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Abstract

A recent meta-analysis found that sedentary behaviors are associated with an increased colorectal 

cancer (CRC) risk. Yet, the finding on TV viewing time, the most widely used surrogate of 

sedentary behaviors, was based on only two studies. Furthermore, light-intensity activities (e.g., 

standing and slow walking), non-sedentary by posture but close to sedentary behaviors by 

Metabolic Equivalent Task values, have not been investigated in relation to CRC risk. Thus, we 

prospectively analyzed the relationships based on 69,715 women from Nurses’ Health Study 

(1992–2010) and 36,806 men from Health Professionals Follow-Up Study (1988–2010). 

Throughout follow-up, time spent on sedentary behaviors including sitting watching TV and on 

light-intensity activities were assessed repeatedly; incidence of CRC was ascertained. Hazard 

ratios (HRs) and 95% confidence intervals (CIs) were estimated using Cox proportional hazards 

models from each cohort. A total of 1,119 and 913 incident cases were documented from women 

and men, respectively. The multivariable HR comparing ≥ 21 versus < 7 hours/week of sitting 

watching TV was 1.21 (95% CI=1.02 to 1.43, Ptrend=.01) in women and 1.06 (95% CI= 0.84 to 

1.34, Ptrend=.93) in men. In women, those highly sedentary and physically less active had an 

approximately 41% elevated risk of CRC (95% CI=1.03 to 1.92) compared with those less 

sedentary and physically more active. The other sedentary behaviors and light-intensity activities 
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were not related to CRC risk in women or men. In conclusion, we found that prolonged sitting 

time watching TV was associated with an increased CRC risk in women but not in men.
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Introduction

Sedentary behaviors, defined as activities of low-energy expenditure (≤1.5 Metabolic 

Equivalent Task [MET]1) involving prolonged sitting or reclining posture,2 represent a 

behavior paradigm distinctive from a lack of physical activity. Mounting epidemiologic 

evidence suggests that sedentary behaviors, as indicated by time spent sitting watching TV, 

at work, or during transportation, may be independent determinants of adverse health 

outcomes.3–6 Sedentary behaviors may also influence the risk of colorectal cancer (CRC). 

Studies provide mechanistic evidence linking sedentary behaviors to CRC risk, such as 

excess adiposity, metabolic aberration such as insulin resistance, and inadequate vitamin D 

status.7 In addition, a recent comprehensive meta-analysis including four case-control 

studies and five cohort studies found an approximately 21% elevated risk of CRC associated 

with a higher level of sedentary time.4

Yet, several questions remain to be answered to better understand the role of sedentary 

behavior for the etiology of CRC. When the aforementioned meta-analysis performed a 

subgroup analysis by individual domain of sedentary behaviors, relative risk of colon cancer 

(CC) comparing the highest versus lowest levels of sitting time was 1.54 for TV viewing 

time and 1.24 for occupational sitting time. Although TV viewing time was a stronger 

predictor of CC risk, the estimate was based on only two studies (one case-control study8 

and one cohort study9), and thus requires confirmation. It is also of interest to examine the 

contribution on colorectal carcinogenesis of light-intensity activities such as standing 

(MET=2) and slow walking (MET=2.5),1 which are non-sedentary behaviors by definition 

but whose MET values deviate minimally from the 1.5 MET threshold used to define 

sedentary behavior.10 Therefore, we prospectively examined sedentary behaviors (primarily 

sitting time watching TV) and light-intensity activities in relation to CRC risk.

Methods

Study Population

Participants in this study were identified from two ongoing prospective cohort studies in the 

U.S., the Nurses’ Health Study (NHS) and Health Professionals Follow-Up Study (HPFS). 

The NHS was established in 1976, including 121,701 female registered nurses aged 30 to 55 

years. The HPFS began in 1986, enrolling 51,529 male health professionals aged 40 to 75 

years. Follow-up rates have exceeded 90% in each 2-year cycle for both cohorts.

