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Stroke is the second leading cause of death globally. Oxidative stress plays a critical role in the 
development of stroke. The Oxidative Balance Score (OBS) is a tool used to assess the combined 
impact of diet and lifestyle on the body’s antioxidant capacity. The study included stroke survivors 
from the National Health and Nutrition Examination Survey (1999–2018), with a total of 1,781 
participants and a median follow-up duration of 6.5 years, during which 786 participants (39.59%) 
died. The relationship between OBS and all-cause mortality was assessed using the Cox proportional 
hazards model. The results indicated that individuals in higher OBS quartiles had lower mortality rates. 
Specifically, patients in the fourth quartile had a 41% reduced risk of all-cause mortality compared 
to those in the first quartile (HR = 0.59, 95% CI = 0.42–0.84, p = 0.003). Restricted cubic spline analysis 
revealed a linear inverse relationship between OBS and all-cause mortality. Subgroup analysis further 
demonstrated that the inverse association persisted across various population subgroups. Overall, our 
study suggests that higher levels of OBS can reduce the risk of all-cause mortality in stroke survivors 
and provides new evidence for their diet and lifestyle.
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Stroke is an acute cerebrovascular disease clinically characterized by a sudden onset and rapid development 
of localized or diffuse neurological deficits1. Stroke is a disease with high incidence, disability, and mortality 
rates, making it the second leading cause of death worldwide2. Research indicates that in 2019, approximately 
12.2 million stroke cases occurred globally, leading to 6.6 million deaths, with over 101 million people having a 
history of stroke3. Furthermore, cohort study indicates that the average age of adults hospitalized due to a first-
time stroke is 73 years4. The life expectancy of patients with acute stroke is approximately 5.5 years shorter than 
that of the general population4. Stroke has become a major global public health challenge, and researchers are 
continuously striving to improve outcomes by studying its risk factors.

The pathophysiology of stroke is extremely complex, and as research advances, growing evidence suggests that 
the occurrence and progression of stroke involve various pathophysiological processes such as excitotoxicity5, 
oxidative stress6, mitochondrial dysfunction7, inflammatory responses8, and blood-brain barrier damage9. 
Despite significant progress in understanding the underlying mechanisms of stroke, current pharmacological 
interventions and treatments still have limitations10. Oxidative stress is considered a key driver of aging 
and various chronic diseases, including stroke. Studies have shown that the balance between oxidation and 
antioxidant systems in the body is crucial for lifespan, when oxidative stress levels increase, they may lead to cell 
damage, DNA mutations, and protein dysfunction, thereby accelerating tissue aging and shortening lifespan11.
Given the critical role of oxidative stress in stroke and lifespan, increasing attention has been directed toward 
enhancing the body’s antioxidant capacity to improve stroke outcomes12.

Traditional methods of measuring oxidative stress typically rely on single biomarkers, such as 8-hydroxy2’-
deoxyguanosine (8-OHdG)13 and malondialdehyde(MDA)14, to assess oxidative stress levels. These methods 
often only reflect short-term oxidative stress and may be influenced by individual differences and environmental 
factors. Furthermore, many traditional methods require invasive blood sampling. Due to the limitations of 
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traditional methods for measuring oxidative stress and the urgent need for a new measurement approach, 
the Oxidative Balance Score (OBS) was developed. The OBS consists of 20 components, calculated based on 
the antioxidant and pro-oxidant components in diet and lifestyle, serving as a comprehensive indicator for 
evaluating an individual’s redox balance15. Generally, a higher OBS value indicates stronger antioxidant activity, 
while a lower OBS value suggests greater pro-oxidant activity. Compared to traditional measurement methods, 
the OBS provides a more accurate reflection of an individual’s long-term oxidative stress levels by considering 
long-term lifestyle and dietary patterns. Moreover, since the OBS does not involve invasive procedures, it is 
particularly suitable for long-term monitoring and repeated measurements. The OBS has been widely used to 
assess relationships with other chronic diseases, including metabolic-associated fatty liver disease16, cancer17, 
and depression18. Recent studies indicate that a higher OBS is associated with a lower risk of mortality in the 
general population19.However, research on the relationship between OBS and stroke remains limited.

The National Health and Nutrition Examination Survey (NHANES) is a national, multi-stage, large-scale 
study organized by the National Center for Health Statistics (NCHS), primarily collecting data on the nutrition 
and health of the U.S. population.

