to the inherent nature of observational study designs. Moreover, given the intricate interplay of factors influencing the association between T2DM and all-cause and CVM, we endeavored to incorporate numerous covariates, encompassing age, sex, race, PIR, marital status, education level, smoking status, and hypertension. Nevertheless, despite adjusting for these variables, residual confounding factors may persist. Finally, this is a population-based study conducted among T2DM patients in the US. Although it includes 1,198 Mexican Americans, 1,522 Non-Hispanic Black individuals, 2,452 Non-Hispanic White individuals, 526 Other Hispanic individuals, and 421 individuals of other races, our study results may not be generalizable to other populations.




5 Conclusion

For the first time, we revealed an association between OBS, ACM, and CVM among patients with T2DM. We demonstrated that there was a linear association between OBS, ACM, and CVM.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.





Ethics statement

The studies involving humans were approved by Institutional Review Board of the Centers for Disease Control and Prevention. 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

CN: Writing – review & editing, Writing – original draft, Visualization, Validation, Software, Resources, Methodology, Investigation, Formal analysis, Data curation, Conceptualization. XW: Writing – review & editing, Writing – original draft, Visualization, Validation, Project administration, Methodology. YZ: Writing – original draft, Validation, Project administration, Methodology, Data curation. QW: Writing – original draft, Project administration, Methodology, Investigation, Conceptualization. ZC: Writing – original draft, Validation, Supervision, Software. HW: Writing – original draft, Visualization, Supervision. YC: Writing – original draft, Project administration, Methodology, Conceptualization. YL: Writing – review & editing, Project administration, Methodology, Formal analysis, Conceptualization. ZS: Writing – review & editing, Visualization, Validation, Resources, Project administration, Investigation, Conceptualization.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the National Natural Science Foundation of China (NSFC-82270848).





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.





References

1. Ali, MK, Pearson-Stuttard, J, Selvin, E, and Gregg, EW. Interpreting global trends in type 2 diabetes complications and mortality. Diabetologia. (2022) 65:3–13. doi: 10.1007/s00125-021-05585-2

2. Boyle, JP, Thompson, TJ, Gregg, EW, Barker, LE, and Williamson, DF. Projection of the year 2050 burden of diabetes in the US adult population: dynamic modeling of incidence, mortality, and prediabetes prevalence. Popul Health Metr. (2010) 8:29. doi: 10.1186/1478-7954-8-29

3. Saeedi, P, Salpea, P, Karuranga, S, Petersohn, I, Malanda, B, Gregg, EW, et al. Mortality attributable to diabetes in 20-79 years old adults, 2019 estimates: Results from the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract. (2020) 162:108086. doi: 10.1016/j.diabres.2020.108086

4. Bei, Y, Yang, T, Wang, L, Holvoet, P, Das, S, Sluijter, JPG, et al. Circular RNAs as potential theranostics in the cardiovascular system. Mol Ther Nucleic Acids. (2018) 13:407–18. doi: 10.1016/j.omtn.2018.09.022

5. Dabravolski, SA, Zhuravlev, AD, Kartuesov, AG, Borisov, EE, Sukhorukov, VN, and Orekhov, AN. Mitochondria-mediated cardiovascular benefits of sodium-glucose co-transporter 2 inhibitors. Int J Mol Sci. (2022) 23:5371. doi: 10.3390/ijms23105371

6. Scarale, MG, Mastroianno, M, Prehn, C, Copetti, M, Salvemini, L, Adamski, J, et al. Circulating metabolites associate with and improve the prediction of all-cause mortality in type 2 diabetes. Diabetes. (2022) 71:1363–70. doi: 10.2337/db22-0095

7. Xu, Z, Lei, X, Chu, W, Weng, L, Chen, C, and Ye, R. Oxidative balance score was negatively associated with the risk of metabolic syndrome, metabolic syndrome severity, and all-cause mortality of patients with metabolic syndrome. Front Endocrinol. (2023) 14:1233145. doi: 10.3389/fendo.2023.1233145

8. Golmohammadi, M, Ayremlou, P, and Zarrin, R. Higher oxidative balance score is associated with better glycemic control among Iranian adults with type-2 diabetes. Int J Vitam Nutr Res Int Z Vitam- Ernahrungsforschung J Int Vitaminol Nutr. (2021) 91:31–9. doi: 10.1024/0300-9831/a000596

9. Ilori, TO, Wang, X, Huang, M, Gutierrez, OM, Narayan, KMV, Goodman, M, et al. Oxidative balance score and the risk of end-stage renal disease and cardiovascular disease. Am J Nephrol. (2017) 45:338–45. doi: 10.1159/000464257

10. Peng, L, Li, L, Liu, J, and Li, Y. New insights into metabolic dysfunction-associated steatotic liver disease and oxidative balance score. Front Nutr. (2023) 10:1320238. doi: 10.3389/fnut.2023.1320238

11. Li, Y, and Liu, Y. Adherence to an antioxidant diet and lifestyle is associated with reduced risk of cardiovascular disease and mortality among adults with nonalcoholic fatty liver disease: evidence from NHANES 1999-2018. Front Nutr. (2024) 11:1361567. doi: 10.3389/fnut.2024.1361567

12. Liu, X, Liu, X, Wang, Y, Zeng, B, Zhu, B, and Dai, F. Association between depression and oxidative balance score: National Health and Nutrition Examination Survey (NHANES) 2005-2018. J Affect Disord. (2023) 337:57–65. doi: 10.1016/j.jad.2023.05.071

13. Lei, X, Xu, Z, and Chen, W. Association of oxidative balance score with sleep quality: NHANES 2007-2014. J Affect Disord. (2023) 339:435–42. doi: 10.1016/j.jad.2023.07.040

14. Qu, H. The association between oxidative balance score and periodontitis in adults: a population-based study. Front Nutr. (2023) 10:1138488. doi: 10.3389/fnut.2023.1138488

15. Ke, R, He, Y, and Chen, C. Association between oxidative balance score and kidney stone in United States adults: analysis from NHANES 2007-2018. Front Physiol. (2023) 14:1275750. doi: 10.3389/fphys.2023.1275750

16. Talavera-Rodriguez, I, Fernandez-Lazaro, CI, Hernández-Ruiz, Á, Hershey, MS, Galarregui, C, Sotos-Prieto, M, et al. Association between an oxidative balance score and mortality: a prospective analysis in the SUN cohort. Eur J Nutr. (2023) 62:1667–80. doi: 10.1007/s00394-023-03099-8

17. Zhang, W, Peng, S-F, Chen, L, Chen, H-M, Cheng, X-E, and Tang, Y-H. Association between the oxidative balance score and telomere length from the national health and nutrition examination survey 1999-2002. Oxid Med Cell Longev. (2022) 2022:1345071. doi: 10.1155/2022/1345071

18. Lu, Y, Wang, M, Bao, J, Chen, D, and Jiang, H. Association between oxidative balance score and metabolic syndrome and its components in US adults: a cross-sectional study from NHANES 2011-2018. Front Nutr. (2024) 11:1375060. doi: 10.3389/fnut.2024.1375060

