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Abstract

Background: Cancer patients are recommended to follow cancer prevention guidelines due to 

inadequate evidence for specific recommendations for cancer survivors.

Methods: We examined whether diet and lifestyle scores measuring adherence to the 2018 World 

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

guidelines were associated with colorectal cancer-specific and overall mortality among 1,491 

colorectal cancer (CRC) patients in two prospective cohorts. Cox proportional hazards regression 

models were used to calculate the multivariable-adjusted hazard ratios (HRs) and 95% confidence 

intervals (CIs).

Results: During a median follow-up of 7.92 years, there were 641 deaths (179 CRC-specific 

deaths). Patients in the highest quartile of the post-diagnostic WCRF/AICR lifestyle score 

including diet, body mass index (BMI), and physical activity had a 24% lower risk (HR=0.76, 

95% CI: 0.49-1.18) of CRC-specific mortality and a 37% lower risk (HR=0.63, 95% CI: 

0.50-0.78) of overall mortality compared with the lowest quartile. When BMI was not included in 

the lifestyle score due to potential disease-related weight loss, stronger inverse associations were 

observed for both CRC-specific and overall mortality for the same comparison (CRC-specific: 

HR=0.50, 95% CI: 0.32-0.79; overall: HR=0.59, 95% CI: 0.47-0.75). The post-diagnostic WCRF/
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AICR diet score was not statistically significantly associated with either CRC-specific or overall 

mortality.

Conclusions: Greater adherence to the WCRF/AICR cancer prevention recommendations was 

associated with improved survival in CRC patients.

Impact: This study provides support for CRC patients to follow cancer prevention 

recommendations after diagnosis. Future studies on cancer survivors will continue to contribute to 

evidence-based diet and lifestyle recommendations for cancer patients.

Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed cancer and fourth leading 

cause of cancer death worldwide (1). By 2030, the global burden of CRC is estimated to 

increase by 60%, with 2.2 million new cases and 1.1 million deaths (1,2). In response to the 

need for improved survivorship among the growing number of CRC patients, it is important 

to identify dietary and lifestyle modifications that can improve prognosis.

Studies on recommendations of dietary and lifestyle changes among cancer patients are 

limited. Thus, patients are recommended to follow the general advice for cancer prevention 

(3). The World Cancer Research Fund/American Institute for Cancer Research (WCRF/

AICR) released updated cancer prevention recommendations in 2018 based on their 

comprehensive evaluation of the current evidence. It is unclear, however, whether following 

these recommendations after CRC diagnosis will improve the prognosis of CRC patients. 

Therefore, we evaluated associations between adherence to the current WCRF/AICR cancer 

prevention recommendations in relation to survival among 1,491 patients diagnosed with 

stage I-III CRC or CRC with unspecified stage in the Nurses’ Health Study (NHS) and the 

Health Professionals Follow-up Study (HPFS), two prospective cohorts of U.S. women and 

men, respectively.

Materials and Methods

Study Population

The NHS was initiated in 1976 when 121,700 female registered nurses aged 30-55 years 

completed and returned a baseline questionnaire. The HPFS was initiated in 1986 when 

51,529 male health professionals aged 40-75 years completed a similar self-administered 

baseline questionnaire. Biennial follow-up questionnaires have been mailed to participants in 

each cohort to collect updated information on demographic factors, lifestyle habits, medical 

history, and new disease diagnoses including CRC (4,5). The follow-up rate of both cohorts 

exceeds 90%. This study was approved by the Institutional Review Boards at Brigham 

and Women’s Hospital and Harvard T.H. Chan School of Public Health, and those of 

participating registries as required.

Our study population included NHS and HPFS participants who were diagnosed with a first 

primary incident CRC between 1986 and June 2010 for NHS and January 2010 for HPFS. 

After receiving permission to review relevant medical records and pathology reports, study 

physicians confirmed the reported cancer as a first primary incident CRC (International 

Song et al. Page 2

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Classification of Diseases-9 codes of 153 and 154). In addition, data on age at diagnosis, 

year of diagnosis, and tumor stage, grade, and subsite were extracted from the medical 

records and pathology reports.

Ascertainment of Death

Outcomes of the study were CRC-specific death and overall death. Deaths were identified 

through review of the National Death Index, postal authorities, or the next-of-kin in response 

to the follow-up questionnaires. The cause of death was identified by study physicians 

blinded to exposure data through review of death certificates and medical records.

Assessment of Diet

Validated semi-quantitative food frequency questionnaires (FFQ) were mailed in 1980, 

1984, and every four years since 1986 for the NHS and since 1986 for the HPFS. The FFQs 

contained a standard portion size and 9 possible frequency-of-consumption responses for 

each food ranging from never to six or more servings per day. Average daily nutrient intake 

was calculated by multiplying the frequency of intake by the nutrient content for each food 

and then summing nutrient values across all foods. The mean correlation coefficient between 

food intakes measured by the FFQ and multiple one-week dietary records was 0.66 in the 

NHS and 0.63 in the HPFS (6,7).