For this analysis, the baseline was defined as the first year when information on time spent 

sitting watching TV was collected: 1992 for NHS and 1988 for HPFS. At baseline, we 
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excluded participants with a prior diagnosis of CRC or with missing information on time 

sitting watching TV, physical activity, body mass index (BMI), or total caloric intake. We 

also excluded participants who developed ulcerative colitis prior to baseline or over the 

follow-up. Thus, a total of 69,715 women and 36,806 men were included in the analysis.

Assessment of Exposure

Our primary exposure was time spent sitting watching TV, which was determined a priori 

based on previous findings that TV viewing time, among surrogates of sedentary behaviors, 

was the strongest predictor of adverse health outcomes.4, 5 Other sedentary behaviors 

(occupational sitting, sitting during commuting) and light-intensity activities (standing or 

walking around at home, standing or walking around at work) were considered as secondary 

exposures.

In NHS, information on the primary and secondary exposures was first collected in 1992 and 

subsequently updated in 2004 and 2008 in nine categories ranging from 0 to >90 hours/

week.

Of note, occupational sitting and sitting during commuting were not assessed separately but 

rather as a combined question (i.e. sitting at work or away from home or driving). Since 

sitting at work is likely a dominant determinant of the response variation, the question was 

used to approximate occupational sitting.

In HPFS, time spent sitting watching TV was first assessed in 1988 (six categories ranging 

from 0–1 to >41 hours/week) and updated biennially thereafter (13 categories ranging from 

0 to >40 hours/week). Information on time spent on other sedentary behaviors was available 

starting from 1990. Light-intensity activities were not assessed until 2010, which marks the 

end of our analysis.

In NHS and HPFS, validity of sedentary behaviors and light-intensity activities was not 

evaluated for each type, but validity correlations between overall sitting time from the 

questionnaire and that from the average of 28 days of diaries were 0.41 and 0.41, 

respectively; reproducibility correlations between two repeated questionnaires administered 

two years apart were 0.52 and 0.39, respectively.11, 12

Assessment of Covariates

Information on potential confounders and intermediates, determined a priori from known or 

suspected risk factors for CRC, was collected at baseline and throughout follow-up. The list 

includes: age, race, BMI, physical activity, personal history of diabetes, personal history of 

endoscopy and polyp, family history of colon cancer, post-menopausal hormone use (NHS 

only), smoking status, aspirin use, multivitamin use, and dietary intakes (total calorie, 

alcohol, red/processed meat, fiber, folate, calcium, and vitamin D). Micronutrient intakes 

included both dietary and supplemental sources.

For physical activity, participants reported the average weekly time spent at each of the 

following activities: walking, jogging, running, bicycling including stationary machine, lap 

swimming, tennis, squash/racket ball, calisthenics/rowing, weight lifting, and outdoor work. 
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In addition, they reported the number of flights of stairs climbed daily and their usual 

walking pace. Based on this information and intensity of each physical activity as expressed 

by MET1, total MET-hours/week was calculated to represent overall weekly energy 

expenditure contributed by these activities. Our physical activity questionnaire were 

validated against physical activity diaries.11, 12

Ascertainment of Outcome

Our main endpoint was incidence of primary CRC restricted to invasive adenocarcinoma. 

Through 2010, participants reported CRC diagnosis on biennial follow-up questionnaires 

and study physicians blinded to the participants’ exposure status reviewed medical record to 

confirm self-reported diagnosis and to extract information on tumor characteristics.

Statistical Analysis

Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% 

confidence intervals (CIs) for the association of sedentary behaviors and light-intensity 

activities with CRC risk. Person-time of follow-up was accrued from the date of return of 

the baseline questionnaire until the date of CRC diagnosis, death from any cause, or end of 

analysis as determined by availability of data ready for analysis (May 31, 2010 for NHS and 

January 31, 2010 for HPFS), whichever came first. Using age as the underlying time 

metameter, the Cox model was stratified by questionnaire cycle; the other aforementioned 

potential confounders were included in the multivariable models.

