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Abstract

Purpose The association between physical activity and

colorectal adenoma is equivocal. This study was designed

to assess the relationship between physical activity and

colorectal adenoma recurrence.

Methods Pooled analyses from two randomized, con-

trolled trials included 1,730 participants who completed the

Arizona Activity Frequency Questionnaire at baseline, had

a colorectal adenoma removed within 6 months of study

registration, and had a follow-up colonoscopy during the

trial. Logistic regression modeling was employed to esti-

mate the effect of sedentary behavior, light-intensity

physical activity, and moderate-vigorous physical activity

on colorectal adenoma recurrence.

Results No statistically significant trends were found for

any activity type and odds of colorectal adenoma recur-

rence in the pooled population. However, males with the

highest levels of sedentary time experienced 47 % higher

odds of adenoma recurrence. Compared to the lowest

quartile of sedentary time, the ORs (95 % CIs) for the

second, third, and fourth quartiles among men were 1.23

(0.88, 1.74), 1.41 (0.99, 2.01), and 1.47 (1.03, 2.11),

respectively (p trend = 0.03). No similar association was

observed for women.

Conclusions This study suggests that sedentary behavior

is associated with a higher risk of colorectal adenoma

recurrence among men, providing evidence of detrimental

effects of a sedentary lifestyle early in the carcinogenesis

pathway.

Keywords Sedentary behavior � Physical activity � Colon

cancer � Colorectal adenoma

Introduction

The burden of colorectal cancer (CRC) in the USA

includes more than 141,000 new cases of CRC each year

and an estimated 50,000 deaths [1]. Sporadic cancers

account for approximately 70–75 % of the CRC disease

burden [2] with an estimated 96 % of sporadic CRCs

classified as carcinomas [1], arising from the adenomatous

polyp [3]. Several modifiable lifestyle factors are associ-

ated with CRC, including physical activity [4]; yet, phys-

ical activity levels are declining in the USA [5].

This work appears to be the first published study to date to specifically

investigate the association between sedentary behavior and recurrence

of colorectal adenomas, the well-established precursor to colorectal

cancer. In addition, our findings support other studies that have

reported a higher risk of colorectal cancer with increasing sedentary

behavior.
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There is extensive evidence supporting an association

between higher overall physical activity levels and reduced

risk of CRC [4, 6, 7]. A recent meta-analysis investigated

the association of sedentary behavior with colon and rectal

cancer and found a statistically significant association

between colon cancer and prolonged periods of sitting, but

the same association was not found for rectal cancer [8].

Few studies have focused on the complex and emerging

health consequences associated with sedentary behavior

and its impact on early stages of the colorectal adenoma-to-

carcinoma sequence. Common sedentary behaviors include

watching television, computer and computer game use,

workplace sitting, resting, reading, and lying down, all of

which are activities that have increased over the past sev-

eral decades [5, 9]. Recently, sedentary behavior was for-

mally defined by the Sedentary Behavior Research

Network as any waking behavior characterized by an

energy expenditure B1.5 METs while in a sitting or

reclining posture [10]. Sedentary behavior has been iden-

tified as a potential health risk in large part due to its

association with central adiposity [9], weight gain, all-

cause and cardiovascular mortality [5], as well as type 2

diabetes and some cancers [8].

While non-exercisers have traditionally been character-

ized as sedentary, a distinct difference between physical

inactivity and sedentary behavior is emerging [9, 11, 12].

Current recommendations for physical activity advocate

moderate-intensity physical activity for 30 min per day on

most days of the week [7, 13]. Even among those who

fulfill these daily recommendations, lengthy periods of

habitual sedentary behavior have been associated with

early morbidity and mortality [14]. Referred to as the

‘‘active couch potato’’ paradigm [11], this model is cur-

rently under investigation in relation to several health risks

associated with metabolic disturbances [11]. Studies have

investigated the differences between sedentary and mod-

erate-vigorous physical activity, indicating that sedentary

behavior results in worse outcomes related to metabolic

dysregulation including insulin resistance and unfavorable

adipokines linked to obesity [11, 15]. Another study

objectively measured light-intensity physical activity

among older adults who tend to spend the majority of their

day engaged in light-intensity (e.g., easy walking activities)

concluded that light-intensity activities are positively

associated with physical health and overall well-being [16].