Assessment of Anthropometry and Physical Activity

Self-reported height and body weight were assessed at baseline; body weight was updated 

every 2 years thereafter. BMI was calculated as weight in kilograms divided by the square 

of height in meters (kg/m2). A list of leisure-time physical activities (e.g., walking, jogging, 

running, bicycling, and swimming) was first asked in the 1986 questionnaire in the NHS 

and HPFS and was repeated on most subsequent biennial questionnaires (except in 1990 

and 2002 for NHS. In both cohorts, participants reported time spent per week (response 

categories ranged from zero to over 11 hours in the NHS, and zero to over 40 hours in 

the HPFS) participating in the different exercises and activities. Each activity was assigned 

a metabolic equivalent task (MET) score. Total MET-hours per week were calculated by 

summing values from the individual activities. We used time spent watching TV per week 

as our measure of sedentary behavior. Time spent watching TV per week was first assessed 

in 1990 in the NHS and updated in 1990, 1992, 2004, 2008, 2012, and 2014; response 

categories ranged from zero to over 90 hours per week. In the HPFS, TV watching time was 

first asked in the 1990 questionnaire and updated biennially thereafter; response categories 

ranged from zero to over 40 hours per week (8). A series of validation studies have 

demonstrated the validity of these self-reported measures (6,9-13).

Construction of the 2018 WCRF/AICR Diet and Lifestyle Scores

We created diet and lifestyle scores based on the 2018 WCRF/AICR cancer prevention 

recommendations (14). The diet score included seven components: 1) fruits and vegetables, 

2) dietary fiber, 3) whole grains, nuts, and legumes, 4) refined grains and processed foods 

high in fat and sugar, 5) red and processed meat, 6) sugar-sweetened beverages, and 7) 

alcohol (Supplementary Table 1) (14). Each component was assigned a score of 0 (non
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adherence), 0.5 (partial adherence), or 1 (adherence). For components 5 and 6, each of their 

respective sub-components was assigned a score of 0, 0.5, or 1; the sub-components were 

then averaged to construct the component score. The final WCRF/AICR diet score was 

calculated by averaging the seven diet component scores and ranged from 0 to 1.

The lifestyle scores included three components: 1) the diet score, 2) adiposity, and 3) 

physical activity (Supplementary Table 1) (14). We constructed the adiposity component 

using two approaches. The primary approach included only BMI, whereas the alternative 

approach included BMI, weight gain, and waist circumference as sub-components. The 

physical activity component included two sub-components related to energy expenditure 

and sedentary activity. For both the adiposity and physical activity components, sub

components were assigned a score of 0, 0.5, or 1, which were averaged to form their 

respective component score. Based on a prior study reporting that the energy balance 

recommendations were the major drivers for a beneficial effect of adhering to the WCRF/

AICR recommendations (15), the diet score (instead of each diet component separately), 

adiposity and physical activity were weighted equally in the construction of the lifestyle 

scores.

We evaluated two primary lifestyle scores. The first primary lifestyle score (ranging from 

0-3), which included diet, adiposity, and physical activity, was used to assess adherence 

both pre- and post-diagnosis. Scores were constructed where the adiposity component 

contained either BMI only or BMI, weight gain, and waist circumference. The latter 

approach was only used to assess pre-diagnosis adherence because weight change could 

be a consequence of CRC treatment, and limited data on waist circumference after diagnosis 

were available. The second primary lifestyle score (ranging from 0-2) included only the diet 

and physical activity components to avoid inclusion of potential disease-related weight loss 

in the score and was used only for evaluating adherence after CRC diagnosis. Finally, for 

comparability with the recently published standardized scoring system for the WCRF/AICR 

cancer prevention recommendations (16), we also evaluated a lifestyle score (ranging from 

0-9) that weighted each individual dietary factor, adiposity, and physical activity equally.

Diet and lifestyle scores were created for each questionnaire cycle. To avoid the influence 

of active cancer treatment, the first FFQ collected at least six months but no more than 

four years after diagnosis was used to create post-diagnostic scores. Pre-diagnostic scores 

were calculated using the last questionnaire collected before diagnosis. If the pre-diagnostic 

questionnaire just prior to diagnosis was missing, the most recently completed questionnaire 

from at most the two previous assessments was used; otherwise, the participant was not 

included in the analysis.

Statistical Analysis

Among the participants diagnosed with a first primary incident CRC between 1986-2010 

(2,039 in the NHS, 1,441 in the HPFS), we applied the following exclusion criteria: 

diagnosis of stage IV CRC (325 in the NHS, 210 in the HPFS), missing post-diagnostic 

lifestyle scores between six-months and four-years of CRC diagnosis (777 in the NHS, 558 

in the HPFS), and missing pre-diagnostic lifestyle score (78 in the NHS, 41 in the HPFS). 
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After these exclusions, 1,491 participants (859 in the NHS, 632 in the HPFS) remained in 

the final analysis.

Cox proportional hazards regression was used to calculate hazard ratios (HRs) and 95% 

confidence intervals (CIs) with time since diagnosis as the time scale. Person-time of follow

up was calculated from the return date of the FFQ used for post-diagnostic assessment 

to death or the end of the study period (January 31, 2014), whichever came first. We 

used cause-specific Cox proportional hazards analyses for CRC-specific mortality, where 

deaths from other causes were censored (17). Participants who were lost to follow-up were 

censored as well. Post-diagnostic scores were categorized into quartiles based on their 

distributions within each cohort. All models were stratified by age at diagnosis and tumor 

stage. Because no statistically significant differences were found between women and men 

(P-interaction=0.65 for CRC mortality and 0.30 for overall mortality), we combined the 

data from the two cohorts into a single dataset for all analyses and controlled for cohort 

(equivalent to controlling for sex).