19. Liu, Y, and Chen, M. Dietary and lifestyle oxidative balance scores are independently and jointly associated with nonalcoholic fatty liver disease: a 20 years nationally representative cross-sectional study. Front Nutr. (2023) 10:1276940. doi: 10.3389/fnut.2023.1276940

20. Zhou, D, Liu, X-C, Kenneth, L, Huang, Y-Q, and Feng, Y-Q. A non-linear association of triglyceride glycemic index with cardiovascular and all-cause mortality among patients with hypertension. Front Cardiovasc Med. (2021) 8:778038. doi: 10.3389/fcvm.2021.778038

21. Shen, G, Liu, Z, Wang, L, and Li, J. Inter-leg systolic blood pressure difference has been associated with all-cause and cardiovascular mortality: analysis of NHANES 1999-2004. BMC Public Health. (2024) 24:1071. doi: 10.1186/s12889-024-18508-8

22. Jia, S, Huo, X, Liu, L, Sun, L, and Chen, X. The predictive value of the prognostic nutritional index for all-cause mortality and cardiovascular mortality in frail population: insights from NHANES 2007-2018. J Nutr Health Aging. (2024) 28:100216. doi: 10.1016/j.jnha.2024.100216

23. 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) 21:6275. doi: 10.3390/ijms21176275

24. Hernández-Ruiz, Á, García-Villanova, B, Guerra-Hernández, EJ, Carrión-García, CJ, Amiano, P, Sánchez, M-J, et al. Oxidative balance scores (OBSs) integrating nutrient, food and lifestyle dimensions: development of the nutrientL-OBS and foodL-OBS. Antioxid Basel Switz. (2022) 11:300. doi: 10.3390/antiox11020300

25. Van Hoydonck, PGA, Temme, EHM, and Schouten, EG. A dietary oxidative balance score of vitamin C, beta-carotene and iron intakes and mortality risk in male smoking Belgians. J Nutr. (2002) 132:756–61. doi: 10.1093/jn/132.4.756

26. Hernández-Ruiz, Á, García-Villanova, B, Guerra-Hernández, E, Amiano, P, Ruiz-Canela, M, and Molina-Montes, E. A review of A priori defined oxidative balance scores relative to their components and impact on health outcomes. Nutrients. (2019) 11:774. doi: 10.3390/nu11040774

27. Son, D-H, Lee, HS, Seol, S-Y, Lee, Y-J, and Lee, J-H. Association between the oxidative balance score and incident chronic kidney disease in adults. Antioxidants. (2023) 12:335. doi: 10.3390/antiox12020335

28. Kong, SYJ, Bostick, RM, Flanders, WD, McClellan, WM, Thyagarajan, B, Gross, MD, et al. Oxidative balance score, colorectal adenoma, and markers of oxidative stress and inflammation. Cancer Epidemiol biomark Prev Publ Am Assoc Cancer Res Cosponsored Am Soc Prev Oncol. (2014) 23:545–54. doi: 10.1158/1055-9965.EPI-13-0619

29. Slattery, ML, Lundgreen, A, Welbourn, B, Wolff, RK, and Corcoran, C. Oxidative Balance and Colon and Rectal Cancer: interaction of lifestyle factors and genes. Mutat Res. (2012) 734:30–40. doi: 10.1016/j.mrfmmm.2012.04.002

30. Zhang, Q, Xiao, S, Jiao, X, and Shen, Y. The triglyceride-glucose index is a predictor for cardiovascular and all-cause mortality in CVD patients with diabetes or pre-diabetes: evidence from NHANES 2001–2018. Cardiovasc Diabetol. (2023) 22:279. doi: 10.1186/s12933-023-02030-z

31. Ding, L, Fu, B, Zhang, H, Dai, C, Zhang, A, Yu, F, et al. The impact of triglyceride glucose-body mass index on all-cause and cardiovascular mortality in elderly patients with diabetes mellitus: evidence from NHANES 2007-2016. BMC Geriatr. (2024) 24:356. doi: 10.1186/s12877-024-04992-5

32. Sies, H. Oxidative stress: a concept in redox biology and medicine. Redox Biol. (2015) 4:180–3. doi: 10.1016/j.redox.2015.01.002

33. Kwon, Y-J, Park, H-M, and Lee, J-H. Inverse association between oxidative balance score and incident type 2 diabetes mellitus. Nutrients. (2023) 15:2497. doi: 10.3390/nu15112497

34. Kong, SY, Goodman, M, Judd, S, Bostick, RM, Flanders, WD, and McClellan, W. Oxidative balance score as predictor of all-cause, cancer, and noncancer mortality in a biracial US cohort. Ann Epidemiol. (2015) 25:256–262.e1. doi: 10.1016/j.annepidem.2015.01.004

35. Mao, Z, Prizment, AE, Lazovich, D, and Bostick, RM. Associations of dietary and lifestyle oxidative balance scores with mortality risk among older women: the Iowa Women’s Health Study. Eur J Nutr. (2021) 60:3873–86. doi: 10.1007/s00394-021-02557-5

36. James, WP, Nelson, M, Ralph, A, and Leather, S. Socioeconomic determinants of health. The contribution of nutrition to inequalities in health. BMJ. (1997) 314:1545–9. doi: 10.1136/bmj.314.7093.1545

37. Kilander, L, Berglund, L, Boberg, M, Vessby, B, and Lithell, H. Education, lifestyle factors and mortality from cardiovascular disease and cancer. A 25-year follow-up of Swedish 50-year-old men. Int J Epidemiol. (2001) 30:1119–26. doi: 10.1093/ije/30.5.1119

38. Franco, C, Sciatti, E, Favero, G, Bonomini, F, Vizzardi, E, and Rezzani, R. Essential hypertension and oxidative stress: novel future perspectives. Int J Mol Sci. (2022) 23:14489. doi: 10.3390/ijms232214489

39. Zhang, Z, Zhao, L, Zhou, X, Meng, X, and Zhou, X. Role of inflammation, immunity, and oxidative stress in hypertension: New insights and potential therapeutic targets. Front Immunol. (2022) 13:1098725. doi: 10.3389/fimmu.2022.1098725




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 Ni, Wang, Zhou, Wang, Cai, Wang, Chen, Liu and Sun. 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-15-1429662-g003.jpg
0.6

P overall <0.001 P overall <0.001
P non-linear =0.237 P non-linear =0.237

OBS OBS





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Association of oxidative balance score, cardiovascular, and all-cause mortality among patients with type 2 diabetes mellitus

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Method

        

          		

            2.1 Study population

          



          		

            2.2 Exposure definitions

          



          		

            2.3 Data collection

          



          		

            2.4 Clinical outcome

          



          		

            2.5 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Baseline characteristics

          



          		

            3.2 Relationships between OBS, ACM and CVM

          



          		

            3.3 Relationships between lifestyle, dietary OBS, ACM, and CVM

          



          		

