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Objective

Our study was conducted to explore the link between oxidative balance score (OBS) and rheumatoid arthritis (RA).





Methods

A total of 21,415 participants were included in our research from five cycles (2011–2012, 2013–2014, 2015–2016, 2017–2018, and 2017–2020) of the National Health and Nutrition Examination Survey (NHANES). Moreover, 20 elements related to diet as well as lifestyle were combined to calculate OBS. The relationship between OBS and RA was assessed by employing multivariable regression analysis, and further exploration was carried out through subgroup analysis, restricted cubic spline analysis, and sensitivity analysis. Multiple covariates were selected to adjust the model for more robust results.





Results

In our cross-sectional study, a higher OBS has a protective effect on the development of RA (OR = 0.98, 95% CI: 0.97 to 0.99). In contrast to individuals aged ≥60, the result is more prominent in the population aged 20–60 (OR = 0.97, 95% CI: 0.96 to 0.98). Marital status appears to introduce interference in the relationship between OBS and RA, and unmarried individuals exhibited different outcomes (OR = 1.02, 95% CI: 0.99 to 1.04) compared to others. The positive influence of OBS was more evident in patients with chronic kidney disease and cardiovascular disease, while it was stronger in individuals without diabetes and liver disease.





Conclusion

A higher OBS correlates with a reduced odd of RA. Further studies are needed to shoot more sights on improving dietary habits and lifestyles to gain proper OBS and explore whether OBS can be one of the measurements utilized to measure the risk of RA.
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1 Introduction

Rheumatoid arthritis (RA) is a prevalent inflammatory disorder impacting the joints chiefly. As an autoimmune disease, it can also lead to damage of multiple organ systems outside the joints, including the cardiovascular system, liver, kidney, and so on (1, 2). Today, RA impacts around one in every 200 adults of the global population, with a greater occurrence rate among women. However, the precise cause of RA still remains uncertain; both genetic and environmental factors may play a role in the development of this disease (3). A previous study proclaimed that elevated levels of reactive oxygen species (ROS) is intimately associated with RA. A variety of oxidants and antioxidants in the human body are bound to play their roles in RA, which provide some ideas for people to prevent it and measure or improve the quality of life of RA patients (4).

Many studies have investigated how adopting healthy eating habits can act as an efficient approach to lower the likelihood of RA. Research findings suggested that the addition of antioxidants could potentially serve as a beneficial complementary approach in reducing oxidative stress in individuals with RA, and the use of zinc and selenium supplementation has been employed for many years in the prevention of RA remission (5). However, according to some research, it seemed that the intake of some antioxidants does not improve RA (6). Different scientists have different results on the effects of alcohol on RA (7, 8), but the effects of smoking, overweight, and unhealthy lifestyle on RA seemed to be certain according to the available studies (9).

The oxidative balance score (OBS) is developed to comprehensively evaluate the oxidative and antioxidant condition in the human body. It integrates multiple nutrient diets and various lifestyles, and generally an elevated OBS indicates a reduced pro-oxidant burden (10). Currently, an increasing number of epidemiological research are trying to find the correlation between OBS and certain prevalent illnesses. Some studies found that higher OBS scores are associated with a reduced prevalence of cancers (11). Similar negative relationships can also be found in OBS with diabetes (12) and depression (13), and it appears to be more pronounced in women. According to a study by Wang et al., OBS can also be employed to measure all-cause mortality and CVD death (14).

Each individual has his own dietary habit and lifestyle, which can be either beneficial or harmful factors for RA. By selecting the data from the National Health and Nutrition Examination Survey (NHANES), we utilize the OBS scoring system to comprehensively evaluate these factors. We aim to conduct the first systematic assessment of their influence on RA and the potential implications involved. We hope that this can provide insights for future prevention, diagnosis, and treatment of RA.




2 Materials and methods



2.1 Data sources and study population

By collecting data on participants’ health, nutrition, lifestyle, and other aspects, the NHANES uses a stratified, multistage probability sampling way to evaluate the health and nutrition status of the American population (15). It is an important project that holds a significant value in understanding the health issues of the American population. From the study, 54,716 individuals were recruited from five cycles (2011–2012, 2013–2014, 2015–2016, 2017–2018, and 2017–2020) of the NHANES. We eliminated non-standard information involving (1) participants above 20 years old (n = 22,867), (2) participants who lack questionnaire information regarding RA (n = 2,440), (3) participants who lack dietary or laboratory information in the components of OBS (n = 5,746), and (4) incomplete covariates information on participants (n = 2,248). The elaborate flowchart outlining our work is displayed in Figure 1.




Figure 1 | Flow diagram of the study selection process.






2.2 Diagnosis of RA

The evaluation of RA was established through a self-report questionnaire. The questionnaire included inquiries such as “Have you ever been diagnosed with arthritis by a doctor or other health professionals?” and “What specific type of arthritis did you have?” Respondents who answered “Yes” in the first question and identified their condition as “rheumatoid arthritis” in the second question were categorized into the RA group, while individuals who expressed a negative attitude toward the first question or choose other forms of arthritis were excluded from the non-RA group.




2.3 Computation of OBS

The computation of OBS for each individual was based on information from 16 dietary and four lifestyle elements, which can also be categorized as 15 antioxidants and five pro-oxidants (Supplementary Table S1). Specific calculation standards and methods were obtained from previous articles (16). It should be noted that during the calculation process, we need to first collect the relevant data from the physical activity questionnaire (PAQ). Then, the PAQ will be converted into metabolic equivalent (MET) based on the following formula: PA (MET-min/wk) = MET × weekly frequency × duration of each PA (17). Concrete data can all be obtained from NHANES. We use the serum cotinine concentration from laboratory data in NHANES as a substitute for smoking levels (16), and data on dietary fiber, carotene, riboflavin, niacin, calcium, magnesium, zinc, total folate, vitamins (B6, B12, C, and E), copper, selenium, total fat, iron, and alcohol are in the total nutrient intake interview. BMI can also be directly selected from examination data. There are gender differences in the scoring criteria for each indicator, and the scoring for intake of oxidants and antioxidants is also different.




