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Abstract

Purpose—We previously proposed an oxidative balance score (OBS) that combines pro- and 

anti-oxidant exposures to represent the overall oxidative balance status of an individual. In this 

study, we investigated associations of the OBS with all-cause and cause-specific mortality, and 

explored alternative OBS weighting methods in the Reasons for Geographic and Racial 

Differences in Stroke (REGARDS) Study cohort.

Methods—The OBS was calculated by combining information from 14 a priori selected pro- and 

anti-oxidant factors, and then divided into quartiles with the lowest quartile (predominance of pro-

oxidants) as reference. Cox proportional hazard models were used to estimate adjusted hazard 

ratios (HR) and 95% confidence intervals (CI) for each OBS category compared to the reference.

Results—Over a median 5.8 years of follow-up, 2,079 of the 21,031 participants died. The 

multivariable adjusted HRs (95% CI) for all-cause, cancer, and non-cancer mortality for those in 

the highest vs. the lowest equal-weighting OBS quartile were: 0.70 (0.61, 0.81), 0.50 (0.37, 0.67), 

and 0.77 (0.66, 0.89), respectively (P-trend < 0.01 for all). Similar results were observed with all 

weighting methods.

Conclusion—These results suggest that individuals with a greater balance of anti-oxidant to pro-

oxidant lifestyle exposures may have lower mortality.
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Introduction

Oxidative stress, defined as the disruption of the balance between pro- and antioxidants, has 

been implicated in the etiology and pathophysiology of many chronic diseases, which in turn 

act as leading contributors to mortality [1]. There is increasing evidence that high intakes of 

certain nutrients, including vitamin C [2], vitamin E [3], and carotenoids (e.g., lycopene, β-

carotene, and lutein) [4, 5], may protect against oxidative stress while pro-oxidant factors, 

including smoking [6] and iron intake [7], increase reactive oxygen and nitrogen species 

production and accelerate oxidative stress-related cellular damage. However, despite the 

substantial body of evidence from basic science and animal studies, observational and 

clinical studies that evaluated the effects of individual antioxidant or pro-oxidant factors 

have produced inconsistent results [8–12].

One potential explanation for this discrepancy is the complex and multi-factorial 

mechanisms by which oxidative stress may affect health. The independent effects of 

individual exposures may not offer complete insights into their roles in maintaining an 

overall oxidative balance because of the likely inter-correlations and biological interactions 

involving the multiple pro- and anti-oxidant factors [13]. The concept of an integrated 

antioxidant network has been proposed, given that antioxidants of different solubility reside 

next to each other in cellular structures and tissues, integrating and regenerating each other 

[14].

Recently, we [15–17] and others [18, 19] proposed an oxidative balance score (OBS) as a 

measure of combined pro- and anti-oxidant exposure status, and used various versions of it 

in studies of various chronic diseases. Only one of those studies [19] examined an 

association of an OBS with mortality and the score in that study was limited by a relatively 

few components which included only iron, vitamin C, and beta-carotene. In addition most 

previous studies used a simple summation and equal weighting of the selected components, 

with an assumption that the contributions of all pro- and anti-oxidants were roughly equal. It 

is important to point out, however, that equal weighting approach is difficult to justify [20, 

21]. Some previous studies assigned OBS weights based on the reported associations 

between individual OBS components and outcomes of interest such as colorectal tumors 

[22] and prostate cancer [23]; however no previous study used weighting based on 

biochemical measures of oxidative stress.

In this study, we used data from a large national prospective cohort study to investigate an 

association of an OBS comprised of 14 a priori selected oxidative stress related exposures 

with all-cause and cause-specific mortality while exploring alternative methods of weighting 

the OBS components. We hypothesized that a higher OBS, which reflects a predominance of 

antioxidant exposures, is associated with lower mortality.

Materials and Methods

Study population and data collection

The Reasons for Geographic and Racial Differences in Stroke (REGARDS) Study is a 

national, population-based prospective cohort study to examine reasons for variation in 
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stroke incidence and mortality in the United States. Details on recruitment and data 

collection were reported previously [24]. Briefly, between January 2003 and October 2007, 

30,239 black and white individuals aged 45 years or older were randomly selected and 

recruited through mail and telephone contacts from across the US with oversampling of 

blacks and persons from the “stroke belt” region of the United States. The “stroke belt” 

describes the southeastern region of the United States (North Carolina, South Carolina, 

Georgia, Tennessee, Mississippi, Alabama, Louisiana, and Arkansas) with high stroke 

incidence and mortality [25]. Exclusion criteria were race other than black or white, active 

treatment for cancer, impairment of global cognitive function, which include recall and 

temporal orientation as judged by the telephone interviewer, medical conditions preventing 

long-term participation, residence in or inclusion on a waiting list for a nursing home, or 

inability to communicate in English. The REGARDS study was approved by the 

institutional review boards of all participating institutions.

