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Abstract
Background
The Oxidative Balance Score (OBS) is employed for evaluating the body’s overall level of oxidative stress. This study aimed to investigate the association between OBS and mortality in individuals with chronic kidney disease (CKD) using a cohort study design.

Methods
We used data from adult participants(≥ 20 years old) in the National Health and Nutrition Examination Survey (NHANES) from 1999 to 2018. CKD is diagnosed based on the Kidney Disease Improving Global Outcomes (KDIGO) guidelines. OBS, which consists of 16 dietary factors and 4 lifestyle factors, categorized into pro-oxidants and antioxidants, with a total score range of 0 to 40 .The OBS was divided into four quartiles (Q1 to Q4), with Q1 (5–12), Q2 (13–18), Q3 (19–24), and Q4 (25–36). We excluded patients with missing data on OBS, CKD, and key covariates.Cox regression analysis were used to examine the relationship between OBS and all-cause mortality in CKD patients. Sensitivity analyses included subgroup analysis and multiple imputation.

Results
We included a total of 3,984 patients with CKD. During an average follow-up period of 103 months, 1,263 cases (31.7%) of all-cause mortality were recorded. In the fully adjusted model, compared to Q1 the hazard ratios (HRs) and 95% confidence intervals (CIs) for Q4 were as follows: OBS 0.80 (0.68, 0.95) (p = 0.012), dietary OBS 0.78 (0.66, 0.92) (p = 0.003), and lifestyle OBS 0.83 (0.70, 0.99) (p = 0.038). Our sensitivity analyses further confirmed the robustness of these results.

Conclusions
Higher OBS was negatively correlated with all-cause mortality risk in American adults with CKD.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s41043-024-00657-6.
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Introduction
CKD is a major worldwide health issue, placing a considerable load on public health globally. The Global Burden of Disease study in 2017 estimated that CKD was responsible for 1.2 million fatalities worldwide. Furthermore, a staggering 1.4 million fatalities were ascribed to cardiovascular ailments associated with the deterioration of kidney performance [1]. From 1990 to 2019, the ranking of CKD as a leading cause of death rose from 19th to 11th place [2]. It is predicted that CKD will rank as the fifth primary reason for global mortality by 2040 [3].
The definition of oxidative stress(OS) [4]involves the disruption of the balance between pro-oxidants and antioxidants, serving as a primary mechanism in various chronic diseases, such as CKD and atherosclerosis [5–8]. OS induces inflammation and abnormal signaling pathways, leading to damage to cell membranes, proteins, and nucleic acids, which in turn impairs tissue function and promotes disease progression [9, 10].For example, in CKD, OS-induced damage leads to mitochondrial dysfunction, exacerbating kidney injury and fibrosis [11]. In atherosclerosis, the accumulation of oxidized low-density lipoprotein (LDL) is driven by OS and is closely associated with coronary heart disease and stroke [12]. Diet and lifestyle significantly affect oxidative stress levels.Antioxidants such as vitamin C, carotenoids, magnesium, and selenium can neutralize free radicals and alleviate OS, while excessive iron intake and smoking increase free radical production, thereby worsening OS [13]. Since oxidative balance is influenced by multiple factors, the effect of any single factor often cannot fully reflect the overall balance [14]. Therefore, a comprehensive measurement of various pro-oxidants and antioxidants can provide a more accurate indicator of OS, helping to understand its impact on chronic diseases and mortality and offering effective strategies for disease prevention and management.
OBS [15] is a comprehensive indicator that reflects the overall balance of exposure to pro-oxidants and antioxidants from diet and lifestyle. Zhang et al. [16]reported that the OBS includes 16 dietary factors and 4 lifestyle factors, comprising 15 antioxidants and 5 pro-oxidants, and calculates a comprehensive score. A higher OBS indicates a greater exposure to antioxidants compared to pro-oxidants. Current evidence suggests that OBS is negatively associated with the prevalence and mortality of various diseases, such as cardiovascular disease, diabetes, metabolic syndrome and cancer [17–21].Recent studies have reported a negative correlation between OBS and the incidence of CKD [22–25]. Due to decreased antioxidant defense mechanisms and the stimulation of reactive oxygen species(ROS) release by uremic toxins [26], OS is elevated in CKD patients. These processes accelerate CKD progression and increase the risk of mortality. Therefore, it is crucial to comprehensively assess the association between OS and mortality in CKD patients.
As the association between OBS and mortality risk in adult CKD patients is currently unclear, our study used data from the NHANES in the United States to investigate the relationship between OBS and all-cause mortality risk in CKD patients.

