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Abstract

Marked racial differences exist in dietary patterns and obesity, as well as cancer mortality. This 

study aims to assess whether dietary patterns are associated with cancer mortality overall and by 

race. We identified 22,041 participants from the REasons for Geographic and Racial Differences 

in Stroke (REGARDS) cohort. Dietary patterns were categorized into: Convenience (Chinese and 

Mexican foods, pasta, pizza), Plant-based (fruits, vegetables), Southern (added fats, fried foods, 

sugar-sweetened beverages), Sweets/Fats (sugary foods) and Alcohol/Salads (alcohol, green-leafy 

vegetables, salad dressing). Using Cox regression, we examined the association between quartiles 

of dietary patterns and cancer mortality, adjusted for potential confounders, overall among all 

participants and stratified by race. A total of 873 cancer deaths were observed over the 10-year 

observation period: 582 (66.7%) in Whites and 291 (33.3%) in Blacks. Greater adherence to the 

Southern dietary pattern was associated with an increased risk of cancer mortality (4th vs. 1st 

quartile HR: 1.67; 95% CI: 1.32–2.10) overall, especially among Whites (4th vs. 1st quartile HR: 

1.59; 95% CI: 1.22–2.08). The convenience (HR: 0.73; 95% CI: 0.56–0.94) and Plant-based (HR: 

0.72; 95% CI: 0.55–0.93) dietary patterns were associated with up to a 28% reduced risk of cancer 

mortality, but only among Whites. Greater adherence to the Southern dietary pattern increased the 

risk of cancer mortality, while greater adherence to the convenience and Plant-based diets reduced 

the risk of cancer mortality among Whites. Racial differences were observed in the association 

between dietary patterns and cancer mortality, but warrant further study.
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Introduction

Significant disparities in cancer mortality have been well documented among Black and 

White adults in the United States (U.S.). A recent comprehensive review of health disparities 

in cancer outcomes among US adults between 2000 and 2010 showed that although progress 

has been made in reducing Black–White differences in cancer mortality rates, Black women 

still experience up to 14% higher cancer mortality rates compared with White women, while 

Black men experience 27% higher mortality rates compared with White men.1 Documented 

lifestyle risk factors for cancer mortality include obesity, physical inactivity, smoking and 

alcohol use,2–5 and recent studies suggest that dietary patterns, a major contributor to 

obesity, may play a role in carcinogenesis and survival after diagnosis.6

Recommendations from the World Cancer Research Fund (WCRF) encourage limiting the 

relative fat intake to less than 30% of total daily energy, with saturated and trans fatty acids 

contributing no greater than 10%.7 Detailed assessment of nutritional composition of food 

intake remains logistically challenging in large cohort studies, however food consumption 

patterns based on the frequency and quantity of major food items consumed may provide 

important information on the impact of specific dietary patterns on disease outcomes. A 

recent analysis of the large REasons for Geographic and Racial Differences in Stroke 

(REGARDS) cohort identified five primary dietary patterns based on factor analysis of 

baseline dietary data: “Convenience,” “Plant-based,” “Sweets/Fats,” “Southern” and 

“Alcohol/Salads,” and observed that participants with greater adherence to the “Southern” 

dietary pattern (characterized by added fat, fried food, processed meats and sugar-sweetened 

beverages) were more likely to be Black, and about 56% more likely to experience incident 

acute coronary disease events.8 Several research studies have assessed the role of diet in 

increasing the risk of cancer mortality, especially for specific cancers such as breast, prostate 

and colorectal cancers; however, most of those previous studies have focused on specific 

dietary patterns, were limited by low sample sizes, potential recall bias or lack of racial 

diversity in the study cohort. 2,3,9–11 If we find that specific dietary patterns at baseline 

increase or decrease the risk of cancer mortality in this large, prospective cohort, this 

information may lead to targeted interventions to reduce racial disparities in cancer 

mortality.

Given the marked racial differences in diet and obesity, and the higher cancer mortality 

experienced by Blacks, we aim to address some of the stated limitations by examining the 

association between dietary patterns and cancer mortality in a large, prospective and racially 

diverse cohort.
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Methods

Study design and data source

We analyzed data obtained from the prospective and population-based REGARDS cohort. 