Therefore, this study utilizes data from the NHANES to evaluate the relationship between OBS and all-cause 
mortality among stroke survivors in the United States.

Materials and methods
The National Health and Nutrition Examination Survey (NHANES), sponsored by the National Center for 
Health Statistics (NCHS), is a nationally representative survey designed to assess the health and nutritional 
status of the U.S. population. NHANES employs a complex, stratified, multistage sampling design to ensure the 
selection of a representative sample from the population. Data collection methods include structured household 
interviews, mobile examination center visits, and laboratory tests.

Study design and population
Data were extracted from NHANES, covering ten cycles from 1999 to 2018. The exclusion criteria in this 
study were as follows: (1) participants with incomplete stroke data (n = 46,311); (2) participants without a 
diagnosed stroke (n = 52,740); (3) participants with missing information on other relevant variables (n = 483); 
(4) participants without follow-up data (n = 1). Finally, 1,781 participants were included in our study (Fig. 1). We 
used the deletion method to handle missing data.

Definition of stroke
Stroke was determined based on self-reported prior diagnoses by a physician during face-to-face interviews. 
Individuals who responded affirmatively to the question, “Has a doctor or other health professional ever told 
you that you had a stroke?” were considered to have had a stroke. The diagnosis of such questionnaire-based 
self-reported illnesses has been shown to have good agreement and has been widely used in NHANES-related 
epidemiologic studies20,21.

Evaluation of oxidative balance score22

The calculation of the OBS is based on 16 dietary nutrients and 4 lifestyle factors, including 15 antioxidant 
components and 5 pro-oxidant components. These 16 nutrients were derived from the first dietary recall 
interview and include dietary fiber, carotenoids, riboflavin, niacin, vitamin B6, total folate, vitamin B12, vitamin 
C, vitamin E, calcium, magnesium, zinc, copper, selenium, total fat, and iron. The 4 lifestyle factors are physical 
activity, body mass index (BMI), alcohol consumption, and smoking, with the level of smoking evaluated based 
on cotinine levels. The 15 antioxidant components include dietary fiber, carotenoids, riboflavin, niacin, vitamin 
B6, total folate, vitamin B12, vitamin C, vitamin E, calcium, magnesium, zinc, copper, selenium, and physical 
activity. The 5 pro-oxidant components include total fat, iron, body mass index, alcohol consumption, and 
cotinine, while the remaining factors are classified as antioxidant factors. Each component is stratified by sex and 
scored based on tertiles. For antioxidant components, the scores are assigned as 0, 1, and 2 for the lowest, middle, 
and highest tertiles, respectively. In contrast, the scores for pro-oxidant components are inversely related to their 
tertiles, with the highest tertile receiving 0 points and the lowest tertile receiving 2 points. The overall OBS is the 
sum of the scores of each component, with a total score range of 3 to 36. The specific distribution criteria of OBS 
components are in Supplementary Table S123.

Assessment of mortality
To determine the mortality status in the follow-up population, we utilized the NHANES public-use linked 
mortality file, updated as of December 31, 2019. This file underwent linkage with the National Death Index 
(NDI) by the NCHS using a probability matching algorithm20,24.

Covariates
In this study, we considered several covariates which could potentially confound the outcomes16,25. These 
variables encompassed demographic characteristics, dietary confounding factors, and risk factors associated 
with stroke. The demographic characteristics included (1) age; (2) sex (male and female); (3) race (Mexican 
American, White, Black, and other races); and (4) education level (below high school, high school, and more 
than high school). Dietary confounding factors consisted of total energy intake and Healthy Eating Index-2015 
score (HEI-2015 score)26 to eliminate the effect of energy intake and diet quality. As for the risk factors related 
to stroke, we accounted for diabetes (yes/no), hypertension (yes/no), and hyperlipidemia (yes/no). Additionally, 
BMI was also adjusted for in the analysis to ensure their influence on the outcomes was appropriately considered. 
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Details of all these variables, including measurement methods, questionnaire data, and variables list, are available 
on the official NHANES website (www.cdc.gov/nchs/nhanes/).