            3.4 Subgroup analysis

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Misc/fendo.2024.1429662.pdf


Frontiers in Endocrinology


OPEN ACCESS


EDITED BY


Lu Cai,
University of Louisville, United States


REVIEWED BY


Dae Young Cheon,
Hallym University Dongtan Sacred Heart
Hospital, Republic of Korea
Simina Crisan,
Victor Babes University of Medicine and
Pharmacy, Romania
Ying Zhang,
Guangdong Provincial People’s Hospital,
China


*CORRESPONDENCE


Zilin Sun


sunzilin1963@seu.edu.cn


Xiaohang Wang


wangxiaohang1234@foxmail.com


†These authors have contributed
equally to this work and share
first authorship


RECEIVED 08 May 2024
ACCEPTED 06 August 2024


PUBLISHED 20 August 2024


CITATION


Ni C, Wang X, Zhou Y, Wang Q, Cai Z,
Wang H, Chen Y, Liu Y and Sun Z (2024)
Association of oxidative balance score,
cardiovascular, and all-cause mortality among
patients with type 2 diabetes mellitus.
Front. Endocrinol. 15:1429662.
doi: 10.3389/fendo.2024.1429662


COPYRIGHT


© 2024 Ni, Wang, Zhou, Wang, Cai, Wang,
Chen, Liu and Sun. 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.


TYPE Original Research


PUBLISHED 20 August 2024


DOI 10.3389/fendo.2024.1429662

Association of oxidative balance
score, cardiovascular, and all-
cause mortality among patients
with type 2 diabetes mellitus
Chengming Ni1,2†, Xiaohang Wang3*†, Yunting Zhou4,
Qianqian Wang1,2, Zhensheng Cai1,2, Huan Wang1,2,
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Nanjing, China, 3Department of Endocrinology, The Affiliated Hospital of Yangzhou University,
Yangzhou University, Yangzhou, China, 4Department of Endocrinology, Nanjing First Hospital, Nanjing
Medical University, Nanjing, Jiangsu, China

Background: To investigate the association between oxidative balance score


(OBS), cardiovascular mortality (CVM), and all-cause mortality (ACM) in type 2


diabetes mellitus (T2DM) patients.


Methods: We included 6,119 participants with T2DM from the 2005-2020


National Health and Nutrition Examination Surveys (NHANES). The status of


CVM and ACM of participants was followed through December 31, 2019.


Multivariable Cox regression models, Kaplan-Meier curves, log-rank test,


restricted cubic spline regression, and subgroup analysis, were used to


evaluate the relationship between OBS, CVM, and ACM.


Results: During a median of 100.9 months follow-up, 1,790 ACM cases had


occurred, 508 of which were due to cardiovascular disease. The T2DM


participants were divided into four groups based on the quartiles of OBS.


Participants with Q4 tended to be younger, financially better-off, married,


highly educated, had lower alcohol consumption rates, were non-smokers,


and exhibited a lower likelihood of ACM and CVM. In multivariate Cox


regression models, compared with the patients with Q4, those with Q1 had a


30% increased risk for ACM (Q1, reference; Q4, HR: 0.70, 95%CI: 0.58-0.86) and


a 43% increased risk for CVM (Q1, reference; Q4, HR: 0.57, 95%CI: 0.36-0.88).


The restricted cubic spline regression models have no nonlinear relationship


between OBS, CVM, and ACM. Kaplan-Meier survival curves showed that patients


with Q4 had a lower risk of ACM and CVM (log-rank P < 0.05).


Conclusions: We find that ACM and CVM increase with higher OBS in T2DM


patients. Moreover, there are linear relationships between OBS, ACM, and CVM.

KEYWORDS


oxidative balance score, cardiovascular, all-cause mortality, type 2 diabetes
mellitus, dietary
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1 Introduction


Type 2 diabetes mellitus (T2DM), a chronic metabolic disorder,


has exhibited a significant growth trend globally due to changes in


lifestyle, population aging, and accelerated urbanization. The number


of adults with diabetes has increased from 108 million in 1980 to 463


million in 2019, and 90-95% of these cases are T2DM patients (1). It is


predicted that the prevalence of T2DM among adults in the United


States will reach 25-28% by 2050 (2). T2DM not only has a profound


impact on patients’ quality of life but also can trigger a series of severe


complications, posing a significant threat to patients’ health and life.


This has become one of the significant challenges in the current public


health landscape. Diabetes is a cause of one in nine deaths among


adults aged 20-79, emphasizing the crucial clinical significance of


identifying an appropriate predictor for T2DM mortality (3).


Cardiovascular disease is the principal cause of death and


morbidity among T2DM patients (4). According to statistics, the


risk of cardiovascular disease in T2DM patients is twice that of non-


diabetic patients. Atherosclerosis and heart failure are the most


common complications in T2DM patients, and they are significant


contributors to morbidity and mortality (5). Current research indicates


that circulating metabolites such as hexanoylcarnitine, tryptophan, and


kynurenine have been confirmed to be associated with and improve


the prediction of all-cause mortality (ACM) in T2DM patients (6).


Furthermore, high uric acid levels in T2DM are linked to


cardiovascular mortality (CVM). However, while these biomarkers


have improved prediction accuracy to a certain extent, their popularity


and clinical application value still require further validation.


The oxidative balance score (OBS) is a composite index based on


quantiles or categories related to dietary/lifestyle exposures (7). The


OBS measures the balance between oxidant and antioxidant


exposures, with a higher OBS indicating a dominance of antioxidant


exposure, studies have shown a correlation between OBS and the


occurrence of T2DM and cardiovascular diseases (8, 9). OBS has been


found to have a significant correlation with the incidence of non-


alcoholic fatty liver disease (NAFLD) and metabolic dysfunction-


associated fatty liver disease (MASLD) among American adults, as


well as with ACM associated with MASLD (10, 11). In addition, OBS


has been associated with depression, sleep quality, periodontitis, and


kidney disease (12–15). Another study has demonstrated that OBS is


inversely associated with ACM and CVM (16). By measuring OBS, we


can gain a deeper understanding of the pathogenesis of related


diseases, providing novel insights into their treatment and prevention.


OBS possesses a unique advantage in assessing the prevalent


oxidative stress state in T2DM. However, the current understanding


of the relationship between OBS and ACM or CVM among T2DM


is still unclear. Therefore, conducting in-depth studies to explore


the association between OBS and the prognosis of T2DM is of


significant importance and value to the research.


2 Method


2.1 Study population


The National Health and Nutrition Examination Surveys


(NHANES), a program sponsored by the Centers for Disease

Frontiers in Endocrinology 02

Control and Prevention (CDC), aims to evaluate the American


populace’s health status comprehensively. The data utilized for our


analyses were drawn from the NHANES database spanning 2005 to


2020, encompassing 116,876 participants. The Institutional Review


Board of the Centers for Disease Control and Prevention approved


the NHANES study protocol, ensuring rigorous ethical standards


were upheld. In this study, non-T2DM participants without


complete information on mortality, OBS, T2DM, weighted, and


covariates were excluded; we enrolled 6,119 participants for the final


analysis of this research (Figure 1). The survival status of


participants was followed up to December 31, 2019. Additionally,


all participants gave informed consent, indicating their voluntary


participation and understanding of the study’s objectives


and procedures.