REGARDS is one of the largest ongoing national longitudinal cohorts of community-

dwelling adults in the United States.12 Designed to evaluate the origins of racial and 

geographic differences in stroke mortality, the REGARDS study consists of 30,239 

community-dwelling adults ages ≥45 years at baseline; 45% male, 41% Black, and 69% >60 

years old. Participants were recruited between January 2003 and October 2007, and detailed 

information about demographics, health behaviors, chronic medical conditions, diet and 

medications were collected.12 During the follow-up period, each participant was contacted 

by telephone every 6-months to identify any medical event or hospitalizations experienced 

since the prior contact. Further details about the REGARDS cohort are described 

elsewhere.12

Diet assessment

Detailed dietary data were collected from REGARDS participants at baseline using the 

Block 98 food frequency questionnaire (FFQ), a semi-quantitative, 110-item FFQ assessing 

usual diet in the past year, including frequency of consumption (average times per day, week 

or month) and portion size for specific foods or beverages (e.g., 1/2 cup of carrots, 2 slices 

of bacon).13–15 FFQs were completed at baseline, mailed to the REGARDS Operations 

Center, checked for completeness and scanned. Scanned FFQ files were forwarded to 

NutritionQuest for processing and analysis. Details about the food frequency questionnaire 

are described elsewhere.13–15 The primary exposures of interest were empirically derived 

dietary pattern scores from factor analysis.13,15 Using 56 investigator-defined individual 

food groups, Judd et al. performed an exploratory and confirmatory factor analysis to derive 

diet patterns and factor loadings for each of the 56 individual food groups.13 The retained 

patterns (“Convenience,” “Plant-based,” “Sweets/Fats,” “Southern,” “Alcohol/Salads”) were 

named according to the highest food group loadings within each factor. In general, the 

“Convenience” pattern was characterized by high factor loadings for Chinese and Mexican 

food, pasta dishes, pizza, soup and other mixed dishes including frozen or take-out meals; 

the “Plant-based” pattern by fruits, vegetables, cereal, beans, poultry and fish; the “Sweets/

Fats” pattern by added sugars, desserts, chocolate, candy and sweetened breakfast foods; the 

“Southern” pattern by added fats, eggs and egg dishes, organ meats, fried foods, processed 

meats, sugar-sweetened beverages and greens typical of southern cuisines; and the “Alcohol/

Salads” pattern by alcohol, green leafy vegetables, tomatoes and salad dressing.13,15 A 

factor score for each of the patterns was calculated for each study participant by summing 

observed intake of component food groups weighted by their respective factor loadings.13,15 

Scores were further divided into quartiles for analysis. Factor analysis differs from cluster 

analysis in that individuals may adhere to more than one dietary pattern identified in this 

analysis.16

Cancer mortality outcomes

The primary outcome of this study was cancer mortality, regardless of cancer type. Cancer 

mortality was assessed through semi-annual telephone follow-up, death information from 
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participant proxies, linkages with the Social Security Death Index (SSDI) as well as the 

National Death Index (NDI). Date of death was confirmed using death certificates, SSDI 

and/or NDI, and cause of death was adjudicated by a committee of experts using all 

available information as recommended by national guidelines.17 Follow-up data for this 

analysis were available through December 31, 2012. We calculated follow-up time for each 

participant using the date of the in-home visit to the date of death, cancer death or last 

telephone follow-up through December 31, 2012.

Covariates of interest

Participant sociodemographic characteristics assessed included self-reported age, sex, 

income and education. Health behaviors included tobacco use, alcohol use and physical 

activity. Smoking status included current, past and never. We defined alcohol use as none, 

moderate or heavy based on the National Institute on Alcohol Abuse and Alcoholism 

classification.18 Physical activity was assessed through a single question: “How many times 

per week do you engage in intense physical activity, enough to work up a sweat?” 

Geographic region was defined as residence within the Stroke Belt (defined as residence in 

the states of Alabama, Arkansas, Georgia, Louisiana, Mississippi, North Carolina, South 

Carolina and Tennessee) or Non-Stroke Belt (all other states) based on home address.19 

Baseline chronic medical conditions assessed included chronic lung disease, coronary artery 

disease, diabetes, dyslipidemia, hypertension, myocardial infarction, obesity, peripheral 

artery disease and stroke. Obesity was defined based on body mass index (BMI) of ≥30 

kg/m2.20

Ethics and consent statement

The Institutional Review Board at all participating institutions approved this study. We 

obtained informed consent from all participants of the study during baseline visit.