Statistical analyses
To ensure that the data are representative of the U.S. population, we applied the weights recommended by 
the NCHS. Baseline characteristics were represented by the quartiles of the OBS. Continuous variables were 
expressed as mean ± standard deviation, and categorical variables as frequency and percentage. Continuous 
variables were compared using analysis of variance (ANOVA), and categorical variables were compared using 
chi-square tests. We used multivariable Cox regression models to assess the relationship between OBS and all-
cause mortality, with results presented as regression coefficients and 95% confidence intervals (CIs). The original 
model was unadjusted, and Model 1 adjusted for age, gender, race, and education level. The original model was 
unadjusted, and Model 1 adjusted for age, gender, race, and education level. Model 2 further adjusted for energy 
intake and the 2015 Healthy Eating Index (HEI-2015) on top of Model (1) Model 3 further adjusted for BMI, 
diabetes, hypertension, and hyperlipidemia on top of Model (2) To compare survival probabilities, we performed 
Kaplan-Meier (KM) survival analysis. To visually depict the relationship between OBS and all-cause mortality 
in stroke survivors, we constructed a restricted cubic spline (RCS) model based on the fully adjusted model. 
Furthermore, we conducted subgroup analyses based on the fully adjusted model to explore the relationship 
between OBS and all-cause mortality across different subgroups. A p-value of less than 0.05 was considered 
statistically significant. All analyses were performed using R software, version 4.2.4.

Results
Baseline characteristics of the study population
Table  1 provides a comprehensive overview of the survey-weighted characteristics of the study population, 
showing the baseline characteristics of participants based on OBS quartiles. A total of 1,781 stroke survivors 
were included in the study, of whom 893 (56.32%) were female, and 905 (69.84%) were non-Hispanic white, 
with a mean age of 63.71 years. During a median follow-up of 6.5 years (interquartile range = 37–124 months), 
786 participants (39.59%) died. Significant differences (p < 0.05) were observed across OBS quartiles in terms 
of age (p = 0.01), race (p < 0.0001), education level (p < 0.0001), BMI (p = 0.02), total energy intake (p < 0.0001), 

Fig. 1.  Flow chart of individual inclusion and exclusion.
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and HEI-2015 score (p < 0.0001). Compared to participants with lower OBS scores (Q1), those with higher 
OBS scores exhibited higher total energy intake, higher HEI-2015 score, and lower BMI. These high-scoring 
participants tended to be non-Hispanic whites with higher education levels. There were significant differences in 
all-cause mortality across OBS quartiles, with higher OBS scores associated with lower mortality rates.

Associations between OBS and all-cause mortality
Table 2 shows the results of the Cox regression analysis assessing the relationship between OBS and all-cause 
mortality in stroke survivors. As a continuous variable, in the unadjusted model, each one-unit increase in 
OBS was associated with a 2% reduction in all-cause mortality (hazard ratios (HR) = 0.98, 95% CI = 0.97–0.99, 
p = 0.004). After multivariable adjustments, the results remained robust and statistically significant in Model 
1 (HR = 0.98, 95% CI = 0.97–0.99, p = 0.001), Model 2 (HR = 0.98, 95% CI = 0.97–0.99, p = 0.01), and Model 3 
(HR = 0.98, 95% CI = 0.97–0.99, p = 0.004). As a quartile variable, in the model3 adjusting for all covariates, 
compared with participants inQ1, multivariate HRs for all-cause mortality were 0.70(95% CI = 0.55–0.89, 
p = 0.004) for Q2, 0.75(95% CI = 0.58–0.96, p = 0.02)for Q3, and 0.59(95% CI = 0.58–0.96, p = 0.003)for Q4 (p for 
trend = 0.007).

The Kaplan-Meier survival curves based on OBS quartiles are shown in Fig. 2. The Kaplan-Meier analysis 
revealed significant differences in all-cause mortality across different OBS levels (p = 0.002). Participants with 
higher OBS scores had significantly improved survival rates compared to those with lower OBS scores. Moreover, 
we used the RCS model to divide the data into smaller intervals to effectively evaluate the nonlinear relationships 
(Fig. 3). This model revealed a linear relationship between OBS and all-cause mortality (p = 0.0038).