2.4 Covariates data

In addition to common demographic covariates involving age, sex, race, educational, marital, and family poverty–income ratio (PIR), we also obtained information on kidney, diabetes, cardiovascular disease (CVD), and liver disease via standardized questionnaires. These possible variables may also cause potential interference to our result. Age was classified into two groups (20–60 and ≥60), and PIR was segmented into three groups (≤1.3, 1.3–3.5, and >3.5), which means low, medium, and high level, respectively (18). Chronic kidney disease was explained as urine albumin/creatinine ratio >30 mg/g or estimated eGFR ≤60 mL/min/1.73 m2 (19). The diagnostic criteria for diabetes included self-reported diagnosis by a doctor and ongoing oral treatment with diabetes medication. CVD was composed of five independent questions, and any positive answer from the participants was confirmed as CVD. Liver disease was based on the self-reported questionnaire from NHANES. More detailed covariate information can be viewed in Supplementary Table S2.




2.5 Statistical analysis

Every analysis was conducted using R (version 4.3.2), and statistical significance was defined as two-tailed p <0.05. Categorical or continuous variables were separately demonstrated by mean ± standard deviation (SD) and percentage (%), and t-test or chi-square test was utilized to analyze them as well. Based on the characteristics of the participants, OBS was categorized into quantiles: quartile 1 (Q1): [3, 12], quartile 2 (Q2): (12, 18], quartile 3 (Q3): (18, 24], and quartile 4 (Q4): (24,37], and quantile 1 was chosen as the reference. Four multivariate logistic regression models were developed to assess the association between OBS and the occurrence of RA. Model 1 was a basic model for no adjustments. Model 2 was adjusted for age and sex. Model 3 included adjustments for age, sex, race, education, marital status, and PIR. Model 4 further adjusted for age, sex, race, education, marital status, PIR, CKD, diabetes, CVD, and liver disease. Odds ratio (OR) and 95% confidence interval (95% CI) were used to present the results.

Subgroup analyses were performed with the presentation of forest plots, and interaction tests were chosen to examine the relevant statistical significance. Restricted cubic splines (RCS) analysis was employed to illustrate the nonlinear correlation between OBS and RA through the value of p-nonlinear. A sensitivity analysis was performed by successively omitting each of the 20 components of OBS to examine the robustness of our findings.





3 Results



3.1 Descriptive statistics

The prevalence of RA and the characteristics of the overall 21,415 participants in the 2011–2012, 2013–2014, 2015–2016, 2017–2018, and 2017–2020 cycles of the NHANES are exhibited below. A total of 1,259 individuals were diagnosed as RA (proportion, 5.9%), and 20,156 individuals were non-RA (proportion, 94.1%). The age group of 20–60 has the largest population (proportion, 68.7%), but in contrast to the non-RA group (proportion, 29.7%), RA people aged 60 and above have a higher proportion (proportion, 57.6%). In addition, the incidence rate of CKD, diabetes, CVD, and liver diseases in the RA group is obviously higher. Overall, a significant difference can be found in RA and non-RA groups of relevant characteristics mentioned in Table 1.


Table 1 | Characteristics of participants aged 20–80 by RA in the US.



We also divided 21,415 participants into four groups according to OBS. The baseline traits of participants categorized by OBS quartiles are displayed in Supplementary Table S3. Younger individuals with higher levels of education and PIR were relatively with greater OBS. It was worth mentioning that the Q1 group exhibited the highest level of various diseases, while the Q4 group showed the lowest levels among the population.




3.2 Association of OBS with RA

After conducting a logistic regression analysis, the correlation between OBS and RA is exhibited in Table 2. A total of results consistently indicated a positive relationship between higher OBS scores and a reduction in RA risk. In the unadjusted model (model 1), with each OBS score increasing, a 4% lower odd of RA was displayed (OR = 0.96, 95% CI: 0.96 to 0.97). After adjusting all covariates, the association was slightly attenuated but still held positive statistical significance (OR = 0.98, 95% CI: 0.97 to 0.99). Comparing to Q3 and Q4 in model 1, we observed that the risk reduction was stronger in Q2, with a 5% lower odd of RA in each increment of OBS (OR = 0.95, 95% CI = 0.93 to 0.97). However, with the confounding factors adjusted gradually, the differences narrowed and displayed a 3% lower odd of RA in each increment of all quantiles in OBS.


Table 2 | Relationship between OBS and RA in the US.






3.3 Subgroup analysis

We utilized the full-adjustment model (model 4) and a conducted subgroup analysis as well as interaction tests across 10 categories, examining different age ranges, gender, race, education, marital status, PIR, and four common types of diseases. Partial outcomes including age, gender, and four diseases are presented in Figure 2. The others are shown in Supplementary Figure S1. Contrasted with elderly individuals aged ≥60 (Q4: OR = 0.97, 95% CI: 0.96 to 0.98), it was evident that the impact of OBS on RA was more prominent among younger individuals aged 20–60 (Q4: OR = 0.98, 95% CI: 0.96 to 0.99) (Figure 2A). The effect of OBS on RA appeared to be less different between male and female individuals (Figure 2B). When examining diabetes (Figure 2D) and liver disease (Figure 2F), the negative correlation in individuals with each ailment exceeded that in the healthy group. However, the CKD (Figure 2C) and CVD (Figure 2E) subgroups displayed a stronger association between OBS and RA in healthy individuals. About race, the subgroup of non-Hispanic White and other race suggested a closer and negative link among all quantiles of OBS, while non-Hispanic Black exhibited a positive correlation in Q2 (OR = 1.04, 95% CI: 1.01 to 1.08) (Supplementary Figure S1A). Participants who completed education levels above high school (Supplementary Figure S1B), are married (Supplementary Figure S1C), and have PIR ranging from 1.3 to 3.5 (Supplementary Figure S1D) all exhibit a decrease in RA risk as OBS increases in all quantiles. However, we noticed that among unmarried individuals, the increase in OBS is associated with an increase in RA risk (Supplementary Figure S1C). Statistical significance was observed in the race (p for interaction = 0.034) and marital status (p for interaction = 0.032) subgroups of OBS.