Materials and methods
Study populations
This study was an observational cohort study based on the population, utilizing data from the NHANES. NHANES, conducted by the National Center for Health Statistics of the Centers for Disease Control and Prevention, is a recurring population-based survey conducted every two years. It evaluates the nutritional and health status of the U.S. population. The NHANES was conducted with approval from the Ethics Review Board of the National Center for Health Statistics, and written consent was obtained from all participants.
This study analyzed data from ten consecutive cycles of NHANES, spanning from 1999 to 2018. Initially, we included 55,081 adults aged 20 and above, and after excluding pregnant individuals(n = 1,547), a total of 53,534 were included in the analysis. Subsequently, we excluded patients with missing OBS calculations(n = 24,243) and CKD calculations(n = 230). After further excluding non-CKD patients (n = 24,654), a total of 4,407 CKD participants with complete OBS scores were included. We excluded participants with missing covariate data (n = 421) and those lost to follow-up (n = 2), resulting in a final sample of 3,984 adult participants (Fig. 1B).
[image: ]
Fig. 1Overview of the study design. A. OBS calculation.The total oxidative balance score(OBS) includes dietary OBS (n = 16) and lifestyle OBS (n = 4). Within the OBS components, there are 5 pro-oxidants (represented by red squares) and 15 antioxidants (represented by green squares).Scoring Scheme: Alcohol consumption: Non-drinkers: 2 points; Moderate drinkers (women: 0–15 g/day; men: 0–30 g/day): 1 point; Heavy drinkers (women ≥ 15 g/day; men ≥ 30 g/day): 0 points. Other components: These are divided into tertiles (three groups) based on sex-specific ranges.The total OBS score ranges from 0 to 40 points. B.Screening flow of participants included in the research. C. Study design



Definition of OBS
Zhang et al. established the OBS utilized in this research [16], and it had been extensively validated previously. It comprised 16 dietary factors and 4 lifestyle factors(Fig. 1A). Based on their impact on OS, these components were categorized into pro-oxidants and antioxidants. A higher OBS underscored the increasing strength of antioxidant exposure. The components of Dietary OBS comprised fiber, carotenoids, riboflavin, niacin, vitamin B6, total folate, vitamin B12, vitamin C, vitamin E, calcium, magnesium, zinc, copper, selenium, total fat, and iron. Lifestyle OBS comprised body mass index (BMI), physical activity, alcohol consumption, and cotinine. Total fat and iron intake from dietary components, as well as BMI, alcohol consumption, and cotinine from lifestyle factors, were classified as pro-oxidants, while the remaining factors were classified as antioxidants. All OBS components were divided into three groups by gender and assigned scores accordingly. Antioxidant components were scored as 0, 1, or 2, whereas pro-oxidant components were scored inversely. The total OBS score ranged from 0 to 40. Table S1 displayed the detailed scoring scheme of OBS.In this study, participants were categorized into four quartiles (Q1 to Q4) based on their total OBS scores. The specific ranges for each quartile can be found in Table S2.
Dietary intake data in NHANES from 1999 to 2002 were based on a single 24-hour, face-to-face dietary recall. Since 2003, the survey included two 24-hour dietary recall interviews, with the initial face-to-face interview followed by a telephone interview conducted 3 to 10 days later [27]. In this study, we used data from the initial dietary recall interview to assess daily dietary intake. The evaluation of every nutritional element adhered to the recommendations outlined in the Food and Nutrient Database for Dietary Studies (FNDDS) offered by the USDA [28]. Furthermore, the nutrient calculations did not take into account nutrients acquired from dietary supplements or medications. The alcohol consumption information was obtained from a 24-hour recall. Serum nicotine was utilized as a substitute for smoking since it encompasses levels of both active and passive smoking. The BMI was computed by dividing the weight by the height squared (kg/m2). METs were computed weekly using information from household interviews about leisure activities performed by individuals in the previous 30 days. For more information on data collection, please refer to previous studies [16].