Variable Total

Q1(n = 448) Q2(n = 475) Q3(n = 472) Q4(n = 386)

p-Value[0–9] (9–15] (15–22] (22–35]

Age(year) 63.71(0.58) 61.67(1.11) 65.99(0.92) 64.23(0.88) 62.71(1.21) 0.01

Energy (kcal) 1833.51(32.42) 1456.71(49.09) 1480.52(63.71) 1886.95(36.03) 2403.39(75.54) < 0.0001

HEI-2015 score 49.85(0.43) 44.47(0.84) 47.43(0.65) 51.16(0.76) 55.01(1.04) < 0.0001

BMI, n (%) 0.02

<25 433(24.91) 99(26.55) 95(17.95) 119(24.30) 120(30.60)

>=25 1348(75.09) 349(73.45) 380(82.05) 353(75.70) 266(69.40)

Sex, n (%) 0.45

Female 893(56.32) 205(52.11) 239(58.43) 239(55.10) 210(59.07)

Male 888(43.68) 243(47.89) 236(41.57) 233(44.90) 176(40.93)

Race, n (%) < 0.0001

Black 468(15.60) 165(23.62) 125(15.29) 108(14.54) 70(10.57)

Mexican 203(4.68) 52(6.00) 63(4.74) 46(5.16) 42(3.07)

Other 205(9.88) 55(12.79) 52(9.03) 61(10.81) 37(7.31)

White 905(69.84) 176(57.60) 235(70.94) 257(69.49) 237(79.04)

Educational level, 
n (%) < 0.0001

Below high school 661(28.44) 216(40.83) 186(33.04) 160(24.03) 99(18.94)

High School 468(30.82) 111(26.61) 129(33.17) 118(31.56) 110(31.28)

More than high school 652(40.74) 121(32.56) 160(33.79) 194(44.41) 177(49.79)

Status, n (%) 0.02

Alive 995(60.41) 241(59.59) 254(55.38) 261(58.05) 239(68.16)

Death 786(39.59) 207(40.41) 221(44.62) 211(41.95) 147(31.84)

DM, n (%) 0.30

No 1079(64.27) 263(61.90) 285(62.89) 279(62.73) 252(69.07)

Yes 702(35.73) 185(38.10) 190(37.11) 193(37.27) 134(30.93)

Hypertension, n (%) 0.32

No 332(23.47) 80(27.00) 83(19.25) 89(23.03) 80(24.98)

Yes 1449(76.53) 368(73.00) 392(80.75) 383(76.97) 306(75.02)

Hyperlipidemia, n (%) 0.15

No 288(16.86) 88(22.16) 70(15.40) 64(14.36) 66(16.60)

Yes 1493(83.14) 360(77.84) 405(84.60) 408(85.64) 320(83.40)

Table 1.  Baseline characteristics stratified by the OBS quartiles(Q). Continuous variables [presented as 
mean ± standard deviation], categorical variables [presented as percentages]. BMI = body mass index; 
OBS = Oxidative Balance Score; HEI-2015 score = Healthy Eating Index-2015 score; DM = diabetes mellitus.
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Subgroup analyses
Subgroup analyses were stratified by age, sex, race, education level, diabetes, hypertension, and hyperlipidemia. 
When treating OBS as a continuous variable, the association between OBS and all-cause mortality remained 
consistent and reliable, with no significant interactions, as shown in the forest plot in Fig.  4. A statistically 
significant negative association between OBS and all-cause mortality was observed in participants over 60 years 
old (HR = 0.98, 95% CI = 0.96–0.99), females (HR = 0.97, 95% CI = 0.95–0.99), non-Hispanic white participants 
(HR = 0.97, 95% CI = 0.96–0.99), Mexican participants (HR = 0.96, 95% CI = 0.92–1.00), participants with below 
high school education (HR = 0.98, 95% CI = 0.96–1.00), participants with diabetes (HR = 0.97, 95% CI = 0.95–
1.00), participants with hypertension (HR = 0.98, 95% CI = 0.96–0.99), and participants with hyperlipidemia 
(HR = 0.98, 95% CI = 0.96–0.99).

Discussion
In this study, by analyzing a representative sample of stroke survivors from the NHANES database, we found 
that the OBS was negatively correlated with all-cause mortality. Patients in the highest OBS quartile had a 
significantly lower risk of all-cause mortality compared to those in the lowest quartile. To our knowledge, this 
is the first study to explore the relationship between OBS and all-cause mortality in stroke survivors. In view 

Fig. 2.  Kaplan-Meier analysis of the effect of different OBS levels on all-cause mortality demonstrating 
differences in survival probabilities.