After obtaining verbal and written informed consent, information on demographics, medical 

history, and other risk factors was obtained by computer-assisted telephone interviewing 

(CATI). Variables included age, race, sex, education, income, use of aspirin and other non-

steroidal anti-inflammatory drugs (NSAIDs), cigarette smoking, and alcohol intake. 

Following the telephone interview, an in-home visit was completed to collect blood and 

urine samples and information on risk factors, such as blood pressure, height, and weight. 

Additional information was collected through self-administered questionnaires, including 

the Block 98 food-frequency questionnaire (FFQ). At six-month intervals, participants were 

followed via telephone interviews to ascertain the development of stroke and other 

outcomes.

Of the 30,239 participants enrolled in the REGARDS Study, 8,603 who did not complete the 

modified Block 98 FFQ were excluded from the current analysis. In addition, we excluded 

456 participants with missing data on at least one OBS component, and 149 participants 

with missing data on key covariates. After these exclusions, data for 21,031 participants 

were available for the final analyses.

Oxidative balance score (Main exposure variable)

The oxidative balance score (OBS) was calculated by combining information from a total of 

14 a priori selected pro- and anti-oxidant factors, including dietary intakes of 

polyunsaturated fatty acids, iron, vitamin C, lycopene, α-carotene, β-carotene, lutein, β-

crypoxanthin, α-tocopherol, selenium, and alcohol; smoking status; and regular use of 

aspirin and other NSAIDs (Table 1). The continuous variables reflecting pro-oxidant 

(unsaturated fat and iron) and antioxidant (vitamin C, lycopene, α-carotene, β-carotene, 

lutein, β-cryptoxanthin, α-tocopherol, and selenium) exposures were divided into low, 

medium, and high categories based on each exposure’s sex-specific tertile values. For 

antioxidants, the first through third tertiles were assigned 0 through 2 points, respectively, 

whereas the corresponding point assignment for pro-oxidants was the reverse (0 points for 

the highest tertile and 2 points for the lowest tertile). A similar scoring approach was used 

for pro- and antioxidant categorical variables. Smoking status was categorized as never (2 

points), former (1 point), and current (0 points). For aspirin and NSAID use, 0 points were 
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assigned to participants with no regular use, 1 point to those with unknown or missing data, 

and 2 points to those with regular use. For alcohol consumption, non-drinkers, moderate 

drinkers (1–7 drinks/week for women and 1–14 drinks/week for men), and heavy drinker 

(>7 drinks/week for women and >14 drinks/week for men) received 2, 1 and 0 points, 

respectively. The overall OBS was then calculated by adding up the points assigned to each 

participant with a higher OBS score representing predominance of anti-oxidants over pro-

oxidant exposures.

OBS weighting

Each OBS component was included in the overall score using four weighting methods: 1) 

equal weights; 2) literature-based weights; 3) weights based on the magnitude of the 

associations between each component and plasma/serum fluorescent oxidation products 

(FOP) levels; and 4) weights based on the magnitude of the associations between each 

component and plasma/serum F2-isoprostanes (FIP) levels.

The equal weights approach assumes that all OBS component contribute equally to 

oxidative balance. By contrast, for the other three methods, weights were assigned based on 

the presumed magnitude of their contributions to oxidative balance.

For the literature-based method each OBS component was weighted according to the results 

of the most recent systematic reviews/meta-analysis that evaluated an association between 

the component and mortality. In the absence of a recent systematic review/meta-analysis for 

an OBS component, a de novo meta-analysis was conducted. For each OBS component, 

weights were calculated based on the pooled (i.e., meta-) risk estimates (meta-RR). For each 

pro-oxidant the weights were equal to the meta-RR, while for antioxidants the corresponding 

weights were calculated as 1/meta-RR. For the two-biomarker (FOP and FIP)-based 

weighting methods, we used pooled data from two previously completed case-control 

studies of colorectal adenoma that employed virtually identical protocols. The first study, 

Markers of Adenomatous Polyps I (MAP I), recruited cases and controls from 

gastroenterology practices in Winston-Salem and Charlotte, North Carolina. The second 

study, Markers of Adenomatous Polyps II (MAP II), was conducted at Consultants in 

Gastroenterology, PA, a large, private practice in Columbia, South Carolina. The detailed 

study methods for MAP I [26, 27] and MAP II [28, 29] were previously published. Both 

studies collected information that allowed calculating an OBS, and both studies involved 

analyses of FOP and FIP.