Definition of CKD and outcome
The KDIGO guidelines [2] utilize estimated glomerular filtration rate (eGFR) and the urine albumin to creatinine ratio (UACR) to establish the diagnosis of CKD. Using the equation [29] from the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI), the eGFR was computed for every individual. The eGFR was divided into five categories: G1 (≥ 90 ml/min/1.73 m2); G2 (60–89 ml/min/1.73m2); G3a (45–59 ml/min/1.73 m2); G3b (30–44 ml/min/1.73m2); G4 (15–29 ml/min/1.73m2); G5 (< 15 ml/min/1.73m2). The UACR was divided into three levels: A1 (normal to mildly elevated, UACR < 30 mg/g or < 3 mg/mmol); A2 (moderately elevated, UACR 30–300 mg/g or 3–30 mg/mmol); A3 (severely elevated, UACR > 300 mg/g or > 30 mg/mmol). In this research, CKD was characterized as satisfying the requirements of UACR level A2 and eGFR level G3a or more severe.
All-cause mortality in CKD patients was the main result. Participants in the NHANES were prospectively followed from the date of enrollment until December 31, 2019. By matching various data such as social security numbers, names, birth dates, race/ethnicity, gender, birth status, and residence status, the National Center for Health Statistics (NCHS) connected the mortality records to the National Death Index (NDI).

Assessment of covariates
Based on prior research [30], the covariates in our study included age, gender, race, marital status, education level, poverty-to-income ratio (PIR), cholesterol, triglycerides, diabetes, hypertension, and cardiovascular disease (CVD). Household interviews provided demographic data, with race/ethnicity categorized as non-Hispanic white, non-Hispanic black, Mexican American, and other racial groups. Marital status included married, unmarried, cohabiting with a partner, as well as individuals who were widowed, divorced, or separated. Educational attainment was categorized as less than high school, high school diploma or equivalent, and above high school. PIR was categorized into three groups: ≤1.3, 1.3–3.5, and > 3.5. The diagnosis of hypertension was made using the criteria of having a systolic blood pressure of at least 140 mmHg or a diastolic blood pressure of at least 90 mmHg, or by self-reporting having hypertension. CVD was characterized as a self-reported identification of coronary heart disease, chest pain, stroke, heart attack, or heart failure. Diabetes was diagnosed by a doctor, based on a 2-hour oral glucose tolerance test with blood glucose levels equal to or greater than 11.1 mmol/L, random blood glucose levels equal to or greater than 11.1 mmol/L, fasting glucose levels equal to or greater than 7.0 mmol/L, glycated hemoglobin HbA1c levels above 6.5%, or the administration of diabetes medications or insulin.

Statistical analysis
Means (standard deviations) or medians (interquartile ranges, IQR) were used to present continuous variables, whereas categorical variables were described using numerical values (percentages) in the feature description. ANOVA and chi-square tests were used to analyze the variations in variable characteristics among quartiles of OBS groups. To evaluate the effect of OBS on the overall mortality in the CKD population, we utilized Cox regression analysis.OBS were treated as both continuous variables and categorical variables (quartiles).Linear trend tests were performed by treating the quartiles of OBS as a continuous variable. The analysis was conducted in three progressively adjusted models. Model 1: No adjustment for covariates to assess the basic relationship between OBS and all-cause mortality risk. Model 2: Adjusted for basic demographic variables including age, sex, race/ethnicity, and marital status, to account for their influence on the relationship between OBS and mortality risk. Model 3: Further adjusted for additional factors including PIR, education level, cholesterol, triglycerides, diabetes, hypertension, and CVD, to more comprehensively control for confounding variables and improve the accuracy of the analysis. Additionally, Kaplan-Meier survival curves were used to estimate survival across different OBS levels, and the log-rank test was applied to evaluate survival differences among the groups, providing a visual comparison of the association between OBS and all-cause mortality risk.In our final analysis, we independently investigated the relationship between dietary OBS and lifestyle OBS with all-cause mortality among individuals with CKD.
We performed the following sensitivity analysis. First, to detect potential interactions, we conducted stratified analyses based on age (< 65 years and ≥ 65 years), gender (male and female), marital status (single, non-single), education level (less than high school, high school and above), hypertension (yes and no), diabetes (yes and no), and history of CVD (yes and no). We applied weights according to the NHANES analytic guidelines and used multiple imputation methods to handle missing data, reassessing the robustness of our results.
All analyses were conducted using R, version 4.2.2 (R Project for Statistical Computing), the survey package, version 4.1-1, and Free Statistics software version 1.9.2 (Beijing FreeClinical Medical Technology Co., Ltd.). Significance was attributed to statistics with two-sided P values below 0.05.


