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Abstract 

 

Dietary and Lifestyle Oxidative Balance Scores and Incident Colorectal Cancer Risk 

Among Older Women; the Iowa Women’s Health Study 

 

By Ziling Mao 

 

 Background:  Basic science literature strongly supports a role of oxidative stress in 

colorectal cancer (CRC) etiology, but in epidemiologic studies, associations of most 

individual exposures with CRC have been weak or inconsistent.  However, recent 

epidemiologic evidence suggests that the collective effects of these exposures on 

oxidative balance and CRC risk may be substantial. 

 Methods:  Using food frequency and lifestyle questionnaire data from the 

prospective Iowa Women’s Health Study (1986-2012), we calculated 11-component 

dietary and 4-component lifestyle oxidative balance scores (OBS), and investigated their 

associations with incident CRC using multivariable Cox proportional hazards regression.   

 Results:  Of the 34,135 cancer-free women aged 55-69 years at baseline, 1,635 

developed CRC during follow-up.  Among participants in the highest relative to the 

lowest dietary and lifestyle OBS quintiles (higher anti-oxidant relative to pro-oxidant 

exposures), the adjusted hazard ratios (HRs) and their 95% confidence intervals (CI) 

were, respectively, 0.77 (0.64-0.94) and 0.63 (0.54-0.73) (both Ptrend < 0.01).  Risk was 

lowest risk among those in the highest joint dietary/lifestyle OBS quintile (HR = 0.47; 

95% CI, 0.29-0.76). 

 Conclusions:  Our findings suggest that a predominance of antioxidant over pro-

oxidant dietary and lifestyle exposures—separately and especially jointly—may be 

inversely associated with CRC risk among older women. 
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Introduction 

Colorectal cancer (CRC) remains the second leading cause of cancer death in the United 

States (1).  Large international incidence rate differences coupled with rapid changes in 

incidence among populations who migrate from low- to high-risk countries point to the 

importance of diet and lifestyle in the disease’s etiology (2).  A substantial basic science 

literature suggests that oxidative stress may play an important role in CRC etiology (3-6); 

however, epidemiologic literature regarding associations of specific dietary and lifestyle 

anti- and pro-oxidant factors that may contribute to oxidative balance with CRC is 

inconsistent.  It was proposed that contributions of such exposures individually to 

oxidative balance and CRC risk may be small, but collectively may be substantial (7-10).  

To address this, oxidative balance scores (OBS) have been reported (7-11), but reports of 

their associations with CRC have been limited to two epidemiologic studies, which found 

substantial, statistically significant inverse associations of a combined dietary and 

lifestyle OBS (a higher score indicates a higher balance of anti- relative to pro-oxidant 

exposures) with incident CRC (7, 11).  Only one (7) of the two studies was prospective, 

and neither study reported potential interaction between dietary and lifestyle scores.  

 

Accordingly, to clarify whether oxidative balance may be associated with incident CRC, 

herein we report an investigation of dietary and lifestyle OBS, separately and jointly, 

with CRC in the prospective Iowa Women’s Health Study (IWHS). 
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Methods 

 

Study Population 

Details of the IWHS were previously published (12).  Briefly, the IWHS is a prospective 

cohort study conducted in Iowa beginning in 1986, with follow-up for the present 

analysis through 2012.  A total of 41,836 women aged 55 to 69 years completed mailed 

questionnaires.  After the baseline survey, follow-up surveys were mailed in 1987, 1989, 

1992, 1997, and 2004.  The study was approved by the Minnesota Institutional Review 

Board (IRB), and the current analysis was approved by the Emory University IRB. 

 

Collection of Exposure Information 

Detailed information on demographics, lifestyle, diet, self-measured anthropometrics, and 

family history were collected at baseline.  A Willett 127-item food frequency 

questionnaire (FFQ) was used to measure dietary and supplement intakes over the 

previous 12 months; the validity and reliability in the study population were previously 

reported (13).  Total energy and nutrient intakes were calculated by adding energy and 

nutrients from all food and supplement sources using the dietary database developed by 

Willett, et al. (13).  Physical activity was assessed via two questions regarding 

participants’ usual frequency of moderate and vigorous activity, and categorized as high 

(vigorous activity twice a week or moderate activity > 4 times/week), medium (vigorous 

activity once a week plus moderate activity once a week, or moderate activity 2 – 4 

times/week), and low (14).  Self-measured anthropometrics were validated in the study 

population (13).  Height and weight were used to calculate body mass index (BMI) as 
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weight divided by height squared (kg/m2).  Waist and hip circumferences were used to 

calculate a waist:hip ratio (WHR).  Diet and physical activity were not comprehensively 

reassessed until 2004, at which time only 68.3% of participants remained alive.  So, we 

used only baseline exposure information for our primary analyses, but included 2004 data 

in one of two sensitivity analyses described further below that supported the validity of 

this choice.  Information on aspirin and other nonsteroidal anti-inflammatory drug 

(NSAID) use was not collected until 1992, and was used in sensitivity analyses described 

further below. 

 

Collection of Outcome Information 

Cancer diagnoses were collected through 2012 via linkage with the State Health Registry 

of Iowa, which is a participant in the National Cancer Institute’s Surveillance, 

Epidemiology, and End Results Program.  Ascertainment of cancer diagnoses was nearly 

100% (15).  Colorectal cancer was defined as adenocarcinoma of the colon or rectum 

(International Classification of Diseases-Oncology-3 (ICD-O-3) codes C18.0 – 18.9, 

C19.9, and C20.9).  Deaths were identified through the State Health Registry of Iowa and 

the National Death Index.  Follow-up time was calculated as the time between the date of 

baseline questionnaire completion and the date of a first CRC diagnosis, the date of 

moving from Iowa, the date of death, or the end of the last follow up (December 31, 

2012), whichever was first. 
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OBS Components and Calculations 

Before calculating the scores and conducting the statistical analyses, we excluded 

participants who had a history of cancer (other than non-melanoma skin cancer) at 

baseline (n = 3,830), left > 10% of the FFQ questionnaire items blank (n = 2,499), had 

self-reported implausible energy intakes (< 600 or > 5,000 kcal/day; n = 286), had an 

invalid contributed person-time (n = 4), or were missing data on any lifestyle OBS 

component (n = 1,082), leaving an analytic cohort of 34,135. 

 

We calculated questionnaire-based, multi-component OBS as previously reported (7, 8) 

and described below.  The OBS were previously validated via their associations with 

circulating F2-isoprostane concentrations (8).  In addition, associations of the OBS with 

colorectal adenoma (8) and with CRC (7) were both comparable regardless of which of 

four different component weighting schemes used (equal-weight, literature review-

derived, study data-based, and a Bayesian method that combines prior knowledge with 

study data) (7, 8).  Accordingly, for the current analysis we used the more straightforward 

equal-weight method, as described below. 

 

The 11 dietary OBS components and four lifestyle OBS components were determined a 

priori based on their literature-supported physiological effects on oxidative processes as 

previously reported in detail (7, 8) (also see Table 1).  The dietary OBS components 

included carotene ( and ), lutein/zeaxanthin, lycopene, flavonoids, vitamin C, vitamin 

E, selenium, and omega-3 fatty acids as antioxidants; and iron, saturated fats, and omega-

6 fatty acids as pro-oxidants.  The lifestyle OBS components included physical activity as 
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having antioxidant effects, and smoking, alcohol intake, and adiposity as having pro-

oxidant effects.   

 

All dietary OBS components were continuous variables derived from the FFQ.  For all 

nutrients except selenium, we used total (i.e., from foods plus supplements) nutrient 

values; for selenium we used only supplement values since selenium intake from foods 

depends on the soils in which selenium’s plant sources are grown.  Prior to inclusion in 

the score, macronutrients were energy-adjusted as percentage of total energy contributed 

by the macronutrient, and micronutrients were energy-adjusted using the density method 

(e.g., IU of vitamin E/1,000 kcal of total energy intake).  All lifestyle OBS components, 

derived from the lifestyle questionnaire, initially were 3-category categorical variables as 

follows:  physical activity (low, medium, or high), smoking status (non-smoker, former 

smoker, or current smoker), alcohol intake (< 1 drinks/week, 1 – 7 drinks/week, or ≥ 7 

drinks/week), adiposity (BMI < 30 and WHR < 0.8; either BMI ≥ 30 or WHR ≥ 0.8; or 

BMI ≥ 30 and WHR ≥ 0.8).  The lifestyle OBS categories were then assigned initial 

values of 0, 1, or 2 for each category from the lowest to the highest level. 

 

Next, all components’ values were standardized to a mean of zero and standard deviation 

of one by subtracting a participant’s value from the study population mean, and dividing 

it by the population standard deviation.  These values were then multiplied by +1 or -1 

for antioxidants or pro-oxidants, respectively.  The resulting values for each of the two 

OBS, dietary and lifestyle, were summed to constitute a person’s dietary and lifestyle 

OBS, such that a higher score would be considered more anti-inflammatory.  A total OBS 
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was also calculated as the sum of the dietary and lifestyle OBS.  For subsequent analyses, 

the OBS were categorized according to quintiles of their distributions in the analytic 

population at baseline. 