For both FIP- and FOP-based weighting, we used multivariable logistic regression models to 

quantify the associations between each OBS component and each of the two markersof 

oxidative stress. Each model adjusted for the other OBS components and confounding 

factors, including age, race, sex, total energy and fiber intakes, body mass index (BMI), 

plasma cholesterol, hormone replacement therapy (among women), physical activity, fiber, 

and study. The adjusted odds ratio estimates from these logistic models were used to assign 

weights. Weights for each methods were summarized in Supplemental Table 1.
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Outcome measurements

The primary outcome in this study was all-cause mortality. In the REGARDS cohort, 

participants’ deaths were ascertained via telephone or Web-based restricted-access database 

searches (e.g., Lexis-Nexis), and later confirmed through death certificates. In addition, 

interviews with next-of-kin or proxies of deceased participants were conducted to confirm 

the death and date of death. Information on the cause of death was also obtained from death 

certificates. Two adjudicators reviewed death/death causes independently, and 

disagreements were resolved by committee. Adjudicators used baseline participant clinical 

characteristics, proxy interviews, death certificates, and if available, medical records from 

hospitalizations occurring within 30 days of the participant’s death to determine the cause of 

death.

Statistical analysis

Each OBS version (unweighted, and weighted using literature-, FOP- and FIP-based 

methods) was divided into quartiles, with the lowest quartile (predominance of pro-oxidants) 

used as reference. The total follow-up time for each individual was calculated as the time 

between the first visit interview and the date of death, the date of the last study contact, the 

date of withdrawal or loss to follow-up, or March 1, 2012, whichever came first. The 

adjusted associations between the OBS and both all-cause and cause-specific mortality were 

examined using Cox proportional hazard models, controlling for age, sex, race, 

socioeconomic status (SES), region, BMI, total daily energy intake, and physical activity. 

The results of the multivariable survival analyses were expressed as adjusted hazard ratios 

(HR) with corresponding 95% confidence intervals (CI). Tests for linear trend were 

performed using a score variable with values from 1 to 4, consistent with the quartile 

grouping. Since tobacco smoking is a powerful pro-oxidant and strong risk factor for 

mortality, we conducted a separate set of analyses in which smoking was removed from the 

OBS but controlled for in the model. Proportional hazards assumptions were tested by 

inspecting –ln(ln) survival curves for each variable in the model. Collinearity was tested and 

a condition index of ≥ 30, coupled with a variance decomposition proportion of ≥ 0.5 was 

considered as evidence of collinearity. We tested all statistical models for the presence of 

two-way interactions by adding the product terms involving OBS and study covariates; each 

interaction term was accompanied by a likelihood ratio test. We also conducted a sensitivity 

analysis by excluding participants who died within the first year of follow-up. A two-sided P 

value of < 0.05 was considered to be statistically significant. All statistical analyses were 

performed with SAS version 9.2 (SAS Institute, Cary, NC) statistical software package.

Results

Compared with blacks (58%), whites (81%) were more likely to return the baseline FFQ (P 

< 0·001) and college graduates (77 %) were also more likely than non-graduates (55 %) to 

return the FFQ (P < 0·001). Participants who did not return the FFQ had a slightly higher 

BMI (30.0, versus. 29.1, kg/m2, P < 0·001), while age was not associated with the likelihood 

of returning the FFQ.
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The baseline characteristics of the study cohort by OBS category are summarized in Table 2. 

Compared to those in the lowest OBS quartile, participants in the highest quartile were, on 

average, three years older (66 vs. 63), and were modestly more likely to be white (69.3% vs. 

64.9%) and female (58.0% vs. 54.3%). Persons in the highest OBS quartile were also more 

likely to have more education, a higher income, and reside in non-stroke belt states. 

Evaluations of individual OBS components according to OBS quartiles are presented in 

Table 3. Contrary to expectation, intakes of polyunsaturated fatty acids (PUFA) and iron 

were higher in the upper OBS quartile groups. As expected, intakes of antioxidants (vitamin 

C, lycopene, α-carotene, β-carotene, lutein, β-cryptoxanthin, and vitamin E) were higher 

among cohort members with higher OBS values. Participants in the higher OBS quartiles 

were also more likely to be never smokers and non-drinkers, take a selenium supplement, 

and regularly take an NSAID and/or aspirin.

Over an average follow-up period of 5.8 years (range 0 – 9.1 years), 2,079 of the 21,031 

participants died. A higher equal-weight OBS was associated with statistically significant 

lower all-cause, cancer, and non-cancer mortality in the multivariable analyses (Table 4). 

After adjusting for the potential confounders, participants in the highest OBS quartile 

(quartile 4) relative to the lowest had a statistically significant 30% lower risk of all-cause 

mortality (HR 0.70 [95% CI: 0.61, 0.81]; P-trend < 0.001). Excluding smoking from the 

OBS slightly attenuated the hazard ratios, but the associations remained significant and with 

an inverse linear trend (P-trend = 0.01). After exclusion of participants who died during the 

first year of followup, similar results were obtained.