Figure 2 | Forest plot of the age subgroup (A), forest plot of the gender subgroup (B), forest plot of the CKD subgroup (C), forest plot of the diabetes subgroup (D), forest plot of the CVD subgroup (E), forest plot of the liver disease subgroup (F). *p < 0.05.






3.4 Restricted cubic spline analysis

Restricted cubic spline (RCS) analysis was chosen to investigate the nonlinear association between OBS and RA. After modifying all covariates, we found that as the OBS value increases, the incidence of RA decreases (Figure 3A). This was consistent with our research findings mentioned above. Although the overall trend remains consistent, the nonlinear relationship between OBS and RA is not significant (p-nonlinear = 0.402). We also performed RCS analysis on different age groups: 20–60 (Figure 3B) and ≥60 (Figure 3C). We observed that the younger group (p-nonlinear = 0.315) exhibits a more pronounced nonlinear relationship compared to the older group (p-nonlinear = 0.680).




Figure 3 | RCS analysis of OBS and RA (A), RCS analysis of OBS and RA with participants aged from 20 to 60 (B), and RCS analysis of OBS and RA with participants aged ≥60 (C).






3.5 Sensitivity analysis

With the model adjusted for all covariates, sensitive analysis showed that no evident changes of outcomes between OBS and RA were observed after removing any component from the OBS. This indicated that our experimental results are robust. The concrete data could be found in Supplementary Table S4.





4 Discussion

Our study has innovatively discovered that a higher OBS has a protective effect on decreasing the odds of RA among individuals aged 20 or above. Individuals in Q2 demonstrated a higher degree of association compared to those in Q1, and the results remained unchanged after all covariates have been adjusted. Compared to their counterparts, OBS exhibited a more pronounced association with RA in younger, highly educated, married, and non-Hispanic White participants. However, a high level of OBS was not conducive to reduce the incidence of RA among unmarried participants. Individuals who suffered CKD or CVD showed a closer linkage between OBS and RA, but those with diabetes or liver disease displayed a weaker connection. Through RCS, the nonlinear relationship between OBS and RA was not significant. However, after conducting the subgroup RCS based on age, it was indicated that age might be a potential factor influencing the nonlinear relationship.

The risk of RA is closely associated with oxidative stress (4, 20, 21). Diet has long been considered by scientists as a risk factor for triggering RA (5, 22), and numerous studies have confirmed that consuming foods rich in antioxidant capacity can intervene in RA through mechanisms like anti-inflammatory (23) or gutting microbiota regulation (22). However, there are still many studies that questioned this assertion (6, 24–26). According to some cohort studies, vitamins, trace elements, and some dietary supplements from daily diets could potentially prevent the occurrence of RA in the long term (27, 28). These main components were adopted into OBS so as to evaluate the comprehensive effects clearly.

There was less controversy among scientists regarding the effects of physical activity, and proper exercise greatly prevents RA or improves the quality of life of RA patients (29). However, it seemed that BMI and smoking potentially influence the risk of RA with complex interactions which needed to be taken seriously (30). The impact of alcohol consumption on RA remained fully unclear, and there might be potential relationships with the frequency of drinking and the types of alcohol consumed (31). The impact of these lifestyle factors on RA, whether positive or negative, is incorporated into the final score presented by OBS. Previous research suggested that identifying the effects of oxidative stress-related exposures on health outcomes from different people is pretty challenging because each influential factor is often weak and interrelated (32). Therefore, as a comprehensive measurement, OBS includes both pro-oxidant and antioxidant dietary and lifestyle factors and appears more reasonable to reflect the interaction of pro- and anti-oxidant factors on oxidative stress-related health outcomes (33).

A higher OBS objectively reflects higher levels of antioxidant capacity in the body (34). Our research results are consistent with the existing mainstream findings. However, we noticed that in the models where adjustments were not fully made (model 1, model 2, and model 3), the relationship between OBS and RA appeared stronger in Q2 compared to the higher levels of OBS in Q3 and Q4. This demonstrated that the confounding disease factors, including CKD, diabetes, CVD, and liver disease, had interfered in the association between OBS and RA to some extent. According to a study by Hickson et al., individuals diagnosed with RA were more likely to suffer CKD than those without RA, and the corresponding risk of mortality also increased (35). It was widely recognized that individuals with RA bear a greater burden and faced a twofold-higher risk of CVD (36), and persistent inflammation was considered as the potential mechanism (37). Most existing studies demonstrated that patients with RA were prone to get a greater odd of liver disease, especially non-alcoholic fatty liver disease (NAFLD) (38, 39). A meta-analysis pointed out that one in every three RA patients is affected by NAFLD, which is nearly equivalent to the overall prevalence rate in the general population (39). Comparatively speaking, there were more varying opinions regarding the association between RA and diabetes (40, 41). However, the consensus from most rigorously conducted studies still suggested a link between them (42).