 

Crude model Model 1 Model 2 Model 3

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

All-cause 
mortality

Continuous 0.98(0.97,0.99) 0.004 0.98(0.97,0.99) 0.001 0.98(0.97,0.99) 0.01 0.98(0.97,0.99) 0.004

Quartiles

Q1 ref ref ref ref

Q2 1.12(0.88,1.43) 0.37 0.69(0.54,0.88) 0.003 0.70(0.54,0.89) 0.004 0.70(0.55,0.89) 0.004

Q3 0.95(0.72,1.25) 0.71 0.72(0.56,0.93) 0.01 0.75(0.58,0.96) 0.02 0.75(0.58,0.96) 0.02

Q4 0.66(0.46,0.95) 0.02 0.58(0.43,0.78) < 0.001 0.61(0.44,0.85) 0.003 0.59(0.42,0.84) 0.003

p for trend 0.008 0.002 0.009 0.007

Table 2.  Association of OBS with all-cause in American stroke populations. Data are presented as hazard 
ratios, 95% confidence intervals, and P-value. Crude model: adjusted for none. Model 1: adjusted for age, sex, 
education level and race. Model 2: adjusted for age, sex, education level, race, total energy intake, hei-2015 
score. Model 3: adjusted for age, sex, education level, race, total energy intake, hei-2015 score, BMI, diabetes, 
Hypertension, Hyperlipidemia. OBS = oxidative balance score, HR = hazard ratios

 

Scientific Reports |         (2025) 15:7628 5| https://doi.org/10.1038/s41598-025-91721-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


of the negative correlation between OBS and all-cause mortality, improving OBS of stroke survivors may be a 
promising intervention goal. In the future, we can consider using dietary antioxidants or making personalized 
lifestyle adjustment programs to improve patients’ OBS scores, thus improving their survival rate and quality of 
life.

Our study found that in the unadjusted model, for each additional unit of OBS is associated with a 2% 
reduction in the all-cause mortality rate among stroke survivors. This suggests that a higher OBS is associated 

Fig. 4.  Subgroup analysis of association of OBS with all-cause mortality. The results were adjusted for all 
covariates except the corresponding stratification variable.

 

Fig. 3.  RCS shows the relationship between OBS and all-cause mortality. Red line and red transparent area 
represent HR and 95% CI, respectively. HRs (95% CI) were adjusted based on Model 3.
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with a lower all-cause mortality rate, indicating its potential significance and positive impact in preventing all-
cause mortality among stroke survivors.

In our study, the average age of stroke survivors was greater than 60 years, which is consistent with the 
findings of other studies27. Additionally, our study revealed that older stroke survivors had poorer prognoses. 
This may be related to the increased likelihood of complications in elderly individuals following a stroke. 
Furthermore, we also observed that the inclusion of different confounding factors (models 1, 2, and 3) did not 
significantly affect the results in our study. Possible reasons include firstly, although these confounding factors 
are generally associated with outcomes in stroke survivors, their impact on the results in this study may be 
relatively small; secondly, there may be strong correlations among these confounding factors, which makes it 
difficult to distinguish their independent effects, thereby preventing any significant impact on the results.

Stroke is the second leading cause of death worldwide, following ischemic heart disease2. However, current 
pharmacological treatments for stroke still have certain limitations10. In contrast, oxidative stress treatment 
is considered a potentially effective strategy for preventing and treating stroke, with significant clinical 
prospects. In terms of diet, unhealthy dietary habits, such as high cholesterol and high-fat diets, can exacerbate 
chronic inflammation and promote stroke development21. Conversely, high-quality dietary patterns, such as 
the Mediterranean diet and the DASH diet (Dietary Approaches to Stop Hypertension), have been shown to 
have protective effects against stroke28–30. The Mediterranean diet has been extensively studied for its role in 
stroke prevention. This diet is characterized by the consumption of a variety of fruits, vegetables, and whole 
grains, along with legumes, nuts, low-fat dairy, olive oil, and fish, while limiting the intake of red meat, salt, and 
carbohydrates31. A case-control study conducted in Iran found that adherence to the MIND diet was inversely 
associated with stroke incidence32. In additional, study has shown that increasing the intake of antioxidant 
bioactive compounds, such as vitamin A, vitamin C, and carotenoids, helps improve stroke prognosis12,29,33. 
This is consistent with our findings. Moreover, numerous studies have shown that physical activity is inversely 
associated with stroke risk. This association is observed not only in individuals who engage in vigorous physical 
activity but also in those who maintain light to moderate levels of exercise. To put it simply, different types, 
frequencies, and intensities of physical activity can provide significant benefits in the prevention and treatment 
of stroke34,35. Conversely, pro-oxidant factors such as smoking increase the production of ROS. Studies have 
shown that smoking reduces the generation of nitric oxide and elevates oxidative stress levels, leading to 
endothelial dysfunction and promoting the early development of atherosclerosis36. This is consistent with our 
findings. In our study, the comprehensive inclusion of antioxidants and pro-oxidants from dietary and lifestyle 
sources enables a more thorough and complete assessment of oxidative stress through the OBS.