To better represent long-term sedentary behaviors and light-intensity activities and to 

minimize random within-person variation, the variables were updated at each follow-up 

cycle when they were measured by using the cumulative average, which was calculated 

using the midpoint of each frequency category as a continuous variable. Most covariates 

were updated using either the cumulative average or most recent value (e.g. multivitamin 

use) whenever new information was obtained from the follow-up questionnaires, while 

values at the analysis baseline were used for time-invariant variables (race, family history of 

CC) and variables with evidence of a long induction period to affect CRC risk (calcium,13, 14 

folate,15, 16 and aspirin17, 18).

For categorical analysis, cumulative average hours of sedentary behaviors and light-intensity 

activities were classified into multiples of seven hours/week (0–6.9 [reference], 7–13.9, 14–

20.9, and ≥ 21), except for sitting time while driving that has a narrower range. The cut-off 

points were chosen to be consistent with our previous study on adenoma,19 likely precursor 

to CRC, because comparability of the findings across adenoma and CRC endpoints provides 

insight into the timing of colorectal carcinogenesis at which sedentary behaviors influence. 

Potential linear relationship on the log scale between sedentary behaviors and light-intensity 

activities and CRC risk was examined by modeling the cumulative average as a continuous 

variable. Statistical significance of the exposure effect was evaluated using the Wald test. 

Because morbidity from undiagnosed CRC may increase sedentary behaviors or reduce 

light-intensity activities introducing reverse causation, we performed sensitivity analyses by 

adding 2-year lag between exposure status and CRC outcome.
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Of note, considering that BMI and personal history of diabetes mellitus may lie along the 

causal pathway between sedentary behaviors and light-intensity activities and CRC,5 our 

primary multivariable model was not adjusted for BMI and personal history of diabetes 

mellitus. Yet, to explore the degree to which the exposure-outcome relationships are 

explained by these variables, we ran an additional multivariable model further adjusted for 

these variables.

Potential heterogeneity in the relationship was explored by conducting analyses by anatomic 

subsites of CRC (CC and rectal cancer[RC]); by assessing joint association of time spent 

sitting watching TV and physical activity; by performing stratified analyses by age, working 

status, physical activity, BMI, and diabetic status, with statistical significance of the 

multiplicative interaction evaluated by applying the Wald test to the product term of the 

exposure and stratification variable.

All the statistical tests were two-sided and P values ≤0.05 were considered statistically 

significant. Analyses were performed using SAS 9.3 (SAS Institute, Cary, NC).

Results

From 1992 through 2010, 69,715 women contributed 1,152,222 person-years and 1,119 

incident CRC cases. From 1988 to 2010, 36,806 men contributed 695,925 person-years and 

913 incident CRC cases. Participants who were more sedentary, as indicated by longer 

sitting time watching TV, were more likely to be older, retired, heavier, physically inactive, 

diabetic, ever smokers, and aspirin users; had higher intakes of calories and alcohol but 

lower intakes of fiber, folate, calcium, and vitamin D compared to less sedentary individuals 

(Table 1). Additionally, consistent with accumulating evidence suggesting that sedentary 

behaviors and lack of physical activity are independent constructs, the correlation between 

weekly hours spent sitting watching TV and MET-hours/week was low (spearman 

correlation= – 0.05 for NHS, – 0.06 for HPFS).

For each sedentary behavior and light-intensity activity explored, the age-adjusted results 

were similar to the multivariable results (Table 2). In women, the multivariable HR 

comparing ≥ 21 versus < 7 hours/week of sitting watching TV was 1.21 (95% CI=1.02 to 

1.43, Ptrend=.01). Additional adjustment for BMI and personal history of diabetes did not 

appreciably change the results (HR=1.18, 95% CI=1.00 to 1.41, Ptrend=.02) (Supplementary 

Table 1). The association was slightly attenuated (HR=1.13, 95% CI=0.95 to 1.36, Ptrend=.

16) in the 2-year lagged analysis. In men, a positive association was not evident, with the 

multivariable HR comparing ≥ 21 versus < 7 hours/week of sitting watching TV being 1.06 

(95% CI= 0.84 to 1.34, Ptrend=.93). None of the other sedentary behaviors and light-intensity 

activities was associated with CRC risk in women or in men.