2.2 Exposure definitions


The calculation of OBS is based on early research (13, 17, 18).


OBS was divided into 16 dietary OBS and four lifestyle OBS,


including two prooxidants and 14 antioxidants (19).


The dietary factors were classified into prooxidants (total fat


and iron) and antioxidants (b-carotene, dietary fiber, copper,


vitamin B6, vitamin B12, vitamin C, niacin, vitamin E, total


folate, vitamin B2, magnesium, calcium, zinc, and selenium)


according to the effect on oxidative stress. Lifestyle factors were


classified as prooxidants (alcohol intake, BMI, and cotinine) and


antioxidants (physical activity). Dietary OBS components were


assessed in the NHANES using 24-hour food recalls. Physical


activity, expressed as weekly metabolic equivalents (MET), was


calculated using data on leisure time activities over the past 30 days


acquired from household interviews. The primary exposure was


OBS and the primary outcomes were ACM and CVM. We used


multivariate Cox regression models to assess these relationships,


with stepwise adjustments to control for potential confounders.

FIGURE 1


Flow chart of the sample selection from NHANES 2007-2016.
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2.3 Data collection


Questionnaires were collected at baseline to obtain


demographic information, including age, personal income ratio


(PIR), body mass index (BMI), sex, race, marital status, and


education level. Additionally, personal medical history was


assessed for T2DM, hypertension, and cardiovascular disease


(CVD). Smoking status was categorized as former, current, or


never while drinking status was classified as no, moderate, or heavy.


Physical examinations included height, weight, systolic blood


pressure (SBP), and diastolic blood pressure (DBP). Blood samples


were collected after an 8-hour fast to measure fasting blood glucose


(FBG) and conduct other laboratory tests.

2.4 Clinical outcome


ACM refers to deaths occurring for any reason, including


cardiovascular disease or cerebrovascular disease, prior to


December 31, 2019. Mortality data were obtained from the


NHANES-linked mortality files covering 1999-2019. We censored


the time from enrollment (date of interview) to death. CVM was


defined using the International Classification of Diseases, Tenth


Revision codes (I00-I09, I11, I13, I20-I51). Participants who did not


have any recorded deaths during the follow-up period were


considered alive.

2.5 Statistical analysis


The data were processed by NHANES analytical guidelines (20–


22). Continuous variables were expressed as mean ± standard


deviation for normally distributed variables or median


(interquartile range) if the data were not normally distributed.


Categorical variables were presented as numbers (n) and


percentages (%). The one-way ANOVA (continuous variables


with Gaussian distribution), Kruskal-Wallis H-test (continuous


variables with non-Gaussian distribution), or chi-square tests


(Differences between groups for categorical variables) were used


to assess differences according to OBS quartiles (Q1 ≤ 13, 13<Q2 ≤


18, 18<Q3 ≤ 24, Q4>24) in groups. Multivariable Cox regression


analysis was used to estimate the adjusted hazard ratio (HR) and


95% confidence interval (95% CI) for ACM and CVM according to


OBS, lifestyle OBS, and dietary OBS. We used a multivariate Cox


regression model to estimate adjusted HRs and 95% CIs because


Cox proportional risk models are suitable for analyzing survival


data and can handle multiple covariates. Model 1 was constructed


without adjusted covariates. Model 2 adjusts for age, sex, and race.


Model 3 further adjusts PIR, marital status, education level,


smoking status, and hypertension. We performed survival


analysis using standardized Kaplan-Meier curves and the log-rank


test. The restricted cubic spline (RCS) regression model then tested


the association between OBS, ACM, and CVM. Finally, we


conducted a subgroup analysis, including age (<60 or ≥60 years),


sex (male or female), BMI (<30 or ≥30 kg/m2), smoking (former,


now or never), and hypertension (yes or no).
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Statistical significance was defined as a two-sided P-value <


0.05. R version 3.3.2 (R Foundation for Statistical Computing,


Vienna, Austria) was used for all statistical analysis.

3 Results


3.1 Baseline characteristics


During the continuous NHANES cycles from 2005 to 2020, a total


of 6,119 participants were included. Table 1 presents the baseline


characteristics of the study participants, categorized by quartiles of


OBS. The average age of the included participants was 59.06 ± 0.27


years, with 3,012 females (49.43%). Among the participants, there were


1,198 Mexican Americans (8.44%), 1,522 Non-Hispanic Black


individuals (13.89%), 2,452 Non-Hispanic White individuals (66.20%),


526 Other Hispanic individuals (5.13%), and 421 other race individuals


(6.34%). While no significant differences were observed in sex, BMI and


C-reactive protein (CRP) across the quartiles of OBS, significant


variations were found among participants in different quartiles


concerning age, PIR, race, marital status, education level, alcohol


consumption, smoking, hypertension, and CVD. Specifically, the


prevalence of CVD from the lowest to the highest quartile of the OBS


was 31.99%, 24.09%, 21.76%, and 19.72%, respectively. In addition,


participants with Q4 tended to be younger, financially better-off,


married, highly educated, have lower alcohol consumption rates, be


non-smokers, and exhibit a lower likelihood of ACM andCVM. Besides,


compared to deceased patients, survivors show higher OBS, dietary OBS,


and lifestyle OBS. More information can be found in Table 2.

3.2 Relationships between OBS, ACM
and CVM


During an average follow-up period of 100.9 months, there were


1,790 cases of ACM and 508 cases of CVM. In multivariate Cox


regression models (Table 3), patients with T2DM in Q4 showed


significantly lower risk of ACM and CVM compared with patients


in Q1. Specifically, in model 1, patients in Q4 had an HR of 0.47


(95% CI: 0.38-0.58) for ACM and 0.39 (95% CI: 0.25-0.59) for


CVM. Even after adjusting for confounders such as age, sex, race,


PIR, marital status, education level, smoking status, and


hypertension, patients in Q4 had an HR of 0.70 (95% CI: 0.58-


0.86) for ACM and 0.57 (95% CI: 0.36-0.88) for CVM.


The Kaplan-Meier curves and the log-rank test revealed


significant differences among the four groups, with the Q4 group


demonstrating a higher survival probability (Figure 2). RCS analysis


indicated a linear relationship between OBS, ACM and CVM, with


ACM and CVM increasing with higher OBS (Figure 3).

3.3 Relationships between lifestyle, dietary
OBS, ACM, and CVM


Table 4 illustrates the relationship between lifestyle, dietary


OBS, and both ACM and CVM in T2DM. As continuous variables,
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TABLE 1 Baseline characteristics of participants according to the OBS quartiles.