Among the 1,566 deaths of known cause, about 30% were attributable to cancer. A higher 

equal-weights OBS was associated with 50% (HR 0.50 [95% CI: 0.37, 0.67]) and 23% (HR 

0.77 [95% CI: 0.66, 0.89]) lower risk of death due to cancer and non-cancer causes, 

respectively. After smoking was excluded from the OBS, the significant association between 

the OBS and cancer mortality remained, but the association between the OBS and non-

cancer mortality was no longer observed. The significant linear trend between the OBS and 

chronic lung disease mortality (P-trend = 0.02) was also attenuated after removing smoking 

from the score (P-trend = 0.26).

Table 5 shows the associations between the OBS and all-cause, cancer, and non-cancer 

mortality based on different weighting methods. Very similar results were observed across 

all weighting methods. When comparing the equal weights approach (Table 4) to the three 

weighted approaches (Table 5), it can be seen that all estimates were within 15% of each 

other and only three differed by more than 10%.

Table 6 presents the sensitivity analyses in which the observed results for the original 14-

component OBS (treated as a continuous variable) were compared to the corresponding 

results after each OBS component was removed from the score one at a time and included in 

the model as a covariate. Removing any single OBS component, except smoking, did not 

produce meaningful changes in the risk estimates (no resulting HR differed from the original 

estimate by more than 2%). When smoking was removed from the OBS, the association was 

no longer significant for all-cause and non-cancer mortality (as in Table 4), but was still 

statistically significant for cancer mortality. After testing potential effect modification, none 
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of the covariates modified the association between OBS and mortality (pinteraction > 0.05 for 

all).

Discussion

In this large, population-based prospective cohort study, we found a higher OBS, which 

indicates a predominance of antioxidant exposures, to be associated with substantially lower 

risk for all-cause mortality and mortality due to cancer and non-cancer causes, after 

controlling for multiple confounders. The associations for all-cause and cancer mortality 

were only modestly attenuated when smoking was excluded from the OBS, suggesting that 

smoking did not drive the associations. The association between the OBS and mortality did 

not differ substantially when different weighting methods were used. Although 

approximately 28% of the sample did not return the FFQ, it is important to keep in mind that 

in a prospective cohort study such as REGARDS losses at baseline are less likely to lead to 

considerable selection bias unless there is evidence that non-participation was associated 

with both OBS and mortality. While the idea of combining individual pro- and anti-oxidants 

into a single score is not new, to our knowledge, the present study is one of the first to 

evaluate whether a comprehensive OBS is associated with all-cause mortality in the US 

population. Overall, our results are consistent with those from other similar studies. Knoops 

et al. [30] investigated an association of a lifestyle score (combined individual scores for the 

Mediterranean dietary pattern, alcohol use, smoking status, and physical activity) with all-

cause mortality in 11 European countries. Persons in the low categories for all four score 

components were found to have a 65% lower rate of all-cause mortality. In another cohort 

study, conducted among male smokers in Belgium, Van Hoydonck et al. combined intakes 

of two dietary antioxidants (vitamin C and β-carotene) and one pro-oxidant (iron) to develop 

their oxidative balance score [19]. Men in the highest OBS category, which unlike ours was 

constructed to reflect a presumably harmful effect, had a statistically significant 44% higher 

all-cause mortality and an even greater (62%) increase in cancer mortality compared with 

men in the lowest OBS group. As in our study, van Hoydonck et al. also found no 

association between their OBS and cardiovascular disease mortality.

In the current study, we used different weighting schemes for combining pro- and 

antioxidant exposures into a single score. Previous studies used equal weighting of the OBS 

components [16, 17, 19, 31], which raised a concern that the resulting score does not 

represent the true biological contributions of the individual pro- or anti-oxidant exposures. 

However, in the present analyses, the associations between the OBS and mortality estimated 

by the different OBS weighting methods were very similar to one another.

Advantages of this study include its prospective design, large sample size, diverse 

population, and inclusion of multiple pro- and anti-oxidant components in the OBS. We 

used 14 pro- and anti-oxidant factors that were selected a priori based on previous research 

[32–42], as well as data-based, a priori tertile cut-points for continuous variables to 

minimize subjective categorization, which is a general problem with scores for attempting to 

describe complex processes. In this study, mortality and cause of death were adjudicated by 

expert clinicians using death certificates, medical records from recent hospitalizations, and 
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interviews with proxies, a methodological feature that helped decrease outcome 

misclassification.