Existing studies had shown a gender correlation between OBS and health outcomes like diabetes (12), depression (13), and even sleep quality (16). However, this was not well reflected in our subgroup analysis. Generally, RA is divided into early-onset (EORA) and late-onset (LORA) types, with the threshold typically set at 60 years of age (43). We found that the association between OBS and EORA was stronger compared to LORA, and a more significant nonlinear relationship was also found in EORA. These could be attributed to the higher prevalence of LORA (44). Elderly persons also tended to have higher inflammatory parameters and weaker adaptability to oxidative stress (45). The characteristics or behaviors of the younger population, like coffee consumption (46, 47) and sleep loss (48, 49), lead to a more complex relationship, too. Therefore, intervening in RA by improving diet and lifestyle seems to be more effective for younger individuals. However, there was no definitive conclusion in the scientific community regarding the prognosis of EORA and LORA (44). By introducing OBS, we offered a fresh perspective for future research to analyze the age effects on RA.

It was worth mentioning that the subgroup of marital status showed a significant impact in our analysis. In the unmarried group, the positive influence from OBS is not evident after adjusting some common confounding factors. A review by Manfredini et al. explained that married individuals exhibited significantly better health outcomes compared to those who were unmarried (50). Married individuals may exhibit healthier dietary habits (51) and higher levels of physical activity (52) than single ones. These factors were precisely components of OBS. Moreover, previous studies indicated that marriage can decrease the risk of RA and slow down the progression of the disease (53), and it was said that social support played an important role in it (54). However, we noticed that a study by Reese et al. stated that it was more significant to think about the degree of adjustment in a marriage rather than merely whether or not one is married (55). The positive psychological implications of a good marital status can be greatly helpful for RA patients (55, 56).

Currently, the treatment of RA mainly relies on anti-inflammatory drugs and immunomodulators (57, 58). There is indeed controversy in the scientific community regarding the efficacy of antioxidants in the treatment of RA (59, 60). Some studies suggest that antioxidants may help reduce inflammation and oxidative stress, potentially improving RA (61, 62). However, other research indicate that their effect on RA may be limited (60, 63). By utilizing OBS and integrating people’s daily diet and lifestyle, we hope to provide a new approach for the prevention, treatment, and prognosis of RA through a series of routine measures.

Our research holds some advantages, namely: (1) we have integrated data from the NHANES database over the past decade, providing a sufficient sample size and population representativeness; (2) we utilized an integrated OBS incorporating diet and lifestyle factors for RA and found a negative correlation between them, which provided a more comprehensive and objective direction for future researchers in this field; (3) we adjusted for numerous confounding factors and employed various analytical methods to demonstrate the reliability of our findings; and (4) we discovered that OBS has a more significant protective effect on younger, married individuals, while it exhibits an opposite effect on the unmarried population.

There still some disadvantages that exist in our study, namely: (1) limited by the cross-sectional study, we were unable to ascertain a causal correlation between OBS and RA; (2) OBS consists of diet component and lifestyle component—we did not separately analyze and discuss the potential mechanisms of each one; and (3) although there are differences among subgroups, these differences are not highly significant. Thus, further research are needed to corroborate our findings.




5 Conclusion

In conclusion, a protective effect was discovered between OBS and RA among participants from NHANES. This correlation was more obvious in younger as well as married individuals. In conducting a subgroup analysis of common diseases including CKD, diabetes, CVD, and liver disease, OBS presents a different extent to its impact on RA. By taking into account individual differences such as age and marital status, we hope to provide personalized approaches for the prevention of RA. As a method closer to the general public and one that is easier to calculate, OBS will be expected to offer its unique value for the diagnosis and treatment of RA in the future.





Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: NHANES.





Author contributions

YZ: Writing – original draft, Validation, Software, Methodology, Investigation, Formal analysis, Data curation. HY: Formal analysis, Writing – review & editing, Supervision, Data curation. JF: Visualization, Software, Writing – review & editing, Formal analysis. RZ: Validation, Methodology, Writing – review & editing, Software, Formal analysis. JX: Supervision, Writing – review & editing, Validation, Methodology. LL: Software, Writing – review & editing, Validation, Methodology. MD: Formal analysis, Writing – review & editing, Validation. ZL: Supervision, Software, Resources, Project administration, Methodology, Investigation, Funding acquisition, Data curation, Conceptualization, 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 the National Natural Science Foundation of China (grant number 81703189), Ningbo Natural Science Foundation (grant number 2018A610237), Natural Science Foundation of Zhejiang Province (grant numbers LY21B070002 and ZCLY24H2601), Zhejiang Province Traditional Chinese Medicine Science and Technology Plan Project (grant number 2023ZL650), and the KC Wong Magna Fund of Ningbo University.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1454594/full#supplementary-material




References

1. Smolen, JS, Aletaha, D, and McInnes, IB. Rheumatoid arthritis. Lancet. (2016) 388:2023–38. doi: 10.1016/S0140-6736(16)30173-8

2. Zhang, J, Fang, XY, Wu, J, Fan, YG, Leng, RX, Liu, B, et al. Association of combined exposure to ambient air pollutants, genetic risk, and incident rheumatoid arthritis: A prospective cohort study in the UK biobank. Environ Health Perspect. (2023) 131:37008. doi: 10.1289/EHP10710

3. Huang, J, Fu, X, Chen, X, Li, Z, Huang, Y, and Liang, C. Promising therapeutic targets for treatment of rheumatoid arthritis. Front Immunol. (2021) 12:686155. doi: 10.3389/fimmu.2021.686155

4. Quiñonez-Flores, CM, González-Chávez, SA, Del Río Nájera, D, and Pacheco-Tena, C. Oxidative stress relevance in the pathogenesis of the rheumatoid arthritis: A systematic review. BioMed Res Int. (2016) 2016:6097417. doi: 10.1155/2016/6097417

5. Gioia, C, Lucchino, B, Tarsitano, MG, Iannuccelli, C, and Di Franco, M. Dietary habits and nutrition in rheumatoid arthritis: can diet influence disease development and clinical manifestations? Nutrients. (2020) 12(5):1456. doi: 10.3390/nu12051456

6. Jalili, M, Kolahi, S, Aref-Hosseini, SR, Mamegani, ME, and Hekmatdoost, A. Beneficial role of antioxidants on clinical outcomes and erythrocyte antioxidant parameters in rheumatoid arthritis patients. Int J Prev Med. (2014) 5:835–40.