However, a range of activity levels from sedentary

behavior to moderate-vigorous physical activity has not

been explored among individuals at risk for colorectal

adenoma recurrence. Two recent studies have focused on

the impact of sedentary behavior on sub-site-specific CRC

risk [17, 18]. In one investigation, Howard et al. [18]

reported a 61 % increase in colon cancer among men

reporting higher daily sedentary behavior compared to

those in the lowest category. Results of another study

reported that individuals who spent C10 years in an

occupation that required sedentary behaviors had a two-

fold risk of distal colon cancer compared to those partici-

pants who were employed in non-sedentary jobs [17].

While these studies support a role for sedentary behavior in

the development of CRC, the degree to which sedentary

behavior, light-intensity physical activity, and moderate-

vigorous intensity physical activity may influence the risk

of colorectal adenoma remains unknown. Therefore, the

objective of this study was to investigate the association

between sedentary behavior, light-intensity physical

activity, and moderate-vigorous activity levels and colo-

rectal adenoma recurrence in a pooled analysis of data from

two randomized, controlled trials.

Materials and methods

Study participants

We conducted a pooled analysis among participants from

the randomized, double blind, placebo-controlled, wheat

bran fiber (WBF) and ursodeoxycholic acid (UDCA) Phase

III clinical trials conducted at the University of Arizona

Cancer Center. Study participants were recruited between

1990 and 1999. A total of 2,502 participants completed the

WBF or UDCA trials, including 1,730 participants for

whom data were available from the baseline Arizona

Activity Frequency Questionnaire (AAFQ).

Data for both trials were collected in a network of

gastroenterology practices in the Phoenix and Tucson

metropolitan areas. Both trials have been described in

detail previously [19, 20]; briefly, eligible participants were

males and females ranging in age from 40 to 80 years who

had one or more colorectal adenoma(s) removed (diameter

C3 mm) during a colonoscopic evaluation within a

6-month period prior to study registration. In the WBF

trial, participants were randomized to a daily WBF sup-

plement (13.5 g/day) or a low-fiber supplement (2.0 g/

day). In the UDCA trial, participants were randomized to

UDCA (administered at 8–10 mg/kg of body weight) or

placebo. Both interventions were hypothesized to prevent

colorectal adenoma recurrence, defined as the detection of

one or more colorectal adenomas or adenocarcinomas at

follow-up colonoscopy at least 6 months after randomiza-

tion. The mean follow-up time from randomization to

colonoscopy for the WBF and UDCA trials was 3.1 and

3.2 years, respectively. The primary findings of these

studies were that neither the WBF supplement nor the

UDCA treatment prevented colorectal adenoma recurrence.

However, UDCA was associated with a decreased odds of

high-grade dysplasia [OR (95 % CI), 0.61 (0.39–0.96)]
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[19] and was later reported to decrease the odds of

advanced lesions among men [OR (95 % CI), 0.62

(0.43–0.89)] [21]. The University of Arizona Human

Subjects Committee approved both studies, and written

informed consent was obtained from each participant prior

to study enrollment.

Assessment of physical activity

At the baseline visit, participants were asked to complete

the AAFQ. The AAFQ is a validated [22], self-adminis-

tered, scannable activity questionnaire, including 59 items

categorized by leisure, recreational, household, and

‘‘other’’ categories of activity. Questions included ‘‘Did

you do [this activity] in the last 4 weeks?’’ ‘‘How many

times did you do [this activity] in the last 4 weeks?’’ and

‘‘How much time did you spend on this activity each time

(on average) in the last 4 weeks?’’

Three categories were created based on the self-reported

data available from the AAFQ. Using the guidelines

developed by the Sedentary Behavior Research Network,

behaviors B1.5 METs were classified as ‘‘sedentary

behavior,’’ physical activities between [1.5 METs and \3

METs were designated as ‘‘light-intensity physical activ-

ity,’’ and activities C3 METs were categorized as ‘‘mod-

erate-vigorous physical activity’’ [10, 23]. Sedentary

behavior included sitting activities such as eating, watching

television, and reclining during waking hours. Light-

intensity physical activity included grocery shopping,

washing dishes, and doing the laundry; and moderate-vig-

orous physical activity included yard work, swimming, and

jogging.

