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eFigure. Flowchart of Participants’ Selection in the Nurses’ Health Study and Health 
Professionals Follow-up Study 
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eMethods. Detailed Methodology 

 

Reproducibility and validity of fiber intake assessment  

Reproducibility and validity of the food frequency questionnaire (FFQ) for assessing fiber intake 

have been assessed previously in both women and men. The correlation coefficients (adjusted for 

random within-person variation) for the comparison of dietary fiber intake assessed with an FFQ 

administered twice one year apart and the means of four one-week dietary records were 0.51 and 

0.58 among women, and for the comparison of dietary fiber intake assessed with an FFQ 

administered twice one year apart and the means of two one-week dietary records were 0.63 and 

0.68 among men.1  

Covariate assessments 

To control for confounding, we adjusted for a variety of covariates in the multivariable 

regression model. These covariates can be grouped into the following four categories: 

demographic characteristics (age at diagnosis, sex, year of diagnosis), clinicopathological factors 

(tumor stage, anatomic subsite, and differentiation), lifestyle factors (body mass index, physical 

activity, alcohol consumption, aspirin use), and dietary factors (vitamin D, total fat, folate, 

calcium, and glycemic load).   

Data on tumor stage, histology, and anatomic location (proximal colon, distal colon, and rectum) 

were extracted from medical records by study physicians. Proximal colon cancers were defined 

as those from the cecum to and including the splenic flexure, and distal colon cancers were 

defined as those in the descending and sigmoid colon. Family history was defined based on the 

diagnosis of CRC among any of parents or siblings of study participants. We assessed the post-

diagnostic intakes of macronutrients, alcohol, folate, calcium and vitamin D based on the FFQs. 
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Dietary glycemic load was calculated to quantify the influence of carbohydrate intake on blood 

glucose.2 We collected updated data on body mass index, smoking status, and regular use of 

aspirin from the biennial questionnaires. Leisure-time physical activity was assessed using the 

validated questionnaire in 1980, 1982, 1986, 1988, 1992, and biennially thereafter in the NHS; 

and every two years in the HPFS, by summing the products of time spent on a variety of 

activities with the mean metabolic equivalent (MET) for that activity.3  

Assessment of chemotherapy use 

We assessed chemotherapy use through a supplemental questionnaire in a subset of colorectal 

cancer patients included in the analysis from the Nurses’ Health Study (n=375). Participants 

were asked whether they had been treated with any of the chemotherapeutic agents that were 

commonly used in the clinic at the time of patients’ diagnosis, including 5-Fluorouracil (5-FU), 

Leucovorin, Levamisole, Irinotecan (Campostar), Oxaliplatin (Eloxatin), Capectabine (Xeloda), 

Avastin (Bevacziumab), Erbitux (Cetuximab), and Vectibix (Pannitumumab). Patients who 

received any one of these agents were considered as users of chemotherapy. 

 

Statistical analysis 

Sensitivity analysis for cumulative average intake after diagnosis 

In a sensitivity analysis, we examined the cumulative average intake of fiber throughout the 

entire post-diagnostic period, which was calculated as a time-varying variable by the mean fiber 

intake from the first questionnaire returned immediately after diagnosis up to the questionnaire 

prior to the current follow-up cycle. The assessment period was up to the last questionnaire 

before patients’ death for those who were dead during follow-up, and up to the end of the study 
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(June 1, 2012 for the NHS cohort and January 31, 2012 for the HPFS cohort) for those who did 

not die through the end of the study (i.e., censored). 

Propensity score analysis  

In addition to multivariable adjustment, we performed the propensity score analysis to further 

control for potential confounding by clinicopathological and diet/lifestyle factors. We estimated 

the predicted probability (propensity score) of consuming high amount of fiber after diagnosis in 

each participant using a logistic regression that included all the variables in our multivariable 

model.4,5 These variables are both important predictors for cancer prognosis and correlates of 

post-diagnostic fiber intake in our study population (as shown in eTable 1). They can be grouped 

into the following four categories: demographic characteristics (age at diagnosis, sex), 

clinicopathological factors (tumor stage, subsite, differentiation, and year of diagnosis), lifestyle 

factors (body mass index, physical activity, alcohol consumption, aspirin use), and dietary 

factors (vitamin D, total fat, folate, calcium, and glycemic load). In addition, we also included 

the 45 pairwise interaction terms between the continuous variables into the model.6 We then 

adjusted for the propensity score to examine the association of fiber intake after diagnosis with 

CRC-specific and all-cause mortality.  

