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Abstract

 Purpose—The purpose of this study was to evaluate whether adherence to the World Cancer 

Research Fund/American Institute for Cancer Research (WCRF/AICR) cancer prevention 

recommendations was associated with colorectal cancer incidence in the Black Women's Health 

Study (BWHS).

 Methods—In this ongoing prospective cohort of African American women (analytic cohort 

N=49,103), 354 incident colorectal cancers were diagnosed between baseline (1995) and 2011. 

Adherence scores for seven WCRF/AICR recommendations (adherent=1 point, non-adherent level 

1=0.5 points, non-adherent level 2=0 points) were created using questionnaire data and summed to 

an overall adherence score (maximum=7). Recommendation adherence and colorectal cancer 

incidence were evaluated using baseline and time-varying data in Cox regression models.

 Results—At baseline, 8.5% of women adhered >4 recommendations. In time-varying 

analyses, the HR was 0.98 (95% CI: 0.84-1.15) per 0.5 point higher score and 0.51 (95% CI: 

0.23-1.10) for adherence to >4 compared to <3 recommendations. Adherence to individual 

recommendations was not associated with colorectal cancer risk. Results were similar in models 

that considered baseline exposures only.

 Conclusions—Adherence to cancer prevention recommendations was low and not associated 

with colorectal cancer risk among women in the BWHS. Research in diverse populations is 

essential to evaluate the validity of existing recommendations, and assess whether there are 

alternative recommendations that are more beneficial for cancer prevention in specific populations.
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 INTRODUCTION

African American women are more likely to be diagnosed with colorectal cancer than 

women from other racial/ethnic groups [1]. Compared to Caucasian Americans, which is the 

racial/ethnic group with the second highest incidence and mortality rates, colorectal cancer 

incidence rates are 25% higher and mortality rates 50% higher among African Americans 

[2]. A portion of this difference is likely attributable to differences in colorectal cancer 

screening [3]. However, several lifestyle factors are associated with colorectal cancer risk, 

including diet, physical activity and body weight [4-8], and important differences in dietary 

intake, physical activity levels and body size across racial/ethnic groups likely also 

contribute to disparities.

Previous studies have consistently shown adherence to a greater number of cancer 

prevention recommendations, such as the World Cancer Research Fund/American Institute 

for Cancer Research (WCRF/AICR) recommendations (outlined in Table 1), to be 

associated with lower overall cancer incidence (any type) [9-13], and specific types of 

cancer [14,15,13,11,10,12]. The WCRF/AICR recommendations encompass diet, physical 

activity and body weight recommendations based on findings from the WCRF/AICR 

Continuous Update Project; an ongoing systematic review of the literature [16]. While the 

goal of cancer prevention recommendations is to lower risk of all types of cancer, adherence 

may be particularly beneficial for reducing the risk of colorectal cancer, which has been 

consistently associated with diet, physical activity and body weight in previous studies [4-8]. 

Four prior studies investigated adherence to diet, physical activity and body weight cancer 

prevention recommendations and colorectal cancer risk in largely Caucasian study 

populations [13,10,12,11]. Among the three studies with sufficient sample size, higher 

adherence to cancer prevention recommendations was significantly associated with lower 

risk of colorectal cancer in both genders combined [10] and when evaluated among women 

only [13,12]. None of the studies presented data on associations with individual 

recommendations and only one explored colon and rectal cancers separately [13]. Current 

evidence suggests that risk factors may differ between colon and rectal cancer, with stronger 

evidence of an association with colon cancer risk [5,17].

Available data indicate that adherence to diet, physical activity and body weight cancer 

prevention recommendations is likely poor among African American women. Adherence to 

diet, physical activity and body weight recommendations is generally low in the United 

States and tends to be lower among African Americans. African Americans are less likely to 

meet U.S. Dietary Guideline recommendations for intake of fruits, vegetables, dairy and 

added sugars [18], more likely to be obese (58.5% compared to 32.3% in Caucasians and 

41.4% in Hispanics), and less likely to meet physical activity recommendations [19-21] than 

other racial/ethnic groups. The disparities in adherence to diet, physical activity and body 

weight recommendations are consistent with the potential for lifestyle-related factors to 

influence colorectal cancer disparities among African Americans.

In the Women's Health Initiative (WHI), adherence to the ACS cancer prevention 

recommendations was associated with a lower risk of cancer (any type) among African 

American women [12]. However, this study did not evaluate adherence levels among African 

Nomura et al. Page 2

Cancer Causes Control. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



American women, or whether adherence was associated with colorectal cancer incidence 

among African American women. Studies are needed that investigate levels of adherence 

and potential benefits of adherence to cancer prevention recommendations among African 

American women. The objective of this analysis was address this gap by assessing 

adherence to WCRF/AICR cancer prevention recommendations in relation to colorectal 

cancer risk among African American women in the Black Women's Health Study (BWHS).

 MATERIALS AND METHODS

The Black Women's Health Study is an ongoing prospective cohort study of African 

American women in the United States (N=59,000) [22]. In 1995, subscribers to Essence 

magazine were mailed health questionnaires. A small number of women were also recruited 

from several professional organizations or were friends or relatives of early respondents. 