By anatomic subsites of CRC (Table 3, Supplementary Table 2), although the small number 

of RC cases limited statistical precision of the RC findings, an elevated risk associated with 

prolonged sitting time watching TV was evident for both CC and RC in women, with the 

multivariable HR comparing ≥ 21 versus < 7 hours/week of sitting watching TV being 1.19 
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(95% CI=0.98 to 1.45, Ptrend = .02) for CC and 1.32 (95% CI=0.90 to 1.95, Ptrend=.38) for 

RC. In men, there was no significant evidence of a linear trend for CC and RC.

When the joint association of sitting watching TV and physical activity was examined with 

CRC risk, women who were highly sedentary (≥ 21 hours/week of sitting watching TV) and 

physically less active (below median MET-hours/week) had an approximately 41% elevated 

risk (95% CI=1.03 to 1.92) compared with women who were less sedentary (<14 hours/

week of sitting watching TV) and physically more active (above median MET-hours/week) 

(Figure 1-a)). Of note, increasing physical activity did not completely negate an increased 

risk due to sedentary behavior in women, with HR associated with high sedentary behavior 

and high physical activity being 1.18 (95% CI=0.94 to 1.48). No discernable pattern was 

observed in the joint analysis among men (Figure 1-b).

In stratified analyses by major risk factors of CRC or a potential modifier of TV watching 

time (i.e., retirement status), a positive association between sitting time watching TV and 

CRC risk was consistently observed in most of the strata in women but not in men (Figure 2, 

Supplementary table 3). Yet, a significant positive association was pronounced in younger 

and non-retired individuals both in women and in men. In men, BMI was a marginally 

significant modifier of the relationship (Pinteration=.05), but none of the BMI strata had a 

significant positive association.

Discussion

Prolonged sitting time watching TV was significantly associated with an increased risk of 

CRC in women but not in men. The positive association persisted even after adjusting for 

obesity and diabetes mellitus. Furthermore, the elevated risk associated with prolonged 

sitting time was not completely offset by participation in physical activity. The positive 

association was comparable across CC and RC, although the limited number of RC cases 

precludes a definite conclusion. Other sedentary behaviors and light-intensity activities were 

not related to CRC risk in women or men.

The NIH-AARP Diet and Health study is the only prospective study that examined the 

relationship between TV watching time and CRC risk, which found an overall positive 

association with HR of CC comparing ≥ 63 versus < 21 hours/week being 1.56 (95% CI= 

1.11 to 2.20, 2,298 cases) in men and 1.45 (95% CI= 0.99 to 2.13, 1,112 cases) in women.9 

Particularly noteworthy is the extreme hours of TV watching compared (≥ 63 versus < 21 

hours/week). Only 2–3% of the participants constitutes ≥ 63 hours/week category and <21 

hours/week may be too broad for the reference category (our study participants, having a 

considerable proportion of current workers and leading overall healthy lifestyles, mostly fall 

under its reference category). Individuals with extremely different TV watching hours are 

also more likely to be extreme in other lifestyles factors. Thus, their findings may have 

residual confounding and limited generalizability beyond populations of retirees.

Interestingly, while the harm associated with TV viewing time was quite comparable across 

sex in the NHI-AARP Diet and Health study, it was not evident among men in our study. 

More studies are needed to better understand the inconsistent findings among men, but 
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several factors may explain our null finding. Compared with women, men had a narrower 

range of exposure (mean[SD] in the extreme categories 4.0[1.7]–27.4[5.2] versus. 3.3[1.4]–

32.9[10.6] hours/week); fewer cases (913 versus. 1,119). Consequently, assuming a 

monotonic relationship between sitting time watching TV and CRC risk, men were expected 

to have a weaker association and lower statistical power. Indeed, in our recent study in HPFS 

based on 4,280 cases of colorectal adenoma,19 the association comparing ≥ 21 versus < 7 

hours/week was of similar magnitude but more precise (odds ratio=1.10, 95% CI=0.97 to 

1.25, Ptrend = 0.001).19 Our exploratory analyses did indicate a potential association between 

sitting time watching TV and CRC risk in younger and non-retired men, and a similar 

pattern was observed in women. Though this could be a chance finding, the possibility that 

sitting time watching TV captures sedentary behavior differently by age group and working 

status merits further study.