This study had several potential limitations. We used self-reported intakes to assess pro- and 

anti-oxidant exposures. It has long been acknowledged that dietary questionnaires may not 

capture all the possible sources of each nutrient, do not account for bioavailability, and are 

subject to recall bias [43]. The validity and reliability of the FFQ used in our study has been 

extensively evaluated [44–46], and any misclassification would be expected it to be non-

differential. Also, we had no data on specific cancers in this study. Another study limitation 

was that the OBS score in our study was limited to dietary / lifestyle exposures and did not 

include any endogenous factors that influence cellular anti-oxidant defense, DNA damage 

and repair, cell growth, and cell death, which all contribute to the survival of individuals 

[47]. Furthermore, covariate information was available only at baseline. Although this may 

be viewed as a limitation, many of these covariates are demographic factors such as sex, 

race, SES, and region, which are not likely to change over time.

In conclusion, the results from this large prospective study suggest that a higher OBS, 

reflecting a greater balance of anti-oxidant to pro-oxidant lifestyle exposures, may reduce 

risk for premature all-cause and cancer morality. The observed inverse association between 

OBS and non-cancer mortality was driven primarily by smoking. These findings confirm 

results from previous studies and suggest that the OBS might be a useful tool for evaluating 

the roles of oxidative stress-related lifestyle factors, including diet, as determinants of 

morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used

OBS oxidative balance score

REGARDS Reasons for Geographic and Racial Differences in Stroke

HR hazards risk

CI confidence interval

RONS reactive oxygen and nitrogen species

NSAIDs non-steroidal anti-inflammatory drugs

FFQ food-frequency questionnaire

PUFA polyunsaturated fatty acid

FOP fluorescent oxidation products
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FIP F2-isoprostanes

MAP Markers of Adenomatous Polyps

BMI body mass index

SES socioeconomic status
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Table 1

Oxidative Balance Score (OBS) Assignment Scheme

OBS Components Assignment Scheme†

1. PUFA intake [P] 0 = High (3rd tertile), 1 = Intermediate (2nd tertile), 2 = Low (1st tertile)

2. Total* iron intake [P] 0 = High (3rd tertile), 1 = Intermediate (2nd tertile), 2 = Low (1st tertile)

3. Total vitamin C intake [A] 0 = Low (1st tertile), 1 = Intermediate (2nd tertile), 2 = High (3rd tertile)

4. Total lycopene intake [A] 0 = Low (1st tertile), 1 = Intermediate (2nd tertile), 2 = High (3rd tertile)

5. Total α-carotene intake [A] 0 = Low (1st tertile), 1 = Intermediate (2nd tertile), 2 = High (3rd tertile)

6. Total β-carotene intake [A] 0 = Low (1st tertile), 1 = Intermediate (2nd tertile), 2 = High (3rd tertile)

7. Total lutein intake [A] 0 = Low (1st tertile), 1 = Intermediate (2nd tertile), 2 = High (3rd tertile)

8. Total β-cryptoxanthin intake [A] 0 = Low (1st tertile), 1 = Intermediate (2nd tertile), 2 = High (3rd tertile)

9. Total α-tocopherol intake [A] 0 = Low (1st tertile), 1 = Intermediate (2nd tertile), 2 = High (3rd tertile)

10. Selenium intake [A] 0 = Low (1st tertile), 1 = Intermediate (2nd tertile), 2 = High (3rd tertile)

11. Smoking history [P] 0 = Current smoker, 1 = Former smoker, 2 = Never smoker

12. Regular‡ aspirin use [A] 0 = No regular use, 1 = Unknown (missing data), 2 = Regular Use

13. Regular‡ NSAID use [A] 0 = No regular use, 1 = Unknown (missing data), 2 = Regular Use

14. Alcohol consumption [P] 0 = Heavy, 1 = Moderate, 2 = None

Abbreviations: OBS = oxidative balance score; PUFA = polyunsaturated fatty acid; NSAID = non-steroidal anti-inflammatory drug; A = anti-
oxidant; P = pro-oxidant

†
Low, intermediate, and high categories correspond to baseline sex-specific tertile values among participants in the REGARDS cohort.

*
Total intake = dietary intake + supplemental intake (when available)

‡
Regular use defined as daily use
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Table 2

Selected Baseline Characteristics of the REGARDS Cohort, by OBS Quartile

Characteristic (Units)† Quartile 1
(n = 5,668)

Quartile 2
(n = 5,593)

Quartile 3
(n = 5,523)

Quartile 4
(n = 4,247)

Age, years 63.5 (9.3) 64.7 (9.4) 65.5 (9.1) 66.0 (9.1)

Race

 White 3,680 (64.9%) 3,654 (65.3%) 3,745 (67.8%) 2,944 (69.3%)

 Black 1,988 (35.1%) 1,939 (34.7%) 1,778 (32.2%) 1,303 (30.7%)

Sex

 Male 2,589 (45.7%) 2,455 (43.9%) 2,424 (43.9%) 1,785 (42.0%)

 Female 3,079 (54.3%) 3,138 (56.1%) 3,099 (56.1%) 2,462 (58.0%)