Statistical analysis

We compared baseline demographics, health behaviors and chronic medical conditions by 

quartiles of dietary pattern scores using χ2 tests for categorical characteristics and analysis 

of variance (ANOVA) for continuous variables. We examined the survival function for 

cancer mortality by quartiles of each dietary pattern using the Kaplan-Meier method, overall 

and stratified by race, and compared the survival probability among individuals at the 

highest quartile of each dietary pattern. After confirming the proportionality of hazards 

assumption, we estimated the relative survival rates by quartile of dietary patterns, 

separately. Using the Wald test for significance, we examined whether race modified the 

association between dietary patterns and risk of cancer mortality with multiplicative 

interaction terms (i.e., race by dietary pattern). We specified a priori that results would be 

presented overall for all study participants, as well as in race-stratified models. For each 

dietary pattern, we estimated Hazard Ratios (HRs) using Cox proportional hazards models 

with time-to-cancer related death as the outcome and dietary pattern as the primary exposure 

of interest. We censored REGARDS participants at the time of death, or end of follow-up 

(December 31, 2012). We further performed sequentially adjusted Cox models. Model 1 was 

adjusted for sociodemographics (i.e., age, sex, education and region). Model 2 was our main 

analytical model, and additionally adjusted for health behaviors (i.e., smoking status, alcohol 
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use and physical activity). Model 3 was additionally adjusted for chronic medical conditions 

such as chronic lung disease, coronary artery disease, diabetes, dyslipidemia, hypertension, 

myocardial infarction, obesity, peripheral artery disease and stroke, conditions that may be 

on the causal pathway between diet and mortality. The results of all models were expressed 

as hazard ratios (HR) and the corresponding 95% confidence intervals (CI). We used SAS 

version 9.4 and STATA version 13 for all analyses. We considered p values ≤0.05 

statistically significant.

Results

Dietary patterns by baseline socio-demographics and health status

Of the 30,239 REGARDS participants, we excluded 355 participants due to missing follow-

up data, and 7,843 participants due to missing diet information, resulting in a total of 22,041 

participants; 7,317 Black and 14,724 Whites, in the analytic dataset. There were racial and 

socio-economic differences in the level of adherence (defined by a greater proportion of 

participants in the fourth quartile as compared with the first) to dietary patterns in the study 

population.

Participants with greater adherence to the convenience dietary pattern were more likely to be 

younger, male, White, with higher education and income (Table 1). Greater adherence was 

also associated with current smoking status, heavy alcohol use, higher prevalence of obesity, 

and lower prevalence of diabetes. Participants with greater adherence to the plant-based 

dietary pattern were more likely to be older, female, Black, with higher education and 

income. In addition, greater adherence to the plant-based dietary pattern was associated with 

lower prevalence of current smoking and heavy alcohol use, and lower prevalence of 

physically inactivity, although there was a higher prevalence of diabetes. Participants with 

greater adherence to the sweets/fat dietary pattern were more likely to be male, White, with 

lower education and income. Greater adherence was also associated with current smoking, 

lower prevalence of heavy alcohol use, lower physical activity, lower obesity and diabetes 

prevalence. Participants with greater adherence to the southern dietary pattern were younger, 

male, Black, with lower education and income. Greater adherence was associated with 

higher current smoking status and heavy alcohol use, lower physical activity and higher 

prevalence of diabetes and obesity. Participants adherent to the alcohol/salads dietary pattern 

were younger, male, White, with higher education and income. Greater adherence was also 

associated with current smoking status, heavy alcohol use, physical inactivity and lower 

prevalence of diabetes and obesity.