The models used to evaluate the post-diagnostic lifestyle scores were further adjusted for 

age at diagnosis, tumor grade, tumor subsite, year of diagnosis, regular sigmoidoscopy/

colonoscopy screening, post-diagnostic regular use of aspirin, post-diagnostic smoking 

status, and post-diagnostic energy intake. In models of the post-diagnostic lifestyle score that 

did not include the adiposity component, post-diagnostic BMI was additionally included as a 

covariate. In models of the post-diagnostic diet score, we further adjusted for post-diagnostic 

BMI and post-diagnostic physical activity. Models of post-diagnostic scores were also 

conducted with additional adjustment of pre-diagnostic scores. In models of pre-diagnostic 

scores, we included the same covariates as in the analyses of post-diagnostic scores, except 

that pre-diagnostic measures were obtained from the last questionnaire collected before 

diagnosis. The continuous analyses were conducted for an increment equivalent to the

interquartile-range of the lifestyle scores. The proportional hazards assumption was assessed 

by evaluating the interaction term between each score and follow-up time. No statistically 

significant violations of this assumption were detected (P>0.08 for all). A missing category 

was created for covariates with missing values. The percentage of missing data for any 

covariate was less than 3%.

We also evaluated the joint associations of the pre- and post-diagnostic lifestyle scores with 

CRC and overall mortality. Patients were dichotomized into low and high groups for each 

score based on the median score within each cohort. In addition, we assessed whether the 

associations between post-diagnostic lifestyle scores and overall mortality were modified by 

several demographic, clinical and lifestyle factors. Likelihood ratio tests were performed to 

calculate the p-values for interaction.

To address concerns that patients in very poor health were not able to follow some of the 

recommendations, we conducted sensitivity analyses in which we excluded the first six 

months (22 cases excluded, 1.5%), or the first three years of follow-up (187 cases excluded, 

12.5%) after the post-diagnostic assessment. All statistical tests were performed using SAS 

9.4 (SAS Institute, Cary, NC) and were two-sided.
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Results

A total of 1,491 participants were diagnosed with stage I-III CRC or CRC with unspecified 

stage and completed both a pre- and post-diagnostic FFQ and lifestyle questionnaires. 

The median (10th-90th) time from CRC diagnosis to the post-diagnostic assessment was 

2.25 (0.92-3.58) years for the NHS and 2.17 (0.75-3.58) years for the HPFS. The median 

(10th-90th) score for the post-diagnostic lifestyle score with BMI was 1.68 (0.89-2.43) for 

the NHS and 1.89 (1.18-2.46) for the HPFS. The median score for the post-diagnostic 

lifestyle score without BMI was approximately 0.6 points lower in both studies. Generally, 

the distribution of characteristics according to the post-diagnostic lifestyle score with or 

without BMI (Table 1) and the post-diagnostic diet score (Supplementary Table 2) were 

similar. The Pearson correlation coefficients were 0.70 in the NHS and 0.66 in the HPFS 

between the pre- and post-diagnostic lifestyle scores with BMI and 0.53 in the NHS and 

0.51 in the HPFS between the pre- and post-diagnostic lifestyle scores without BMI.

Post-diagnostic scores and survival

During a median follow-up of 7.92 years, 179 CRC-specific deaths and 641 overall 

deaths occurred. Both post-diagnostic lifestyle scores were associated with lower CRC

specific and overall mortality, although the association for CRC-specific mortality was not 

statistically significant for the lifestyle score that included BMI. The multivariable HRs 

(Model 3) comparing the highest versus lowest quartile of the post-diagnostic lifestyle score 

without BMI were 0.50 (95% CI: 0.32-0.79) for CRC-specific death and 0.59 (95% CI: 

0.47-0.75) for overall death (Table 2). There was little evidence of confounding by tumor 

characteristics and colorectal cancer risk factors compared with the model accounting for 

age at diagnosis and stage (Table 2 Model 1). Associations for the post-diagnostic lifestyle 

score without BMI were stronger and remained statistically significant after additionally 

adjusting for the pre-diagnostic lifestyle score (Table 2). Similar patterns were observed after 

excluding patients who died within the first six months or first three years of follow-up 

(Supplementary Table 3). Results also were similar after excluding the 201 cases with 

unspecified stage (Supplementary Table 4).

In sensitivity analyses using different weighting schemes to construct the scores, the post

diagnostic lifestyle score that weighted each dietary factor equally with the adiposity and 

physical activity components showed a statistically nonsignificant association with CRC

specific mortality and a significant but slightly weaker association for overall mortality than 

the primary lifestyle score with BMI that weighted all dietary factors as one component 

(Supplementary Table 5).

The post-diagnostic diet score was generally not statistically significantly associated with 

either CRC-specific or overall mortality (Supplementary Table 6).