Inverse probability weighting (IPW) analysis 

Because patients included in the current study represent a subset of CRC patients diagnosed in 

the two cohorts who returned their dietary questionnaire within the window of 6 months to 4 

years after diagnosis, to minimize any bias resulting from the availability of post-diagnostic 

questionnaire data, we applied the IPW method to the survival analyses, as previously 

described.7-9 The probability of questionnaire return after diagnosis was estimated using the 

multivariable-adjusted logistic regression model, which included sex (female vs. male), age at 
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diagnosis (continuous; a linear term, and a squared term), year of diagnosis (continuous), family 

history of colorectal cancer (present vs. absent vs. missing), pre-diagnosis body mass index (< 23 

kg/m2 vs. 23 to 24.9 kg/m2 vs. 25 to 27.4 kg/m2 vs. 27.5 to 29.9 kg/m2 vs. ≥ 30 kg/m2 vs. 

missing), physical activity (women: <5 MET-hours/week, 5 to 11.4 MET-hours/week, 11.5 to 

21.9 MET-hours/week, ≥22 MET-hours/week; men: <7 MET-hours/week, 7 to 14.9 MET-

hours/week, 15 to 24.9 MET-hours/week, ≥25 MET-hours/week), pack-years of smoking (0, 1 to 

15, 16 to 25, 26 to 45, >45), regular aspirin use (yes vs. no vs. missing), tumor location 

(proximal colon vs. distal colon vs. rectum vs. missing), tumor differentiation (well vs. moderate 

vs. poor vs. missing), and disease stage (I vs. II vs. III vs. missing).  

Restricted cubic spline analysis  

We examined the dose-response relationship between fiber intake and mortality using the 

restricted cubic spline analysis.10 Three knots corresponding to the 5%, 50%, and 95% 

percentiles of post-diagnostic fiber intake were used. An automatic stepwise procedure was used 

to select spline variables according to the P<0.05 for both inclusion and retention in the model, 

and a likelihood ratio test was used to assess the non-linearity by comparing the model with only 

the linear term to the model with both the linear and cubic spline terms. The overall significance 

was also assessed via a likelihood ratio test by comparing the model with and without fiber 

intake. No spline variable was selected into the model for the analysis of total fiber intake in 

relation to CRC-specific mortality, whereas one spline variable entered into the final model for 

all-cause mortality analysis. Based on the spline models, we calculated and plotted the hazard 

ratios of mortality for continuous increment in total fiber intake using the lowest intake level as 

the reference value (Figure 1).  
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Missing data 

The major reason for missing covariate data is failure in collection of biennial follow-up 

questionnaires and FFQs. Because participants who had missing data on either pre- or post-

diagnostic fiber intake were already excluded from the analysis, missing data on covariates is 

very rare (less than ten participants for most covariates). We imputed those missing data with the 

most prevalent category, since all the covariates were modelled as categorical variables in the 

multivariable Cox regression. 
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eTable 1. Basic Characteristics of Colorectal Cancer Patients at Diagnosis According to 
Quartiles of Total Fiber Intake (n=1,575)* 

 
Quartile 1 
(n=391) 

Quartile 2 
(n=390) 

Quartile 3 
(n=392) 

Quartile 4 
(n=402) 

Female, % 61 62 60 61 
Age, years 68.4 68.5 68.7 68.7 
Body mass index, kg/m2 26.4 26.6 26.3 25.8 
Physical activity, MET-hours/week 13.8 19.1 18.4 25.0 
Pack-years of smoking 23.5 18.9 14.0 11.5 
Current smokers, % 11 6 5 2 
Multivitamin use, % 55 59 66 62 
Regular use of aspirin, %† 32 34 33 34 
Food and nutrient intake     

Total fiber, g/day 14.3 18.8 22.5 29.8 
Cereal fiber, g/day 4.6 5.8 7.0 9.3 
Fruit fiber, g/day 2.5 4.0 5.2 7.4 
Vegetable fiber, g/day 4.3 5.8 6.9 9.4 

Whole grain, g/day 16.8 26.0 33.7 45.3 
Fruit, serving/day 1.8 2.4 2.9 3.4 
Vegetable, serving/day 2.1 3.0 3.5 4.3 
Alcohol, g/day 11.0 9.0 6.6 4.6 
Total folate, μg/day 555 662 718 778 
Calcium, mg/day 1069 1167 1180 1260 
Vitamin D, IU/day 484 559 565 548 
Total fat, % of energy 33 31 30 26 
Protein, % of energy 16 17 17 18 
Carbohydrate, % of energy 47 50 53 58 
Glycemic load 112 118 122 133 