Overall
OBS quartiles


P value
Q1 Q2 Q3 Q4


Age, years 59.06(0.27) 59.78(0.46) 59.78(0.54) 58.91(0.45) 58.03(0.47) 0.015


Sex, n (%) 0.647


Female 3012(49.93) 788(47.98) 723(51.24) 821(50.44) 680(50.04)


Male 3107(50.07) 981(52.02) 695(48.76) 780(49.56) 651(49.96)


Race, n (%) <0.001


Mexican American 1198(8.44) 311(7.50) 287(8.83) 322(8.97) 278(8.39)


Non-Hispanic Black 1522(13.89) 591(21.24) 361(15.77) 335(11.38) 235(8.69)


Non-Hispanic White 2452(66.20) 645(60.40) 541(64.54) 668(66.64) 598(72.08)


Other Hispanic 526(5.13) 133(5.80) 132(4.84) 151(5.72) 110(4.16)


Other race 421(6.34) 89(5.06) 97(6.02) 125(7.29) 110(6.69)


PIR 2.82(0.04) 2.31(0.06) 2.63(0.06) 2.96(0.06) 3.26(0.07) <0.001


Marital status, n (%) 0.003


Separated 1901(26.42) 585(30.28) 460(26.46) 498(27.36) 358(22.07)


Married 3696(65.19) 1016(59.57) 846(65.43) 960(64.70) 874(70.34)


Never married 522(8.39) 168(10.15) 112(8.11) 143(7.93) 99(7.59)


Education level, n (%) <0.001


Below high school 1049(8.59) 393(13.52) 274(9.92) 248(7.61) 134(4.31)


High school 2514(39.38) 816(48.01) 592(41.60) 610(36.47) 496(33.21)


Above high school 2556(52.03) 560(38.47) 552(48.48) 743(55.92) 701(62.47)


Drinking status, n (%) <0.001


No 2840(39.15) 923(46.22) 683(42.27) 700(35.85) 534(33.99)


Moderate 2539(48.36) 627(40.94) 566(44.42) 712(50.77) 634(55.39)


Heavy 740(12.50) 219(12.84) 169(13.30) 189(13.38) 163(10.62)


BMI, kg/m2 33.20(0.15) 33.38(0.27) 33.10(0.25) 33.17(0.30) 33.14(0.30) 0.880


CRP 0.61(0.03) 0.74(0.06) 0.60(0.04) 0.56(0.03) 0.54(0.05) 0.050


Smoking status, n (%) <0.001


Former 2133(35.42) 616(33.22) 505(37.07) 569(35.44) 443(35.97)


Never 2990(48.27) 743(39.76) 684(46.80) 808(50.07) 755(54.90)


Now 996(16.30) 410(27.01) 229(16.13) 224(14.49) 133(9.13)


Hypertension, n (%) 0.017


No 1695(29.25) 432(25.61) 381(27.40) 459(30.36) 423(32.72)


Yes 4424(70.75) 1337(74.39) 1037(72.60) 1142(69.64) 908(67.28)


CVD <0.001


No 4534(75.91) 1188(68.01) 1062(75.91) 1219(78.24) 1065(80.28)


Yes 1585(24.08) 582(31.99) 355(24.09) 382(21.76) 266(19.72)


ACM, n (%) <0.001


No 4329(78.76) 1107(69.60) 1004(78.90) 1169(80.06) 1049(85.17)


Yes 1790(21.24) 662(30.40) 414(21.10) 432(19.94) 282(14.83)


(Continued)
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TABLE 1 Continued


Overall
OBS quartiles


P value
Q1 Q2 Q3 Q4


CVM, n (%) <0.001


No 5611(93.76) 1570(90.68) 1301(93.86) 1476(93.82) 1264(96.27)


Yes 508(6.24) 199(9.32) 117(6.14) 125(6.18) 67(3.73)

F
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OBS, oxidative balance score; CVM, cardiovascular mortality; ACM, all-cause mortality; PIR, poverty income ratio; BMI, body mass index; CRP, C-reactive protein; CVD, cardiovascular disease.
OBS quartiles: Q1 ≤ 13, 13< Q2 ≤ 18, 18 < Q3 ≤ 24, and Q4 > 24.
All values are expressed as a weighted proportion (%) or mean ± standard error.

TABLE 2 Characteristics of the study population grouped by survival status.


Overall survival non-survival P value


Age, years 59.06(0.27) 56.59(0.29) 68.21(0.38) <0.001


Sex, n (%) 0.144


Female 3012(49.94) 2213(50.52) 799(47.77)


Male 3107(50.07) 2116(49.48) 991(52.23)


Race, n (%) <0.001


Mexican American 1198(8.44) 915(9.39) 283(4.94)


Non-Hispanic Black 1522(13.89) 1104(14.21) 418(12.72)


Non-Hispanic White 2452(66.20) 1505(63.73) 947(75.36)


Other Hispanic 526(5.13) 439(5.72) 87(2.93)


Other race 421(6.34) 366(6.95) 55(4.05)


PIR 2.821(0.04) 2.946(0.04) 2.357(0.06) <0.001


Marital status, n (%) <0.001


Separated 1901(26.42) 1154(22.89) 747(39.51)


Married 3696(65.19) 2758(68.07) 938(54.53)


Never married 522(8.39) 417(9.05) 105(5.96)


Education level, n (%) <0.001


Below high school 1049(8.59) 637(6.92) 412(14.79)


High school 2514(39.38) 1680(37.54) 834(46.19)


Above high school 2556(52.03) 2012(55.54) 544(39.02)


BMI, kg/m2 33.20(0.15) 33.61(0.16) 31.68(0.31) <0.001


OBS 19.36(0.14) 19.84(0.17) 17.58(0.23) <0.001


Dietary OBS 15.96(0.14) 16.36(0.16) 14.48(0.21) <0.001


Lifestyle OBS 3.39(0.031) 3.47(0.04) 3.10(0.04) <0.001


Drinking status, n (%) <0.001


No 2840(39.15) 1762(34.65) 1078(55.83)


Moderate 2539(48.36) 1963(51.27) 576(37.57)


Heavy 740(12.50) 604(14.09) 136(6.59)


Smoking status, n (%) <0.001


Former 2133(35.42) 1372(33.52) 761(42.49)


(Continued)
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both dietary OBS and lifestyle OBS were significantly associated


with a decreased risk of ACM in T2DM (lifestyle OBS: HR = 0.91,


95% CI 0.87-0.96, P < 0.001; dietary OBS: HR = 0.98, 95% CI 0.97-


0.99, P < 0.05) and CVM (lifestyle OBS: HR = 0.89, 95% CI 0.82-


0.97, P < 0.05; dietary OBS: HR = 0.97, 95% CI 0.95-0.99, P < 0.05)


in fully adjusted Model 3.

3.4 Subgroup analysis


In patients with T2DM, those with high OBS consistently


demonstrate lower risks of ACM and CVM across different


subgroups based on age, sex, BMI, smoking, and hypertension, as


shown in Tables 5, 6. The interaction showed that the presence of
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hypertensive disorders influenced the negative association between


OBS and CVM.