Pre-diagnostic scores and survival

The multivariable HRs comparing the highest versus lowest quartile of the pre-diagnostic 

lifestyle score with BMI were 0.70 (95% CI: 0.46-1.08) for CRC-specific death and 0.66 

(95% CI: 0.53-0.83) for overall death (Table 3). The results for the pre-diagnostic lifestyle 
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score also containing weight gain and waist circumference as adiposity sub-components 

were slightly stronger for both outcomes (Supplementary Table 7) than results for the 

pre-diagnostic lifestyle score with BMI as the only measure of adiposity, indicating 

an improvement in the pre-diagnostic lifestyle score when including other measures of 

adiposity. The results for the pre-diagnostic diet score (Supplementary Table 8) were 

generally nonsignificant.

Joint association of pre- and post-diagnostic lifestyle scores

When participants were classified jointly by pre- and post-diagnostic lifestyle scores with 

BMI, those with consistently high lifestyle scores had a nonsignificant lower risk of CRC

specific mortality (HR=0.85, 95% CI: 0.60-1.22) and significantly lower risk of overall 

mortality (HR=0.73, 95% CI: 0.60-0.88) compared with the group having consistently low 

lifestyle scores (Table 4). However, when using the lifestyle score without BMI for the post

diagnostic classification, patients with consistently high lifestyle scores had significantly 

lower risk of both CRC-specific mortality and overall mortality compared with those having 

consistently low lifestyle scores (CRC-specific mortality: HR=0.62, 95% CI: 0.42-0.91; 

overall mortality: HR=0.59, 95% CI: 0.48-0.73) (Table 4).

Post-diagnostic lifestyle score and survival within subgroups

We found no statistically significant modification of the associations between post

diagnostic lifestyle scores with or without BMI and overall mortality by several clinical 

and lifestyle factors (Figures 1 and 2).

Discussion

Our findings from two prospective cohorts suggest that a lifestyle consistent with the 

2018 WCRF/AICR cancer prevention recommendations after CRC diagnosis was associated 

with lower CRC-specific and overall mortality with stronger associations observed for 

the score without a BMI component. The inverse association between the post-diagnostic 

lifestyle scores with or without BMI and overall mortality did not differ among several 

subgroups defined by clinical and lifestyle factors. In addition, when examining the 

post-diagnostic lifestyle score without BMI jointly with the pre-diagnostic lifestyle score, 

individuals with low pre- but high post-diagnostic lifestyle scores had significantly lower 

overall mortality compared with those with low lifestyle scores before and after diagnosis, 

indicating a potential benefit of making lifestyle improvements adhering to the WCRF/AICR 

recommendations after CRC diagnosis.

Our findings on the post-diagnostic lifestyle score with BMI are similar to those reported 

in a recent study which found a nonsignificant 8% reduction in overall mortality per a 

one standard deviation increment in their post-diagnostic WCRF/AICR score including 

diet, BMI, and physical activity (18). A challenge in evaluating the WCRF/AICR lifestyle 

score after a CRC diagnosis is that the component on post-diagnostic body fatness reflects 

both pre-diagnostic body weight and post-diagnostic weight change which may be due 

to unintentional weight loss as a result of complications from CRC or treatment (19). In 

a meta-analysis of 5 studies, modest weight loss after a CRC diagnosis was associated 
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with a 69% higher risk of CRC-specific death and a 78% higher risk of overall mortality 

compared to stable weight. Larger post-diagnostic weight loss showed stronger positive 

associations (20). Thus, post-diagnostic body fatness may not be a good predictor for 

survival in CRC patients. As expected, in our study, we observed a stronger association with 

the post-diagnostic lifestyle score without BMI compared with the post-diagnostic lifestyle 

score including BMI, especially for CRC-specific mortality which might be more prone to 

disease-related weight loss. The stronger association for the post-diagnostic lifestyle score 

without BMI is likely due to the increased weighting of physical activity in the construct of 

the score because the post-diagnostic diet score alone was not strongly associated with CRC

specific or overall mortality. Thus, post-diagnostic physical activity may play an important 

role in survival for CRC patients as documented previously (8,21-23). The different results 

observed for the post-diagnostic lifestyle score with and without BMI indicate that different 

components may need to be considered in studies of cancer survival than those of cancer 

incidence. For cancer survival, the post-diagnostic lifestyle score without BMI appeared to 

be more relevant than the score with BMI.

Several studies have previously investigated associations between post-diagnostic diet and 

survival among CRC patients in the NHS and HPFS. In these cohorts, a plant-rich, low

carbohydrate diet after CRC diagnosis was associated with lower CRC-specific mortality, 

but not overall mortality (24). A borderline significant reduction of CRC-specific mortality 

and a significant decrease in overall mortality has also been reported for higher post

diagnostic scores for the Alternate Healthy Eating Index-2010 (25). As the findings for 

the WCRF/AICR diet score were nonsignificant for both CRC and overall mortality in the 

current analyses, the WCRF/AICR diet score, which was formulated for cancer prevention 

in general, may not optimally reflect dietary factors specific for CRC survivorship.