Women who were ages 21-69 years, self-identified as Black, and completed the study 

questionnaire comprised the cohort. Participants have been followed subsequently through 

mailed questionnaires sent every 2 years. Deaths are identified by reports from family 

members, U.S. Postal Service and via the National Death Index. Follow-up of the baseline 

cohort is complete for 88% of potential years of follow-up through 2013. The study was 

approved by the Institutional Review Board of Boston University Medical Center and 

informed consent was obtained from all participants.

 Data Collection

On the baseline questionnaire, data on demographics, medical and reproductive history, 

smoking and alcohol usage, physical activity, sedentary behavior, current weight and height, 

weight at age 18 and medication usage were collected. Follow-up questionnaires updated 

information on lifestyle factors and health status. For the variables included in score 

creation, additional data on alcohol intake (all questionnaires), physical activity level (1997, 

1999, 2001, 2007, 2009), time sitting (1997, 1999, 2001) and weight (all questionnaires) 

were collected on follow-up questionnaires. Physical activity questions ascertained typical 

hours spent engaging in vigorous activity and walking for exercise per week. In a validation 

study among a subset of participants, objectively measured activity levels were associated 

with self-reported physical activity levels (vigorous activity on questionnaire vs. seven-day 

actigraph measured, r=0.40) [23]. Participants also answered questions on the typical 

number of hours per day spent doing sedentary activities, including sitting at work, sitting 

while commuting to work and watching television. Height (1995) and current weight were 

used to calculate body mass index (BMI) (kg/m2) and adult weight change was calculated by 

subtracting weight at age 18 from participant-reported current weight. Self-reported weight 

(Spearman correlation=0.97) and height (Spearman correlation=0.93) were highly correlated 

with technician measurements in a BWHS validation study [23].

Block Food Frequency Questionnaires (FFQ) were administered at baseline (68-item) and in 

2001 (85-item). Participants selected their typical frequency of intake from nine options 

(foods: ‘never’ to ‘2+ per day; beverages: ‘never’ to ‘6 or more per day’) for commonly 

consumed foods and beverages. For each food item, typical portion size relative to a defined 

medium size were selected from three size options in 1995 (‘small’, ‘medium’ and ‘large’) 
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and four options in 2001 (added ‘super’ size). Servings of foods and beverages (sugar 

beverages, red and processed meat, and fruit and vegetables) were calculated by summing 

reported frequency of intake weighted by reported typical serving size. Portion size weights 

were defined relative to a standard medium size for each food or beverage item (small=0.5 

times; large=1.5 times; super=2.0 times). Nutrient estimates for caloric, fiber and sodium 

intakes were calculated using the National Cancer Institute's DietCalc software [24]. The 

baseline FFQ was previously validated in the BWHS [25].

Data on covariates (smoking, family history of colorectal cancer, education, menopausal 

status, diabetes, insulin usage, aspirin usage, and screening by colonoscopy/sigmoidoscopy) 

were also collected by questionnaire. Menopausal status was defined by presence/absence of 

menstruation and age. Women who reported their periods had ceased due to natural causes, 

had both ovaries removed or had a hysterectomy but retained one or both ovaries and were 

older than 56 years were classified as postmenopausal. Premenopausal status was defined as 

ongoing menstrual cycles or a hysterectomy with retention of one or both ovaries among 

women less than 43 years of age.

 WCRF/AICR Score Creation

Questionnaire data was used to construct scores for adherence to the WCRF/AICR cancer 

prevention recommendations for BMI, physical activity, and diet (Table 1). Seven of the 

eight recommendation categories were included in the adherence score for this analysis. The 

recommendation to limit foods that promote weight gain (energy dense foods, sugary drinks) 

was only partially operationalized (sugary beverage intake only) due to insufficient data 

necessary to calculate energy density. The dietary supplement recommendation was not 

included due to limited information on supplement use.

To allow for differentiation between barely missing the cut-point for adherence and missing 

the adherence cut-point by a wide margin, three-level scores were used rather than a binary 

variable of adherences vs. non-adherence. This approach has been used in several previous 

study populations [26,27,10]. For each individual recommendation, 1 point was assigned for 

complete adherence, 0.5 points for non-adherence level 1 (missed cut-point, but closer to 

recommendation) and 0 points for non-adherence level 2 (missed cut-point and further from 

recommendations). Individual recommendation scores were summed to an overall WCRF/

AICR adherence score (range: 0 – 7). To separately evaluate adherence to diet-specific 

recommendations, WCRF/AICR diet recommendations were summed to create a diet-

specific adherence score (range: 0 – 5). Cut-points for levels of adherence were based on 

WCRF/AICR recommendations when explicit numbers were provided in either the outlined 

public health goals or personal goal recommendations. A lower sodium intake of 1500 

mg/day was chosen because this is the recommended intake for African Americans in the 

Dietary Guidelines [28]. When specific cut-points were not provided, we used numbers from 

other standard dietary recommendations, such as the 2010 Dietary Guidelines for Health 

Americans.
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 Case ascertainment

Colon and rectal cancer cases (ICD-10 colon cancer: C18.0-C18.9 and C26.0; ICD-10 rectal 

cancer: C19.9 and C20.9) were identified through self-report on the follow-up questionnaires 

and through linkage with cancer registries in 24 states in which 95% of participants live. 