BMI* (kg/m2) 28.8 (6.0) 29.1 (6.2) 29.1 (6.0) 29.3 (6.1)

Total energy intake (kcal/day) 1,474.6 (604.5) 1,641.6 (669.5) 1,809.9 (726.8) 1972.3 (758.5)

Education

 Less than high school 681 (12.0%) 567 (10.1%) 478 (8.6%) 290 (6.8%)

 High school graduate 1,700 (30.0%) 1,469 (26.3%) 1,286 (23.3%) 9190 (21.6%)

 Some college 1,590 (28.0%) 1,559 (27.9%) 1,469 (26.6%) 1,140 (26.9%)

 College graduate and above 1,697 (30.0%) 1,998 (35.7%) 2,290 (41.5%) 1,898 (44.7%)

Income

 < $20k 1,001 (17.7%) 878 (15.7%) 850 (15.4%) 576 (13.5%)

 $20k – $34k 1,458 (25.7%) 1,370 (24.5%) 1,253 (22.7%) 1,002 (23.6%)

 $35k – $74k 1,680(29.6%) 1,718 (30.7%) 1,806 (32.7%) 1,379 (32.5%)

 ≥ $75k 891 (15.7%) 745 (16.9%) 973 (17.6%) 806 (19.0%)

 Refused 638 (11.3%) 682 (12.2%) 641 (11.6%) 484 (11.4%)

Region

 Stroke belt 2,058 (36.3%) 1,969 (35.2%) 1,821 (33.0%) 1,378 (32.4%)

 Stroke buckle 1,306 (23.0%) 1,234 (22.1%) 1,190 (21.5%) 888 (21.0%)

 Non-belt 2,304 (40.7%) 2,390 (42.7%) 2,512 (45.5%) 1,981 (46.6%)

Follow-up time, years 5.7 (2.0) 5.8 (2.0) 5.9 (1.9) 5.9 (1.9)

†
Values for age, BMI, energy, and follow-up years are mean (SD), and those for race, sex, education, income, and region are number (percent)

*
BMI = body mass index
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Table 3

Individual Components of the Score by OBS Quartile

Mean (by OBS Quartile)

Characteristic (Units)†
Quartile 1
(n = 5,668)

Quartile 2
(n = 5,593)

Quartile 3
(n = 5,523)

Quartile 4
(n = 4,247)

PUFA intake (g/day)

 Men (n = 9,253) 18.1 (9.7) 19.7 (10.7) 21.1 (11.0) 21.7 (11.1)

 Women (n = 11,778) 15.7 (9.1) 16.9 (9.8) 18.2 (10.1) 19.2 (10.4)

Total* iron intake (mg/d)

 Men 17.7 (13.6) 23.6 (16.0) 27.5 (17.3) 30.9 (19.3)

 Women 18.1 (16.5) 23.1 (18.9) 26.7 (19.0) 30.4 (21.2)

Total vitamin C intake (mg/d)

 Men 121.1 (177.9) 280.9 (356.2) 421.9 (467.2) 644.8(563.2)

 Women 148.8 (231.2) 284.7 (349.9) 433.2 (439.2) 621.5 (520.7)

Total lycopene intake (μg/d)

 Men 2,918.5 (3,155.0) 4,263.4 (4,646.0) 5,364.0 (5,002.0) 7,431.1 (7,083.0)

 Women 2,292.8 (2,493.0) 3,348.4 (3,752.0) 4,313.1 (4,626.0) 5,849.7 (5,785.0)

Total α-carotene intake (μg/d)

 Men 327.0 (287.8) 530.8 (494.2) 843.5 (759.9) 1,258.5 (1,120.0)

 Women 295.6 (239.3) 517.4 (556.4) 852.8 (901.0) 1,261.0 (1,124.0)

Total β-carotene intake (μg/d)

 Men 2,161.6 (1,883.0) 3,806.6 (3,639.0) 9,096.7 (5,701.0) 9,110.9 (7,596.0)

 Women 2,250.2 (1,563.0) 4,075.5 (3,982.0) 6,395.9 (5,496.0) 9,384.6 (7,433.0)

Total lutein intake (μg/d)

 Men 829.2 (602.7) 1,327.1 (1,041.0) 1,958.5 (1,624.0) 2,837.8 (2,452.0)

 Women 964.0 (821.3) 1,527.3 (1,304.0) 2,380.4 (2,201.0) 3,358.1 (2,796.0)

Total β-cryptoxanthin intake (μg/d)

 Men 63.1 (82.6) 113.9 (120.4) 157.9 (142.7) 209.7 (159.2)

 Women 53.6 (71.7) 102.2 (111.0) 142.9 (140.6) 193.1 (157.9)

Total vitamin E intake (α-TE/d)