4 Discussion


In this large-scale retrospective study, we identified a


significant negative correlation between OBS and both ACM


and CVM among T2DM patients, even after adjusting for


confounding factors such as age, sex, BMI, smoking, and


hypertension. Our findings suggest that higher OBS is


associated with a reduced risk of ACM and CVM. These results


underscore the importance of promoting health-conscious


behaviors, particularly in dietary and lifestyle OBS adjustment,

TABLE 2 Continued


Overall survival non-survival P value


Never 2990(48.27) 2270(51.05) 720(37.99)


Now 996(16.30) 687(15.44) 309(19.52)


Hypertension, n (%) <0.001


No 1695(29.25) 1353(32.33) 342(17.84)


Yes 4424(70.75) 2976(67.67) 1448(82.16)

PIR, poverty income ratio; BMI, body mass index; OBS, oxidative balance score.
All values are expressed as a weighted proportion (%) or mean ± standard error.

TABLE 3 Association between OBS and mortality of the T2DM population.


Model 1 Model 2 Model 3


HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value


All-cause mortality


OBS 0.96(0.95,0.97) <0.001 0.96(0.95,0.97) <0.001 0.98(0.97,0.99) <0.001


OBS quartiles


Q1 ref ref ref


Q2 0.69(0.57,0.84) <0.001 0.67(0.56,0.82) <0.001 0.74(0.61,0.89) 0.002


Q3 0.63(0.54,0.75) <0.001 0.65(0.55,0.77) <0.001 0.78(0.67,0.92) 0.003


Q4 0.47(0.38,0.58) <0.001 0.52(0.43,0.63) <0.001 0.70(0.58,0.86) <0.001


P for trend <0.001 <0.001 <0.001


Cardiovascular mortality


OBS 0.95(0.93,0.97) <0.001 0.95(0.93,0.97) <0.001 0.97(0.95,0.99) 0.003


OBS quartiles


Q1 ref ref ref


Q2 0.66(0.46,0.94) 0.023 0.64(0.45,0.90) 0.011 0.70(0.50,0.98) 0.036


Q3 0.64(0.45,0.91) 0.014 0.65(0.46,0.92) 0.016 0.78(0.56,1.09) 0.140


Q4 0.39(0.25,0.59) <0.001 0.42(0.27,0.66) <0.001 0.57(0.36,0.88) 0.011


P for trend <0.001 <0.001 0.021

Model 1: no adjusted.
Model 2: adjusted for age, sex, and race.
Model 3: further adjusted for PIR, marital status, education level, smoking status, and hypertension based on Model 2.
PIR, poverty income ratio; OBS, oxidative balance score; T2DM, diabetes mellitus; HR, hazard ratio; CI, confidence interval.
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among individuals with T2DM, potentially decreasing ACM


and CVM.


The two main features of T2DM are insulin resistance in target


tissues and a relative deficiency in insulin production by pancreatic


b-cells, and the production of reactive oxygen species (ROS) is


closely related to insulin resistance (23). The ROS production and


the antioxidant defense system imbalance lead to oxidative stress


(OS). The antioxidant defense system can also reduce ROS


accumulation, alleviating oxidative stress (24). The interplay


between pro-oxidant and antioxidant factors determines an


individual’s oxidative balance. Van Hoydonck et al. first


introduced the concept of the OBS, which comprehensively


assesses this state by considering dietary intake of vitamin C,


beta-carotene, and iron (25).


OBS is now widely used in epidemiological research to assess


the association between OS and the risk of chronic diseases (26).


Studies have found that OBS is variably associated with reduced


risks of T2DM, cardiovascular diseases, chronic kidney disease,


periodontitis, sleep disorders, colorectal adenomas, and colorectal
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cancer (8, 9, 13, 14, 27–29). OBS is also helpful in predicting clinical


outcomes and is significantly negatively correlated with all-cause,


cardiovascular, and cancer mortality (16, 26). Moreover, current


research indicates that OBS can serve as a valuable predictor of


prognosis. Early identification of high-risk T2DM patients is crucial


for improving prognosis. Existing studies suggest a U-shaped


association between the triglyceride-glucose (TyG) index and all-


cause as well as CVM in US individuals with diabetes or prediabetes


(30). Another study indicates that the TyG-BMI index in US elderly


diabetic patients is U-shapedly associated with ACM and linearly


associated with CVM (31). Physiologically, OBS may influence


health outcomes by modulating the state of OS in the body. OS is


thought to be one of the key factors in the development of diabetes


and its complications because it can damage cellular components,


including lipids, proteins, and nucleic acids (32).


Kwon et al. conducted a study involving 7,369 participants aged


40-69 years enrolled in the Korean Genome and Epidemiology


Study (33). They found that during a mean follow-up period of 13.6


years, 908 men and 880 women developed T2DM. The conclusion

FIGURE 2


Kaplan-Meier curve of the OBS group for all-cause mortality (Left) and cardiovascular mortality (Right).

FIGURE 3


Restricted cubic splines analysis between OBS, all-cause mortality (Left), and cardiovascular mortality (Right).
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drawn was that individual with high OBS had a lower risk of


developing T2DM. Previous studies have suggested the potential


role of OBS in the risk of ACM and CVM. Rodriguez et al.


conducted a prospective investigation of participants in the


Seguimiento Universidad de Navarra Study and found a negative


correlation between OBS, ACM and CVM (16). However, this study


only focused on university graduates aged 20 and above. The study


by Hoydonck et al. targeted male smokers; Kong et al. focused on


individuals at high risk of cardiovascular disease; and Mao et al.


conducted a similar study among older women in Iowa (25, 34, 35).


However, these studies did not consider the relationship between


OS and T2DM, nor did they account for the impact of OBS on this


specific population. Utilizing the NHANES database, our study
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benefits from a large amount of observational data and long-term


follow-up, taking full advantage of its inclusion of diverse racial


backgrounds, educational levels, etc., thus contributing to the


current body of research evidence.


In our results, the increase in PIR and education level from Q1


to Q4 in participants is consistent with previous studies, where


individuals who are better off or have a higher level of education


are more likely to adopt health-conscious behaviors, including a


higher intake of antioxidants, which can help to improve their


oxidative homeostasis and thus reduce the risk of ACM and CVM


(36, 37). In addition, the interaction showed that the presence or


absence of comorbid hypertensive disease in patients with T2DM


affected the negative association between OBS and CVD. Previous

TABLE 4 Association between lifestyle OBS, dietary OBS, and mortality of T2DM.


Model 1 Model 2 Model 3


HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value


All-cause mortality


Lifestyle OBS 0.92(0.88,0.97) 0.001 0.84(0.80,0.88) <0.001 0.91(0.87,0.96) <0.001


Dietary OBS 0.96(0.95,0.97) <0.001 0.97(0.96,0.98) <0.001 0.98(0.97,0.99) 0.002


Cardiovascular mortality


Lifestyle OBS 0.91(0.85,0.98) 0.016 0.82(0.76,0.89) <0.001 0.89(0.82,0.97) 0.008


Dietary OBS 0.95(0.93,0.97) <0.001 0.96(0.94,0.98) <0.001 0.97(0.95,0.99) 0.009

Model 1: no adjusted.
Model 2: adjusted for age, sex, and race.
Model 3: further adjusted for PIR, marital status, education level, smoking status, and hypertension based on Model 2.
PIR, poverty income ratio; OBS, oxidative balance score; T2DM, diabetes mellitus; HR, hazard ratio; CI, confidence interval.