Results
Characteristics
Table 1 presents the characteristics of adults grouped by OBS quartiles. The study included 3,984 adult individuals, with an average age of 61.3 ± 17.2 years, of which 50.9% were male. Significant variations were observed in all indicators, including age, gender, race, marital status, education level, PIR, history of CVD, diabetes, and hypertension, across OBS quartiles (all p < 0.05). Individuals in the highest OBS quartile exhibited higher PIR, a higher proportion of females, a higher proportion of non-Hispanic white individuals, higher educational attainment, a higher rate of marriage, and lower prevalence of CVD (refer to Table 1). Table S2 displayed the distribution of each OBS component across OBS quartiles, indicating that participants with higher OBS scores had increased dietary antioxidant intake and higher levels of physical activity.
Table 1Baseline characteristics by oxidative balance score quartile


	Characteristics
	Total
(N = 3984)
	oxidative balance score

	Q1
(N = 825)
	Q2
(N = 1066)
	Q3
(N = 1061)
	Q4
(N = 1032)
	P-value

	Age, Mean (SE), y
	61.3 ± 17.2
	61.9 ± 16.7
	62.3 ± 17.1
	61.2 ± 17.3
	59.9 ± 17.6
	0.011

	Sex, No. (%)
	 	 	 	 	 	< 0.001

	Male
	2026 (50.9)
	469 (56.8)
	561 (52.6)
	512 (48.3)
	484 (46.9)
	 
	Female
	1958 (49.1)
	356 (43.2)
	505 (47.4)
	549 (51.7)
	548 (53.1)
	 
	Race/ethnicity, No. (%)
	 	 	 	 	 	< 0.001

	Non-Hispanic White
	2157 (54.1)
	399 (48.4)
	547 (51.3)
	590 (55.6)
	621 (60.2)
	 
	Non-Hispanic Black
	793 (19.9)
	215 (26.1)
	238 (22.3)
	202 (19)
	138 (13.4)
	 
	Mexican American
	538 (13.5)
	113 (13.7)
	152 (14.3)
	133 (12.5)
	140 (13.6)
	 
	Other Hispanic
	232 (5.8)
	48 (5.8)
	67 (6.3)
	62 (5.8)
	55 (5.3)
	 
	Others
	264 (6.6)
	50 (6.1)
	62 (5.8)
	74 (7)
	78 (7.6)
	 
	Marital status, No. (%)
	 	 	 	 	 	0.014

	Married
	2096 (52.6)
	391 (47.4)
	575 (53.9)
	551 (51.9)
	579 (56.1)
	 
	Never married
	424 (10.6)
	99 (12)
	96 (9)
	113 (10.7)
	116 (11.2)
	 
	Living with partner
	201 (5.0)
	48 (5.8)
	50 (4.7)
	53 (5)
	50 (4.8)
	 
	Other
	1263 (31.7)
	287 (34.8)
	345 (32.4)
	344 (32.4)
	287 (27.8)
	 
	Education level, No. (%)
	 	 	 	 	 	< 0.001

	Less than high school
	1040(26.1)
	282 (34.2)
	332 (31.1)
	235 (22.1)
	191 (18.5)
	 
	High school or equivalent
	1008(25.3)
	256 (31)
	247 (23.2)
	268 (25.3)
	237 (23)
	 