7. Cerhan, JR, Saag, KG, Criswell, LA, Merlino, LA, and Mikuls, TR. Blood transfusion, alcohol use, and anthropometric risk factors for rheumatoid arthritis in older women. J Rheumatol. (2002) 29:246–54.

8. Sundström, B, Johansson, I, and Rantapää-Dahlqvist, S. Diet and alcohol as risk factors for rheumatoid arthritis: a nested case-control study. Rheumatol Int. (2015) 35:533–9. doi: 10.1007/s00296-014-3185-x

9. de Hair, MJ, Landewé, RB, van de Sande, MG, van Schaardenburg, D, van Baarsen, LG, Gerlag, DM, et al. Smoking and overweight determine the likelihood of developing rheumatoid arthritis. Ann Rheum Dis. (2013) 72:1654–8. doi: 10.1136/annrheumdis-2012-202254

10. Hernández-Ruiz, Á, García-Villanova, B, Guerra-Hernández, EJ, Carrión-García, CJ, Amiano, P, Sánchez, MJ, et al. Oxidative balance scores (OBSs) integrating nutrient, food and lifestyle dimensions: development of the nutrientL-OBS and foodL-OBS. Antioxidants (Basel). (2022) 11(2):300. doi: 10.3390/antiox11020300

11. Kim, J, Lee, J, Choi, IJ, Kim, YI, and Kim, J. Gastric cancer risk is reduced by a predominance of antioxidant factors in the oxidative balance: a hospital-based case-control study in Korea. Epidemiol Health. (2022) 44:e2022089. doi: 10.4178/epih.e2022089

12. Wu, C, Ren, C, Song, Y, Gao, H, Pang, X, and Zhang, L. Gender-specific effects of oxidative balance score on the prevalence of diabetes in the US population from NHANES. Front Endocrinol (Lausanne). (2023) 14:1148417. doi: 10.3389/fendo.2023.1148417

13. 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

14. Wang, X, Hu, J, Liu, L, Zhang, Y, Dang, K, Cheng, L, et al. Association of dietary inflammatory index and dietary oxidative balance score with all-cause and disease-specific mortality: findings of 2003-2014 national health and nutrition examination survey. Nutrients. (2023) 15(14):3148. doi: 10.3390/nu15143148

15. Liu, J, Rehm, CD, Onopa, J, and Mozaffarian, D. Trends in diet quality among youth in the United States 1999-2016. Jama. (2020) 323:1161–74. doi: 10.1001/jama.2020.0878

16. 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

17. Liang, J, Huang, S, Jiang, N, Kakaer, A, Chen, Y, Liu, M, et al. Association between joint physical activity and dietary quality and lower risk of depression symptoms in US adults: cross-sectional NHANES study. JMIR Public Health Surveill. (2023) 9:e45776. doi: 10.2196/45776

18. Johnson, CL, Paulose-Ram, R, Ogden, CL, Carroll, MD, Kruszon-Moran, D, Dohrmann, SM, et al. National health and nutrition examination survey: analytic guidelines1999-2010. Vital Health Stat. (2013) 2:1–24.

19. Liu, M, Zhang, Z, Zhou, C, Ye, Z, He, P, Zhang, Y, et al. Predicted fat mass and lean mass in relation to all-cause and cause-specific mortality. J Cachexia Sarcopenia Muscle. (2022) 13:1064–75. doi: 10.1002/jcsm.12921

20. da Fonseca, LJS, Nunes-Souza, V, Goulart, MOF, and Rabelo, LA. Oxidative stress in rheumatoid arthritis: what the future might hold regarding novel biomarkers and add-on therapies. Oxid Med Cell Longev. (2019) 2019:7536805. doi: 10.1155/2019/7536805

21. Mapp, PI, Grootveld, MC, and Blake, DR. Hypoxia, oxidative stress and rheumatoid arthritis. Br Med Bull. (1995) 51:419–36. doi: 10.1093/oxfordjournals.bmb.a072970

22. Dourado, E, Ferro, M, Sousa Guerreiro, C, and Fonseca, JE. Diet as a modulator of intestinal microbiota in rheumatoid arthritis. Nutrients. (2020) 12(11):3504. doi: 10.3390/nu12113504

23. Sköldstam, L, Hagfors, L, and Johansson, G. An experimental study of a Mediterranean diet intervention for patients with rheumatoid arthritis. Ann Rheum Dis. (2003) 62:208–14. doi: 10.1136/ard.62.3.208

24. Keysser, G. Are there effective dietary recommendations for patients with rheumatoid arthritis? Z Rheumatol. (2001) 60:17–27. doi: 10.1007/s003930170094

25. Prescha, A, Zabłocka-Słowińska, K, Płaczkowska, S, Gorczyca, D, Łuczak, A, and Grajeta, H. Silicon intake and plasma level and their relationships with systemic redox and inflammatory markers in rheumatoid arthritis patients. Adv Clin Exp Med. (2019) 28:1485–94. doi: 10.17219/acem/105380

26. Sahebari, M, Ayati, R, Mirzaei, H, Sahebkar, A, Hejazi, S, Saghafi, M, et al. Serum trace element concentrations in rheumatoid arthritis. Biol Trace Elem Res. (2016) 171:237–45. doi: 10.1007/s12011-015-0501-6