A standardized scoring system was published recently for operationalizing the 2018 

WCRF/AICR cancer prevention recommendations in epidemiologic studies (16). The most 

substantial difference between our primary operationalization and the standardized scoring 

system is how diet was weighted in the lifestyle score: the current study weighted the 

totality of diet equally to adiposity and physical activity, whereas the standardized scoring 

system weights each individual dietary factor, adiposity, and physical activity equally. 

The downweighting of potential disease-related weight loss (as measured by BMI) in the 

score applying equal weights for all components likely resulted in the stronger association 

observed for CRC-specific mortality compared to our primary lifestyle score with BMI 

while the upweighting of the dietary components in the post-diagnostic lifestyle score using 

equal weights for each component likely resulted in its weaker association with overall 

mortality.

The strengths of this study included its prospective design, the use of validated, 

comprehensive FFQs, assessment of both pre-and post-diagnostic diet and lifestyle factors, 

and long-term follow-up. However, there were some limitations. First, a large number of 

CRC patients (n=1018) identified in these cohorts did not have a post-diagnostic lifestyle 

score assessment. Compared to patients included in the study, those who were missing 

a post-diagnostic lifestyle score assessment were older, were less likely to have received 

regular screening, were more likely to have stage III and unspecified stage tumors, and had 
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shorter median survival time (Supplementary Table 9). Thus, our results are most applicable 

to those with good prognosis at the time of diagnosis who survived to complete the cohort 

questionnaire scheduled after their diagnosis. Second, the study used self-reported data on 

diet, body fatness, and physical activity, which are subject to measurement error. Third, 

we could not control for cancer treatment. However, the post-diagnostic assessment was 

conducted after six months of diagnosis to avoid the influence of active cancer treatment. 

In addition, we controlled for tumor stage, grade, subsite, and year of diagnosis as a 

proxy for treatment. Fourth, cancer recurrence data were not available. However, given the 

relatively short survival time for metastatic CRC, CRC-specific mortality can be considered 

as a surrogate of cancer recurrence. Another limitation was that we had a relatively 

small number of CRC-specific deaths. While the sample size did not affect our ability 

to detect associations with our main outcomes, it may have limited our ability to detect 

associations within subgroups. Finally, the study population was predominantly white and 

highly educated, leading to limited generalizability.

In conclusion, this study indicated that better adherence to the 2018 WCRF/AICR 

cancer prevention recommendations on diet, body fatness, and physical activity after 

CRC diagnosis was associated with better survival among CRC patients, with the best 

survival found among patients who adhered to the recommendations both before and 

after diagnosis. Of the three main components in the score, adherence to the physical 

activity recommendation may be the primary driver of the reduced risks we observed; 

conversely, post-diagnostic body fatness may bias associations because of the challenge 

of distinguishing intentional from disease-related weight loss. We only found weak, 

nonsignificant associations for the diet score, suggesting that dietary recommendations 

formulated for cancer prevention may not optimally reflect dietary factors for improving 

CRC survivorship. More studies evaluating post-diagnostic dietary and lifestyle factors are 

needed to provide solid support for nutritional recommendations for cancer survivors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Multivariable hazard ratios (HRs) and 95% confidence intervals (95% CIs) of overall 

mortality per IQRa increase in the post-diagnostic WCRF/AICR lifestyle score with BMI, 

stratified by demographic, lifestyle, and other factors and tumor characteristics.

The hazard ratios (HRs) for the post-diagnostic WCRF/AICR lifestyle score with BMI 

are indicated by solid squares; the 95% CIs are indicated by horizontal lines. Models 

were stratified by age at diagnosis (<65, ≥65 years) and tumor stage (I, II, III, and 

unspecified), with adjustment for age at diagnosis (continuous), cohort (NHS, HPFS), tumor 

grade (well differentiated, moderately differentiated, poorly differentiated, and unspecified), 

tumor subsite (proximal colon, distal colon, rectum, and unspecified), year of diagnosis 

(continuous), regular sigmoidoscopy/colonoscopy screening (yes, no), post-diagnostic total 

energy intake (continuous), post-diagnostic regular use of aspirin (yes, no), and post

diagnostic smoking status (current, non-current), except in models stratified by these 

variables. P-values for interaction were calculated by the likelihood ratio test.
aIQR (interquartile range) of the post-diagnostic WCRF/AICR lifestyle score with BMI in 

NHS=0.89 and in HPFS=0.64.
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Figure 2. 
Multivariable hazard ratios (HRs) and 95% confidence intervals (95% CIs) of overall 

mortality per IQRa increase in the post-diagnostic WCRF/AICR lifestyle score without BMI, 

stratified by demographic, lifestyle, and other factors and tumor characteristics.

The hazard ratios (HRs) for the post-diagnostic WCRF/AICR lifestyle score without BMI 

are indicated by solid squares; the 95% CIs are indicated by horizontal lines. Models were 

stratified by age at diagnosis (<65, ≥65 years) and tumor stage (I, II, III, and unspecified), 

with adjustments for age at diagnosis (continuous), cohort (NHS, HPFS), tumor grade 

(well differentiated, moderately differentiated, poorly differentiated, and unspecified), 

tumor subsite (proximal colon, distal colon, rectum, and unspecified), year of diagnosis 

(continuous), regular sigmoidoscopy/colonoscopy screening (yes, no), post-diagnostic total 

energy intake (continuous), post-diagnostic regular use of aspirin (yes, no), post-diagnostic 

smoking status (current, non-current), and post-diagnostic BMI (<23, 23-29.9, ≥30 kg/m2), 

except in models stratified by these variables. P-values for interaction were calculated by the 

likelihood ratio test.
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aIQR (interquartile range) of the post-diagnostic WCRF/AICR lifestyle score without BMI 

in NHS=0.54 and in HPFS=0.46.
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Table 1.