	Above high school
	1936(48.6)
	287 (34.8)
	487 (45.7)
	558 (52.6)
	604 (58.5)
	 
	PIR, mean (SE)
	2.5 ± 1.6
	2.1 ± 1.4
	2.4 ± 1.5
	2.6 ± 1.5
	2.8 ± 1.6
	< 0.001

	CVD a. history, No. (%)
	 	 	 	 	 	0.003

	Yes
	931 (23.4)
	221 (26.8)
	267 (25)
	235 (22.1)
	208 (20.2)
	 
	No
	3053(76.6)
	604 (73.2)
	799 (75)
	826 (77.9)
	824 (79.8)
	 
	Hypertension, No. (%)
	 	 	 	 	 	< 0.001

	Yes
	2690 (67.5)
	591 (71.6)
	725 (68)
	725 (68.3)
	649 (62.9)
	 
	No
	1294 (32.5)
	234 (28.4)
	341 (32)
	336 (31.7)
	383 (37.1)
	 
	DM history, No. (%)
	 	 	 	 	 	0.047

	Yes
	1338 (33.6)
	297 (36)
	379(35.6)
	342 (32.2)
	320 (31)
	 
	No
	2646 (66.4)
	528 (64)
	687(64.4)
	719 (67.8)
	712 (69)
	 
	Cholesterol(mg/dL),
median (IQR)
	134.0 (91.0, 201.0)
	133.0 (92.0, 193.0)
	135.0 (96.0, 204.0)
	135.0 (91.0, 200.0)
	134.0 (86.0, 203.5)
	0.546

	Triglycerides(mg/dL),
median (IQR)
	192.0(163.8, 222.0)
	189.0 (165.0, 223.0)
	193.0 (163.0, 220.0)
	193.0 (163.0, 223.0)
	192.0 (163.0, 222.0)
	0.832


Abbreviations: CVD, Cardiovascular disease; DM, Diabetes mellitus; NHANES, National Health and Nutrition Examination Survey; PIR, Poverty Income Ratio; SE, Standard error
a. Includes congestive heart failure, coronary heart disease, angina, heart attack and stroke




Association between OBS and all-cause mortality
During an average follow-up period of 103 months, a total of 1,263 cases (31.7%) of all-cause mortality were recorded, accounting for 31.7% of the cohort. Kaplan-Meier survival curves indicated a significantly higher survival probability associated with higher OBS levels (P = 0.00029; Figure S1). This result suggests that higher OBS levels are linked to a lower risk of all-cause mortality, a finding consistently observed across all models.
Specifically, a significant negative correlation between OBS and overall mortality in CKD patients was observed in all three models (Table 2). When OBS was treated as a categorical variable, all models demonstrated a gradual decrease in CKD all-cause mortality risk with increasing OBS quartiles (P value for trend < 0.05). In the fully adjusted model, compared to the Q1 (reference group), Q4 had a 20% reduction in the risk of overall mortality (HR = 0.80, 95% CI 0.68–0.95, p = 0.012). In Model 3, the highest groups (Q4) for dietary OBS and lifestyle OBS were associated with a 22% (HR = 0.78, 95% CI 0.66–0.92, p = 0.003) and 17% (HR = 0.83, 95% CI 0.70–0.99, p = 0.038) reduction in CKD all-cause mortality, respectively (Table 3).
Table 2Association of OBS with all-cause mortality in CKD in 1999–2018 NHANES