Pathology data were obtained from hospitals or registries for >85% of cases (99.4% were 

confirmed). All self-reported cases were included unless found to be incorrectly reported 

based on pathology data.

 Analytic cohort

The analytic cohort included 49,103 women (681,125 person-years through 2011). 

Exclusions for the present analysis were: a history of cancer prior to baseline other than non-

melanoma skin cancer (n=1,256, including 138 colorectal cancer cases), pregnant at baseline 

(n=1,002), reported implausible energy intake (<600 kcal or >3,800 kcal) or left more than 

10 FFQ items blank (n=7,640). To utilize the largest amount of data, women who were 

missing baseline data for any of the exposure variables for adherence scores were excluded 

only in the specific analyses for which they were missing data (WCRF/AICR score: n = 

6,311; Diet score: n = 1,619; Fruit and vegetable intake: n = 1,323; Body weight: n = 900; 

Physical activity: n = 4,335; Alcohol intake: n = 298; Sodium intake: n = 19). Average 

follow-up time between 1995 through 2011 was 15.1 years and 354 primary colorectal 

cancer cases (colon=277; rectal=77) were identified.

 Statistical Analysis

Baseline age-standardized means (continuous variables) and proportions (categorical 

variables) were calculated across baseline WCRF/AICR score categories for population 

characteristics. Adherence scores were evaluated as both continuous (unit size = 0.5 point) 

and categorical variables (three-level variables). Category cut-points for the WCRF/AICR 

overall score (category boundaries: <3.0 points, 3.0-4.0 points, >4.0 points) and diet score 

(category boundaries: <2.0 points, 2.0-3.0 points, >3.0 points) were chosen to reflect 

adherence to less than half, approximately half and more than half of the recommendations. 

Categories for individual recommendations were adherence (1.0 point), partial adherence 

(0.5 point) and non-adherence (0 points).

Associations between WCRF/AICR cancer prevention recommendation adherence scores 

and colorectal cancer were evaluated using Cox proportional hazards regression (PROC 

PHREG). Person-years were calculated from baseline until the occurrence of colorectal 

cancer, loss to follow-up, death, or the end of follow-up in 2011. Adherence to WCRF/AICR 

recommendations and colorectal cancer incidence was evaluated in two ways: using only 

baseline (1995) exposure and covariate data and using the Andersen-Gill data structure to 

update the score variables and covariates in a time-varying analysis [29]. The time-varying 

analytic approach accounts for variability in adherence over time, while the evaluation of 

baseline data is consistent with the approaches of previously published studies 

[9,10,15,30,14,11]. In the time-varying analysis, scores and covariate data were updated at 

each time point where new data was collected. Test for trend was evaluated by analyzing a 

variable as continuous. Since the role of diet, physical activity and body weight may be more 
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strongly associated with colon versus rectal cancers, all analyses conducted with colorectal 

cancer as the outcome were repeated for colon cancer only [5,17].

Covariates in the adjusted model were chosen a priori based on factors known or suspected 

to be associated with colorectal cancer risk. All adjusted models included age, geographic 

region of residence (Northeast, South, Midwest, West, other), caloric intake (continuous), 

smoking (never, former, <15 cigarettes/day, ≥15 cigarettes/day), family history of colorectal 

cancer (yes/no), education (≤12, 13-15, ≥16 years), menopausal status (pre/post), diabetes 

(yes/no), insulin usage (yes/no), aspirin usage (yes/no), colonoscopy (yes/no), 

sigmoidoscopy (yes/no). Diet score and individual recommendations were additionally 

adjusted for BMI (<25, 25-<30, ≥30 kg/m2), alcohol intake (<1, 1-6, 7-13, ≥14 drinks/

week), physical activity level (high: ≥3-4 hours/week vigorous activity or ≥5-6 hours/week 

walking for exercise; moderate: 1-2 hours/week vigorous exercise or 1-4 hours/week 

walking for exercise; low: <1 hour/week vigorous exercise or walking for exercise) and 

sitting time (≤ 5, 5-7, ≥8 hours/day) when the variable was not part of the score being 

evaluated. For example, in the diet score model BMI, physical activity and sitting time were 

included as covariates, but alcohol was not because it was included in the score.

Results did not change after excluding participants diagnosed with colorectal cancer within 

4 years after baseline, so results with all cancer cases diagnosed after baseline are presented. 

Since associations between diet patterns and colorectal adenomas were stronger among 

women 50 years of age and older in a previously published BWHS project, sensitivity 

analyses restricted to women in this age group were performed [31]. Results did not differ 

and are not presented. While standard BMI definitions of normal weight, overweight and 

obese may not be as appropriate in African American women compared to other American 

women [28], results did not change when different cut-points were chosen. Therefore, for 

comparability to previously published studies, we present results using standard BMI cut 

points. Analyses were conducted using SAS 9.3 (SAS Institute, Inc.).