Age-standardized characteristics of colorectal cancer patients by quartiles of post-diagnostic WCRF/AICR 

lifestyle scores.

Quartile of post-diagnostic
WCRF/AICR lifestyle score w/ BMI

Quartile of post-diagnostic
WCRF/AICR lifestyle score w/o BMI

Q1
(n=367)

Q4
(n=376)

Q1
(n=374)

Q4
(n=389)

Post-diagnostic lifestyle score w/ BMI
a 1.03 (0.30) 2.41 (0.18) - -

Post-diagnostic lifestyle score w/o BMI - - 0.66 (0.20) 1.56 (0.12)

Male, % 42.7 42.4 42.1 42.9

Age at colorectal cancer diagnosis, years
b 68.5 (8.5) 69.8 (8.8) 69.5 (8.8) 68.5 (8.5)

White, % 98.0 97.7 97.7 98.4

Post-diagnostic body mass index, kg/m2 30.6 (4.6) 23.0 (2.0) 27.1 (4.9) 25.3 (4.1)

Post-diagnostic physical activity, MET-hours/week 8.5 (15.8) 27.9 (24.7) 6.5 (15.4) 30.3 (25.2)

Family history of colorectal cancer, % 20.9 18.4 21.2 22.3

Current smokers post diagnosis, % 6.8 2.0 9.5 2.9

Post-diagnostic diet

 Total energy intake, kcal/d 1829 (582) 1789 (623) 1828 (601) 1814 (647)

 Dietary fiber, g/day 19.1 (7.4) 25.0 (11.2) 18.4 (7.3) 26.0 (10.5)

 Fruits and vegetables, servings/day 4.04 (2.27) 5.60 (3.00) 3.75 (2.10) 6.05 (2.87)

 Whole grains, servings/day 1.28 (0.94) 2.05 (1.44) 1.20 (0.98) 2.09 (1.35)

 Refined grains, servings/day 3.53 (2.27) 2.84 (2.00) 3.79 (2.28) 2.65 (1.86)

 Red meat, servings/week 3.95 (2.76) 2.51 (2.19) 3.82 (2.69) 2.70 (2.15)

 Processed meat, g/day 16.06 (21.36) 7.15 (10.75) 15.44 (21.02) 8.50 (12.32)

 Beverages with added sugars, drinks/day 0.30 (0.56) 0.19 (0.38) 0.34 (0.64) 0.16 (0.34)

 Juices, drinks/day 0.68 (0.75) 0.84 (0.83) 0.72 (0.86) 0.76 (0.74)

 Non-drinkers of alcohol, % 38.4 38.8 38.2 42.9

 Alcohol consumption in drinkers, g/day 13.2 (14.1) 11.4 (13.0) 14.6 (14.8) 10.9 (11.6)

Post-diagnostic aspirin use (≥2 tablets/week), % 42.0 30.0 38.9 31.6

Regular screening, % 37.4 38.8 35.9 41.8

Tumor subsite

- Proximal colon, % 39.4 42.4 37.6 42.1

- Distal colon, % 32.8 27.4 31.3 28.1

- Rectum, % 22.1 24.5 24.4 23.9

- Unspecified, % 5.7 5.7 6.7 5.9

Tumor grade

- Grade 1, well differentiated, % 14.7 13.4 13.7 15.5

- Grade 2, moderately differentiated, % 55.6 58.0 59.1 56.6

- Grade 3, poorly differentiated, % 14.2 12.9 11.9 11.7

- Unspecified, % 15.5 15.7 15.3 16.3

Tumor stage

- Stage I, % 31.8 37.2 33.0 37.2
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Quartile of post-diagnostic
WCRF/AICR lifestyle score w/ BMI

Quartile of post-diagnostic
WCRF/AICR lifestyle score w/o BMI

Q1
(n=367)

Q4
(n=376)

Q1
(n=374)

Q4
(n=389)

- Stage II, % 27.7 27.7 28.3 28.9

- Stage III, % 26.1 22.2 26.2 21.2

- Unspecified, % 14.4 13.0 12.6 12.8

a
Values are means (SD) or percentages and are standardized to the age distribution of the study population. Values of polytomous variables may not 

sum to 100% due to rounding.

b
Value is not age-adjusted.

Abbreviations: CRC, colorectal cancer; w/, with; w/o, without; Q, quartile; MET, metabolic equivalent.
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Table 2.

Hazard ratios and 95% CIs for associations between post-diagnostic WCRF/AICR lifestyle scores and 

mortality among colorectal cancer patients.