Each participant’s reported time spent in distinct activity

types, not including sleep or work, was adjusted propor-

tionally so that the duration of all reported activities plus

time spent working and sleeping totaled 24 h, in order to

reduce measurement error [24].

Statistical analysis

Baseline participant characteristics, including age, body

mass index (BMI), waist circumference, race/ethnicity,

family history of CRC in a first-degree relative, smoking

status, previous colorectal polyp(s), aspirin use, and nutri-

ent intake, were described for the pooled sample. Means,

medians, and standard deviations were calculated for

continuous variables, and frequencies and percentages

were calculated for categorical variables. Participants were

categorized according to sex-specific quartiles of sedentary

behavior, light-intensity physical activity, and moderate-

vigorous physical activity. The distribution of baseline

characteristics was compared across the quartiles of sed-

entary time for the total sample. For sedentary behavior,

light-intensity physical activity, and moderate-vigorous

physical activity, logistic regression was used to compare

the odds of adenoma recurrence for participants in second,

third, and fourth quartiles to the odds of recurrence in the

lowest sex-specific quartile of each category. p for trend

was generated by including a continuous score based on the

categorical quartile assignment in a logistic regression

model.

Table 1 Baseline participant characteristics for the pooled sample

Pooled (n = 1,730)

Baseline characteristicsa

Age (years) 65.9 ± 8.6

Male 1,176 (68.0)

White 1,624 (94.8)

Current smoker 219 (12.7)

Family history CRCb 403 (24.1)

Previous polypsc 719 (42.8)

Aspirin used 517 (29.9)

Waist circumference (in), males 39.6 ± 4.3

Waist circumference (in), females 34.1 ± 5.3

BMI (kg/m2) 28.0 ± 4.8

BMI categories

Underweight or normal \25 kg/m2 465 (27.1)

Overweight 25 to \30 kg/m2 760 (44.3)

Obese C30 kg/m2 490 (28.6)

Dietary intake

Energy (kcal/day) 1,963 ± 775.6

Protein (g/day) 73.2 ± 29.5

Total fat (g/day) 64.6 ± 31.0

Saturated fat (g/day) 21.1 ± 11.2

Total fiber (g/day) 22.3 ± 10.7

Calcium (mg/day) 959.7 ± 455.5

Alcohol (g/day), median [25 %, 75 %] 1.7 [0.0, 11.1]

Adenoma characteristics

Multiple adenomas (3?) 288 (16.7)

Large (C1 cm) 702 (40.6)

Villous architecture 362 (21.0)

Proximal location 877 (52.0)

WBF wheat bran fiber, UDCA ursodeoxycholic acid, CRC colorectal

cancer, BMI body mass index
a Continuous variables are summarized with mean and standard

deviation, unless otherwise noted. Categorical variables are summa-

rized with counts and percent of non-missing total. Numbers may not

add up to the total due to missing data. Data are missing for race/

ethnicity (n = 17), family history of colorectal cancer (n = 56),

previous polyps (n = 51), large adenoma at baseline (n = 1), villous

architecture (n = 2), proximal location (n = 43), body mass index

(n = 15), and waist circumference (n = 16)
b Colorectal cancer in one or more first-degree relatives
c History of colorectal polyps prior to qualifying colonoscopy
d Regular use of aspirin 4 weeks prior to enrollment
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All models were adjusted for trial arm. Confounding

was assessed by considering whether adjusting for a

potential confounder resulted in a [10 % change in the

odds ratio [25]. Potential confounders included age,

smoking, previous polyps, aspirin use, family history,

dietary intake, various adenoma characteristics, sedentary

behavior, and physical activity. Only age was found to be a

confounder. Waist circumference and BMI were correlated

(r = 0.80), and although neither materially altered the

model, waist circumference was selected for inclusion in

the final model because it captures visceral adiposity, an

important risk factor for colorectal neoplasia [26].