	 	Model 1
	Model 2
	Model 3

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

	OBS score

	 	0.98 (0.98 ~ 0.99)
	< 0.001
	0.98 (0.97 ~ 0.99)
	< 0.001
	0.99 (0.98 ~ 1)
	0.007

	OBS Quartile

	Q1
	Ref
	 	Ref
	 	Ref
	 
	Q2
	0.96 (0.83 ~ 1.12)
	0.635
	0.87 (0.74 ~ 1.01)
	0.064
	0.88 (0.75 ~ 1.03)
	0.103

	Q3
	0.83 (0.71 ~ 0.97)
	0.017
	0.8 (0.69 ~ 0.94)
	0.007
	0.88 (0.75 ~ 1.03)
	0.117

	Q4
	0.73 (0.62 ~ 0.86)
	< 0.001
	0.72 (0.61 ~ 0.85)
	< 0.001
	0.8 (0.68 ~ 0.95)
	0.012

	P for trend
	 	< 0.001
	 	< 0.001
	 	0.019


OBS, oxidative balance score; HR, hazard ratio; CI, confidence interval; Q: quartile. CVD, cardiovascular disease
Model 1 was an unadjusted model. Model 2 adjusted for age, sex, race and marital status. Model 3: Model 2 + PIR, education level, Cholesterol, Triglycerides, diabetes, hypertension, and CVD



Table 3Association of dietary/lifestyle OBS with all-cause mortality in CKD in 1999–2018 NHANES


	 	Model 1
	Model 2
	Model 3

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

	Dietary OBS Quartile

	Q1
	Ref
	 	Ref
	 	Ref
	 
	Q2
	0.89 (0.76 ~ 1.03)
	0.116
	0.83 (0.71 ~ 0.96)
	0.015
	0.84 (0.72 ~ 0.98)
	0.026

	Q3
	0.81 (0.7 ~ 0.94)
	0.005
	0.83 (0.72 ~ 0.97)
	0.016
	0.9 (0.77 ~ 1.04)
	0.162

	Q4
	0.63 (0.54 ~ 0.74)
	< 0.001
	0.7 (0.6 ~ 0.83)
	< 0.001
	0.78 (0.66 ~ 0.92)
	0.003

	P for trend
	< 0.001
	 	< 0.001
	 	0.011

	Lifestyle OBS Quartile

	Q1
	Ref
	 	Ref
	 	Ref
	 
	Q2
	1.14 (0.94 ~ 1.38)
	0.178
	0.85 (0.7 ~ 1.03)
	0.096
	0.87 (0.72 ~ 1.06)
	0.162

	Q3
	1.21 (1.01 ~ 1.45)
	0.038
	0.75 (0.63 ~ 0.9)
	0.002
	0.78 (0.65 ~ 0.93)
	0.007

	Q4
	1.38 (1.16 ~ 1.64)
	< 0.001
	0.77 (0.65 ~ 0.92)
	0.004
	0.83 (0.7 ~ 0.99)
	0.038

	P for trend
	< 0.001
	 	0.005
	 	0.056


OBS, oxidative balance score; HR, hazard ratio; CI, confidence interval; Q: quartile. CVD, cardiovascular disease
Model 1 was an unadjusted model. Model 2 adjusted for age, sex, race and marital status. Model 3: Model 2 + PIR, education level, Cholesterol, Triglycerides, diabetes, hypertension, and CVD




Sensitivity analyses
In order to examine if the correlation between OBS and the likelihood of CKD all-cause death remained consistent among different subcategories, we conducted stratified analyses. The P-values of the interaction were greater than 0.05 for all subgroups (age, gender, marital status, education, diabetes, hypertension, and CVD), suggesting that the findings of our study remained consistent across all subgroups (Table 4). Multiple imputation and NHANES weighting indicated that OBS, dietary OBS, and lifestyle OBS remained inversely associated with the risk of all-cause mortality in CKD patients, demonstrating robust results (Tables S3 and S4).
Table 4Subgroup analysis of the associations between OBS and all-cause mortality in CKD in 1999–2018 NHANES


	Stratification
	Q1
	Q2
	Q3
	Q4
	P for interaction

	Age group
	 	 	 	 	 
	<65
	Ref
	0.92 (0.66 ~ 1.28)
	0.96 (0.68 ~ 1.35)
	0.57(0.38 ~ 0.86)
	0.055

	≥65
	Ref
	0.84 (0.71 ~ 1.01)
	0.81 (0.68 ~ 0.98)
	0.84(0.69 ~ 1.01)
	 
	Gender
	 	 	 	 	 
	Male
	Ref
	0.89 (0.73 ~ 1.09)
	0.98 (0.79 ~ 1.21)
	0.82 (0.66 ~ 1.03)
	0.607

	Female
	Ref
	0.89 (0.69 ~ 1.15)
	0.81 (0.63 ~ 1.04)
	0.82 (0.63 ~ 1.07)
	 