Dietary patterns and cancer mortality

Figures 1–3 provide the survival distribution among study participants overall and stratified 

by race in relation to dietary patterns. Among all participants, greater adherence to the 

southern dietary pattern was associated with the lowest average survival after the 10-year 

observation period (Fig. 1). Among Black participants, those with greater adherence to the 

“Alcohols/Salads” diet had lower survival (Fig. 2), while White participants with greater 

adherence to the southern dietary pattern had the lowest survival (Fig. 3). Adherence to the 
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Southern dietary pattern was associated with the lowest survival over time compared with 

the other dietary patterns (Fig. 4)

There were a total of 873 cancer deaths among 22,041 REGARDS participants included in 

the analysis (Table 2). In unadjusted analysis, greater adherence to the Convenience (4th 

quartile vs. 1st quartile HR: 0.66; 95% CI: 0.54–0.79) and Plant-based (4th quartile vs. 1st 

quartile HR: 0.72; 95% CI: 0.59–0.86) dietary patterns reduced the risk of cancer mortality 

over the observation period. However, greater adherence to the Southern dietary pattern (4th 

quartile vs. 1st quartile HR: 2.10; 95% CI: 1.71–2.55) was associated with significantly 

increased risk of cancer mortality. After adjustment for socio-demographics (i.e., age, sex, 

race, education, income and region) in Model 1, the inverse association between adherence 

to the Plant-based diet became stronger (4th quartile vs. 1st quartile HR: 0.65; 95% CI: 

0.53–0.79), and the Southern dietary pattern became attenuated but still significant (4th 

quartile vs. 1st quartile HR: 1.88; 95% CI: 1.51–2.35), while a positive association of 

Alcohol/Salad dietary pattern was observed (4th quartile vs. 1st quartile HR: 1.26; 95% CI: 

1.03–1.55). Upon adjusting for baseline health behaviors (smoking, alcohol and physical 

activity) in Model 2, the Southern dietary pattern became further attenuated but still 

significant (4th quartile vs. 1st quartile HR: 1.67; 95% CI: 1.32–2.10). In the final model 

accounting for chronic medical conditions, the Convenience (4th quartile vs. 1st quartile 

HR: 0.79; 95% CI: 0.64–0.98) and Plant-based (4th quartile vs. 1st quartile HR: 0.80; 95% 

CI: 0.65–0.99) dietary patterns were associated with a lower risk of cancer mortality by 20–

21%, while the Southern dietary pattern (4th quartile vs. 1st quartile HR: 1.75; 95% CI: 

1.38–2.23) was associated with a higher risk of cancer mortality by almost twofold.

Dietary patterns and cancer mortality among Blacks

Among 7,317 Blacks included in this study, there were 291 cancer deaths over the 10-year 

study observation period (Table 3). In the unadjusted model, Black individuals within the 

third quartile of the sweets/fats dietary pattern were at increased risk of cancer mortality 

compared with those in the first quartile (HR: 1.51; 95% CI: 1.12–2.05). However, this 

association became attenuated in the adjusted model accounting for sociodemographics and 

baseline health behavior (HR: 1.40; 95% CI: 1.02–1.93). In addition, Black participants with 

greater adherence to the Southern dietary pattern were at a twofold increased risk of cancer 

mortality (HR: 2.07; 95% CI: 1.18–3.65), however after adjustment for socio-demographics 

and health behaviors, the association became attenuated and non-significant. There were no 

other significant associations between cancer mortality and dietary patterns (Figs. 2a, 2b and 

2e) among Blacks.

Dietary patterns and cancer mortality among Whites

Among 14,724 White participants included in this study, there were 582 cancer deaths 

observed over the 10-year study observation period (Table 4). In the unadjusted model, 

Whites with greater adherence to the Convenience (4th quartile vs. 1st quartile) (HR: 0.58; 

95% CI: 0.46–0.73; Fig. 3a: p valuesLog-rank <0.001) and Plant-based (HR: 0.61; 95% CI: 

0.48–0.78; Fig. 3b: p valuesLog-rank = 0.001) dietary patterns were at reduced risk for cancer 

mortality. However, greater adherence to the Southern diet (HR: 2.27; 95% CI: 1.78–2.89) 

increased the risk of cancer mortality. After adjustment for socio-demographics and health 
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behaviors, the associations became slightly attenuated, but remained statistically significant 

for the Convenience (HR: 0.74, 95% CI: 0.57–0.95), Plant-based (HR: 0.72; 95% CI: 0.56–

0.94) and Southern (HR: 1.59, 95% CI: 1.22–2.09) dietary patterns.