Quartile of post-diagnostic WCRF/AICR lifestyle scores P-
continuous

per IQR

increase
a

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Post-diagnostic WCRF/AICR lifestyle score with BMI

Median score (NHS) 0.93 1.50 1.89 2.36

Median score (HPFS) 1.29 1.71 2.04 2.39

Colorectal cancer specific mortality

No. of events 48 46 47 38 179

Model 1 HR (95% CI)
b Referent 0.97 (0.64-1.46) 0.96 (0.64-1.43) 0.78 (0.51-1.20) 0.16 0.88 (0.73-1.05)

Model 2 HR (95% CI)
c Referent 0.99 (0.66-1.49) 0.98 (0.65-1.47) 0.80 (0.52-1.23) 0.29 0.91 (0.75-1.09)

Model 3 HR (95% CI)
d Referent 0.97 (0.65-1.46) 0.94 (0.63-1.42) 0.76 (0.49-1.18) 0.18 0.86 (0.70-1.07)

Model 4 HR (95% CI)
e Referent 1.02 (0.67-1.56) 1.03 (0.65-1.62) 0.86 (0.51-1.46) 0.53 0.91 (0.69-1.21)

Overall mortality

No. of events 179 155 167 140 641

Model 1 HR (95% CI)
b Referent 0.75 (0.60-0.93) 0.79 (0.63-0.97) 0.61 (0.49-0.76) 0.05 0.91 (0.83-1.00)

Model 2 HR (95% CI)
c Referent 0.75 (0.61-0.94) 0.79 (0.64-0.98) 0.62 (0.49-0.77) 0.01 0.88 (0.80-0.97)

Model 3 HR (95% CI)
d Referent 0.77 (0.62-0.95) 0.78 (0.63-0.97) 0.63 (0.50-0.78) <0.001 0.80 (0.72-0.90)

Model 4 HR (95% CI)
e Referent 0.82 (0.65-1.03) 0.87 (0.68-1.11) 0.74 (0.56-0.98) 0.08 0.88 (0.76-1.02)

Post-diagnostic WCRF/AICR lifestyle score without BMI

Median score (NHS) 0.59 0.96 1.21 1.50

Median score (HPFS) 0.86 1.14 1.32 1.61

Colorectal cancer specific mortality

No. of events 57 51 40 31 179

Model 1 HR (95% CI)
b Referent 0.92 (0.63-1.34) 0.69 (0.46-1.04) 0.51 (0.33-0.78) 0.002 0.73 (0.61-0.89)

Model 2 HR (95% CI)
c Referent 0.98 (0.67-1.44) 0.75 (0.50-1.13) 0.54 (0.35-0.84) 0.01 0.77 (0.64-0.94)

Model 3 HR (95% CI)
d Referent 0.97 (0.66-1.43) 0.72 (0.47-1.09) 0.50 (0.32-0.79) 0.003 0.72 (0.59-0.89)

Model 4 HR (95% CI)
e Referent 1.01 (0.68-1.50) 0.76 (0.49-1.18) 0.54 (0.33-0.88) 0.02 0.76 (0.60-0.96)

Overall mortality

No. of events 194 162 144 141 641

Model 1 HR (95% CI)
b Referent 0.83 (0.67-1.02) 0.68 (0.55-0.85) 0.58 (0.46-0.72) <0.001 0.82 (0.74-0.91)

Model 2 HR (95% CI)
c Referent 0.85 (0.69-1.05) 0.70 (0.56-0.87) 0.58 (0.47-0.73) <0.001 0.81 (0.73-0.89)

Model 3 HR (95% CI)
d Referent 0.88 (0.71-1.09) 0.70 (0.56-0.87) 0.59 (0.47-0.75) <0.001 0.76 (0.67-0.85)

Model 4 HR (95% CI)
e Referent 0.92 (0.74-1.15) 0.76 (0.60-0.96) 0.66 (0.52-0.85) <0.001 0.80 (0.71-0.91)

a
IQR (interquartile range) of the post-diagnostic lifestyle score with BMI in NHS=0.89 and in HPFS=0.64. IQR of the post-diagnostic lifestyle 

score without BMI in NHS=0.54 and in HPFS=0.46.
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b
Model 1: Cox model stratified by age at diagnosis (<65, ≥65 years) and tumor stage (I, II, III, and unspecified), and adjusted for age at diagnosis 

(continuous).

c
Model 2: Model 1 + further adjustment for cohort (NHS, HPFS), tumor grade (well differentiated, moderately differentiated, poorly differentiated, 

and unspecified), tumor subsite (proximal colon, distal colon, rectum, and unspecified), year of diagnosis (continuous), regular sigmoidoscopy/
colonoscopy screening (yes, no), and post-diagnostic total energy intake (continuous).

d
Model 3: Model 2 + further adjustment for post-diagnostic regular use of aspirin (yes, no) and post-diagnostic smoking status (current, 

non-current) for models of post-diagnostic score with BMI. Post-diagnostic BMI (<23, 23-29.9, ≥30 kg/m2) was additionally adjusted in the 
models of post-diagnostic lifestyle scores without BMI.

e
Model 4: Model 3 + further adjustment for pre-diagnostic WCRF/AICR lifestyle score (continuous).