 

Statistical Analyses 

Participants’ baseline characteristics were summarized across quintiles of the dietary and 

lifestyle OBS in the entire analytic population at baseline using descriptive statistics.  To 

investigate OBS-incident CRC associations, we used multivariable Cox proportional 

hazards models to calculate hazard ratios (HR) and their 95% confidence intervals (CI).  

Trend tests across quintiles of dietary, lifestyle, and total OBS were conducted using the 

median value of each OBS as a continuous variable in its respective model.  Covariates 

were chosen a priori based on biological plausibility and previous literature.  Minimally-

adjusted models included as covariates only age (years), family history of CRC in a first 

degree relative (yes/no), and total energy intake (kcal/day).  Covariates in all fully-

adjusted models for all OBS were age (years), family history of CRC in a first degree 

relative (yes/no), high school education or higher (yes/no), current use of hormone 

replacement therapy (yes/no), and intakes of total vegetables and fruit (servings/week), 

red meat (servings/week), processed meats (servings/week), and total energy intake 

(kcal/day).  Because vegetables and fruit and red and processed meats contain dietary 

OBS components and have potential anti- and pro-colorectal carcinogenesis effects apart 

from their anti- and pro-oxidant effects, we assessed removal of these foods as model 

covariates; however, since their removal/inclusion had minimal effects on our estimated 

OBS-CRC associations, we retained them in the final models.  Fiber intake was not 
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included as a covariate because of its high correlation with total vegetable and fruit intake 

in the IWHS.  The dietary OBS models additionally included physical activity, smoking 

status, alcohol intake, and our above-described adiposity variable, and the lifestyle OBS 

models additionally included the dietary OBS.  Proportional hazard assumptions were 

tested using Schoenfeld residuals for each exposure and covariate.  Correlation between 

the lifestyle and dietary OBS was assessed via a Pearson correlation coefficient. 

 

To assess potential interaction between the dietary and lifestyle OBS in relation to CRC 

risk, we conducted a joint/combined (cross-classification) analysis in which the lowest 

joint category of the two scores was considered the reference category.  We calculated 

Pinteraction by including a dietary x lifestyle OBS interaction term in the multivariable Cox 

proportional hazards model and assessing its significance using the Wald test. 

 

To assess potential differences in OBS-CRC associations across categories of selected 

participants’ baseline characteristics, we conducted analyses stratified on age (</ 65 

years), family history of CRC in a first degree relative (yes/no), education (</ high 

school education), current use of hormone replacement therapy (yes/no), and low/high 

intakes (based on the study population medians) of total vegetables and fruit (</ 40.5 

servings/week), total calcium (</ 1,031.3 mg/day), and total energy (</ 1,718.6 

kcal/day).  Due to sample size constraints, we categorized all OBS according to tertiles 

for these analyses.  We calculated Pinteraction by including stratification factor x OBS 

interaction terms in the multivariable Cox proportional hazards regression models. 

 



8 
 

 

 

We also assessed potential differences in OBS-CRC associations according to CRC site.  

CRCs in the cecum through the transverse colon (ICD-O-3 codes C18.0 – 18.4) were 

categorized as proximal colon cancer (n = 895); CRCs in the splenic flexure through the 

sigmoid colon (ICD-O-3 codes C18.5 – 18.7) were categorized as distal colon cancer (n = 

419); and cancers in the recto-sigmoid junction and rectum (ICD-O-3 codes C19.9 and 

20.9) were categorized as rectal cancer (n = 321).  Due to sample size constraints, we 

categorized the OBS according to tertiles for these analyses. 

 

We also conducted several sensitivity analyses.  Since our primary analyses were based 

on baseline data for calculating the OBS, and some participants could have changed their 

exposures during follow up, we conducted two sensitivity analyses.  First, we assessed 

potential differences in OBS-CRC associations considering study end dates of 5, 10, 15, 

20, and 25 years after baseline.  Second, we assessed incorporating exposure data from 

the 2004 follow-up questionnaire in two ways.  Among those who were not censored 

prior to 2004, for their OBS, we used (i) the average of their baseline (1986) and 2004 

follow-up OBS, and (ii) only their 2004 OBS.   

 

Other sensitivity analyses included, first, because NSAID use is consistently inversely 

associated with CRC, and data on aspirin and other NSAID use were not collected until 

1992 (i.e., 6 years after baseline), we also assessed OBS-CRC associations considering 

1992 as baseline (i.e., excluded those who were diagnosed with CRC or censored prior to 

1992 or did not complete the 1992 questionnaires), with and without inclusion of 

aspirin/other NSAID use as a model covariate, as well as stratified by aspirin/other 
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NSAID use.  Second, to reduce ambiguity in the temporal relation between the OBS and 

incident CRC, we excluded participants who died or were diagnosed with CRC within 2 

or 6 years after baseline.  Third, we censored participants when they reached 75 years of 

age.  Fourth, because some recent evidence suggested a U-shaped alcohol-oxidative 

stress association (16), we assessed the following alternative alcohol intake scoring:  < 1 

drink/week and ≥ 7 drinks/week were each assigned a value of 2, and 1 – 7 drinks/week 

was assigned a value of 0.  Fifth, to assess whether the OBS-CRC associations were 

driven by particularly influential components, we removed individual components from 

the dietary and lifestyle OBS with replacement one at a time, and then examined the 

associations of the remaining 13-component dietary OBS and 3-component lifestyle OBS 

with incident CRC separately, adjusted for the removed component as a covariate.   

 

All statistical tests were two-sided.  A P-value < 0.05 or a 95% CI that excluded 1.0 was 

considered statistically significant.  All analyses were conducted using SAS, version 9.2 

(SAS Institute Inc.). 

 

Results 

 

Of the 34,135 cancer-free women at baseline, 1,635 developed CRC over a mean/median 

20.5/24.0 person-years of follow up.  The correlation between the dietary and lifestyle 

OBS was r = 0.10. 
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Selected baseline characteristics of the participants according to quintiles of the lifestyle 

and dietary OBS are summarized in Table 2.  On average, study participants were 61 

years of age, and > 99% were white.  Study participants in the upper quintile of the 

lifestyle and dietary OBS were slightly more likely to take hormone replacement therapy 

and, on average, to have higher mean total calcium and total vegetables and fruit intakes, 

and lower red meat intakes.  Exclusive of components of a given score, women in the 

upper relative to the lower lifestyle OBS quintiles also had, on average, higher intakes of 

total carotenes, lutein/zeaxanthin, selenium, and total vitamin C; and those in the upper 

relative to the lower dietary OBS quintiles were more likely to report higher physical 

activity, consuming ≥ 7 drinks of alcohol/week, and not currently smoking, and, on 

average, to consume less total energy and red and processed meats.  

 

Associations of lifestyle, dietary, and total OBS with incident CRC risk are summarized 

in Table 3.  The risk estimates from the minimally- and fully-adjusted models differed 

minimally.  In the fully-adjusted analyses, CRC risk tended to decrease with a higher 

lifestyle OBS (Ptrend < 0.0001), and among women in the highest relative to the lowest 

lifestyle OBS quintile, risk was statistically significantly 37% less.  Similarly, there were 

statistically significant trends for decreasing risk with increasing dietary and total OBS, 

and among women in the upper relative to the lowest dietary and total OBS, risk was 

statistically significantly 23% and 35% lower, respectively.   

 

In the joint/combined (cross-classification) analysis of the lifestyle and dietary OBS 

(Table 4), there was a pattern of decreasing CRC risk with an increasing lifestyle OBS 
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among women in the lowest dietary OBS quintile, culminating in statistically significant 

40% lower risk, and a more modest pattern of decreasing risk with an increasing dietary 

OBS among women in the lowest lifestyle OBS quintile, culminating in non-statistically 

significantly 9% lower risk.  Among those in the highest relative to the lowest joint 

lifestyle/dietary OBS quintile, risk was statistically significantly 53% lower (Pinteraction = 

0.27).  

 

There were no clear or consistent differences in the OBS-CRC associations according to 

selected participant characteristics (Supplemental Table 1), and the 95% CIs for 

corresponding HRs across strata overlapped considerably.  However, there were some 

suggestions that the inverse lifestyle OBS-CRC association tended to be stronger among 

participants with no family history of CRC in a first degree relative, those who were less 

formally educated, and those with lower total energy intakes, and that the inverse dietary 

OBS-CRC association tended to be stronger among those who were younger and those 

with a family history of CRC in a first degree relative. 

 

Associations of the OBS with risk of proximal colon, distal colon, and rectal cancer are 

summarized in Supplemental Table 2.  The estimated associations did not differ 

substantially across colorectal sites, although there was some suggestion that the dietary 

OBS-distal colon cancer association was inverse (23% non-statistically significant lower 

risk), but with proximal colon cancer very close to null; however, the 95% CIs for 

corresponding HRs across sites overlapped considerably. 
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In the sensitivity analyses to assess the validity of using only baseline data for our 

primary analyses, first, for each OBS, the OBS-CRC associations estimated after 

considering study end dates at 5-year intervals were similar across the end dates 

(Supplemental Table 3).  Second, the OBS-CRC associations estimated after 

incorporating 2004 data in two ways were similar to those from our primary analyses 

(Supplemental Table 4). 