Cancer subsite, %     
Proximal colon 38 47 43 38 
Distal colon 32 28 33 31 
Rectum 24 20 18 25 
Unspecified 6 5 6 6 

Differentiation, %     
Well differentiated 16 12 16 16 
Moderately differentiated 54 61 55 60 
Poorly differentiated 15 12 14 8 
Unspecified 15 15 15 16 

Stage, %     
I 32 32 31 41 
II 31 33 32 25 
III 24 24 27 19 
Unspecified 13 11 10 15 

Abbreviations: IU, international unit; MET, metabolic equivalent. 
* Quartiles are created in women and men separately. Means are calculated for continuous variables. All 

variables are age-standardized except age.  
† Regular users are defined as ≥2 standard (325-mg) tablets of aspirin per week. 
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eTable 2. Cumulative Average Intake of Total Fiber After Diagnosis in Relation to Mortality Among Colorectal Cancer Patients* 

Post-diagnostic total fiber intake Quartile 1 Quartile 2 Quartile 3 Quartile 4 
HR (95% CI) 
per 5 g/day 

P for trend 

Colorectal cancer-specific mortality       
Age, sex, stage-adjusted HR (95% CI) † 1 (referent) 0.81 (0.71-0.93) 0.62 (0.54-0.72) 0.50 (0.43-0.59) 0.75 (0.71-0.80) <0.001 
Multivariable-adjusted HR (95% CI) ‡ 1 (referent) 0.94 (0.81-1.08) 0.67 (0.57-0.79) 0.54 (0.45-0.65) 0.77 (0.72-0.83) <0.001 

All-cause mortality       
Age, sex, stage-adjusted HR (95% CI) † 1 (referent) 0.75 (0.68-0.83) 0.70 (0.63-0.77) 0.66 (0.60-0.73) 0.86 (0.83-0.90) <0.001 
Multivariable-adjusted HR (95% CI) ‡ 1 (referent) 0.86 (0.77-0.95) 0.77 (0.69-0.86) 0.78 (0.69-0.88) 0.91 (0.87-0.95) <0.001 

Abbreviation: CI, confidence interval; HR, hazard ratio. 
* Post-diagnostic intake was assessed as a time-varying variable by the mean fiber intake from the first questionnaire returned immediately after 

diagnosis up to the questionnaire prior to the current follow-up cycle. 
† Cox proportional hazards regression model stratified by age groups at diagnosis (<60, 60-64, 65-69, 70-74, and ≥75 years), sex, and cancer stage 

(I, II, III, and unspecified), with additional adjustment for age at diagnosis (continuous).  
‡ Further adjusted for year of diagnosis (continuous), tumor grade of differentiation (1-3 and unspecified), subsite (proximal colon, distal colon, 

rectum and unspecified), pre-diagnostic fiber intake (in quartiles), post-diagnostic alcohol consumption (<0.15, 0.15-1.9, 2.0-7.4, ≥7.5 g/d), 
pack-years of smoking (0, 1-15, 16-25, 26-45, >45), BMI (<23, 23-24.9, 25-27.4, 27.5-29.9, ≥30 kg/m2), physical activity (women: <5, 5-11.4, 
11.5-21.9, ≥22 MET-hours/week; men: <7, 7-14.9, 15-24.9, ≥25 MET-hours/week), regular use of aspirin (≥2 tablets per week), glycemic load 
(in quartiles), and consumption of total fat, folate, calcium, and vitamin D (in quartiles). 
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eTable 3. Tumor Subsite and Stage-Stratified Association of Total Fiber Intake After Diagnosis With Mortality Among Colorectal 
Cancer Patients 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 
HR (95% CI) 
per 5 g/day 

P for trend 
P for 

interaction* 
By tumor subsite        

CRC-specific mortality        

Proximal colon cancer        

No. of events (n=58) 19 15 11 13    

HR (95% CI)† 1 (referent) 0.49 (0.20-1.20) 0.24 (0.08-0.71) 0.40 (0.13-1.24) 0.69 (0.44-1.07) 0.10 0.98 
Distal colon cancer        

No. of events (n=65) 18 15 18 14    
HR (95% CI)† 1 (referent) 0.68 (0.25-1.87) 0.63 (0.24-1.66) 0.59 (0.19-1.81) 0.83 (0.54-1.28) 0.40  

Rectal cancer        
No. of events (n=47) 17 10 9 11    
HR (95% CI)† 1 (referent) 2.22 (0.44-11.13) 0.52 (0.12-2.31) 0.89 (0.20-4.00) 0.87 (0.49-1.52) 0.62  