Discussion

The objectives of this study were to determine the association between adherence to various 

dietary patterns and cancer mortality, and whether these associations were modified by race. 

In the large, racially diverse REGARDS cohort we observed that after adjusting for 

confounders, both the Convenience and Plant-based dietary patterns were associated with 

reduced risk of cancer mortality, while the Southern dietary pattern was associated with 

increased risk of cancer mortality. These associations were statistically significant and 

consistent among White participants. In contrast, no dietary pattern was significantly 

associated with cancer mortality in adjusted models among Black participants.

The Southern dietary pattern was characterized by high consumption of high-fat/fried foods, 

red/organ or processed meat and high-sugar/sweetened beverages, foods that are 

traditionally consumed by residents of the Southern US states.13 There is strong evidence 

supporting the link between Southern dietary pattern and increased chronic disease 

mortality, including cancer-specific mortality.21–26 In a meta-analysis of over 100 

epidemiological studies, Huxley et al. reported that individuals with higher consumption of 

red and processed meats were at a 20% increased risk of colorectal cancer incidence.25 In 

addition, studies on both pre- and post-menopausal women have shown that women with 

diets high in total fat content were at more than a threefold increased risk of breast cancer 

mortality.23,26–28 Similar to our results, prior REGARDS studies have also found a link 

between the Southern dietary patterns to increased risk of stroke,29 acute coronary heart 

disease (CHD)8 and sepsis.15 Shikany et al. found that participants with greater adherence to 

the Southern dietary pattern were at 56% increased risk of incident CHD.8 What has been 

missing in the literature so far is consideration of racial differences in the association 

between dietary patterns and cancer outcomes. In this study, we address this limitation by 

examining dietary patterns separately among Blacks and Whites, and observed about a 

twofold increase in risk of cancer mortality associated with the Southern diet among Blacks 

and Whites, although the association among Blacks did not reach statistical significance in 

adjusted models, likely due to the small sample size in this group.

The link between the Southern diet and cancer-specific mortality is likely driven by obesity, 

diabetes, hypertension, dyslipidemia and physical inactivity, risk factors that are highly 

prevalent in the Southern US states.30,31 Strong evidence indicates that individuals with 

obesity and diabetes are also likely to have other chronic health conditions including insulin 

resistance, pro-inflammatory cytokines and chronic vascular inflammation–all essential 

factors in the causal pathway between diet and cancer development.22 However, despite 

adjustment for these factors in our fully adjusted model, there was still an independent 

influence of Southern dietary patterns on increased cancer mortality. This suggests that 

efforts to identify and modify specific food items or food preparation techniques that render 

southern-style foods unhealthy may go along way in reducing adverse health outcomes. In 

addition, these findings highlight the need for studies focused on identifying race- or region-
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specific risk factors for cancer mortality in the US, including unique dietary patterns, and a 

“one size fits all” approach to cancer prevention may be inadequate particularly for reducing 

racial disparities in cancer mortality.

In contrast to the Southern dietary pattern, Plant-based and Convenience dietary patterns 

were each associated with reduced risk of cancer mortality in the overall sample population. 

The Plant-based diet includes multiple sources of protein from fish, meat and beans in 

addition to large amounts of fresh grains, fruits and vegetables, and was associated with 

significantly reduced risk of cancer mortality in the overall sample after adjustment for 

sociodemographic characteristics. Other studies have found similar results, showing that 

diets high in fiber, vegetables and fruit were associated with nearly a 23% reduced risk of 

cancer mortality.32 The food items that loaded highly on the convenience dietary pattern in 

factor analysis provide some clues into the protective association with cancer mortality that 

was observed in this study. Specifically, food items such as beans, mixed vegetable dishes, 

Chinese food, fish, Mexican dishes, mixed dishes with meat, pasta dishes, poultry, salty 

snacks, shellfish and soups loaded highly on the convenience dietary pattern, suggesting that 

convenience foods may not be inherently unhealthy. Some pre-packaged or fast-casual food 

items include healthy options including vegetables and lean meats that may be incorporated 

as part of a healthy diets, although future studies will be needed to assess the quantity and 

quality of micro-nutrient components, e.g., sodium content, before such recommendations 

can be made in clinical practice.