 

In other sensitivity analyses, when we used 1992 as the baseline for follow-up, additional 

adjustment for aspirin and other NSAID use had minimal effect on our results 

(Supplement Table 5); however, the inverse associations of each OBS with CRC tended 

to be stronger among those who regularly took a non-aspirin NSAID, although the 95% 

CIs for corresponding HRs across strata overlapped and the Pinteractions were not 

statistically significant (Supplemental Table 6).  Also, excluding participants who died or 

were diagnosed with CRC within the first 2 (Supplemental Table 7) or 6 years of follow-

up (Supplemental Table 5), or censoring participants when they reached age 75 

(Supplemental Table 8) had minimal effects on the estimated OBS-CRC associations.  

Use of alternative alcohol intake scoring had minimal effects on the estimated OBS-CRC 

associations (Supplemental Table 9).  Removal of any one component from either the 

lifestyle (Supplemental Table 10) or the dietary (Supplemental Table 11) OBS tended to 

result in a slightly weaker inverse association with CRC.  Removal of physical activity or 

adiposity from the lifestyle score tended to attenuate the lifestyle score-CRC association 

the most, but removal of any dietary component from the dietary OBS tended to have 

minimal effect on the dietary OBS-CRC association.     
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Discussion 

 

Our findings suggest that a predominance of antioxidant over pro-oxidant dietary and 

lifestyle exposures—separately and especially jointly—may be inversely associated with 

CRC risk among older women.  

 

Oxidative stress may be an important etiologic factor for carcinogenesis, especially 

colorectal carcinogenesis (4, 17-19).  Oxidative stress is defined as an imbalance between 

the production of free radicals and reactive metabolites (i.e., oxidants or reactive oxygen 

and nitrogen species [RONS]) (20), and their elimination by protective mechanisms (i.e., 

antioxidants) (3).  High levels of RONS can damage DNA, alter signaling pathways, and 

affect the development and progression of colon cancer in general (3-6, 21).  In addition, 

a disruption of thiol-redox circuits can lead to aberrant cell signaling and dysfunctional 

redox control without involving macromolecular damage caused by RONS (22). 

 

The biological plausibility for the components of our lifestyle and dietary OBS 

contributing to oxidative balance is summarized in Table 1.  Lifestyle factors are 

important exogenous exposures that contribute to RONS production (17).  Physical 

activity acts as an antioxidant by resulting in an increase in an adaptive response to 

oxidative stress (23).  Tobacco smoking (24, 25), alcohol intake (26, 27), and adiposity 

(28, 29), which are associated with increased oxidative stress markers and RONS 

production, are considered powerful sources of pro-oxidants.  In addition to their effects 
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on oxidative stress, lifestyle factors likely affect CRC through other mechanisms (2), 

which may, in part, account for the lifestyle OBS-CRC association being more strongly 

inverse than the dietary OBS-CRC association.  Dietary nutrients can also induce 

multiple genes involved in oxidative stress responses.  Antioxidants in foods or dietary 

supplements are thought to be chemopreventive via reducing genotoxicity and slowing 

cancer progression (5).  Evidence suggested that carotene (29), flavonoids (30, 31), lutein 

(29), lycopene (32), and selenium (33) may reduce cancer risk by limiting the genotoxic 

insults caused by RONS; vitamins C and E can protect against lipid peroxidation (34, 35), 

and omega-3 fatty acids induce electrophile-responsive element regulated genes 

responsible for regulation of antioxidant enzymes (36, 37).  Dietary prooxidants, 

including dietary iron (38, 39), omega-6 fatty acids (37, 40, 41), and saturated fat (42, 

43), are associated with increased colorectal oxidative stress and DNA damage through 

increased free-radical production in the colon. 

 

Findings from previous studies support an overall (dietary plus lifestyle) OBS as a valid 

measure of oxidative balance.  Results from a cross-sectional analysis of a large, pooled 

outpatient, elective colonoscopy population suggested a dose-dependent decrease in 

plasma F2-isoprostane concentrations⎯the best available biomarker of oxidative stress in 

vivo (44, 45)⎯with an increasing OBS (8).  A nested case-control study (46) reported a 

positive association of pre-diagnostic serum oxidized low density lipoprotein 

concentrations with CRC risk.  The results agreed with those from another nested case-

control study in the European Prospective Investigation into Cancer and Nutrition cohort 
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(20), in which reactive oxygen metabolites and the ferric reducing ability of plasma were 

used as indicators of oxidative stress.  

 

Consistent with our results, inverse associations of an OBS with colon or rectal cancer 

were observed in other epidemiologic studies.  In the Cancer Prevention Study II (CPS-

II) cohort (7), a total OBS (i.e., composed of dietary and lifestyle components) was 

calculated using four weighting methods; among participants in the highest relative to the 

lowest OBS quintile, CRC risk was statistically significantly 41% – 53% less.  A 

population-based case-control study (11) found a decreasing trend of both colon and 

rectal cancer risk with an increasing OBS, and among participants in the upper relative to 

the lowest OBS quartile, risks of colon and rectal cancer were statistically significantly 

48% and 36% lower, respectively.  Our results are also consistent with those from studies 

that observed inverse associations of oxidative stress/balance scores with colorectal 

adenoma (9, 10, 47-49).  However, the results of a cohort study (50) that measured total 

antioxidant capacity of food (TAC) intakes⎯estimated using the ferric reducing ability 

of plasma assay, which measures the reduction of Fe3
+ (ferric ion) to Fe2

+ (ferrous ion) in 

the presence of antioxidants (51, 52)⎯suggested a null association of the TAC intakes 

with colorectal and colon cancer risk.  In that study, the TAC intakes did not involve pro-

oxidant exposures, and no lifestyle factors were considered. 

 

Although in previous studies, both dietary and lifestyle exposures were included as OBS 

components, we are the first to report a joint/combined (cross-classification) analysis to 

assess potential interaction between dietary and lifestyle OBS in relation to CRC.  The 
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pattern of findings from the joint/combined analysis was consistent with a multiplicative 

interaction, although the P for interaction was not statistically significant.  Of interest is 

that the total OBS-CRC association was intermediate to the dietary and lifestyle OBS-

CRC associations.  Given the very modest correlation (Pearson r = 0.10) between the 

dietary and lifestyle OBS, that the dietary OBS comprises 11 components that each 

contribute modestly to risk and the lifestyle OBS comprises only 4 components that each 

contribute substantially to risk, it would be expected that the findings for the total OBS 

would represent an averaging of those from the separate lifestyle and dietary OBS, rather 

than reflecting any additive or synergistic effects of lifestyle and diet.  On the other hand, 

the joint/combined analysis allows a more valid look at whether having both a strong 

antioxidant lifestyle and a strong antioxidant diet may put someone at the lowest risk.  

Thus, we recommend not folding lifestyle and dietary OBS components into a single 

score.  

 

Our results also suggested that our estimated inverse associations of dietary, lifestyle, and 

total OBS with CRC tended to be stronger among women who regularly took a non-

aspirin NSAID; however, in that analysis, the corresponding 95% CIs across strata 

overlapped and the Pinteraction was not statistically significant.  Plausibility for this latter 

finding includes that inflammation, which NSAIDs reduce, can increase oxidative stress, 

and oxidative stress can increase inflammation (53), suggesting that exposures that can 

decrease inflammation or yield a more anti-oxidant relative to pro-oxidant exposure 

balance could synergistically reduce both inflammation and oxidative stress and thus risk 

for certain diseases, such as CRC.  Only one previous study (7) stratified an OBS-CRC 
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association by NSAID use, finding a stronger inverse OBS-CRC association among those 

who regularly took an NSAID (consistent with our findings).  Further investigation of 

potential interaction between OBS and non-aspirin NSAID use in relation to CRC is 

warranted. 

 

Our study had several limitations.  For our primary analyses, all OBS components were 

derived from information collected at baseline.  Some participant’s diets and lifestyle 

could have changed somewhat during follow-up.  However, it has been reported that the 

quintile rankings of cohort participants’ dietary intakes estimated from FFQs repeated 

over time mostly remain in the same or adjacent quintiles, supporting that estimates from 

a single FFQ adequately categorize study participants’ long-term dietary exposures (54).  

In addition, in a prospective cohort study, it is expected that changes occur before a 

participant has knowledge of their outcome, thus resulting in non-differential error that 

would be expected to attenuate associations.  Consistent with these findings and 

expectations, in our sensitivity analyses, we found that the estimated OBS-CRC 

associations were similar 1) at follow-up intervals of 5, 10, 15, 20, and 25 years, and 2) 

when we incorporated 2004 follow-up data in two ways.  These findings support that any 

changes in diet or lifestyle during follow up likely had minimal effects on our risk 

estimates.  We did not collect data on aspirin/other NSAID use at baseline; however, in 

our sensitivity analyses, when we considered 1992 as baseline, inclusion/exclusion of 

aspirin/other NSAID use as a model covariate did not materially affect our risk estimates.  