27. Gough, KR, McCarthy, C, Read, AE, Mollin, DL, and Waters, AH. Folic-acid deficiency in rheumatoid arthritis. Br Med J. (1964) 1:212–7. doi: 10.1136/bmj.1.5377.212

28. Hu, Y, Sparks, JA, Malspeis, S, Costenbader, KH, Hu, FB, Karlson, EW, et al. Long-term dietary quality and risk of developing rheumatoid arthritis in women. Ann Rheum Dis. (2017) 76:1357–64. doi: 10.1136/annrheumdis-2016-210431

29. Metsios, GS, and Kitas, GD. Physical activity, exercise and rheumatoid arthritis: Effectiveness, mechanisms and implementation. Best Pract Res Clin Rheumatol. (2018) 32:669–82. doi: 10.1016/j.berh.2019.03.013

30. Hedström, AK, Klareskog, L, and Alfredsson, L. Interplay between obesity and smoking with regard to RA risk. RMD Open. (2019) 5:e000856. doi: 10.1136/rmdopen-2018-000856

31. Wang, J, Zhang, B, Peng, L, Wang, J, Xu, K, and Xu, P. The causal association between alcohol, smoking, coffee consumption, and the risk of arthritis: A meta-analysis of mendelian randomization studies. Nutrients. (2023) 15(23):5009. doi: 10.3390/nu15235009

32. Goodman, M, Bostick, RM, Dash, C, Flanders, WD, and Mandel, JS. Hypothesis: oxidative stress score as a combined measure of pro-oxidant and antioxidant exposures. Ann Epidemiol. (2007) 17:394–9. doi: 10.1016/j.annepidem.2007.01.034

33. Shahriarpour, Z, Nasrabadi, B, Hejri-Zarifi, S, Shariati-Bafghi, SE, Yousefian-Sanny, M, Karamati, M, et al. Oxidative balance score and risk of osteoporosis among postmenopausal Iranian women. Arch Osteoporos. (2021) 16:43. doi: 10.1007/s11657-021-00886-w

34. Dash, C, Bostick, RM, Goodman, M, Flanders, WD, Patel, R, Shah, R, et al. Oxidative balance scores and risk of incident colorectal cancer in a US prospective cohort study. Am J Epidemiol. (2015) 181:584–94. doi: 10.1093/aje/kwu318

35. Hickson, LJ, Crowson, CS, Gabriel, SE, McCarthy, JT, and Matteson, EL. Development of reduced kidney function in rheumatoid arthritis. Am J Kidney Dis. (2014) 63:206–13. doi: 10.1053/j.ajkd.2013.08.010

36. Kavadichanda, C, Shanoj, KC, Ganapathy, S, Shah, SI, Ananthakrishnan, R, Sahoo, J, et al. Factors associated with high cardiovascular risk in psoriatic arthritis and non-psoriatic spondyloarthritis. Rheumatol Int. (2022) 42:251–60. doi: 10.1007/s00296-021-05064-2

37. Kochi, M, Kohagura, K, Shiohira, Y, Iseki, K, and Ohya, Y. Inflammation as a risk of developing chronic kidney disease in rheumatoid arthritis. PloS One. (2016) 11:e0160225. doi: 10.1371/journal.pone.0160225

38. Barbarroja, N, Ruiz-Ponce, M, Cuesta-López, L, Pérez-Sánchez, C, López-Pedrera, C, Arias-de la Rosa, I, et al. Nonalcoholic fatty liver disease in inflammatory arthritis: Relationship with cardiovascular risk. Front Immunol. (2022) 13:997270. doi: 10.3389/fimmu.2022.997270

39. Zamani, M, Alizadeh-,, Chitkara, P, Singh, S, and Loomba, R. Prevalence of nonalcoholic fatty liver disease in patients with rheumatoid arthritis: A systematic review and meta-analysis. Clin Gastroenterol Hepatol. (2023) 21:2789–96. doi: 10.1016/j.cgh.2023.02.021

40. Simard, JF, and Mittleman, MA. Prevalent rheumatoid arthritis and diabetes among NHANES III participants aged 60 and older. J Rheumatol. (2007) 34:469–73.

41. Solomon, DH, Karlson, EW, Rimm, EB, Cannuscio, CC, Mandl, LA, Manson, JE, et al. Cardiovascular morbidity and mortality in women diagnosed with rheumatoid arthritis. Circulation. (2003) 107:1303–7. doi: 10.1161/01.CIR.0000054612.26458.B2

42. Nicolau, J, Lequerré, T, Bacquet, H, and Vittecoq, O. Rheumatoid arthritis, insulin resistance, and diabetes. Joint Bone Spine. (2017) 84:411–6. doi: 10.1016/j.jbspin.2016.09.001

43. Mavragani, CP, and Moutsopoulos, HM. Rheumatoid arthritis in the elderly. Exp Gerontol. (1999) 34:463–71. doi: 10.1016/S0531-5565(98)00072-2

44. Horiuchi, AC, Pereira, LHC, Kahlow, BS, Silva, MB, and Skare, TL. Rheumatoid arthritis in elderly and young patients. Rev Bras Reumatol Engl Ed. (2017) 57:491–4. doi: 10.1016/j.rbr.2015.06.005

45. Targońska-Stępniak, B, Grzechnik, K, Kolarz, K, Gągoł, D, and Majdan, M. Systemic inflammatory parameters in patients with elderly-onset rheumatoid arthritis (EORA) and young-onset rheumatoid arthritis (YORA)-an observational study. J Clin Med. (2021) 10(6):1204. doi: 10.3390/jcm10061204

46. Heliövaara, M, Aho, K, Knekt, P, Impivaara, O, Reunanen, A, and Aromaa, A. Coffee consumption, rheumatoid factor, and the risk of rheumatoid arthritis. Ann Rheum Dis. (2000) 59:631–5. doi: 10.1136/ard.59.8.631