	Education level
	 	 	 	 	 
	less than high school
	Ref
	0.84(0.65 ~ 1.07)
	0.88 (0.66 ~ 1.15)
	0.77 (0.56 ~ 1.05)
	0.881

	high school or above
	Ref
	0.90 (0.74 ~ 1.11)
	0.88 (0.71 ~ 1.07)
	0.81 (0.66 ~ 1.01)
	 
	Marital status
	 	 	 	 	 
	No-single
	Ref
	0.77(0.62 ~ 0.96)
	0.76 (0.61 ~ 0.95)
	0.74 (0.58 ~ 0.95)
	0.214

	Single
	Ref
	1.03 (0.83 ~ 1.29)
	1.07 (0.84 ~ 1.35)
	0.89 (0.71 ~ 1.14)
	 
	Hypertension
	 	 	 	 	 
	Yes
	Ref
	0.93 (0.78 ~ 1.1)
	0.91 (0.76 ~ 1.09)
	0.84 (0.69 ~ 1.01)
	0.521

	No
	Ref
	0.7 (0.49 ~ 1.01)
	0.79 (0.54 ~ 1.15)
	0.71 (0.48 ~ 1.06)
	 
	DM
	 	 	 	 	 
	Yes
	Ref
	0.94 (0.73 ~ 1.2)
	1.09 (0.83 ~ 1.42)
	0.97 (0.73 ~ 1.29)
	0.204

	No
	Ref
	0.86 (0.71 ~ 1.05)
	0.76 (0.62 ~ 0.93)
	0.72 (0.58 ~ 0.89)
	 
	CVD
	 	 	 	 	0.142

	Yes
	Ref
	0.76 (0.59 ~ 0.98)
	0.85 (0.65 ~ 1.12)
	0.69 (0.52 ~ 0.92)
	 
	No
	Ref
	0.99 (0.82 ~ 1.22)
	0.92 (0.75 ~ 1.13)
	0.89 (0.72 ~ 1.1)
	 

Data are presented as HR (95% CI). Adjusted for age, sex, race, marital status age, gender, education level, PIR, Cholesterol, Triglycerides, diabetes, hypertension, and CVD. CKD, chronic kidney disease; CVD, cardiovascular disease; DM, Diabetes mellitus; OBS, oxidative balance score