Other limitations include the general limitations of food frequency questionnaires (e.g., 

recall error and limited food choices); however, these types of error are also considered 
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non-differential in a prospective study.  The lack of data on CRC screening is a 

limitation.  CRC screening can detect colorectal adenomas, and if individuals have their 

adenomas removed as a consequence of CRC screening, they are less likely to get CRC.  

This could attenuate results; however, the CRC screening rate was low in Iowa in the 

1980s, thus missing this information may not have affected our results substantially.  

Finally, unlike in previous studies (7, 8), we lacked data on glucosinolates, and thus did 

not include them as an OBS component.  However, based on the results of our past (7) 

and present sensitivity analyses in which we removed/replaced each score component one 

at a time, removal of any one dietary OBS component did not materially affect our 

estimated dietary OBS-CRC associations. 

 

Major strengths of this study include the prospective study design, long follow up, large 

sample size and number of CRC cases, high quality outcome ascertainment, 

comprehensive collection and assessment of multiple potential confounding/effect 

modifying risk factors, and multiple sensitivity analyses.  Also, we conducted a 

joint/combined (cross-classification) analysis to assess potential interaction between the 

dietary and lifestyle OBS in relation to CRC risk, and were able to conduct analyses by 

cancer site and various participant characteristics. 

 

In summary, our findings taken together with previous literature, support that a 

predominance of antioxidant over pro-oxidant dietary and lifestyle exposures—separately 

and especially jointly—may be inversely associated with CRC risk.  
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Table 1.  Components of the oxidative balance score in the Iowa Women’s Health Study 

and their rationales 

Components Rationale for inclusion 

Lifestyle 

antioxidants  
Physical activity Although acute bouts of exercise increase RONS production, 

regular exercise results in increased adaptive responses to 

oxidative stress, via activating cellular antioxidant signaling 

systems and enhancing expression of antioxidant enzymes through 

a process termed “hormesis” (23) 

Lifestyle 

prooxidants 

 

Adiposity Independently associated with increased oxidative stress markers, 

impaired serum redox balance, and increased lipid peroxidation; 

source of free fatty acids, which can lead to oxidative stress 

through increased RONS production (28) 

Alcohol intake Chronic intake results in oxidative stress through oxidation of 

ethanol to acetaldehyde, which can lead to RONS production, 

nucleic acid oxidation, and decreased activity of antioxidant 

enzymes (26, 27) 

Smoking Potent producer of free radicals, associated with increase in 

blood/tissue markers of oxidative stress (24, 25) 

Dietary 

antioxidants 

 

Carotene (α and 

β) 

Precursors of vitamin A, potent antioxidants (29) 

Flavonoids Plant polyphenols with multiple antioxidant functions:  phenolic 

groups donate hydrogen to free radicals, prevent metal-catalyzed 

free-radical formation, and integrate with cell membranes to 

protect against lipid peroxidation (30, 31) 

Lutein + 

zeathanxin 

Antioxidant (29) 

Lycopene Antioxidant (32) 

Omega-3 fatty 

acids 

Induced electrophile-responsive element regulated genes 

responsible for transcription regulation of antioxidant enzymes 

(36, 37) 

Vitamin C Prevents lipid peroxidation, helps regenerate α-tocopherol (35) 

Vitamin E Membrane-bound antioxidant, protects against lipid peroxidation 

(34) 

Selenium Trace element that is part of important antioxidant selenoproteins 

(33) 

Dietary 

prooxidants 

 

Iron Available from red meat; preferentially catalyzes oxidative 

reactions in the colon through production of free radicals, resulting 

in lipid, protein, and DNA and other nucleic acid damage (38, 39) 
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Omega-6 fatty 

acids 

Higher intakes associated with increased oxidative stress through 

increased free-radical production; unlike omega-3 fatty acids, they 

do not induce electrophile-responsive elements (37, 40, 41) 

Saturated fats Oxidative DNA damage through increased production of known 

prooxidant bile acids in the colon (42, 43) 

Abbreviations:  RONS, reactive oxygen and nitrogen species. 
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Table 2.  Selected baseline participant characteristicsa according to lifestyle and dietary oxidative balance score quintiles; the 

Iowa Women's Health Study (n = 34,135), 1986 – 2012 

 
Dietary oxidative balance score quintilesb   Lifestyle oxidative balance score quintilesb 

Characteristics 
1 

(n = 6,923) 
  

3 

(n = 6,878) 
  

5 

(n = 7,682)  

1 

(n = 6,827) 
  

3 

(n = 6,827) 
  

5 

(n = 6,827) 

  
Mean  SD 

or % 
  

Mean  SD 

or % 
  

Mean  SD 

or %  

Mean  SD 

or % 
  

Mean  SD 

or % 
  

Mean  SD 

or % 

Age (years) 61.2  4.1  61.5  4.2  61.6  4.2 
 

61.1  4.1  61.7  4.2  61.7  4.2 

High school graduate or 

higher (%) 

79.0  83.6  82.6 
 

80.1  81.4  83.8 

1st degree relative with 

CRC (%) 

3.2  3.0  3.3 
 

3.0  2.9  3.0 

Currently use hormone 

therapy (%) 

10.0  11.7  13.2 
 

10.1  11.1  12.3 

Total energy intake 

(kcal/day)                                 
1,920  661  1,828  580  1,743  553 

 
1,825  625  1,794  603  1,800  583 

Total vegetables and 

fruit intake 

(servings/week) 

31.3  14.0  43.9  17.6  58.1  28.7 
 

40.7  20.8  42.8  20.8  47.2  21.9 

Red meats intake 

(servings/week) 
7.2  4.9  6.0  3.6  4.4  3.2 

 
6.0  4.0  6.1  4.1  5.7  3.9 

Processed meats intake 

(servings/week) 
2.7  3.3  2.0  2.1  1.2  1.7 

 
2.3  2.7  2.1  2.7  1.8  2.2 

Totalc calcium intake 

(mg/day) 
1,031  547  1,103  544  1,184  590 

 
1,024  546  1,065  540  1,167  558 

Dietary antioxidant 

intakes 

     
 

     

Totalc carotene (α and 

β), (IU/1,000 kcal/day) 
3,075  

1,518 

 4,881  

2,164 

 8,801  

6,747 

 
4,658  

3,428 

 5,124  

4,150 

 5,812  

4,468 

Flavones (mg/1,000 

kcal/day) 
4  3  7  5  14  11 

 
7  8  8  7  9  7 

Totalc lutein + 

zeathanxin (mcg/1,000 

kcal/day)   

957  652  1,497  782  3,134  

3,153 

 
1,663  

1,516 

 1,582  

1,401 

 1,843  

1,493 
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Totalc lycopene 

(mcg/1,000 kcal/day) 
1,636  

1,153 

 2,419  

1,463 

 4,204  

4,762 

 
2,685  

2,473 

 2,532  

2,148 

 2,680  

2,228 

Totalc vitamin C 

(mg/1,000 kcal/day) 
88  93  148  137  326  311 

 
164  190  169  189  186  206 

Totalc vitamin E 

(mg/1,000 kcal/day) 
22  45  34  65  109  164 

 
43  90  46  93  54  106 

Totalc omega-3 fatty 

acids (g/1,000 

kcal/day) 

0.06  0.05  0.10  0.07  0.19  0.18 
 

0.10  0.10  0.10  0.11  0.11  0.12 

Seleniumd (mcg/1,000 

kcal/day) 
5.0  23.1  1.4  7.2  2.1  9.3 

 
1.8  10.6  2.2  12.0  2.6  13.7 

Dietary prooxidant 

intakes 

     
 

     

Totalc iron intake 

(mg/1,000 kcal/day) 
14  14  10  8  11  8 

 
10  9  11  10  12  9 

Saturated fats (g/1,000 

kcal/day) 
15.5  3.0  13.1  2.2  11.2  2.4 

 
13.4  3.0  13.4  2.7   13.0  2.8 

Omega-6 fatty acids 

(g/1,000 kcal/day) 
7.4  2.1  6.4  1.5  5.9  1.6 

 
6.5  1.9  6.4  1.6  6.4  1.7 

Lifestyle, antioxidant      
 

     

High physical activity5 

(%) 

17.0  25.0  35.1 
 

8.4  3.2  40.2 

Lifestyle, prooxidants      
 

     

Current smoker (%) 19.9  13.8  12.8 
 

51.3  5.8  2.5 

 ≥7 alcoholic 

drinks/week (%) 

7.2  10.5  10.4 
 

37.6  0.0  2.8 

 High adiposity6 (%) 20.2   19.7   18.7 
 

34.2   13.6   11.9 

 