For workplace sitting, unlike our null finding, a recent meta-analysis combining seven 

studies on occupational sitting time and one study on TV viewing time reported that the 

summary relative risks comparing the highest versus lowest category were 1.28 (95% 

CI=1.13 to 1.45) for CC and 1.03 (95% CI=0.89 to 1.19) for RC.4 As most of the included 

studies did not account for purposeful exercise, confounding may have contributed to the 

positive association. Yet, levels of occupational physical activity during non-sitting time are 

largely heterogeneous across jobs20 and, for occupations involving high-intensity activities, 

they may be a stronger determinant of CRC risk than purposeful exercise. Therefore, our 

study on sitting time in health professional jobs mostly demanding light level of 

occupational activity20 may not be comparable to studies in different occupational settings 

with varying levels of physical demands including heavy (e.g., farmers) or very heavy (e.g.. 

fire fighters) activities.20

Finally, no previous studies have investigated sitting while driving and light-intensity 

activities such as standing or walking in household and occupational settings in relation to 

CRC risk. Although a reduction in incidence of obesity and diabetes was observed with 

increasing standing or walking at home in NHS,5 it did not lead to a decreased risk of CRC.

Several mechanisms may explain the observed adverse association between sitting time 

watching TV and CRC risk. Experimental studies have reported that prolonged sitting 

initiated qualitatively distinctive cellular and molecular responses in the skeletal muscle that 

impaired its function and mitochondria activity.4, 21, 22 Skeletal muscle plays a fundamental 

role in controlling glucose homeostasis23 and, indeed, prolonged sitting in the context of TV 

viewing was a strong risk factor for weight gain and insulin resistance.5, 24–26 Thus, elevated 

concentration of circulating insulin induced by prolonged sitting may promote proliferation 

and inhibit apoptosis of colorectal epithelial cells.7, 27–29 Additionally, considering that only 

sitting time watching TV but not workplace sitting time was associated with CRC risk, 

increased calorie intake and unhealthy dietary patterns primed by TV food 

advertisement30, 31 may contribute to the development of CRC.

There are several limitations in our study. First, we might have underestimated or missed the 

true harmful effects of sedentary behaviors and light-intensity activities on CRC incidence, 

because self-reported exposures are likely to be misclassified randomly with respect to 
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disease status in a prospective study. However, we were able to reduce the random 

misclassification by averaging reported values at multiple time points. Previous 

studies5, 26, 32 from our cohorts wherein self-reported TV viewing hours predicted an 

elevated risk of obesity, diabetes, and metabolic biomarkers also provide qualitative support 

for the validity of the measure to differentiate sedentary individuals. Yet, relative to sitting 

watching TV, sitting at the other occasions and standing/walking are less distinct to recall 

and thus, their associations with CRC incidence, if modest, might have been undetected in 

our study due to a greater degree of misclassification.

Second, our questionnaire was not able to differentiate sedentary time without interruption 

from sedentary time with frequent breaks. In a study that used objectively-measured 

sedentary time, unbroken sitting was more deleteriously associated with cardio-metabolic 

biomarkers than sitting with frequent breaks independent of total sitting time and physical 

activity.33 Finally, as our study populations were confined to health professionals, if certain 

defining characteristics of health professionals are effect modifiers, our findings might not 

be generalizable to other populations with different distributions of such characteristics.

Our study has several strengths as well. We investigated diverse sedentary behaviors and 

light-intensity activities in relation to CRC risk using a prospective study design with an 

excellent follow-up rate, which minimized the likelihood of recall and selection biases. 

While confounding by unmeasured factors or residual confounding by adjusted variables are 

general concerns in a cohort study, we had little evidence of confounding when we adjusted 

for potential CRC risk factors. Our study populations consisting of health professionals are 

more homogeneous than the general population in terms of lifestyle characteristics and 

socioeconomic status, which further helps reduce potential confounding by these factors. 