Under physiological conditions, a balance exists between the production of reactive oxygen species (ROS) 
and cellular antioxidant defense mechanisms37. When this balance is disrupted, leading to an overproduction 
of ROS, which in turn activates pathways such as IKK/NF-KB, JNK/SAPK, and PI3-K38,39.Although the exact 
mechanisms linking OBS with the mortality risk of stroke survivors are not fully understood, current research 
has revealed several potential biological pathways: (1) ROS promote cell proliferation by activating signaling 
pathways such as MAPK and NF-κB and enhance cancer cell survival by inhibiting apoptosis. Additionally, ROS 
can alter the tumor microenvironment, promoting tumor angiogenesis, inflammatory responses, and immune 
escape, all key drivers of tumor progression40. (2) ROS oxidize low-density lipoprotein (LDL) to form oxidized 
LDL (ox-LDL), which is then ingested by macrophages and converted into foam cells, promoting the formation 
of atherosclerotic plaques; oxidative stress further damages vascular endothelial cells, inhibits nitric oxide 
synthesis, and impairs vasodilation, thereby increasing the risk of hypertension41. (3) ROS damage pancreatic 
β-cells, inhibiting their insulin secretion function, leading to insulin deficiency and accelerating the onset of 
diabetes. Furthermore, oxidative stress is closely related to the formation of insulin resistance. ROS interfere 
with insulin receptor signaling, reducing cellular sensitivity to insulin and exacerbating metabolic abnormalities 
in diabetes. ROS also induce inflammatory responses and promote cell apoptosis, causing vascular dysfunction 
and tissue hypoxia, which in turn lead to diabetic complications, especially microvascular damage, such as 
diabetic retinopathy and nephropathy42. (4) ROS are associated with the loss of synaptic function and protein 
aggregation in neurons, and ROS-induced neuronal damage accelerates the progression of neurodegenerative 
diseases, resulting in a gradual decline in cognitive and motor functions43. (5) ROS accumulation is considered 
a primary driver of cellular aging and organ function deterioration, as it accelerates telomere shortening, leading 
to cellular senescence and a decline in tissue regenerative capacity44.

Our study has several strengths. First, this is the first large-scale observational study aimed at evaluating 
the relationship between OBS and all-cause mortality in stroke survivors. Second, we extensively adjusted 
for a variety of potential confounders, including demographic variables, dietary confounding factors, and 
comorbidities, and further confirmed the robustness of our results through subgroup analysis. Lastly, our study 
is based on a nationwide epidemiological survey, and we employed appropriate weighting methods to ensure 
that the sample is representative and reflects the characteristics of the general population, thereby ensuring the 
representativeness and generalizability of our findings.

This study has some notable limitations. Firstly, the study population primarily consists of Americans, which 
may limit the applicability of the results to different ethnicities and living environments. Further research is 
needed to validate whether our main findings are applicable to other countries. Secondly, the definition of stroke 
in NHANES relies on self-reported questionnaires rather than specific imaging examinations, which may limit 
the accuracy of stroke diagnosis. Therefore, future research should aim to reduce such biases by using more 
accurate stroke diagnostic methods, such as clinical evaluation or imaging confirmation. Thirdly, although we 
adjusted for various potential confounders, there are still some unknown factors that we could not control for. 
Therefore, prospective randomized controlled trials are needed in the future to validate our findings further.
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Conclusion
In summary, we found a negative correlation between OBS and all-cause mortality in stroke survivors (based 
on self-reports to define the occurrence of stroke). A higher OBS score indicates greater exposure to antioxidant 
factors relative to pro-oxidant factors in diet and lifestyle, which is associated with lower all-cause mortality. Our 
study provides new evidence for the diet and lifestyle of stroke survivors. Furthermore, future longitudinal or 
interventional studies are needed to further validate and expand our findings.

Data availability
Publicly available datasets were analyzed in this study. This data can be found here: ​h​t​t​p​s​:​/​/​w​w​w​.​c​d​c​.​g​o​v​/​n​c​h​s​/​
n​h​a​n​e​s​/​i​n​d​e​x​.​h​t​m​.​​
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