Abbreviations:  CRC, colorectal cancer; IU, international units; SD, standard deviation. 
a Continuous variables presented as means (standard deviation); categorical variables presented as percentages. 
b Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed in the table; see the text for 

construction of the 'equal-weight' scores; a higher score represents a higher balance of antioxidant relative to prooxidant 

exposures. 
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c Total = diet plus supplements. 
d Selenium intake from supplements only. 
e Physical activity level derived from two questions regarding the frequency of moderate and vigorous physical activity (14), 

and categorized as high (vigorous activity twice a week or moderate activity > 4 times/week), medium (vigorous activity 

once a week plus moderate activity once a week, or moderate activity 2 – 4 times/week), and low. 
f Body mass index (BMI; weight [kg]/height [m2]) < 30 and waist:hip ratio (WHR) < 0.8 considered low adiposity; either BMI 

≥ 30 or WHR ≥ 0.8 considered medium adiposity; BMI ≥ 30 and WHR ≥ 0.8 considered high adiposity. 
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Table 3.  Associations of lifestyle, dietary, and total oxidative balance scores with 

incident colorectal cancer in the Iowa Women's Health Study (n = 34,135), 1986 – 2012 

Oxidative balance 

scorea 

N 

(cases/total) 

Minimally-adjusted 

associationsb 
 Fully-adjusted 

associationsc 

HR 95% CI   HR 95% CI 

Dietary OBS, 

quintiles (quintile 

median) 

      

1 (-4.58) (345/6,827) 1.00 Referent  1.00 Referent 

2 (-2.58) (353/6,827) 0.95 0.82, 1.10  0.94 0.81, 1.09 

3 (-0.71) (322/6,827) 0.92 0.79, 1.07  0.90 0.77, 1.06 

4 (1.36) (361/6,827) 0.96 0.83, 1.12  0.93 0.79, 1.10 

5 (5.31) (301/6,827) 0.80 0.68, 0.93  0.77 0.64, 0.94 

Ptrend  0.007   0.01  

       

Lifestyle OBS, 

quintiles (quintile 

median) 

      

1 (-2.69) (358/6,923) 1.00 Referent  1.00 Referent 

2 (-1.19) (346/6,884) 0.87 0.75, 1.01  0.86 0.74, 1.00 

3 (0.22)  (364/6,878) 0.86 0.75, 1.00  0.85 0.73, 0.98 

4 (1.34) (305/5,768) 0.86 0.74, 1.00  0.85 0.73, 1.00 

5 (2.65) (309/7,682) 0.63 0.54, 0.73  0.63 0.54, 0,73 

Ptrend  
< 

0.0001 
  

< 

0.0001 
 

       

Total OBS, 

quintiles (quintile 

median) 

      

1 (-5.70) (338/6,827) 1.00 Referent  1.00 Referent 

2 (-2.73) (371/6,827) 0.98 0.84, 1.13  0.95 0.82, 1.10 

3 (-0.54) (349/6,827) 0.90 0.78, 1.05  0.86 0.74, 1.01 

4 (1.89) (331/6,827) 0.84 0.73, 0.98  0.79 0.67, 0.93 

5 (6.15) (329/6,827) 0.72 0.62, 0.84  0.65 0.54, 0.79 

Ptrend  < 

0.0001 
    

< 

0.0001 
  

Abbreviations:  CI, confidence interval; HR, hazard ratio; OBS, oxidative balance score. 
a Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed in 

Table 1; see the text for construction of the 'equal-weight' scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures. 
b From Cox proportional hazards models, adjusted for age, family history of colorectal 

cancer in a first-degree relative, and total energy intake. 
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c From Cox proportional hazards models; model for lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit intake, 

red meat intake, processed meat intake and the dietary OBS; model for dietary OBS 

adjusted for age, family history of colorectal cancer in a first-degree relative, total 

energy intake, education, current use of hormone replacement therapy, total vegetable 

and fruit intake, red meat intake, processed meat intake, physical activity, smoking 

status, alcohol intake, and adiposity (see text); model for total OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit intake, 

red meat intake, and processed meat intake. 
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Table 4.  Joint/combined (cross-classification) associationsa of dietary and lifestyle oxidative balance scoresb with incident colorectal 

cancer in the Iowa Women's Health Study (n = 34,135), 1986 – 2012 

 
 Dietary OBS, quintiles 

 
 1   2   3   4   5 

    n HR 95% CI   n HR 95% CI   n HR 95% CI 
 

n HR 95% CI 
 

n HR 95% CI 

Lifestyle 

OBS, 

quintiles 

1 1,596 1.00 Referent  1,433 0.94 0.67, 1.31  1,417 0.76 0.52, 1.11  1,286 0.98 0.65, 1.48  1,191 0.91 0.56, 1.48  

2 1,517 0.80 0.58, 1.11  1,425 0.69 0.49, 0.98  1,314 0.71 0.48, 1.06  1,322 0.79 0.53, 1.18  1,306 0.63 0.38, 1.06  

3 1,474 0.98 0.73, 1.33  1,499 0.75 0.53, 1.07  1,410 0.77 0.53, 1.11  1,337 0.63 0.40, 0.98  1,158 0.57 0.35, 0.94  

4 908 0.91 0.63, 1.30  1,067 0.75 0.51, 1.09  1,169 0.93 0.61, 1.41  1,271 0.48 0.30, 0.76  1,353 0.60 0.37, 0.97 

5 1,332 0.60 0.43, 0.85  1,403 0.57 0.40, 0.83  1,517 0.47 0.30, 0.72  1,611 0.48 0.31, 0.76  1,819 0.473 0.29, 0.76  

Abbreviations:  CI, confidence interval; HR, hazard ratio; OBS, oxidative balance score. 
a From Cox proportional hazards models, adjusted for age, family history of colorectal cancer in a first-degree relative, total energy 

intake, education, current use of hormone replacement therapy, total vegetable and fruit intake, red meat intake, and processed meat 

intake. 
b Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed in Table 1; see the text for construction of the 

'equal-weight' scores; a higher score represents a higher balance of antioxidant relative to pro-oxidant exposures. 
c P-interaction = 0.27. 
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Supplemental Table 1.  Associations of lifestyle, dietary, and total oxidative balance 

scores with incident colorectal cancer, according to categories of selected participant 

characteristics; the Iowa Women's Health Study (n = 34,135), 1986 – 2012 

Character-

istics 

  

OBS 

tertiles 

Lifestyle OBSa  Dietary OBSa  Total OBSa 

HRb 95% CI   HRb 95% CI   HRb 95% CI 

Age, yrs.          

  < 65 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.91 0.79, 1.05  0.93 0.81, 1.08  0.93 0.81, 1.08 
 3 0.74 0.64, 0.86  0.86 0.72, 1.03  0.71 0.59, 0.84 
          

  ≥ 65 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.79 0.64, 0.97  1.06 0.85, 1.33  0.96 0.77, 1.19 
 3 0.66 0.54, 0.82  1.06 0.82, 1.37  0.80 0.62, 1.02 

Pinteraction  0.44   0.64   0.85  

CRC in a 1st degree 

relative 
        

  No 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.85 0.75, 0.95  0.97 0.86, 1.10  0.93 0.82, 1.04 
 3 0.70 0.62, 0.80  0.93 0.80, 1.08  0.74 0.64, 0.85 
          

  Yes 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 1.49 0.77, 2.88  0.79 0.40, 1.53  1.19 0.61, 2.29 
 3 0.85 0.42, 1.71  0.42 0.18, 1.03  0.60 0.26, 1.40 

Pinteraction  0.26   0.94   0.76  

 Education          

  < High 

school 

graduate 

1 1.00 Referent  1.00 Referent  1.00 Referent 

 2 0.67 0.51, 0.88  0.96 0.72, 1.28  0.78 0.59, 1.03 
 3 0.55 0.41, 0.74  0.87 0.62, 1.22  0.60 0.42, 0.84 
          

  ≥ High 

school 

graduate 

1 1.00 Referent  1.00 Referent  1.00 Referent 

 2 0.92 0.81, 1.05  0.97 0.85, 1.11  0.97 0.85, 1.11 
 3 0.75 0.66, 0.86  0.90 0.77, 1.06  0.75 0.64, 0.88 

Pinteraction  0.08   0.83   0.76  

Current use of hormone replacement 

therapy 
      

  No 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.85 0.76, 0.96  0.97 0.85, 1.10  0.92 0.81, 1.04 
 3 0.72 0.63, 0.81  0.92 0.79, 1.01  0.73 0.63, 0.85 
          

  Yes 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.97 0.65, 1.45  0.98 0.64, 1,51  1.25 0.81, 0.91 
 3 0.71 0.47, 1.08  0.85 0.52, 1.40  0.80 0.49, 1.32 

Pinteraction  0.82   0.62   0.96  
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Total energy intakec (kcal/day)                                      

  < 1,718.6 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.82 0.70, 0.96  1.04 0.88, 1.25  0.87 0.74, 1.03 
 3 0.66 0.56, 0.78  1.00 0.82, 1.21  0.73 0.60, 0.88 
          

  ≥ 1,718.6 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.93 0.79, 1.09  0.92 0.78, 1.09  1.03 0.87, 1.21 
 3 0.79 0.66, 0.94  0.89 0.72, 1.10  0.78 0.62, 0.97 