Large number of cases accumulated from two large cohorts over up to 22 years follow-up 

allowed us to detect an important but modest association. Finally, by cumulatively updating 

information on exposure and confounders, we accounted for potential changes in such 

variables over the long follow-up, which reduces misclassification.

In conclusion, prolonged sitting time watching TV was positively associated with CRC risk, 

particularly among women. In light of paucity of evidence from cohort studies, our findings 

need to be confirmed in future cohort studies. Yet, based on current evidence, albeit limited, 

clinicians and public health experts may emphasize the importance of reducing sedentary 

time, particularly through avoiding prolonged sitting watching TV, in addition to increasing 

physical activity. To better target some inevitable sitting time, future intervention studies are 

warranted testing whether or not frequent breaks of prolonged sitting with brief standing or 

stepping could ameliorate the adverse effects of prolonged sustained sitting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact Statements

This cohort study prospectively examined diverse sedentary behaviors and light-intensity 

activities in relation to colorectal cancer risk in men and women. By demonstrating that 

sitting time watching TV is an independent risk factor of colorectal cancer in women, our 

study provides evidence to encourage public health recommendation emphasizing the 

importance of reducing sedentary time watching TV independent of increasing physical 

activity, particularly among women.
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Figure 1. 
Joint Association of Sitting Time Watching TV and Physical Activity with Colorectal 

Cancer Risk a) in Women b) in Men.

Median of physical activity is 13.2 MET-hours/week in women; 18.8 MET-hours/week in 

men

HR was adjusted for the same set of variables (excluding physical activity) as denoted in 

Table 2.
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Figure 2. 
Subgroup analyses of Sitting Time Watching TV and Colorectal Cancer Risk in Women and 

Men.

HR was for the comparison of ≥ 21 versus < 7 hours/week of sitting watching TV; was 

adjusted for the same set of variables as denoted in Table 2.

Median of physical activity is 13.2 MET-hours/week in women; 18.8 MET-hours/week in 

men

For further detailed results of the subgroup analyses, see Supplementary Table 3.
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Table 1

Age-standardized Characteristics of Person-years by Hours of Sitting Watching TV over Follow-up in Women 

and Men

Sitting time watching TV (hours/week)

Characteristics 0–6.9 7–13.9 14–20.9 ≥ 21

Women (1992 – 2010)

Person-years 357,067 313,595 283,476 198,085

Sitting watching TV (hours/week) 3.3 (1.4) 8.7 (1.4) 15.8 (1.1) 32.9 (10.6)

Sitting at work or away from home or driving (hours/week) 9.6 (10.3) 11.0 (10.2) 12.2 (11.1) 13.6 (14.3)

Standing or walking around at home (hours/week) 18.9 (17.5) 20.9 (16.9) 23.4 (17.6) 24.4 (18.8)

Standing or walking at work (hours/week) 17.3 (16.6) 17.3 (15.5) 16.5 (15.0) 14.8 (15.1)

Age (years) 64.9 (8.7) 65.7 (8.7) 65.9 (8.5) 68.1 (8.2)

Caucasian (%) 97 98 98 98

Working full/part time (%) 43 40 36 30

BMI (kg/m2) 24.9 (4.2) 25.3 (4.3) 25.5 (4.5) 26.2 (4.9)

Physical activity (MET-hours/week) 19.0 (17.8) 17.9 (16.4) 16.9 (15.5) 15.2 (14.5)

Personal history of diabetes (%) 8 9 9 11

Personal history of endoscopy and polyps (%) 12 13 13 14

Family history of colon cancer (%) 21 21 21 21

Smoking status (%)

  Never smokers 48 46 43 41

  Past smokers 43 45 47 48

  Current smokers 9 9 10 11

Pack-years among ever smokers (pack-year) 23.8 (21.1) 24.3 (21.2) 25.3 (21.5) 28.3 (23.5)

Aspirin use†(%) 47 48 49 50

Current multivitamin use (%) 58 58 56 56

Postmenopausal women (%) 86 87 87 87

Current postmenopausal hormone use‡(%) 34 34 36 34

Total calorie intake (kcal/day) 1677 (415) 1708 (408) 1721 (403) 1748 (410)