 RESULTS

Adherence to the WCRF/AICR cancer prevention recommendations was low (Table 1). At 

baseline, 8.5% of women adhered to more than four recommendations compared to 5.6% of 

women who later were diagnosed with colorectal cancer case and 4.9% who developed 

colon cancer. Less than 6% of women in the BWHS adhered to more than three diet 

recommendations. Adherence to individual recommendations was highest for alcohol intake 

in the overall cohort (94.2%). For other recommendations, adherence was generally less than 

25%. Descriptive statistics for baseline population characteristics by WCRF/AICR score 

category are presented in Table 2. Higher adherence was associated with higher education, 

lower BMI, lower caloric intake, and never smoking.

The results for guideline adherence and colorectal cancer risk are presented on Table 3. 

Regardless of modeling approach (continuous or categorical, baseline or time-varying), 

adherence to a greater number of WCRF/AICR recommendations was not significantly 

associated with colorectal cancer risk. In the continuous, time-varying model a 0.5 unit 

higher score resulted in an adjusted HR of 0.98 (95% CI: 0.84-1.15). Results were similar in 
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the baseline model. Adherence to more than four recommendations compared to less than 

three recommendations was not significantly associated with colorectal cancer incidence in 

either the baseline (Adjusted HR=0.86, 95% CI: 0.52-1.44) or time-varying models 

(Adjusted HR=0.51, 95% CI: 0.23-1.10). Similarly, adherence to a greater number of diet 

recommendations was not associated with colorectal cancer risk (>3 vs. <2 diet 

recommendations time-varying HR=0.88, 95% CI: 0.48-1.58). No individual 

recommendation was associated with colorectal cancer incidence.

Results for colon cancer were similar to those for colorectal cancer (Table 4). In the 

continuous time-varying model, the HR for a 0.5 unit increase in WCRF/AICR score was 

1.00 (95%: 0.83-1.19). Adherence to more than four recommendations compared to less 

than three recommendations was non-significantly associated with a lower colon cancer 

incidence (HR=0.54, 95%: 0.23-1.26). Adherence to diet-specific recommendations and to 

any individual recommendation was not associated with colon cancer risk.

 DISCUSSION

Higher combined adherence to the WCRF/AICR cancer prevention recommendations was 

not associated with colorectal cancer risk in this large, prospective cohort of African 

American women, nor was adherence to any one individual recommendation associated with 

risk. The absence of association remained when rectal cancer cases were excluded. 

Adherence to recommendations was low in the BWHS and may have contributed to the lack 

of association.

Our results are inconsistent with findings from three prior cancer prevention guideline 

adherence studies that found an association between higher adherence to cancer prevention 

recommendations and lower risk of colorectal cancer [13,10,12]. While there may be 

differences by gender, associations with adherence remained consistent in the two studies 

that evaluated risk among women only [13,12]. The only study to evaluate colon and rectal 

cancers separately observed lower incidence of both cancer types among participants who 

adhered to a greater number of recommendations [13]. None of these studies presented data 

on associations between adherence to individual recommendations and colorectal cancer 

incidence.

Poor diet [8], low physical activity level [5] and high BMI and waist circumference [7,4] are 

considered established risk factors for increased colorectal cancer risk [6], few studies have 

evaluated these lifestyle factors among African Americans. Most large cohort studies include 

few racial/ethnic minorities and to our knowledge no prospective studies have reported on 

whether BMI, waist circumference, or physical activity level is associated with colorectal 

cancer risk in African American women. In a case-control study among African- and 

Caucasian Americans associations with dietary factors and colorectal cancer risk differed 

between African Americans and Caucasian Americans [32-35]. Among Caucasian American 

women, higher intake of refined carbohydrates and red meat was positively associated with 

colon cancer, while higher intake of fruits and vegetables were inversely associated with 

colon and rectal cancers. Conversely, among African American cases and controls, higher 

fiber intake was inversely associated, while high fruit and added sugar intake were positively 
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and diets high in legumes and dairy were inversely associated with rectal cancer risk. 

Increased risk of colorectal adenomas and polyps, potential precursors to colorectal cancer 

were associated with unhealthy diet patterns, higher body weight and physical activity levels 

in the BWHS [31,36,37].

Low recommendation adherence likely contributed to the absence of association between 

adherence and colorectal cancer as only 8.5% of the cohort met more than half the 

recommendations at baseline. Adherence to either the ACS or WCRF/AICR 

recommendations tended to be higher in other previous adherence studies compared this 

study. Consistent with our results, adherence to ACS recommendations in the WHI tended to 

be lower among African American women than Caucasian women. However, adherence 

levels among African Americans were still higher than observed adherence levels in the 

BHWS [12]. Small numbers of high adherers may have limited our ability to detect 

associations in the present study. However, the lack of adherence to recommendations is an 

important finding on its own, lending support to the potential for low adherence to influence 

colorectal cancer disparities.