All-cause mortality        
Proximal colon cancer        

No. of events (n=310) 89 85 69 67    
HR (95% CI)† 1 (referent) 0.56 (0.38-0.83) 0.54 (0.35-0.84) 0.59 (0.36-0.98) 0.86 (0.71-1.04) 0.13 0.97 

Distal colon cancer        
No. of events (n=247) 63 55 70 59    
HR (95% CI)† 1 (referent) 0.84 (0.52-1.37) 0.89 (0.55-1.44) 0.61 (0.35-1.06) 0.84 (0.69-1.03) 0.09  

Rectal cancer        
No. of events (n=168) 55 35 30 48    
HR (95% CI)† 1 (referent) 0.91 (0.48-1.72) 0.49 (0.24-0.99) 0.59 (0.29-1.19) 0.79 (0.60-1.04) 0.09  

By tumor stage        
CRC-specific mortality        

Stage I        
No. of events (n=28) 6 8 7 7    
HR (95% CI)† 1 (referent) 1.44 (0.29-7.16) 0.42 (0.07-2.59) 0.18 (0.02-1.52) 0.45 (0.21-0.97) 0.04 0.65 
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Stage II        
No. of events (n=39) 13 8 9 9    
HR (95% CI)† 1 (referent) 0.90 (0.28-2.94) 0.79 (0.24-2.65) 1.22 (0.32-4.72) 1.11 (0.65-1.87) 0.71  

Stage III        
No. of events (n=81) 28 18 20 15    
HR (95% CI)† 1 (referent) 0.82 (0.39-1.73) 0.45 (0.21-1.01) 0.46 (0.19-1.13) 0.73 (0.51-1.04) 0.08  

All-cause mortality        
Stage I        

No. of events (n=247) 60 60 55 72    
HR (95% CI)† 1 (referent) 0.82 (0.52-1.30) 0.92 (0.58-1.47) 0.69 (0.42-1.15) 0.89 (0.75-1.06) 0.20 0.78 

Stage II        
No. of events (n=231) 71 58 55 47    
HR (95% CI)† 1 (referent) 0.89 (0.58-1.36) 0.73 (0.46-1.17) 0.89 (0.51-1.56) 0.97 (0.78-1.20) 0.74  

Stage III        
No. of events (n=180) 56 43 51 30    
HR (95% CI)† 1 (referent) 1.05 (0.63-1.75) 0.75 (0.44-1.30) 0.54 (0.28-1.03) 0.79 (0.62-1.01) 0.06  

Abbreviation: CI, confidence interval; HR, hazard ratio. 
* Likelihood ratio test was performed to compare the model that includes the product terms between fiber intake (continuous) and tumor 

subsite/stage (3 categories) to the model without these terms (degree of freedom=2).  
† Cox proportional hazards regression model stratified by age groups at diagnosis (<60, 60-64, 65-69, 70-74, and ≥75 years), sex, and cancer stage 

(I, II, III, and unspecified), with additional adjustment for age at diagnosis (continuous), year of diagnosis (continuous), tumor grade of 
differentiation (1-3 and unspecified), subsite (proximal colon, distal colon, rectum and unspecified), pre-diagnostic fiber intake (in quartiles), 
post-diagnostic alcohol consumption (<0.15, 0.15-1.9, 2.0-7.4, ≥7.5 g/d), pack-years of smoking (0, 1-15, 16-25, 26-45, >45), BMI (<23, 23-
24.9, 25-27.4, 27.5-29.9, ≥30 kg/m2), physical activity (women: <5, 5-11.4, 11.5-21.9, ≥22 MET-hours/week; men: <7, 7-14.9, 15-24.9, ≥25 
MET-hours/week), regular use of aspirin (≥2 tablets per week), glycemic load (in quartiles), and consumption of total fat, folate, calcium, and 
vitamin D (in quartiles). 
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eTable 4. Age and Sex-Adjusted Spearman Correlation Coefficients of Total Fiber and Fiber 
From Different Food Sources Among Colorectal Cancer Patients 

Total fiber Cereal fiber Fruit fiber Vegetable fiber 
Total fiber 1 0.55  0.63  0.62  
Cereal fiber 1 0.14  0.10  
Fruit fiber 1 0.24  
Vegetable fiber 1 
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eTable 5. Stratified Association of Post-Diagnostic Total Fiber Intake With Mortality Among Colorectal Cancer Patients* 