Alcohol intake (g/day) 5.5 (8.4) 5.7 (8.4) 6.0 (8.7) 6.1 (9.3)

Red/processed meat intake (servings/day) 0.9 (0.4) 0.9 (0.4) 1.0 (0.4) 1.0 (0.5)

Fiber intake (g/day) 18.9 (4.7) 18.3 (4.3) 17.9 (4.3) 17.4 (4.2)

Folate intake†(mcg/day) 416 (193) 406 (190) 399 (186) 389 (183)

Calcium intake†(mg/day) 941 (348) 922 (331) 915 (327) 901 (331)

Vitamin D intake (IU/day) 381 (192) 374 (187) 366 (187) 360 (183)

Men (1988 – 2010)

Person-years 253,682 247,899 134,620 59,724

Sitting watching TV (hours/week) 4.0 (1.7) 9.9 (2.0) 16.6 (1.8) 27.4 (5.2)

Sitting at work§(hours/week) 11.3 (10.9) 11.3 (10.8) 10.6 (10.9) 9.8 (11.3)
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Sitting time watching TV (hours/week)

Characteristics 0–6.9 7–13.9 14–20.9 ≥ 21

Sitting while driving§(hours/week) 4.3 (3.9) 4.9 (4.0) 5.2 (4.3) 5.1 (4.6)

Age (years) 63.8 (10.7) 65.1 (10.7) 65.0 (10.9) 66.9 (10.7)

Caucasian (%) 90 91 91 91

Working full/part time (%) 71 66 62 54

BMI (kg/m2) 25.3 (3.0) 25.7 (3.1) 25.9 (3.3) 26.3 (3.5)

Physical activity (MET-hours/week) 32.6 (28.7) 32.5 (27.7) 30.1 (26.9) 27.6 (26.5)

Personal history of diabetes (%) 7 8 8 9

Personal history of endoscopy and polyps (%) 15 16 16 15

Family history of colon cancer (%) 16 16 16 15

Smoking status (%)

  Never smokers 54 49 45 42

  Past smokers 41 45 48 49

  Current smokers 5 6 7 9

Pack-years among ever smokers (pack-year) 24.0 (19.6) 25.8 (20.0) 27.8 (20.7) 31.2 (22.2)

Aspirin use†(%) 37 41 44 45

Current multivitamin use (%) 48 48 47 45

Total calorie intake (kcal/day) 1937 (535) 1992 (540) 2020 (548) 2037 (551)

Alcohol intake (g/day) 10.1 (12.6) 11.1 (13.4) 12.1 (14.6) 12.8 (16.6)

Red/processed meat intake (servings/day) 1.0 (0.7) 1.1 (0.7) 1.2 (0.7) 1.2 (0.7)

Fiber intake (g/day) 23.2 (6.7) 22.1 (6.2) 21.3 (6.1) 20.5 (6.1)

Folate intake†‖(mcg/day) 493 (280) 476 (268) 467 (264) 454 (264)

Calcium intake†‖(mg/day) 923(438) 892 (407) 877 (404) 874 (421)

Vitamin D intake‖(IU/day) 447 (257) 430 (245) 421 (250) 410 (257)

Abbreviations: BMI, body mass index; MET, metabolic equivalent task

*
Values are mean (SD) or percentages and all, except age, are standardized to the age distribution of the study population during the follow-up.

†
Distribution of person-years at the analysis baseline was displayed rather than distribution of persons-years over follow-up, because the variable 

was adjusted for in multivariable analyses using values at the analysis baseline to account for a long induction period between the variable and 
colorectal cancer risk.

‡
Current menopausal hormone use was calculated among postmenopausal women.

§
Person-year distribution over 1990–2010 years.

‖
The mean (SD) were calculated based on energy-adjusted nutrient intake, which was obtained using the residual method that regresses raw 

nutrient intakes to caloric intakes and standardizes the nutrient residuals to the nutrient intake at the population mean energy intake.
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