An additional potential reason for the differences in our study results compared to previous 

adherence studies is that all previous study populations were predominately Caucasian and 

WCRF/AICR cancer prevention recommendations are largely based on research in 

Caucasian populations. The European Prospective Investigation into Cancer and Nutrition 

(EPIC) study includes few non-Caucasians [10]. The National Institute of Health-American 

Association of Retired Person (NIH-AARP) study includes <12% classified as non-

Caucasian (including African Americans) [13] and the WHI included 4,609 (7%) African 

American women [12]. The WCRF/AICR cancer prevention recommendations, based 

largely on research in Caucasians, may not be equally applicable to African Americans for 

either cultural or biological reasons. For example, due to cultural reasons, alcohol intake 

may be a less effective target for reducing cancer risk in African American women, because 

alcohol intake is already very low in African American women [38]. Conversely, current 

recommendations related to body composition focus on BMI and weight gain and may not 

be appropriate targets for reducing cancer risk among African Americans for biological 

reasons [39,40].

This is the first study to evaluate adherence to diet, physical activity and body weight 

recommendations targeting cancer prevention and colorectal cancer risk among African 

American women. Among the strengths of this study is the high follow-up rate in this large 

prospective cohort. Diet, body weight and physical activity habits change over time and 

previous studies have not evaluated adherence to cancer prevention recommendations over 

time. The time-varying analytic approach, which accounts from changes in diet, body weight 

and physical activity over time, is a major strength of this study.

Among the limitations of this study is the reliance on self-reported data, which are subject to 

measurement error. Previous validation studies indicate that self-reported diet, physical 

activity level and body composition in the BWHS are reported with sufficient accuracy for 

use in epidemiologic analyses [25,23], and these factors have been associated with outcomes 

in the expected manner [41-44]. Finally, a larger sample size would have increased our 
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ability to detect an association, and we lacked the number of cases to evaluate colorectal (i.e. 

proximal, distal, etc.) cancer subtypes, which may be differentially associated with lifestyle 

behaviors [5].

Diet, physical activity and body weight are associated with colorectal cancer risk in 

Caucasian women, but results on associations in African American women are sparse. The 

lack of associations with adherence to guidelines on these factors and colorectal cancer risk 

could reflect lack of relevance of the recommendation or cut-points specifically to African 

American women. Additionally, the observed low adherence levels supports the potential for 

these factors to contribute to colorectal cancer disparities. Further research is needed to 

evaluate reasons for low adherence, and to determine whether there are recommendations 

that may be more relevant for preventing colorectal cancer in African American women.
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Table 1

WCRF/AICR Guidelines and Adherence Scores

Recommendation Component Definition Adherence Categories Score Cohort N (%)

Baseline WCRF/AICR 
Adherence Score

Sum of Scores (Maximum = 7.0) >4.0 points High 3,610 (8.5)

3.0 – 4.0 points Moderate 19,310 (45.5)

<3.0 points Low 19,566 (46.1)

Baseline WCRF/AICR Diet 
Adherence Score

Sum of Dietary Recommendation Scores 
(Maximum = 5.0)

>3.0 points High 2,538 (5.4)

2.0 – 3.0 points Moderate 30,275 (64.2)

<2 points Low 12,328 (30.4)

Maintain body weight within 
normal range and avoid weight 
gain in adulthood.

Normal BMI: 18.5 - <25 kg/m2

Overweight BMI: 25 - <30 kg/m2

Obese BMI: ≥ 30 kg/m2

    +
Adult weight change (kg)= current weight – 
weight at 18 years

Normal BMI and ≤ +6.80 kg 1 7,2413(15.1)

Overweight BMI and/or 
+6.81-13.61 kg

0.5 12,017 (25.1)

Obese BMI and/or ≥ +13.62 
kg

0 28,628 (59.9)

Be moderately physically 
active for at least 30 minutes 
per day and limit sedentary 
habits.

PA levels: walking for exercise and 
vigorous activity levels (High PA: ≥ 3-4 
hrs./wk. vigorous or ≥ 5-6 hrs./wk. walking 
for exercise; Moderate PA: 1-2 hrs/wk. 
vigorous or 1-4 hrs./wk. walking for 
exercise); Low PA: <1 hr/wk vigorous or 
walking for exercise)
    +
Sedentary behavior: hours spent sitting at 
work or watching television/computer per 
day. (High sedentary: ≥8 hrs./day sitting; 
Moderate sedentary: >5-<8 hrs./day sitting; 
Low sedentary ≤5 hrs./day)

High PA and Low/Moderate 
Sedentary

1 10,939 (24.6)

High PA and High Sedentary 
or Moderate PA and Low/

Moderate Sedentary or Low 
PA and Low Sedentary

0.5 19,356 (43.6)

Moderate PA and High 
Sedentary or Low PA and 
High/Moderate Sedentary

0 14,153 (31.8)

Consume energy dense foods 
sparingly
    +
Limit intake of sugary drinks.

Data on caloric intake by food gram was 
not available.

Not included. --- ---

Sugar beverage intake (g/d) 0 g/d 1 848 (1.7)

< 250 g/d 0.5 17993 (36.9)

≥ 250 g/d 0 29,908 (61.4)

Eat at least 5 servings of fruits 
and vegetables each day and 
eat relatively unprocessed 
grains and legumes.

Servings of fruits and vegetables (FV) per 

day.
1

    +
Total grams of fiber per week.