47. Mitchell, DC, Knight, CA, Hockenberry, J, Teplansky, R, and Hartman, TJ. Beverage caffeine intakes in the U.S. Food Chem Toxicol. (2014) 63:136–42. doi: 10.1016/j.fct.2013.10.042

48. Kim, JH, Park, EC, Lee, KS, Lee, Y, Shim, S, Kim, J, et al. Association of sleep duration with rheumatoid arthritis in Korean adults: analysis of seven years of aggregated data from the Korea National Health and Nutrition Examination Survey (KNHANES). BMJ Open. (2016) 6:e011420. doi: 10.1136/bmjopen-2016-011420

49. Leproult, R, and Van Cauter, E. Role of sleep and sleep loss in hormonal release and metabolism. Endocr Dev. (2010) 17:11–21. doi: 10.1159/000262524

50. Manfredini, R, De Giorgi, A, Tiseo, R, Boari, B, Cappadona, R, Salmi, R, et al. Marital status, cardiovascular diseases, and cardiovascular risk factors: A review of the evidence. J Womens Health (Larchmt). (2017) 26:624–32. doi: 10.1089/jwh.2016.6103

51. Woo, J, Leung, SS, Ho, SC, Sham, A, Lam, TH, and Janus, ED. Influence of educational level and marital status on dietary intake, obesity and other cardiovascular risk factors in a Hong Kong Chinese population. Eur J Clin Nutr. (1999) 53:461–7. doi: 10.1038/sj.ejcn.1600777

52. Pettee, KK, Brach, JS, Kriska, AM, Boudreau, R, Richardson, CR, Colbert, LH, et al. Influence of marital status on physical activity levels among older adults. Med Sci Sports Exercise. (2006) 38(3):541–6. doi: 10.1249/01.mss.0000191346.95244.f7

53. Reisine, S. Marital status and social support in rheumatoid arthritis. Arthritis Rheum. (1993) 36:589–92. doi: 10.1002/art.1780360503

54. Ward, MM, and Leigh, JP. Marital status and the progression of functional disability in patients with rheumatoid arthritis. Arthritis Rheum. (1993) 36:581–8. doi: 10.1002/art.1780360502

55. Reese, JB, Somers, TJ, Keefe, FJ, Mosley-Williams, A, and Lumley, MA. Pain and functioning of rheumatoid arthritis patients based on marital status: is a distressed marriage preferable to no marriage? J Pain. (2010) 11:958–64. doi: 10.1016/j.jpain.2010.01.003

56. van Lankveld, W, Ruiterkamp, G, Näring, G, and de Rooij, DJ. Marital and sexual satisfaction in patients with RA and their spouses. Scand J Rheumatol. (2004) 33:405–8. doi: 10.1080/03009740410010317

57. Demoruelle, MK, and Deane, KD. Treatment strategies in early rheumatoid arthritis and prevention of rheumatoid arthritis. Curr Rheumatol Rep. (2012) 14:472–80. doi: 10.1007/s11926-012-0275-1

58. Phull, AR, Nasir, B, Haq, IU, and Kim, SJ. Oxidative stress, consequences and ROS mediated cellular signaling in rheumatoid arthritis. Chem Biol Interact. (2018) 281:121–36. doi: 10.1016/j.cbi.2017.12.024

59. Heliövaara, M, Knekt, P, Aho, K, Aaran, RK, Alfthan, G, and Aromaa, A. Serum antioxidants and risk of rheumatoid arthritis. Ann Rheum Dis. (1994) 53:51–3. doi: 10.1136/ard.53.1.51

60. Nelson, J, Sjöblom, H, Gjertsson, I, Ulven, SM, Lindqvist, HM, and Bärebring, L. Do interventions with diet or dietary supplements reduce the disease activity score in rheumatoid arthritis? A systematic review of randomized controlled trials. Nutrients. (2020) 12(10):2991. doi: 10.3390/nu12102991

61. Qamar, N, John, P, and Bhatti, A. Emerging role of selenium in treatment of rheumatoid arthritis: An insight on its antioxidant properties. J Trace Elem Med Biol. (2021) 66:126737. doi: 10.1016/j.jtemb.2021.126737

62. Zhou, X, Mi, J, and Liu, Z. Causal association of diet-derived circulating antioxidants with the risk of rheumatoid arthritis: A Mendelian randomization study. Semin Arthritis Rheum. (2022) 56:152079. doi: 10.1016/j.semarthrit.2022.152079

63. Rosenbaum, CC, O’Mathúna, DP, Chavez, M, and Shields, K. Antioxidants and antiinflammatory dietary supplements for osteoarthritis and rheumatoid arthritis. Altern Ther Health Med. (2010) 16:32–40.




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 Zhang, Yu, Fu, Zhuo, Xu, Liu, Dai and Li. 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/Text/toc.xhtml


  

    Table of Contents



    

    		Cover



  		

        Oxidative balance score and the potential for suffering rheumatoid arthritis: a cross-sectional study

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Data sources and study population

          



          		

            2.2 Diagnosis of RA

          



          		

            2.3 Computation of OBS

          



          		

            2.4 Covariates data

          



          		

            2.5 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Descriptive statistics

          



          		

            3.2 Association of OBS with RA

          



          		

            3.3 Subgroup analysis

          



          		

            3.4 Restricted cubic spline analysis

          



          		

            3.5 Sensitivity analysis

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu.2024.1454594_cover.jpg
& frontiers | Frontiers in Immunology

Oxidative balance score and the potential
for suffering rheumatoid arthritis: a cross-
sectional study





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-15-1454594-g002.jpg
108

1.056

1.05

0.95

OR

0.85

7o) 7o)