No. of 
person-years 

Colorectal cancer-specific mortality  All-cause mortality 

 
No. of 

deaths/patients
HR (95% CI)  

per 5-g/day fiber 
P for 
trend 

P for 
interaction† 

 No. of 
deaths/patients 

HR (95% CI)  
per 5-g/day fiber 

P for 
trend 

P for 
interaction† 

Sex           
Male 5,459 50 / 612 0.85 (0.62-1.15) 0.29 0.52  353 / 612 0.92 (0.82-1.04) 0.19 0.10 
Female  8,751 124 / 963 0.75 (0.58-0.98) 0.03   420 / 963 0.81 (0.71-0.93) 0.003  

Age at diagnosis           
<65 years 6,654 64 / 524 0.89 (0.64-1.24) 0.48 0.35  185 / 524 0.91 (0.75-1.09) 0.29 0.66 
≥65 years 7,556 110 / 1,051 0.74 (0.58-0.96) 0.02   588 / 1,051 0.87 (0.78-0.97) 0.001  

Smoking           
Never 6,098 76 / 667 0.69 (0.51-0.92) 0.01 0.26  311 / 667 0.87 (0.76-0.99) 0.03 0.87 
Ever 8,112 98 / 908 0.83 (0.65-1.07) 0.15   462 / 908 0.86 (0.76-0.96) 0.009  

Alcohol consumption           
<7 g/day 9,058 119 / 1,003 0.73 (0.57-0.94) 0.01 0.05  506 / 1,003 0.88 (0.78-0.99) 0.03 0.72 
≥7 g/day 4,189 43 / 464 1.07 (0.75-1.52) 0.71   221 / 464 0.91 (0.78-1.05) 0.19  

Body mass index           
<25 kg/m2 5,893 82 / 662 0.80 (0.61-1.06) 0.12 0.54  334 / 662 0.87 (0.76-0.99) 0.03 0.90 
≥25 kg/m2 8,125 86 / 876 0.73 (0.55-0.95) 0.02   425 / 876 0.86 (0.76-0.97) 0.01  

Physical activity           
<7.5 MET- hours/week 5,448 77 / 632 0.77 (0.57-1.03) 0.08 0.80  355 / 632 0.81 (0.71-0.92) 0.001 0.11 
≥7.5 MET- hours/week 8,577 91 / 911 0.80 (0.62-1.04) 0.10   406 / 911 0.91 (0.81-1.03) 0.12  

Regular aspirin use‡           
No 9,864 130 / 1,050 0.77 (0.61-0.98) 0.03 0.63  522 / 1,050 0.81 (0.73-0.91) <0.001 0.01 
Yes 4,346 44 / 525 0.84 (0.60-1.18) 0.32   251 / 525 0.99 (0.86-1.13) 0.87  

Glycemic load§           
<median 6,722 79 / 782 0.84 (0.64-1.10) 0.20 0.52  356 / 782 0.93 (0.82-1.05) 0.25 0.14 
≥median 7,488 95 / 793 0.71 (0.54-0.95) 0.02   417 / 793 0.81 (0.71-0.92) 0.001  

Abbreviation: CI, confidence interval; HR, hazard ratio. 
* Cox proportional hazards regression model stratified by age groups at diagnosis (<60, 60-64, 65-69, 70-74, and ≥75 years), sex, and cancer stage 

(I, II, III, and unspecified), with additional adjustment for age at diagnosis (continuous), year of diagnosis (continuous), tumor grade of 
differentiation (1-3 and unspecified), subsite (proximal colon, distal colon, rectum and unspecified), pre-diagnostic fiber intake (in quartiles), 
post-diagnostic alcohol consumption (<0.15, 0.15-1.9, 2.0-7.4, ≥7.5 g/d), pack-years of smoking (0, 1-15, 16-25, 26-45, >45), BMI (<23, 23-
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24.9, 25-27.4, 27.5-29.9, ≥30 kg/m2), physical activity (women: <5, 5-11.4, 11.5-21.9, ≥22 MET-hours/week; men: <7, 7-14.9, 15-24.9, ≥25 
MET-hours/week), regular use of aspirin (≥2 tablets per week), glycemic load, and dietary intake of total fat, folate, calcium, and vitamin D (in 
quartiles). For the stratified analysis by BMI, physical activity, alcohol intake, and glycemic load, a continuous variable was also adjusted for in 
the model. Due to missing data, the sample size was less than 1,575 for some analyses. 

† Likelihood ratio test was used to calculate the P values. 
‡ Regular users are defined as ≥2 standard (325-mg) tablets of aspirin per week. 
§ The median of glycemic load is 133 in men and 112 in women. 
  
 