≥ 5 FV and ≥25 g fiber 1 854 (1.8)

3 - <5 FV and/or 12.5 - <25 
g fiber

0.5 8,892 (18.8)

<3 FV and/or <12.5 g fiber 0 37,688 (79.5)

Consume less than 500 grams 
red meat a week and consume 
very little or no processed 
meat.

Total red and processed meat (RP) intake 
(g/wk) and processed meat (P) intake 
(g/wk)

< 500 g/wk RP and < 3 g/wk 
P

1 8,564 (17.6)

< 500 g/wk RP and 3 - < 50 
g/wk P

0.5 27,807 (57.0)

≥ 500 g/wk RP and ≥ 50 
g/wk P

0 12,378 (25.4)

Limit alcohol consumption to 
no more than one drink per day 
(women).

Servings of alcohol per week. (1 standard 
alcohol serving = 10 g)

< 7 servings/wk 1 45,651 (94.2)

7 - 13 servings/wk 0.5 1,826 (3.8)

≥ 14 servings/wk 0 977 (2.0)
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Recommendation Component Definition Adherence Categories Score Cohort N (%)

Avoid salt-preserved, salted or 
salty foods.

Sodium intake (mg/d) ≤ 1500 mg/day 1 10,703 (22.0)

> 1500 – 2400 mg/day 0.5 17,879 (36.7)

> 2400 mg/day 0 20,148 (41.4)

Do not take supplements to 
prevent cancer. Aim to meet 
nutrient needs through diet.

Not included. Insufficient information on 
supplement usage and reasons for use.

Not included --- ---

1
servings = 400 g, 3 servings = 200 g
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Table 2

Age-Standardized Baseline (1995) Characteristics According to Baseline WCRF Adherence Score Categories

WCRF Score Categories in 1995
1

BWHS Cohort N (%) < 3 (N=19,704) 3 – 4 (N=19,460) > 4 (N=3,628)

Age (years) 49,103 (100) 38.4 ± 10.0 38.2 ± 10.7 36.9 ± 10.6

Weight at 18 (kg) 48,531 (98.8) 59.8 ± 13.3 57.5 ± 10.9 58.1 ± 9.7

Weight Change (kg) 48,373 (98.5) 22.3 ± 14.7 14.6 ± 12.8 6.1 ± 9.5

BMI (kg/m2)

    <25 18,676 (38.0) 25 46 77

    25 - <30 15,293 (31.1) 33 32 19

    ≥30 14,580 (29.7) 42 22 5

Caloric Intake (kcal/d) 49,103 (100) 1,771 ± 641 1,307 ± 557 1,083 ± 425

Smoking

    Never 31,667 (64.5) 62 68 70

    Former 9,427 (19.2) 19 19 21

    Current <15 cigarettes/d 4,992 (10.2) 12 9 6

    Current ≥15 cigarettes/d 2,803 (5.7) 7 5 3

Alcohol Intake

    <1 drink/week 36,307 (73.9) 70 77 78

    1-6 drinks/week 9,676 (19.7) 20 20 21

    7-13 drinks/week 1,836 (3.7) 6 2 1

    >13 drinks/week 986 (2.0) 4 1 0

Education

    ≤12 years 8,753 (17.8) 20 15 9

    13-15 years 17,688 (36.0) 39 34 29

    ≥16 years 22,575 (46.0) 41 51 62

Marital Status

    Married/Living as Married 19,408 (39.5) 40 39 36

    Separated/Divorced/Widowed 12,355 (25.2) 25 25 24

    Single 16,870 (34.4) 34 35 39

Colonoscopy

    Never 24,179 (49.2) 51 49 51

    Ever 21,321 (43.4) 42 44 43

Sigmoidoscopy

    Never 40,156 (81.8) 83 82 82

    Ever 3,737 (7.6) 7 8 9

Family History

    No 46,354 (94.4) 94 95 95

    Yes 2,749 (5.6) 6 6 5

Menopausal Status

    Premenopausal 37,732 (76.8) 78 79 79
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WCRF Score Categories in 1995
1

BWHS Cohort N (%) < 3 (N=19,704) 3 – 4 (N=19,460) > 4 (N=3,628)

    Postmenopausal 8,269 (16.8) 16 15 15

Diabetes

    No 46,816 (95.3) 95 96 98

    Yes 2,287 (4.6) 5 4 2

Insulin Usage

    No 44,252 (90.1) 91 92 93

    Yes 1,526 (3.1) 4 3 2

Aspirin Usage

    No 41,068 (83.6) 83 86 90

    Yes 4,507 (9.2) 10 8 6

1
Mean ± standard deviation or percentage
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Table 3

WCRF/AICR Guideline Adherence Scores and Colorectal Cancer Risk

Baseline Score
1

Time-Varying Score
2

CRC Cases N (%) Person-Years HR (95% CI) P
3 HR (95% CI) P

3

WCRF/AICR Score 328 (100) 653,929 1.01 (0.89-1.16) 0.84 0.98 (0.84-1.15) 0.79

WCRF/AICR Score 0.74 0.67

    < 3.0 points 166 (50.6) 346,736 Reference Reference

    3.0 – 4.0 points 152 (46.3) 270,144 1.11 (0.86-1.42) 1.11 (0.84-1.46)

    > 4.0 points 10 (3.0) 37,049 0.86 (0.52-1.44) 0.51 (0.23-1.10)