- o

o0 o O
o
wn
<
3y
@2 &
=
5 g 5
_.M 7o) = 7o) W
) © S el o=
Qo © a (= -

- N © < - N oo < - N O < o T o o - N o ¥ o — o o <
= 0 0 & 3 ¢ & O & & g & & & & 2 & & o I £ & o 6 o zZz O O O ©
= £

%}
=
swoonQ swoonQ awodnQ
(p]
=
&
o ©
D
=
a ) )
2 = >
@ @]

QAWOodINO

awoanQp

awoonQ)

1.05

0.95

0.85

OR





OEBPS/Images/table2.jpg
Model 1

OR (95% ClI)

p-value

Model 2

OR (95% Cl) p-value

Model 3

OR (95% Cl) p-value

Model 4

OR (95% CI) p-value

Continuous = 0.96 (0.96, 0.97)
Q1 1.00 (ref)

Q2 0.95 (0.93, 0.97)
Q3 0.96 (0.95, 0.97)
Q4 0.96 (0.95, 0.97)

<0.001

<0.001

<0.001

<0.001

0.97 (0.96, 0.98) <0.001
1.00 (ref)

0.95 (0.93, 0.97) <0.001
0.97 (0.95, 0.98) <0.001
0.97 (0.96, 0.98) <0.001

0.98 (0.97, 0.98) <0.001
1.00 (ref)

0.96 (0.94, 0.98) <0.001
0.97 (0.96, 0.98) <0.001
0.97 (0.96, 0.98) <0.001

0.98 (0.97, 0.99) <0.001
1.00 (ref)

0.97 (0.94, 0.99) 0.003
0.97 (0.96, 0.99) <0.001

0.97 (0.97, 0.98) <0.001

Model 1, no adjustment for covariates; model 2, adjustments for age and gender; model 3, adjustments for age, gender, race, education, marital, and PIR; model 4, adjustments for age, gender,
race, education, marital, PIR, CKD, diabetes, CVD, and liver disease.





OEBPS/Images/fimmu-15-1454594-g001.jpg
Paticipants from NHANES
2011 - 2020 (n - 54,716)

Age <20 years excluded
(n=22,867)

Paticipants 2 20 for

further exclusion
(n - 31,849)

Missing data for
rheumatoid arthritis
(n=2,440)

Paticipants with RA for

further exclusion
(n=29,409)

Missing data for
oxidative balabce score
(n-5,746)

Paticipants with concrete
OBS for further exclusion

(n=23,663)
Missing data for covariates,

including poverty, education,

liver, kidney, diabetes and

cardiovascular disease
(n-2,248)

Paticipants for final analysis
(n-21,415)






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-15-1454594-g003.jpg
A B

p—nonlinear=0.402 p—nonlinear=0.315

2.0

1.5
- =)
= QO
§ S 1.5
) O
1.0
1.0
0.5
p—nonlinear=0.680
1.6
12
-
Q
X
v
2
e
o
0.8

0.4






OEBPS/Images/table1.jpg
Characte Overall (n = 2

Age, n (%) 48.7 £ 17.4 60.2 £13.1 480 +17.4 <0.001
20-60 14,705 (68.7) 534 (42.4) 14,171 (70.3)
>60 6,710 (31.3) 725 (57.6) 5,985 (29.7)

Sex, n (%) <0.001
Male 10,432 (48.7) 549 (43.5) I 9,883 (49.0)
Female 10,983 (51.3) 710 (56.5) 10,273 (51.0)

Race, n (%) <0.001
Mexican American 2,760 (12.9) 150 (11.9) 2,610 (12.9)
Other Hispanic 2,125 (9.9) 131 (10.4) 1,994 (9.9)
Non-Hispanic White 8,413 (39.3) 445 (35.3) 7,968 (39.5)
Non-Hispanic Black 4,729 (22.1) 421 (33.4) 4,308 (21.4)
Other race 3,388 (15.8) 112 (9.0) 3,276 (16.3)

Education, n (%) <0.001
Below high school 3,937 (18.4) 328 (26.1) 3,609 (17.9)
High school 4,840 (22.6) 322 (25.6) ‘ 4,518 (22.4)
Above high school 12,638 (59.0) 609 (48.3) 12,029 (59.7)

Marital status, 7 (%) <0.001
Married/cohabiting 12,833 (59.9) 691 (54.9) 12,142 (60.2)
‘Widowed/divorced/separated 4,446 (20.8) 445 (35.3) 4,001 (19.9)
Never married 4,136 (19.3) 123 (9.8) 4,013 (19.9)

PIR, n (%) 20+08 1.8 £0.8 20£0.8 <0.001
<13 6,531 (30.5) 523 (41.5) 6,008 (29.8)
13-35 8,083 (37.7) 443 (35.2) 7,640 (37.9)
>3.5 6,801 (31.8) 293 (23.3) 6,508 (32.3)

CKD, n (%) <0.001
Yes 5,775 (27.0) 519 (41.2) 5,256 (26.1)
No 15,640 (73.0) 740 (58.8) 14,900 (73.9)

Diabetes, n (%) <0.001
Yes 2,147 (10.0) 234 (18.6) 1,913 (9.5)
No 19,268 (90.0) 1,025 (81.4) 18,243 (90.5)

CVD, n (%) <0.001
Yes 2,207 (10.3) 316 (25.1) 1,891 (9.4)
No 19,208 (89.7) 943 (74.9) 18,265 (90.6)

Liver disease, n (%) <0.001
Yes 928 (4.3) 88 (7.0) 840 (4.2)
No 20,487 (95.7) 1,171 (93.0) 19,316 (95.8)

Continuous variables were presented as mean + standard deviation (SD). Categorical variables were presented as n (%).
RA, theumatoid arthritis; PIR, family poverty-income ratio; CKD, chronic kidney disease; CVD, cardiovascular disease.