Pinteraction  0.45   0.59   0.21  

Total calcium intakec (mg/day)                                     

  < 1,031.3 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.83 0.72, 0.97  1.01 0.86, 1.19  0.98 0.83, 1.14 
 3 0.75 0.63, 0.87  0.93 0.76, 1.13  0.75 0.62, 0.91 
          

  ≥ 1,031.3 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.93 0.77, 1.11  0.94 0.78, 1.14  0.92 0.76, 1.11 
 3 0.71 0.60, 0.86  0.97 0.78, 1.20  0.77 0.62, 0.95 

Pinteraction  0.50   0.85   0.63  

Total vegetable and fruit intakec 

(servings/week) 
      

  < 40.5 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.86 0.74, 1.01  0.96 0.82, 1.13  0.86 0.74, 1.01 
 3 0.68 0.57, 0.81  0.97 0.79, 1.18  0.75 0.61, 0.92 
          

  ≥ 40.5 1 1.00 Referent  1.00 Referent  1.00 Referent 
 2 0.88 0.74, 1.04  1.02 0.84, 1.24  1.11 0.92, 1.34 

  3 0.75 0.64, 0.89   0.93 0.76, 1.15   0.84 0.68, 1.02 

Pinteraction  0.87   0.62   0.02  

 

  Abbreviations:  CI, confidence interval; CRC, colorectal cancer; HR, hazard ratio; OBS, 

oxidative balance score. 

    a Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed 

in Table 1; see the text for construction of the 'equal-weight' scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures. 

    b From Cox proportional hazards models; model for lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 

intake, red meat intake, processed meat intake, and the dietary OBS; model for 

dietary OBS adjusted for age, family history of colorectal cancer in a first-degree 

relative, total energy intake, education, current use of hormone replacement therapy, 

total vegetable and fruit intake, red meat intake, processed meat intake, physical 

activity, smoking status, alcohol intake, and adiposity (see text); model for total OBS 

adjusted for age, family history of colorectal cancer in a first-degree relative, total 

energy intake, education, current use of hormone replacement therapy, total vegetable 

and fruit intake, red meat intake, and processed meat intake. 
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 c Dichotomized on median intake among analytic population at baseline. 
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Supplemental Table 2.  Associations of lifestyle, dietary, and total oxidative balance scores with incident colorectal cancer, 

by cancer site; the Iowa Women's Health Study (n = 34,135), 1986 – 2012 

Oxidative 

balance 

scoresa 

Proximal colonb  Distal colonc  Rectumd 

No. of 

Cases 
HRe 95% CI   

No. of 

Cases 
HRe 95% CI   

No. of 

Cases 
HRe 95% CI 

Lifestyle OBS, tertiles          

1 338 1.00 Referent  150 1.00 Referent  107 1.00 Referent 

2 300 0.86 0.72, 1.03  141 0.99 0.75, 1.32  113 0.74 0.53, 1.05 

3 257 0.80 0.66, 0.97  128 0.88 0.66, 1.17  101 0.91 0.63, 1.31 
            

Dietary OBS, tertiles          

1 307 1.00 Referent  150 1.00 Referent  108 1.00 Referent 

2 308 0.99 0.81, 1.20  143 0.85 0.62, 1.15  104 1.03 0.69, 1.53 

3 280 1.03 0.82, 1.30  126 0.77 0.53, 1.11  109 0.88 0.56, 1.37 
            

Total OBS, tertiles          

1 316 1.00 Referent  141 1.00 Referent  108 1.00 Referent 

2 317 0.94 0.78, 1.13  157 0.71 0.53, 0.96  108 1.03 0.72, 1.46 

3 262 0.87 0.64, 1.10   121 0.87 0.59, 1.30   105 0.82 0.53, 1.25 

 

Abbreviations:  CI, confidence interval; HR, hazard ratio; OBS, oxidative balance score. 

    a Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed in Table 1; see the text for 

construction of the 'equal-weight' scores; a higher score represents a higher balance of antioxidant relative to pro-oxidant 

exposures. 

    b Proximal colon:  cecum, appendix, ascending colon, hepatic flexure, and transverse colon. 

    c Distal colon:  splenic flexure, descending colon, and sigmoid colon. 
d Rectum:  recto-sigmoid junction and rectum. 

    e From Cox proportional hazards models; model for lifestyle OBS adjusted for age, family history of colorectal cancer in a 

first-degree relative, total energy intake, education, current use of hormone replacement therapy, total vegetable and fruit 

intake, red meat intake, processed meat intake, and the dietary OBS; model for dietary OBS adjusted for age, family 

history of colorectal cancer in a first-degree relative, total energy intake, education, current use of hormone replacement 
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therapy, total vegetable and fruit intake, red meat intake, processed meat intake, physical activity, smoking status, alcohol 

intake, and adiposity (see text); model for total OBS adjusted for age, family history of colorectal cancer in a first-degree 

relative, total energy intake, education, current use of hormone replacement therapy, total vegetable and fruit intake, red 

meat intake, and processed meat intake. 
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Supplemental Table 3.  Associations of lifestyle, dietary, and total oxidative balance 

scores with incident colorectal cancer, when stopping follow-up at 5, 10, 15, 20, and 25 

years; the Iowa Women's Health Study (n = 34,135) 

Oxidative 

balance scorea 

Follow-up intervals (No. of cases) 

5 years 

(285) 

10 years 

(602)  

15 years  

(972) 

20 years 

(1,362)  

25 years  

(1,616) 

Lifestyle OBS, 5th relative to 1st quintile    

HRb 0.96 0.65 0.64 0.63 0.62 

(95% CI) (0.67, 1.37) (0.51, 0.84) (0.53, 0.79) (0.53, 0.75) (0.53, 0.73) 

Ptrend 0.68 0.002 < 0.0001 < 0.0001 < 0.0001 
      

Dietary OBS, 5th relative to 1st quintile    

HRb 0.70  0.77 0.79 0.76 0.82 

(95% CI) (0.44, 1.12) (0.55, 1.08) (0.61, 1.04) (0.60, 0.95) (0.67, 1.00) 

Ptrend 0.29 0.14 0.006 0.01 0.06 
      

Total OBS, 5th relative to 1st quintile    

HRb 0.88 0.62 0.66 0.63 0.68 

(95% CI) (0.55, 1.40) (0.45, 0.85) (0.51, 0.85) (0.50, 0.78) (0.56, 0.83) 

Ptrend 0.45 0.005 0.0006 < 0.0001 < 0.0001 

 

Abbreviations:  CI, confidence interval; HR, hazard ratio; OBS, oxidative balance 

score. 
     a Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed 

in Table 1; see the text for construction of the 'equal-weight' scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures. 

   b From Cox proportional hazards models; model for lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 

intake, red meat intake, processed meat intake and the dietary OBS; model for dietary 

OBS adjusted for age, family history of colorectal cancer in a first-degree relative, 

total energy intake, education, current use of hormone replacement therapy, total 

vegetable and fruit intake, red meat intake, processed meat intake, physical activity, 

smoking status, alcohol intake, and adiposity (see text); model for total OBS adjusted 

for age, family history of colorectal cancer in a first-degree relative, total energy 

intake, education, current use of hormone replacement therapy, total vegetable and 

fruit intake, red meat intake, and processed meat intake. 

  



41 
 

 
 

Supplemental Table 4.  Associations of lifestyle, dietary, and total oxidative balance 

scores with incident colorectal cancer using alternative methods for OBS calculation; the 

Iowa Women's Health Study (n = 34,135), 1986 – 2012 

Oxidative 

balance 

scorea 

Fully-adjusted associationsb,d   Fully-adjusted associationsc,d 

HR 95% CI  HR 95% CI 

Dietary OBS, quintiles      

1 1 Referent  1 Referent 

2 0.98 0.84, 1.14  0.96 0.82, 1.11 

3 0.90 0.77, 1.05  0.92 0.79, 1.07 

4 0.91 0.77, 1.07  0.96 0.82, 1.12 

5 0.81 0.67, 0.97  0.85 0.71, 1.00 

Ptrend 0.02  
 0.09  

      

Lifestyle OBS, quintiles      

1 1.00 Referent  1.00 Referent 

2 0.93 0.81, 1.08  0.96 0.83, 1.11 

3 0.85 0.73, 0.99  0.85 0.73, 0.98 

4 0.86 0.74, 1.00  0.85 0.73, 0.99 

5 0.66 0.56, 0.77  0.67 0.57, 0.79 

Ptrend <0.0001   <0.0001  

      

Total OBS, quintiles     

1 1.00 Referent  1.00 Referent 

2 0.98 0.84, 1.13  0.91 0.79, 1.06 

3 0.85 0.73, 1.00  0.95 0.81, 1.10 

4 0.77 0.65, 0.92  0.83 0.71, 0.97 

5 0.65 0.52, 0.80  0.70 0.59, 0.85 

Ptrend <0.0001     0.0003   

Abbreviations:  CI, confidence interval; HR, hazard ratio; OBS, oxidative balance score. 
a Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed in 