Diet Score 348 (100) 676,638 1.05 (0.88-1.25) 0.61 1.01 (0.82-1.24) 0.92

Diet Score
4 0.29 0.92

    < 2.0 points 76 (21.8) 188,690 Reference Reference

    2.0 – 3.0 points 250 (71.8) 444,363 1.26 (0.95-1.67) 1.13 (0.81-1.58)

    > 3.5 points 22 (6.3) 43,585 0.97 (0.56-1.68) 0.88 (0.48-1.58)

Body Composition
5 0.61 0.96

    Non-Adherence 2 274 (79.2) 480,017 Reference Reference

    Non-Adherence 1 47 (13.6) 133,461 0.98 (0.74-1.29) 0.76 (0.52-1.10)

    Adherence 25 (7.2) 65,640 1.16 (0.79-1.69) 1.26 (0.80-2.00)

Physical Activity
4,5 0.97 0.82

    Non-Adherence 2 154 (45.2) 304,769 Reference Reference

    Non-Adherence 1 152 (44.6) 286,463 1.01 (0.64-1.58) 1.00 (0.76-1.31)

    Adherence 35 (10.3) 83,558 0.95 (0.40-2.27) 1.13 (0.74-1.71)

Sugar Beverages
4,5 0.57 0.88

    Non-Adherence 2 184 (52.0) 387,366 Reference Reference

    Non-Adherence 1 153 (43.2) 283,115 0.86 (0.68-1.09) 0.83 (0.63-1.08)

    Adherence 17 (4.8) 18,742 1.29 (0.72-2.30) 1.24 (0.71-2.17)

Plant Foods
4,5 0.26 0.98

    Non-Adherence 2 246 (70.7) 517,744 Reference Reference

    Non-Adherence 1 95 (27.3) 143,918 1.30 (1.00-1.68) 1.04 (0.77-1.41)

    Adherence 7 (2.0) 15,740 0.87 (0.40-1.91) 0.93 (0.42-2.04)

Red/Processed Meat
4,5 0.60 0.93

        Non-Adherence 2 74 (20.9) 158,779 Reference Reference

    Non-Adherence 1 219 (61.9) 405,608 1.13 (0.86-1.48) 1.12 (0.81-1.56)

    Adherence 61 (17.2) 124,836 0.88 (0.60-1.27) 0.98 (0.64-1.50)

Alcohol
4 0.46 0.26

    Non-Adherence 2 3 (0.9) 9,094 Reference Reference

    Non-Adherence 1 6 (1.7) 21,898 0.59 (0.24-1.47) 0.71 (0.18-2.96)

    Adherence 343 (97.4) 657,540 0.97 (0.49-1.90) 1.25 (0.40-3.92)

Cancer Causes Control. Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nomura et al. Page 18

Baseline Score
1

Time-Varying Score
2

CRC Cases N (%) Person-Years HR (95% CI) P
3 HR (95% CI) P

3

Salt
4,5 0.41 1.00

    Non-Adherence 2 145 (41.0) 301,958 Reference Reference

    Non-Adherence 1 130 (36.7) 246.144 0.96 (0.70-1.32) 1.01 (0.70-1.46)

    Adherence 79 (22.3) 140,983 1.17 (0.7701.77) 1.00 (0.61-1.64)

6 Additionally adjusted for physical activity high, moderate, low) and sedentary time (≥ 8, 5-7, ≤ 5 hrs./day sitting)

1
Cox proportional hazards regression. WCRF Score and covariates are all baseline (1995) data only. Covariates included: age, geographic region of 

residence (Northeast, South, Midwest, West, other), caloric intake (continuous), smoking (never, former, <15 cigarettes/day, ≥15 cigarettes/day), 
family history of colorectal cancer (yes/no), education (≤12, 13-15, ≥16 years), menopausal status (pre/post), diabetes (yes/no), insulin usage (yes/
no), aspirin usage (yes/no), colonoscopy (yes/no), sigmoidoscopy (yes/no)

2
Cox proportional hazards regression. Time-varying analysis using Anderson-Gill Method to update both WCRF score and covariates. Covariates 

included: age, geographic region of residence (Northeast, South, Midwest, West, other), caloric intake (continuous), smoking (never, former, <15 
cigarettes/day, ≥15 cigarettes/day), family history of colorectal cancer (yes/no), education (≤12, 13-15, ≥16 years), menopausal status (pre/post), 
diabetes (yes/no), insulin usage (yes/no), aspirin usage (yes/no), colonoscopy (yes/no), sigmoidoscopy (yes/no)

3
Test for trend.

4
Additionally adjusted for: BMI (<25, 25-<30, ≥30 kg/m2)

5
Additionally adjusted for alcohol (<1, 1-6, 7-13, >13 drinks/week)
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Table 4

WCRF/AICR Guideline Adherence Scores and Colon Cancer Risk

Baseline Score
1

Time-Varying Score
2

Colon CA Cases N (%) Person-Years HR (95% CI) P
3 HR (95% CI) P

3

WCRF/AICR Score 259 (100) 654,401 1.02 (0.88-1.19) 0.77 1.00 (0.83-1.19) 0.97

WCRF/AICR Score 0.84 0.72

    < 3.0 points 133 (51.4) 346,957 Reference Reference

    3.0 – 4.0 points 117 (45.2) 270,0366 1.13 (0.86-1.49) 1.08 (0.79-1.48)