Abbreviations: CRC, colorectal cancer; NHS, Nurses’ Health Study; HPFS: Health Professionals Follow-up Study.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2022 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Song et al. Page 19

Table 3.

Hazard ratios and 95% CIs for the associations between pre-diagnostic WCRF/AICR lifestyle scores and 

mortality among colorectal cancer patients.

Quartile of pre-diagnostic WCRF/AICR lifestyle score P-
continuous

per IQR

increase
a

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Median score (NHS) 0.96 1.54 1.96 2.50

Median score (HPFS) 1.21 1.71 2.04 2.46

Colorectal cancer specific mortality

No. of events 53 43 46 37 179

Model 1 HR (95% CI)
b Referent 0.77 (0.51-1.15) 0.85 (0.57-1.26) 0.72 (0.47-1.09) 0.25 0.89 (0.73-1.08)

Model 2 HR (95% CI)
c Referent 0.80 (0.53-1.20) 0.88 (0.59-1.31) 0.73 (0.48-1.11) 0.39 0.92 (0.75-1.12)

Model 3 HR (95% CI)
d Referent 0.78 (0.52-1.18) 0.85 (0.57-1.28) 0.70 (0.46-1.08) 0.35 0.90 (0.72-1.12)

Overall mortality

No. of events 192 156 153 140 641

Model 1 HR (95% CI)
b Referent 0.84 (0.68-1.03) 0.72 (0.58-0.89) 0.64 (0.51-0.79) 0.01 0.87 (0.79-0.97)

Model 2 HR (95% CI)
c Referent 0.86 (0.69-1.06) 0.72 (0.58-0.90) 0.63 (0.51-0.79) 0.002 0.85 (0.77-0.94)

Model 3 HR (95% CI)
d Referent 0.87 (0.70-1.07) 0.74 (0.59-0.92) 0.66 (0.53-0.83) <0.001 0.81 (0.72-0.91)

a
IQR (interquartile range) of the pre-diagnostic lifestyle score in NHS = 0.93 and in HPFS = 0.70.

b
Model 1: Cox model stratified by age at diagnosis (<65, ≥65 years) and tumor stage (I, II, III, and unspecified), and adjusted for age at diagnosis 

(continuous).

c
Model 2: Model 1 + further adjustment for cohort (NHS, HPFS), tumor grade (well differentiated, moderately differentiated, poorly differentiated, 

and unspecified), tumor subsite (proximal colon, distal colon, rectum, and unspecified), year of diagnosis (continuous), regular sigmoidoscopy/
colonoscopy screening (yes, no), and pre-diagnostic total energy intake (continuous).

d
Model 3: Model 2 + further adjustment for pre-diagnostic regular use of aspirin (yes or no) and pre-diagnostic smoking (current, non-current).

Abbreviations: CRC, colorectal cancer; NHS, Nurses’ Health Study; HPFS: Health Professionals Follow-up Study.
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Table 4.

Hazard ratios
a
 and 95% CIs for the joint associations between WCRF/AICR lifestyle scores before and after 

colorectal cancer diagnosis and mortality.

Pre-diagnostic WCRF/AICR lifestyle score
b

P-interaction
Low score High score

Post-diagnostic WCRF/AICR lifestyle score with BMI 
c 

Colorectal cancer specific mortality

   No. of events 76 18

   Low score referent 0.98 (0.60-1.59) 0.24

   No. of events 20 65

   High score 1.00 (0.64-1.59) 0.85 (0.60-1.22)

Overall mortality

   No. of events 266 68

   Low score referent 0.79 (0.60-1.02) 0.07

   No. of events 82 225

   High score 0.94 (0.74-1.20) 0.73 (0.60-0.88)

Post-diagnostic WCRF/AICR lifestyle score without BMI 
d 

Colorectal cancer specific mortality

   No. of events 71 37

   Low score referent 1.12 (0.75-1.67) 0.82

   No. of events 25 46

   High score 0.68 (0.43-1.10) 0.62 (0.42-0.91)

Overall mortality

   No. of events 240 116

   Low score referent 0.86 (0.69-1.08) 0.19

   No. of events 108 177

   High score 0.75 (0.59-0.95) 0.59 (0.48-0.73)

a
Cox models were stratified by age at diagnosis (<65, ≥65 years) and tumor stage (I, II, III, and unspecified), with additional adjustment for age 

at diagnosis (continuous), cohort (NHS, HPFS), tumor grade (well differentiated, moderately differentiated, poorly differentiated, and unspecified), 
tumor subsite (proximal colon, distal colon, rectum, and unspecified), year of diagnosis (continuous), regular sigmoidoscopy/colonoscopy 
screening (yes, no), post-diagnostic total energy intake (continuous), post-diagnostic regular use of aspirin (yes, no), and post-diagnostic smoking 
status (current, non-current).

b
The cutpoint for the pre-diagnostic WCRF/AICR lifestyle score categories was 1.75 in NHS and 1.86 in HPFS.

c
The cutpoint for the post-diagnostic WCRF/AICR lifestyle score with BMI categories was 1.68 in NHS and 1.89 in HPFS.

d
The cutpoint for the post-diagnostic WCRF/AICR lifestyle score without BMI categories was 1.11 in NHS and 1.25 in HPFS.
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