TABLE 5 Subgroup analysis between OBS and ACM in T2DM population.


HR (95% CI) P value P for interaction


Age, years 0.607


≥60 0.98(0.96,0.99) <0.001


<60 0.99(0.97,1.01) 0.210


Sex 0.924


male 0.98(0.97,0.99) 0.003


female 0.98(0.96,1.00) 0.013


BMI 0.220


<30 0.98(0.97,1.00) 0.024


≥30 0.97(0.96,0.99) <0.001


Smoking 0.953


former 0.98(0.96,0.99) 0.009


now 0.97(0.95,1.00) 0.016


never 0.98(0.97,1.00) 0.015


Hypertension 0.071


yes 0.98(0.97,0.99) 0.003


no 0.96(0.94,0.99) 0.002

TABLE 6 Subgroup analysis between OBS and CVM in the
T2DM population.


HR (95% CI) P value P for interaction


Age, years 0.169


≥60 0.97(0.95,0.99) 0.005


<60 0.96(0.91,1.00) 0.044


Sex 0.518


male 0.96(0.94,0.98) 0.001


female 0.97(0.95,1.00) 0.062


BMI 0.160


<30 0.98(0.95,1.00) 0.101


≥30 0.96(0.93,0.98) 0.002


Smoking 0.173


former 0.96(0.93,0.99) 0.019


now 0.93(0.89,0.97) <0.001


never 0.99(0.96,1.01) 0.325


Hypertension 0.016


yes 0.98(0.95,1.00) 0.058


no 0.93(0.90,0.96) <0.001
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studies have identified that hypertensive disease increases the


body’s OS, inflammatory response, and vasoconstriction, and


leads to structural changes in the heart and blood vessels and


that these changes lead to an increased risk of cardiovascular


mortality in patients with T2DM, thereby interfering with OBS


(38, 39).


Our study possesses several strengths. Firstly, utilizing the


nationally representative NHANES population constitutes the


primary and most significant advantage. Secondly, subgroup


analysis enhances the robustness of the observed relationship


between OBS, ACM, and CVM in T2DM patients, underscoring


the reliability of the findings regardless of other cardiovascular risk


factors such as age, sex, BMI, smoking, and hypertension.


Furthermore, we conducted independent investigations into the


influence of lifestyle OBS and dietary OBS on the association


between ACM and CVM in T2DM patients.


Our study also exhibits several limitations. Firstly, OBS was


only measured at baseline, thereby precluding consideration of


potentia l changes or fluctuat ions in OBS over t ime.


Consequently, our analysis cannot address longitudinal


variations in OBS. To overcome the limitation of measuring


OBS only at baseline, future studies may consider prospective


cohort studies in which OBS is measured at regular intervals to


assess its changes over time and its long-term impact on health


outcomes. Secondly, our findings cannot establish causal


relationships due to the inherent nature of observational study


designs. Moreover, given the intricate interplay of factors


influencing the association between T2DM and all-cause and


CVM, we endeavored to incorporate numerous covariates,


encompassing age, sex, race, PIR, marital status, education


level, smoking status, and hypertension. Nevertheless, despite


adjusting for these variables, residual confounding factors may


persist. Finally, this is a population-based study conducted


among T2DM patients in the US. Although it includes 1,198


Mexican Americans, 1,522 Non-Hispanic Black individuals,


2,452 Non-Hispanic White individuals, 526 Other Hispanic


individuals, and 421 individuals of other races, our study


results may not be generalizable to other populations.

5 Conclusion


For the first time, we revealed an association between OBS,


ACM, and CVM among patients with T2DM. We demonstrated


that there was a linear association between OBS, ACM, and CVM.
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Age, years 0.169
=60 0.97(0.95,0.99) 0.005
<60 0.96(0.91,1.00) 0.044

Sex 0.518
male 0.96(0.94,0.98) 0.001
female 0.97(0.95,1.00) 0.062

BMI 0.160
<30 0.98(0.95,1.00) 0.101
=30 0.96(0.93,0.98) 0.002

Smoking 0.173
former 0.96(0.93,0.99) 0.019
now 0.93(0.89,0.97) <0.001
never 0.99(0.96,1.01) 0.325

Hypertension 0.016
yes 0.98(0.95,1.00) 0.058
no 0.93(0.90,0.96) <0.001
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OEBPS/Images/table2.jpg
Overall survival urvival P value
Age, years 59.06(0.27) 56.59(0.29) 68.21(0.38) <0.001
Sex, n (%) 0.144
Female 3012(49.94) 2213(50.52) 799(47.77)
Male 3107(50.07) 2116(49.48) 991(52.23)
Race, n (%) <0.001
Mexican American 1198(8.44) 915(9.39) 283(4.94)
Non-Hispanic Black 1522(13.89) 1104(14.21) 418(12.72)
Non-Hispanic White 2452(66.20) 1505(63.73) 947(75.36)
Other Hispanic 526(5.13) 439(5.72) 87(2.93)
Other race 421(6.34) 366(6.95) 55(4.05)
PIR 2.821(0.04) 2.946(0.04) 2.357(0.06) <0.001
Marital status, n (%) <0.001
Separated 1901(26.42) 1154(22.89) 747(39.51)
Married 3696(65.19) 2758(68.07) 938(54.53)
Never married 522(8.39) 417(9.05) 105(5.96)
Education level, n (%) <0.001
Below high school 1049(8.59) 637(6.92) 412(14.79)
High school 2514(39.38) 1680(37.54) 834(46.19)
Above high school 2556(52.03) 2012(55.54) 544(39.02)
BMI, kg/m* 33.20(0.15) 33.61(0.16) 31.68(0.31) <0.001
OBS 19.36(0.14) 19.84(0.17) 17.58(0.23) <0.001
Dietary OBS 15.96(0.14) 16.36(0.16) 14.48(0.21) <0.001
Lifestyle OBS 3.39(0.031) 3.47(0.04) 3.10(0.04) <0.001
Drinking status, n (%) <0.001
No 2840(39.15) 1762(34.65) 1078(55.83)
Moderate 2539(48.36) 1963(51.27) 576(37.57)
Heavy 740(12.50) 604(14.09) 136(6.59)
Smoking status, n (%) <0.001
Former 2133(35.42) 1372(33.52) 761(42.49)
Never 2990(48.27) 2270(51.05) 720(37.99)
Now 996(16.30) 687(15.44) 309(19.52)
Hypertension, n (%) <0.001
No 1695(29.25) 1353(32.33) 342(17.84)
Yes 4424(70.75) 2976(67.67) 1448(82.16)

PIR, poverty income ratio; BMI, body mass index; OBS, oxidative balance score.
All values are expressed as a weighted proportion (%) or mean + standard error.
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Model 1 Model 2 Model 3

HR (95%Cl) P value HR (95%Cl) P value HR (95%Cl) P value

All-cause mortality
Lifestyle OBS 0.92(0.88,0.97) 0.001 0.84(0.80,0.88) <0.001 0.91(0.87,0.96) <0.001

Dietary OBS 0.96(0.95,0.97) <0.001 0.97(0.96,0.98) <0.001 0.98(0.97,0.99) 0.002

Cardiovascular mortality
Lifestyle OBS 0.91(0.85,0.98) 0.016 0.82(0.76,0.89) <0.001 0.89(0.82,0.97) 0.008

Dietary OBS 0.95(0.93,0.97) <0.001 0.96(0.94,0.98) <0.001 0.97(0.95,0.99) 0.009

Model 1: no adjusted.