 Men 34.2 (87.9) 85.0 (151.1) 130.9 (183.5) 193.5 (193.6)

 Women 39.7 (93.5) 87.0 (155.6) 126.4 (171.5) 189.3 (193.9)

Daily selenium intake (mcg/d)

 Men 79.4 (35.6) 98.4 (48.6) 117.7 (61.1) 141.5 (75.0)

 Women 66.3 (31.7) 81.6 (42.7) 97.4 (50.3) 118.2 (62.6)

Smoking

 Never 1,775 (31.3%) 2,410 (43.1%) 2,726 (49.4%) 2,615 (61.6%)

 Former 2,429 (42.9%) 2,449 (43.8%) 2,320 (42.0%) 1,445 (34.0%)

 Current 1,464 (25.8%) 734 (13.1%) 477 (8.6%) 187 (4.4%)

Alcohol consumption°

 None 3,030 (53.5%) 3,355 (60.0%) 3,311 (60.0%) 2,858 (67.3%)

 Moderate 2,198 (38.8%) 2,015 (36.0%) 2,028 (36.7%) 1,310 (30.8%)
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Mean (by OBS Quartile)

Characteristic (Units)†
Quartile 1
(n = 5,668)

Quartile 2
(n = 5,593)

Quartile 3
(n = 5,523)

Quartile 4
(n = 4,247)

 Heavy 440 (7.7%) 223 (4.0%) 184 (3.3%) 79 (1.9%)

Regular‡ NSAID Use 451 (8.0%) 698 (12.5%) 885 (16.1%) 1,114 (26.3%)

Regular‡ aspirin Use 1,545 (27.3%) 2,327 (41.6%) 2,646 (47.9%) 2,749 (64.8%)

Total OBS 9.2 (1.6) 13.0 (0.8) 16.0 (0.8) 19.4 (1.4)

Abbreviations: PUFA = polyunsaturated fatty acid; NSAID = non-steroidal anti-inflammatory drug; OBS = oxidative balance score; SD = standard 
deviation

†
Values are presented as mean (SD) or number (%)

*
Total intake = dietary intake + supplemental intake (when available)

°
Moderate = 1 – 7 drinks/week for women and 1 – 14 drinks/week for men; heavy = > 7 drinks/week for women and > 14 drinks/week for men

‡
Regular use defined as daily use
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Table 4

Associations of the OBS with All-cause and Cause-specific Mortality in the REGARDS Cohort: Equal 

Weighing

Endpoints / OBS Quartiles
(OBS Range: 3 – 26)

Alive
(n = 18,952)

Died
(n = 2,079)

With Smoking° Without Smoking+

HR (95% CI)† HR (95% CI)‡

All cause-mortality

 Continuous 0.96 (0.95,0.98) 0.99 (0.98, 1.00)

 Q 1 5,025 643 1.0 1.0

 Q 2 5,047 546 0.81 (0.72, 0.91) 0.89 (0.79, 1.00)

 Q 3 4,999 524 0.77 (0.68, 0.87) 0.94 (0.82, 1.07)

 Q 4 3,881 366 0.70 (0.61, 0.81) 0.87 (0.77, 0.99)

 P-trend* < 0.001 0.01

Cancer mortality

 Continuous 0.93 (0.90, 0.95) 0.97 (0.94, 0.99)

 Q 1 5,025 163 1.0 1.0

 Q 2 5,047 112 0.64 (0.50, 0.82) 0.84 (0.66, 1.06)

 Q 3 4,999 106 0.60 (0.47, 0.78) 0.79 (0.59, 1.05)

 Q 4 3,881 69 0.50 (0.37, 0.67) 0.68 (0.52, 0.90)

 P-trend* < 0.001 0.01

All non-cancer mortality

 Continuous 0.97 (0.96, 0.99) 0.99 (0.98, 1.01)

 Q 1 5,02 480 1.0 1.0

 Q 2 5,047 434 0.86 (0.75, 0.98) 0.91 (0.79, 1.03)

 Q 3 4,999 418 0.83 (0.72, 0.95) 0.99 (0.85, 1.15)

 Q 4 3,881 297 0.77 (0.66, 0.89) 0.93 (0.80, 1.07)

 P-trend* 0.001 0.66

Cardiac mortality

 Continuous 0.96 (0.92, 1.01) 0.98 (0.94, 1.03)

 Q 1 5,025 26 1.0 1.0

 Q 2 5,047 23 0.69 (0.45, 1.08) 0.65 (0.42, 1.02)

 Q 3 4,999 27 0.66 (0.41, 1.04) 0.78 (0.47, 1.28)

 Q 4 3,881 21 0.68 (0.41, 1.13) 0.77 (0.49, 1.23)

 P-trend* 0.10 0.37

Heart failure mortality

 Continuous 0.93 (0.83, 1.05) 1.01 (0.96,1.08)