We further assessed whether the protective effect of Plant-based diets existed for both Blacks 

and Whites, after accounting for important confounders such as baseline health behavior and 

medical conditions. Despite the fact that a high proportion of participants at the highest 

quartile of adherence to Plant-based diets were Black (37.5%), we did not observe a 

protective effect for the Plant-based diet among Blacks in this study. In addition, the 

Convenience dietary pattern was not associated with reduced risk of cancer mortality among 

Black participants, but was strongly associated among Whites. This may be due to racial and 

socio-economic differences in the availability of healthy convenience food items. For 

instance, convenient food options for Blacks may be restricted to cheap, less healthy options 

that are high in fat and calorie-dense but nutritionally poor compared with the convenient 

food options available for Whites. This likely stems from the geographic distribution of food 

supplies in the US, with Blacks and residents of low-income communities more likely to 

reside in food deserts characterized by lack of grocery stores and poor access to fresh fruits 

and vegetables.33,34 Efforts to reduce the prevalence of diet-associated adverse health 

outcomes such as obesity, diabetes and cancer mortality will require a renewed focus on 

improving access to affordable, healthy food options through grocery stores or farmers 

markets, as well as improving the quality of convenient or fast-food options within 

neighborhoods.35 Together with improved access to safe, walking environment or green 

space, these highly modifiable factors may go a long way in improving diets and reducing 

the prevalence of obesity, and especially accelerate progress towards eliminating racial 

disparities in these chronic conditions, including cancer mortality.

There are several strengths and limitations that must be considered in evaluating these 

findings. First, as with most large epidemiologic studies, there is potential for recall or 
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information bias in some of the self-reported covariates. Second, the total number of cancer 

deaths may be underestimated in this population as the REGARDS study was primarily 

intended to identify incident stroke events, and was not specifically focused on cancer 

outcomes. We did not have information regarding cancer type, stage or treatment and 

therefore were unable to make statistical adjustments for these differences in our models. 

However, the REGARDS cohort provided data on a large population of community-dwelling 

adults and allowed the examination of individual characteristics with subsequent cancer 

events. Our results are in alignment with current cancer prevention recommendations from 

the American Cancer Society (ACS) affirming that the risk of overall cancer mortality may 

be reduced by improving dietary quality and maintaining a healthy weight.36 Larger 

prospective studies are likely needed to better assess specific food items, micronutrients or 

food preparation techniques that may vary by race and confer either protective or adverse 

effects on health outcomes.

In summary, while the Southern diet was associated with higher risk of cancer mortality, the 

Plant-based and Convenience dietary patterns were associated with reduced risk of cancer 

mortality, but only among Whites. Further studies are needed to identify specific aspects of 

the Southern diet that may drive the increased mortality risk, with prevention strategies 

focused on eliminating those. Further studies are also urgently needed to characterize 

protective risk factors for cancer mortality among Blacks, since identifying those factors and 

developing strategies to promote them in Black communities may go a long way in reducing 

the burden of cancer mortality in this racial group.
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What's new?

In the United States, obesity and cancer mortality differ between races, raising questions 

about whether interactions between dietary patterns and race influence cancer outcomes. 

In this investigation of Black and White adults in the REasons for Geographic and Racial 

Differences in Stroke (REGARDS) cohort, greater adherence to “Southern” dietary 

patterns, characterized by consumption of added fats, fried foods and sugar-sweetened 

beverages, was associated with a twofold increase in cancer mortality in both racial 

groups. In whites only, “plant-based” and “convenience” dietary patterns were associated 

with reduced cancer mortality. Avoiding aspects of the Southern diet could improve 

cancer outcomes for Blacks and Whites.
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Figure 1. 
Cancer survival by quartile of dietary patterns among all participants in REGARDS (N = 

22,041).
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Figure 2. 
Cancer survival by quartile of dietary patterns among Blacks in REGARDS (N = 7,317).
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Figure 3. 
Cancer survival by quartile of dietary patterns among Whites in REGARDS (N = 14,724).
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Figure 4. 
Cancer survival in the highest quartile of each dietary pattern among all participants in 

REGARDS (n = 22,041).
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