Discussion
To the best of our understanding, this study conducted as a cohort study was the initial evaluation of the correlation between OBS relying on NHANES information and overall mortality in individuals with CKD. This study confirmed that individuals with CKD who exhibited higher OBS levels experienced a reduced risk of mortality from all causes. Furthermore, the risk of all-cause mortality among individuals with CKD was independently linked to dietary and lifestyle OBS. Subgroup analyses and sensitivity analyses further confirmed the robustness of the overall study findings.
An imbalance between the components that prevent and promote oxidation leads to oxidative stress, which is a complex process influenced by multiple factors. Numerous studies have identified oxidative stress as a key factor in the progression of various diseases, such as CKD, Non-Alcoholic Fatty Liver Disease, and CVD [10, 31]. It has been demonstrated that lifestyle factors and dietary choices are associated with levels of oxidative stress and are significantly related to disease progression and mortality risk. Higher dietary fiber intake was associated with a reduced risk of cardiovascular diseases [32]. Dietary components such as vitamins C, D, E, and zinc exhibited anti-inflammatory and antioxidant properties, modulated immunity, and were beneficial for preventing infectious diseases like COVID-19 [33, 34]. Smoking and lack of physical activity were significantly associated with an increased risk of CVD [35]. Notably, dietary factors and lifestyle habits often coexist, with exposures to pro-oxidants or antioxidants potentially counteracting or cooperating with each other, complicating the determination of individual factors’ effects on disease risk [15].Therefore, a comprehensive measurement of various pro-oxidants and antioxidants can provide a more accurate overall oxidative stress indicator.
OBS is a more comprehensive approach that integrates various dietary and lifestyle factors into a single score to assess overall oxidative balance. Studies have shown that higher OBS levels are significantly associated with a reduced risk of metabolic-associated fatty liver disease (MASLD) [36]and cardiovascular disease (CVD) [37]. Moreover, adopting a healthy diet and lifestyle that increases OBS has been found to help prevent CKD [23]. Therefore, OBS has garnered increasing attention from researchers, not only as a screening tool for predicting chronic disease risk but also as a useful instrument for public health education to promote healthy diets and lifestyle habits in the prevention of chronic diseases. However, there are still relatively few studies examining the association between OBS and the risk of death from specific diseases. Previous studies [18, 38] have reported an association between OBS and all-cause mortality risk, but these studies were limited to specific populations such as elderly women or those at high risk of CVD, and did not comprehensively include all relevant factors. Additionally, some researchers [20, 21]have reported a negative association between OBS and all-cause mortality in populations with diabetes or metabolic syndrome. Given that CKD patients are particularly vulnerable to oxidative stress damage, exploring the association between OBS and mortality risk in this group is of significant clinical and public health importance.
Our study demonstrated that elevated OBS levels were linked to reduced all-cause mortality risk among CKD individuals. Separate analyses of dietary and lifestyle OBS confirmed this association consistently. Previous studies have shown that antioxidant-rich foods and a healthy lifestyle have long been demonstrated to have potential in delaying CKD progression and reducing CKD mortality risk [39–43]. However, the underlying biological mechanisms of this association remain unclear.The kidneys are rich in mitochondria, making them vulnerable to ROS attacks, leading to oxidative stress damage. High levels of oxidative stress may lead to nucleic acid oxidation damage, insulin resistance, impaired endothelial function, and promote vascular calcification, exacerbating CKD progression and cardiovascular complications, thereby increasing mortality risk [44].Additionally, oxidative stress can promote the release of inflammatory mediators, cell apoptosis, and fibrosis, accelerating kidney damage and loss of function. Moreover, CKD patients typically exhibit impaired antioxidant defense systems.On one hand, dietary restrictions on fruits and vegetables lead to reduced levels of vitamins C and E; on the other hand, vitamin C and selenium levels are lost during dialysis, and the function of glutathione (GSH) clearance mechanisms diminishes [45]. Finally, sedentary lifestyles and reduced physical activity are common among CKD patients and can also impact the clearance of reactive oxygen species [46].Therefore, we hypothesize that the association between OBS and reduced mortality risk in CKD patients may be related to higher antioxidant capacity, which could have a protective effect on kidney health. This finding provides a preliminary theoretical basis for the potential role of enhanced antioxidant capacity in improving CKD prognosis and suggests possible directions for research on lifestyle and dietary interventions. However, further studies are needed to explore the causal relationship of this association and its practical applications in clinical interventions.
Limitation
This study has several limitations. Firstly, the reliance on self-reported dietary data may lead to recall bias, which could affect the accuracy of OBS calculations and subsequent analyses. Additionally, excluding participants with missing OBS or CKD data could lead to selection bias, potentially impacting the generalizability of the findings. However, we used multiple imputation methods to minimize such errors to the greatest extent.Secondly, because NHANES is cross-sectional data, it is not possible to infer causal relationships between OBS levels and CKD mortality risk. Additionally, since the NHANES survey primarily targets the general U.S. population and does not include hospitalized or institutionalized individuals (such as nursing home residents), caution should be exercised when generalizing the results to other populations and clinical settings. Fourth, although we used the widely recognized KDIGO guidelines to define CKD, the generalizability of the findings to populations using different CKD criteria should still be considered. Finally, despite extensive adjustments for known confounding factors, there may still be unmeasured or residual confounders, such as cultural differences in diet and lifestyle, which could influence the relationship between OBS and all-cause mortality. Therefore, the study results should be interpreted with caution.


Conclusion
This study reveals a significant negative correlation between higher OBS levels and all-cause mortality among adult CKD patients in the United States. These findings suggest that better oxidative balance may be associated with a lower risk of mortality, indicating that oxidative balance could have an important role in CKD risk management. Future research should focus on determining causal relationships and exploring potential mechanisms, including broader populations and longitudinal data, to confirm these findings.
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