Table 1; see the text for construction of the 'equal-weight' scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures. 
b For participants censored prior to 2004, the baseline (1986) data were used for the OBS 

calculations; for participants not censored prior to 2004, the average of the baseline and 

follow-up (2004) data were used for the OBS calculations. 
c For participants censored prior to 2004, the baseline data (1986) were used for the OBS 

calculations; for participants not censored prior to 2004, the follow-up data (2004) were 

used for the OBS calculations. 
d From Cox proportional hazards models; model for lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 
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education, current use of hormone replacement therapy, total vegetable and fruit intake, 

red meat intake, processed meat intake, and the dietary OBS; model for dietary OBS 

adjusted for age, family history of colorectal cancer in a first-degree relative, total 

energy intake, education, current use of hormone replacement therapy, total vegetable 

and fruit intake, red meat intake, processed meat intake, physical activity, smoking 

status, alcohol intake, and adiposity (see text); model for total OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit intake, 

red meat intake, and processed meat intake. 
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Supplemental Table 5.  Associations of lifestyle, dietary, and total oxidative balance 

scores with incident CRC, after excluding participants who died or were diagnosed 

with CRC in the first six years of follow up, with and without adjustment for aspirin 

and other NSAID use; the Iowa Women's Health Study (n = 26,253), 1992 – 2012 

Oxidative 

balance 

scorea 

Minimally-adjusted 

associationsb 
 

Fully-adjusted 

associationsc 
 

Fully-adjusted 

associationsd 

HR 95% CI   HR 95% CI   HR 95% CI 

Lifestyle OBS, quintiles       

1 1.00 Referent  1.00 Referent  1.00 Referent 

2 0.89 0.74, 1.06  0.88 0.74, 1.05  0.87 0.72, 1.04 

3 0.90 0.75, 1.09  0.89 0.74, 1.07  0.88 0.73, 1.05 

4 0.79 0.66, 0.94  0.79 0.66, 0.94  0.78 0.65, 0.93 

5 0.60 0.49, 0.74  0.60 0.49, 0.74  0.60 0.49, 0.74 

Ptrend < 0.0001   < 0.0001   < 0.0001  
         

Dietary OBS, quintiles        

1 1.00 Referent  1.00 Referent  1.00 Referent 

2 0.95 0.79, 1.14  0.95 0.78, 1.14  0.94 0.78, 1.13 

3 0.96 0.80, 1.15  0.94 0.78, 1.14  0.95 0.78, 1.15 

4 0.95 0.79, 1.14  0.93 0.76, 1.14  0.93 0.76, 1.15 

5 0.80 0.66, 0.97  0.77 0.61, 0.98  0.76 0.60, 0.97 

Ptrend 0.03   0.04   0.03  
         

Total OBS, quintiles        

1 1.00 Referent  1.00 Referent  1.00 Referent 

2 1.02 0.85, 1.22  0.99 0.82, 1.19  1.00 0.83, 1.20 

3 0.97 0.81, 1.16  0.92 0.76, 1.11  0.93 0.77, 1.12 

4 0.82 0.68, 0.99  0.77 0.63, 0.94  0.76 0.62, 0.94 

5 0.71 0.58, 0.87  0.63 0.50, 0.80  0.64 0.50, 0.81 

Ptrend < 0.0001     < 0.0001     < 0.0001   

 

Abbreviations:  CI, confidence interval; CRC, colorectal cancer; HR, hazards ratio; 

NSAID, non-steroidal anti-inflammatory drug; OBS, oxidative balance score. 

    a Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed 

in Table 1; see the text for construction of the 'equal-weight' scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures. 

    b From Cox proportional hazards models, adjusted for age, family history of colorectal 

cancer in a first-degree relative, and total energy intake. 

    c From Cox proportional hazards models; model for lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 

intake, red meat intake, processed meat intake and the dietary OBS; model for dietary 

OBS adjusted for age, family history of colorectal cancer in a first-degree relative, 

total energy intake, education, current use of hormone replacement therapy, total 

vegetable and fruit intake, red meat intake, processed meat intake, physical activity, 
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smoking status, alcohol intake, and adiposity (see text); model for total OBS adjusted 

for age, family history of colorectal cancer in a first-degree relative, total energy 

intake, education, current use of hormone replacement therapy, total vegetable and 

fruit intake, red meat intake, and processed meat intake. 

    d From Cox proportional hazards models; covariates for all models same as in footnote 
c plus aspirin and other NSAID use. 
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Supplemental Table 6.  Associations of lifestyle, dietary, and total oxidative balance 

scores with incident colorectal cancer, according to categories of aspirin and other 

NSAID use; the Iowa Women's Health Study (n = 26,253), 1992 – 2012 

 Lifestyle OBSa  Dietary OBSa  Total OBSa 

 HRb 95% CI   HRb 95% CI   HRb 95% CI 

Use of aspirin        

< 1/week 1.00 Referent  1.00 Referent  1.00 Referent 

 0.81 0.67, 0.98  1.00 0.82, 1.23  0.86 0.71, 1.05 

 0.65 0.53, 0.79  0.92 0.72, 1.17  0.66 0.52, 0.84 

         

≥ 1/week 1.00 Referent  1.00 Referent  1.00 Referent 

 0.99 0.80, 1.23   0.82 0.65, 1.03   0.98 0.78, 1.22 

 0.71 0.56, 0.90   0.81 0.62, 1.07   0.67 0.51, 0.88 

Pinteraction 0.41   0.40   0.52  

Use of other non-aspirin NSAID 
      

< 1/week 1.00 Referent  1.00 Referent  1.00 Referent 

 0.86 0.73, 1.01   0.94 0.79, 1.11   0.94 0.79, 1.10  

 0.70 0.59, 0.83  0.92 0.75, 1.13   0.70 0.57, 0.86 

         

≥ 1/week 1.00 Referent  1.00 Referent  1.00 Referent 

 1.00 0.75, 1.34  0.87 0.63, 1.21   0.84 0.61, 1.15 

  0.58 0.40, 0.83   0.70 0.47, 1.04   0.54 0.37, 0.80 

Pinteraction 0.56   0.62   0.43  

 

    Abbreviations: CI, confidence interval; CRC, colorectal cancer; HR, hazard ratio; 

NSAID, nonsteroidal anti-inflammatory drugs; OBS, oxidative balance score. 

    a Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed 

in Table 1; see the text for construction of the 'equal-weight' scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures. 

    b From Cox proportional hazards models; model for Lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 

intake, red meat intake, processed meat intake, use of aspirin and other NSAID, and 

the dietary OBS; model for dietary OBS adjusted for age, family history of colorectal 

cancer in a first-degree relative, total energy intake, education, current use of 

hormone replacement therapy, total vegetable and fruit intake, red meat intake, 

processed meat intake, physical activity, smoking status, alcohol intake, adiposity 

(see text), use of aspirin and other NSAID; model for total OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 
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intake, red meat intake, processed meat intake, regular use of aspirin and other 

NSAIDs.  
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Supplemental Table 7.  Associations of lifestyle, dietary, and total oxidative balance 

scores with incident CRC after excluding participants who died or were diagnosed 

with CRC within the first two years of follow-up; the Iowa Women's Health Study (n 

= 33,474), 1988 – 2012 

Oxidative 

balance 

scorea 

Minimally-adjusted associationsb  Fully-adjusted associationsc 

HR 95% CI   HR 95% CI 

Lifestyle OBS, quintiles     
1 1.00 Referent  1.00 Referent 

2 0.84 0.72, 0.98  0.83 0.71, 0.97 

3 0.84 0.73, 0.98  0.83 0.71, 0.96 

4 0.85 0.73, 1.00  0.85 0.72, 0.99 

5 0.59 0.50, 0.69  0.58 0.50, 0.68 

Ptrend < 0.0001   < 0.0001  

      

Dietary OBS, quintiles     
1 1.00 Referent  1.00 Referent 

2 0.97 0.84, 1.13  0.97 0.83, 1.13 

3 0.94 0.81, 1.10  0.92 0.78, 1.09 

4 0.97 0.83, 1.13  0.94 0.79, 1.12 

5 0.80 0.68, 0.94  0.77 0.63, 0.94 

Ptrend 0.008   0.01  

      
Total OBS, quintiles     

1 1.00 Referent  1.00 Referent 

2 0.96 0.82, 1.12  0.93 0.80, 1.09 

3 0.91 0.78, 1.06  0.87 0.74, 1.01 

4 0.82 0.70, 0.96  0.76 0.65, 0.91 

5 0.71 0.60, 0.83  0.63 0.52, 0.77 

Ptrend < 0.0001     < 0.0001   

    

Abbreviations:  CI, confidence interval; CRC, colorectal cancer; HR, hazards ratio; 

OBS, oxidative balance score. 

    a Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed 

in Table 1; see the text for construction of the 'equal-weight' scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures. 

    b From Cox proportional hazards models, adjusted for age, family history of colorectal 

cancer in a first-degree relative, and total energy intake. 