Model 2: adjusted for age, sex, and race.

Model 3: further adjusted for PIR, marital status, education level, smoking status, and hypertension based on Model 2.

PIR, poverty income ratio; OBS, oxidative balance score; T2DM, diabetes mellitus; HR, hazard ratio; CI, confidence interval.
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HR (95%Cl) P value HR (95%Cl) P value HR (95%Cl) P value

All-cause mortality
OBS 0.96(0.95,0.97) <0.001 0.96(0.95,0.97) <0.001 0.98(0.97,0.99) <0.001

OBS quartiles

Q1 ref ref ref

Q2 0.69(0.57,0.84) <0.001 0.67(0.56,0.82) <0.001 0.74(0.61,0.89) 0.002

Q3 0.63(0.54,0.75) <0.001 0.65(0.55,0.77) <0.001 0.78(0.67,0.92) 0.003

Q4 0.47(0.38,0.58) <0.001 ‘ 0.52(0.43,0.63) <0.001 0.70(0.58,0.86) <0.001
P for trend <0.001 ‘ <0.001 <0.001

Cardiovascular mortality
OBS 0.95(0.93,0.97) <0.001 0.95(0.93,0.97) <0.001 0.97(0.95,0.99) 0.003

OBS quartiles

Q1 ref ref ref

Q2 0.66(0.46,0.94) 0.023 0.64(0.45,0.90) 0.011 0.70(0.50,0.98) 0.036
Q3 0.64(0.45,0.91) 0.014 0.65(0.46,0.92) ‘ 0.016 0.78(0.56,1.09) 0.140
Q4 0.39(0.25,0.59) <0.001 0.42(0.27,0.66) <0.001 0.57(0.36,0.88) 0.011

P for trend <0.001 <0.001 0.021

Model 1: no adjusted.

Model 2: adjusted for age, sex, and race.

Model 3: further adjusted for PIR, marital status, education level, smoking status, and hypertension based on Model 2.

PIR, poverty income ratio; OBS, oxidative balance score; T2DM, diabetes mellitus; HR, hazard ratio; CI, confidence interval.
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OBS quartiles

Q2 (eX
Age, years 59.06(0.27) 59.78(0.46) 59.78(0.54) 58.91(0.45) 58.03(0.47) 0.015
Sex, n (%) 0.647
Female 3012(49.93) 788(47.98) 723(51.24) 821(50.44) 680(50.04)
Male 3107(50.07) 981(52.02) 695(48.76) 780(49.56) 651(49.96)
Race, n (%) | A <0.001
Mexican American 1198(8.44) 311(7.50) 287(8.83) 322(8.97) 278(8.39)
Non-Hispanic Black 1522(13.89) 591(21.24) 361(15.77) 335(11.38) 235(8.69)
Non-Hispanic White 2452(66.20) 645(60.40) 541(64.54) 668(66.64) 598(72.08)
Other Hispanic 526(5.13) 133(5.80) 132(4.84) 151(5.72) 110(4.16)
Other race 421(6.34) 89(5.06) 97(6.02) 125(7.29) 110(6.69)
PIR 2.82(0.04) 2.31(0.06) 2.63(0.06) 2.96(0.06) 3.26(0.07) <0.001
Marital status, n (%) 0.003
Separated 1901(26.42) 585(30.28) 460(26.46) 498(27.36) 358(22.07)
Married 3696(65.19) 1016(59.57) 846(65.43) 960(64.70) 874(70.34)
Never married 522(8.39) 168(10.15) 112(8.11) 143(7.93) 99(7.59)
Education level, n (%) <0.001
Below high school 1049(8.59) 393(13.52) 274(9.92) 248(7.61) 134(4.31)
High school 2514(39.38) 816(48.01) 592(41.60) 610(36.47) 496(33.21)
Above high school 2556(52.03) 560(38.47) 552(48.48) 743(55.92) 701(62.47)
Drinking status, n (%) <0.001
No 2840(39.15) 923(46.22) 683(42.27) 700(35.85) 534(33.99)
Moderate 2539(48.36) 627(40.94) 566(44.42) 712(50.77) 634(55.39)
Heavy 740(12.50) 219(12.84) 169(13.30) 189(13.38) 163(10.62)
BMI, kg/m* 33.20(0.15) 33.38(0.27) 33.10(0.25) 0 33.17(0.30) 33.14(0.30) 0.880
CRP 0.61(0.03) 0.74(0.06) 0.60(0.04) 0.56(0.03) 0.54(0.05) 0.050
Smoking status, n (%) <0.001
Former 2133(35.42) 616(33.22) 505(37.07) 569(35.44) 443(35.97)
Never 2990(48.27) 743(39.76) 684(46.80) 808(50.07) 755(54.90)
Now 996(16.30) 410(27.01) 229(16.13) 224(14.49) 133(9.13)
Hypertension, n (%) 0.017
No 1695(29.25) 432(25.61) 381(27.40) 459(30.36) 423(32.72)
Yes 4424(70.75) 1337(74.39) 1037(72.60) 1142(69.64) 908(67.28)
CVD <0.001
No 4534(75.91) 1188(68.01) 1062(75.91) 1219(78.24) 1065(80.28)
Yes 1585(24.08) 582(31.99) 355(24.09) 382(21.76) 266(19.72)
[ ACM, n (%) | <0.001
No ‘ 4329(78.76) 1107(69.60) 1004(78.90) 1169(80.06) 1049(85.17)
Yes 1790(21.24) 662(30.40) 414(21.10) 432(19.94) 282(14.83)
CVM, n (%) | [ [ | | <0.001
No 5611(93.76) 1570(90.68) 1301(93.86) 1476(93.82) 1264(96.27)
Yes 508(6.24) 199(9.32) 117(6.14) 125(6.18) 67(3.73)

OB, oxidative balance score; CVM, cardiovascular mortality; ACM, all-cause mortality; PIR, poverty income ratio; BMI, body mass index; CRP, C-reactive protein; CVD, cardiovascular disease.
OBS quartiles: Q1 < 13, 13< Q2 <18, 18 < Q3 < 24, and Q4 > 24.
All values are expressed as a weighted proportion (%) or mean + standard error.
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Sex 0.924
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BMI ‘ 0.220
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Smoking ‘ 0.953
former 0.98(0.96,0.99) 0.009
now 0.97(0.95,1.00) 0.016
never 0.98(0.97,1.00) 0.015

Hypertension 0.071
yes 0.98(0.97,0.99) 0.003
no 0.96(0.94,0.99) 0.002