    > 4.5 points 9 (3.5) 37,078 0.72 (0.39-1.34) 0.54 (0.23-1.26)

Diet Score 271 (100) 677,183 1.04 (0.85-1.27) 0.73 1.06 (0.84-1.35) 0.62

Diet Score
4 0.29 0.49

    < 2.0 points 53 (19.6) 188,841 Reference Reference

    2.0 – 3.0 points 201 (74.2) 444,716 1.31 (0.95-1.81) 1.36 (0.91-2.03)

    > 3.5 points 17 (6.3) 43,626 0.96 (0.51-1.80) 1.00 (0.50-1.99)

Body Composition
5 0.90 0.54

    Non-Adherence 2 217 (79.2) 480,383 Reference Reference

    Non-Adherence 1 40 (14.6) 133,525 0.88 (0.64-1.22) 0.77 (0.50-1.17)

    Adherence 17 (6.2) 65,699 1.16 (0.75-1.80) 1.04 (0.58-1.85)

Physical Activity
4,5 0.96 0.68

    Non-Adherence 2 122 (45.7) 304,990 Reference Reference

    Non-Adherence 1 116 (43.4) 286,695 0.91 (0.55-1.52) 1.00 (0.73-1.36)

    Adherence 29 (10.9) 83,634 0.58 (0.22-1.57) 1.21 (0.76-1.93)

Sugar Beverages
4,5 0.40 0.59

    Non-Adherence 2 142 (51.3) 387,660 Reference Reference

    Non-Adherence 1 122 (44.0) 283,347 0.83 (0.64-1.08) 0.84 (0.62-1.14)

    Adherence 13 (4.7) 13,762 1.20 (0.62-2.31) 1.16 (0.61-2.21)

Plant Foods
4,5 0.38 0.90

    Non-Adherence 2 194 (71.6) 518,099 Reference Reference

    Non-Adherence 1 71 (26.2) 144,093 1.20 (0.90-1.62) 0.98 (0.69-1.38)

    Adherence 6 (2.2) 15,754 1.12 (0.51-2.48) 1.06 (0.45-2.49)

Red/Processed Meat
4,5 0.70 0.58

    Non-Adherence 2 53 (19.1) 158,898 Reference Reference

    Non-Adherence 1 176 (63.5) 405,930 1.19 (0.88-1.63) 1.28 (0.87-1.90)

    Adherence 48 (17.3) 124,940 0.89 (0.58-1.36) 1.15 (0.70-1.89)

Alcohol
4 0.47 0.09

    Non-Adherence 2 2 (0.7) 9,103 Reference Reference

    Non-Adherence 1 4 (1.4) 21,916 0.33 (0.11-1.02) 0.35 (0.05-2.53)

    Adherence 271 (97.8) 658,057 0.84 (0.41-1.72) 1.44 (0.35-5.83)

Cancer Causes Control. Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nomura et al. Page 20

Baseline Score
1

Time-Varying Score
2

Colon CA Cases N (%) Person-Years HR (95% CI) P
3 HR (95% CI) P

3

Salt
4,5 0.52 0.90

    Non-Adherence 2 111 (40.1) 302,168 Reference Reference

    Non-Adherence 1 102 (36.8) 246,362 0.93 (0.65-1.34) 0.96 (0.63-1.47)

    Adherence 64 (23.1) 141,100 1.14 (0.71-1.82) 0.96 (0.55-1.69)

6Additionlly adjusted for physical activity (high, moderate, low) and sedentary time (≥ 8, 5-7, ≤ 5 hrs./day sitting)

1
Cox proportional hazards regression. WCRF Score and covariates are all baseline (1995) data only. Covariates included: age, geographic region of 

residence (Northeast, South, Midwest, West, other), caloric intake (continuous), smoking (never, former, <15 cigarettes/day, ≥15 cigarettes/day), 
family history of colorectal cancer (yes/no), education (≤12, 13-15, ≥16 years), menopausal status (pre/post), diabetes (yes/no), insulin usage (yes/
no), aspirin usage (yes/no), colonoscopy (yes/no), sigmoidoscopy (yes/no)

2
Cox proportional hazards regression. Time-varying analysis using Anderson-Gill Method to update both WCRF score and covariates. Covariates 

included: age, geographic region of residence (Northeast, South, Midwest, West, other), caloric intake (continuous), smoking (never, former, <15 
cigarettes/day, ≥15 cigarettes/day), family history of colorectal cancer (yes/no), education (≤12, 13-15, ≥16 years), menopausal status (pre/post), 
diabetes (yes/no), insulin usage (yes/no), aspirin usage (yes/no), colonoscopy (yes/no), sigmoidoscopy (yes/no)

3
Test for trend.

4
Additionally adjusted for: BMI (<25, 25-<30, ≥30 kg/m2)

5
Additionally adjusted for alcohol (<1, 1-6, 7-13, >13 drinks/week)
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