    c From Cox proportional hazards models; model for lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 

intake, red meat intake, processed meat intake and the dietary OBS; model for dietary 

OBS adjusted for age, family history of colorectal cancer in a first-degree relative, 

total energy intake, education, current use of hormone replacement therapy, total 
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vegetable and fruit intake, red meat intake, processed meat intake, physical activity, 

smoking status, alcohol intake, and adiposity (see text); model for total OBS adjusted 

for age, family history of colorectal cancer in a first-degree relative, total energy 

intake, education, current use of hormone replacement therapy, total vegetable and 

fruit intake, red meat intake, and processed meat intake. 
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Supplemental Table 8.  Associations of lifestyle, dietary, and total oxidative balance 

scores with incident CRC with additional censoring of participants when they reached the 

age of 75 years; the Iowa Women's Health Study (n = 34,135), 1986 – 2012 

Oxidative balance scorea 

Minimally-adjusted 

associationsb  

Fully-adjusted 

associationsc 

HR 95% CI   HR 95% CI 

Lifestyle OBS, quintiles 
   

  

1 1.00 Referent  1.00 Referent 

2 0.85 0.69, 1.06  0.86 0.69, 1.06 

3 0.83 0.68, 1.03  0.84 0.68, 1.03 

4 0.71 0.57, 0.90  0.72 0.57, 0.92 

5 0.63 0.50, 0.78  0.64 0.51, 0.80 

Ptrend < 0.0001   < 0.0001  
 

   
  

Dietary OBS, quintiles    
  

1 1.00 Referent  1.00 Referent 

2 0.95 0.76, 1.18  0.93 0.75, 1.16 

3 0.87 0.70, 1.08  0.84 0.67, 1.07 

4 0.96 0.77, 1.19  0.91 0.71, 1.16 

5 0.70 0.55, 0.88  0.65 0.48, 0.87 

Ptrend 0.005   0.006  
 

   
  

Total OBS, quintiles    
  

1 1.00 Referent  1.00 Referent 

2 0.96 0.78, 1.18  0.94 0.76, 1.16 

3 0.71 0.57, 0.89  0.68 0.54, 0.85 

4 0.82 0.66, 1.02  0.77 0.61, 0.97 

5 0.63 0.50, 0.80  0.57 0.43, 0.75 

Ptrend < 0.0001     < 0.0001   

 

    Abbreviations:  CI, confidence interval; CRC, colorectal cancer; HR, hazard ratio; 

OBS, oxidative balance score. 

    a Oxidative balance scores (OBS) composed of the lifestyle or dietary or exposures 

listed in Table 1; see the text for construction of the 'equal-weight' scores; a higher 

score represents a higher balance of antioxidant relative to pro-oxidant exposures. 

    b From Cox proportional hazards models, adjusted for age, family history of colorectal 

cancer in a first-degree relative, and total energy intake. 

    c From Cox proportional hazards models; model for lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 

intake, red meat intake, processed meat intake and the dietary OBS; model for dietary 

OBS adjusted for age, family history of colorectal cancer in a first-degree relative, 

total energy intake, education, current use of hormone replacement therapy, total 

vegetable and fruit intake, red meat intake, processed meat intake, physical activity, 
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smoking status, alcohol intake, and adiposity (see text); model for total OBS adjusted 

for age, family history of colorectal cancer in a first-degree relative, total energy 

intake, education, current use of hormone replacement therapy, total vegetable and 

fruit intake, red meat intake, and processed meat intake. 
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Supplemental Table 9.  Associations of lifestyle, dietary, and total oxidative balance 

scores with incident CRC using alternative scoring of alcohol intakea; the Iowa Women's 

Health Study (n = 33,474), 1988 – 2012 

Oxidative 

balance scoreb 

Minimally-adjusted 

associationsc  
Fully-adjusted associationsd 

HR 95% CI   HR 95% CI 

Lifestyle OBS, quintiles     
1 1.00 Referent  1.00 Referent 

2 0.93 0.81, 1.08  0.93 0.81, 1.08 

3 0.89 0.76, 1.03  0.89 0.77, 1.04 

4 0.70 0.60, 0.81  0.71 0.61, 0.82 

5 0.72 0.61, 0.84  0.74 0.63, 0.87 

Ptrend < 0.0001   < 0.0001  
      

Dietary OBS, quintiles     

1 1.00 Referent  1.00 Referent 

2 0.95 0.82, 1.10  0.94 0.81, 1.09 

3 0.92 0.79, 1.07  0.90 0.77, 1.06 

4 0.96 0.83, 1.12  0.93 0.79, 1.10 

5 0.80 0.68, 0.93  0.77 0.64, 0.94 

Ptrend 0.008   0.01  
      

Total OBS, 

quintiles 
     

1 1.00 Referent  1.00 Referent 

2 0.94 0.81, 1.09  0.92 0.79, 1.07 

3 0.93 0.81, 1.08  0.90 0.78, 1.05 

4 0.82 0.70, 0.95  0.78 0.66, 0.92 

5 0.73 0.63, 0.86  0.69 0.57, 0.83 

Ptrend < 0.0001     < 0.0001   

 

    Abbreviations:  CI, confidence interval; CRC, colorectal cancer; HR, hazards ratio; 

OBS, oxidative balance score. 

    a Alcohol intake scored as follows:  < 1 drinks/week assigned value of 3; alcohol intake 

1 –7 drinks/week assigned value of 1, alcohol intake ≥ 7 drinks/week assigned value 

of 3. 

    b Oxidative balance scores (OBS) composed of the lifestyle or dietary exposures listed 

in Table 1; see the text for construction of the 'equal-weight' scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures. 

    c From Cox proportional hazards models, adjusted for age, family history of colorectal 

cancer in a first-degree relative, and total energy intake. 

    d From Cox proportional hazards models; model for lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 
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intake, red meat intake, processed meat intake and the dietary OBS; model for dietary 

OBS adjusted for age, family history of colorectal cancer in a first-degree relative, 

total energy intake, education, current use of hormone replacement therapy, total 

vegetable and fruit intake, red meat intake, processed meat intake, physical activity, 

smoking status, alcohol intake, and adiposity (see text); model for total OBS adjusted 

for age, family history of colorectal cancer in a first-degree relative, total energy 

intake, education, current use of hormone replacement therapy, total vegetable and 

fruit intake, red meat intake, and processed meat intake. 
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Supplemental Table 10.  Multivariable-adjusted associationsa of the lifestyle oxidative 

balance scoreb with risk for incident colorectal cancer, with removal/replacement of each 

score component one at a time; the Iowa Women's Health Study (n = 34,135), 1986 – 

2012 

Component removed 

Associationsa for upper relative to lowest lifestyle OBSb 

quintile  

HR 95% CI 

Physical activity 0.79 0.70, 0.90 

Smoking status 0.70 0.60, 0.82 

Alcohol intake 0.65 0.56, 0.76 

Adiposity 0.80 0.69, 0.93 

 

Abbreviations:  CI, confidence interval; HR, hazard ratio; OBS, oxidative balance 

score. 
a From Cox proportional hazards models; model for lifestyle OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 

intake, red meat intake, processed meat intake and the equal-weight dietary OBS. 
b Lifestyle oxidative balance scores (OBS) composed of the lifestyle exposures listed in 

Table 1; see the text for construction of the ‘equal-weight’ scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures. 
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Supplemental Table 11.  Multivariable-adjusted associationsa of the dietary oxidative 

balance scoreb with risk for incident colorectal cancer, with removal/replacement of 

each score component one at a time; the Iowa Women’s Health Study (n = 34,135), 

1986 – 2012 

Component removed 

Associationsa for upper relative to lowest quintile of 

the dietary OBSb 

HR 95% CI 

Carotene (α and β) 0.85 0.70, 1.02 

Flavonoids 0.89 0.72, 1.06 

Lutein and zeathanxin 0.83 0.68, 1.00 

Lycopene 0.83 0.69, 1.01 

Vitamin C 0.82 0.68, 1.10 

Vitamin E 0.86 0.71, 1.05 

Omega-3 fatty acids 0.86 0.71, 1.05 

Selenium 0.79 0.65, 0.96 

Iron 0.84 0.69, 1.01 

Saturated fats 0.78 0.65, 0.94 

Omega-6 fatty acids 0.83 0.68, 1.01 

 

Abbreviations:  CI, confidence interval; HR, hazard ratio; OBS, oxidative balance 

score. 
a From Cox proportional hazards models; model for dietary OBS adjusted for age, 

family history of colorectal cancer in a first-degree relative, total energy intake, 

education, current use of hormone replacement therapy, total vegetable and fruit 

intake, red meat intake, processed meat intake, physical activity, smoking status, 

alcohol intake, adiposity (see text), and the removed component. 
b Dietary oxidative balance scores (OBS) composed of the dietary exposures listed in 

Table 1; see the text for construction of the 'equal-weight' scores; a higher score 

represents a higher balance of antioxidant relative to pro-oxidant exposures.  

 