 Q 1 5,025 74 1.0 1.0

 Q 2 5,047 59 0.81 (0.45, 1.45) 0.83 (0.47, 1.46)

 Q 3 4,999 61 1.08 (0.62, 1.89) 1.19 (0.65, 2.18)

 Q 4 3,881 48 1.12 (0.60, 2.07) 1.14 (0.64, 2.02)

 P-trend* 0.53 0.39

Ann Epidemiol. Author manuscript; available in PMC 2016 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kong et al. Page 17

Endpoints / OBS Quartiles
(OBS Range: 3 – 26)

Alive
(n = 18,952)

Died
(n = 2,079)

With Smoking° Without Smoking+

HR (95% CI)† HR (95% CI)‡

Chronic lung disease mortality

 Continuous 0.93 (0.88, 0.99) 0.98 (0.92, 1.05)

 Q 1 5,025 24 1.0 1.0

 Q 2 5,047 32 1.28 (0.75, 2.19) 1.52 (0.88, 2.61)

 Q 3 4,999 17 0.66 (0.35, 1.25) 0.95 (0.47, 1.91)

 Q 4 3,881 11 0.48 (0.22, 1.05 0.74 (0.37, 1.49)

 P-trend* 0.02 0.26

Abbreviations: OBS = oxidative balance score; HR = hazards ratio; CI = confidence interval; Q = quartile

†
Adjusted for age, sex, race, body mass index, total daily energy, education, exercise, and region of residence

‡
Adjusted for the same variables as above plus smoking

*
P-trend assessed by X2 test for linear trend

°
Smoking was included in the OBS

+
Smoking was removed from the OBS but controlled for in the model
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Table 6

Sensitivity Analyses to Evaluate the Impact of Individual OBS Components on Study Results

Model

All-cause Mortality Cancer Mortality Non-Cancer Mortality

HR (95% CI)† HR (95% CI)† HR (95% CI)†

Original model (reference) 0.96 (0.95, 0.98) 0.93 (0.90, 0.95) 0.97 (0.96, 0.99)

OBS excluding PUFA, controlled for PUFA 0.96 (0.95, 0.97) 0.93 (0.90, 0.95) 0.97 (0.96, 0.98)

OBS excluding iron, controlled for iron 0.96 (0.95, 0.98) 0.93 (0.91, 0.96) 0.97 (0.96, 0.98)

OBS excluding vitamin C, controlled for vitamin C 0.96 (0.95, 0.98) 0.93 (0.90, 0.96) 0.97 (0.96, 0.99)

OBS excluding lycopene, controlled for lycopene 0.96 (0.95, 0.97) 0.92 (0.90, 0.95) 0.97 (0.95, 0.98)

OBS excluding α-carotene, controlled for α-carotene 0.96 (0.95, 0.97) 0.93 (0.90, 0.96) 0.97 (0.95, 0.98)

OBS excluding β-carotene, controlled for β-carotene 0.95 (0.94, 0.97) 0.92 (0.89, 0.96) 0.96 (0.94, 0.98)

OBS excluding lutein, controlled for lutein 0.97 (0.96, 0.98) 0.92 (0.90, 0.95) 0.98 (0.97, 1.00)

OBS excluding β-cryptoxanthin, controlled for β-cryptoxanthin 0.96 (0.95, 0.98) 0.92 (0.89, 0.94) 0.98 (0.96, 0.99)

OBS excluding α-tocopherol, controlled for α-tocopherol 0.97 (0.95, 0.98) 0.92 (0.90, 0.95) 0.98 (0.96, 0.99)

OBS excluding selenium, controlled for selenium 0.96 (0.95, 0.98) 0.93 (0.90, 0.95) 0.97 (0.96, 0.99)

OBS excluding smoking, controlled for smoking 0.99 (0.98, 1.00) 0.97 (0.94, 0.99) 0.99 (0.98, 1.01)

OBS excluding aspirin, controlled for aspirin 0.96 (0.94, 0.97) 0.93 (0.90, 0.95) 0.96 (0.95, 0.98)

OBS excluding NSAID, controlled for NSAID 0.96 (0.95, 0.98) 0.93 (0.90, 0.95) 0.97 (0.96, 0.99)

OBS excluding alcohol, controlled for alcohol 0.96 (0.95, 0.97) 0.93 (0.91, 0.96) 0.97 (0.95, 0.98)

Abbreviations: OBS = oxidative balance score; HR = hazards ratio; CI = confidence interval; PUFA = polyunsaturated fatty acid; NSAID = non-
steroidal anti-inflammatory drug

†
HR represents change in hazards for each additional OBS point; all results adjusted for age, sex, race, body mass index, total daily energy intake, 

education, exercise, and region of residence
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