To assess whether the association between each activity

type and adenoma recurrence was modified by sex, sex-

specific odds ratios were estimated. Tests for interaction

between sex and quartile of behavior or activity were

conducted by comparing a full model including interaction

terms to a reduced model including only main effects,

using the likelihood ratio test. Study heterogeneity was

evaluated by generating trial arm-specific estimates and

Table 2 Baseline participant characteristics according to quartiles of baseline sedentary behavior

Quartiles of sedentary time (hours per day)

1st (n = 433) 2nd (n = 431) 3rd (n = 433) 4th (n = 431)

4.8 ± 1.3 7.6 ± 0.6 9.7 ± 0.7 12.6 ± 6.5

Baseline characteristicsa

Age (years) 60.4 ± 9.4 65.4 ± 8.3 68.1 ± 7.4 69.4 ± 6.4

Male 294 (67.9) 293 (68.0) 294 (68.1) 293 (68.0)

White 393 (91.4) 402 (94.4) 418 (98.0) 408 (95.6)

Current smoker 59 (15.6) 56 (13.0) 47 (10.88) 57 (13.2)

Family history CRCb 107 (25.2) 100 (23.9) 85 (20.6) 110 (26.4)

Previous polypsc 135 (32.6) 168 (39.9) 198 (46.9) 216 (51.6)

Aspirin used 109 (25.2) 109 (25.3) 141 (32.6) 155 (36.0)

Waist circumference (in), males 39.6 ± 4.6 39.5 ± 4.3 39.6 ± 4.0 40.0 ± 4.4

Waist circumference (in), females 33.9 ± 5.7 33.7 ± 5.5 34.2 ± 5.2 34.5 ± 4.9

BMI (kg/m2) 28.3 ± 5.1 27.9 ± 5.1 27.7 ± 4.2 28.1 ± 4.6

BMI (kg/m2) categories

Underweight or Normal \25 kg/m2 122 (28.5) 112 (26.2) 111 (25.8) 108 (25.4)

Overweight 25 to \30 kg/m2 167 (39.0) 199 (46.5) 206 (47.8) 186 (43.8)

Obese C30 kg/m2 136 (31.8) 113 (26.4) 112 (25.99) 129 (30.4)

Dietary intake

Energy (kcal/day) 2,005.2 ± 800 1,974 ± 790 1,938 ± 706 1,939 ± 806

Protein (g/day) 76.2 ± 31.4 73.9 ± 30.5 71.6 ± 26.1 71.3 ± 29.6

Total fat (g/day) 66.9 ± 32.3 66.4 ± 31.6 63.7 ± 28.6 63.4 ± 31.2

Saturated fat (g/day) 21.8 ± 11.4 20.8 ± 11.3 20.8 ± 10.5 20.8 ± 11.5

Total fiber (g/day) 22.7 ± 10.8 22.9 ± 10.9 21.6 ± 9.9 21.9 ± 11.0

Calcium (mg/day) 958.92 ± 445.4 981.1 ± 483.71 949.7 ± 440.8 950.1 ± 452.9

Alcohol (g/day), median [25 %, 75 %] 1.8 [0.0, 9.7] 1.8 [0.0, 12.1] 1.7 [0.0, 12.3] 1.1 [0.0, 9.2]

Colorectal adenoma characteristics

Multiple adenomas (3?) 67 (15.5) 72 (16.7) 69 (16.0) 80 (18.6)

Large (C1 cm) 162 (37.4) 168 (39.0) 193 (44.7) 178 (41.4)

Villous architecture 99 (22.9) 88 (20.4) 87 (20.1) 87 (20.3)

Proximal location 179 (42.1) 218 (52.0) 221 (52.3) 258 (61.9)

CRC colorectal cancer, BMI body mass index
a Continuous variables are summarized with mean and standard deviation, unless otherwise noted. Categorical variables are summarized with

counts and percent of non-missing total. Numbers may not add up to the total due to missing data. Data are missing for race/ethnicity (n = 17),

family history of colorectal cancer (n = 56), previous polyps (n = 51), large adenoma at baseline (n = 1), villous architecture (n = 2), proximal

location (n = 43), body mass index (n = 15), and waist circumference (n = 16)
b Colorectal cancer in one or more first-degree relatives
c History of colorectal polyps prior to qualifying colonoscopy
d Regular use of aspirin 4 weeks prior to enrollment
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calculating the Q (chi-squared) statistic and the I2 index

[27]. All analyses were conducted using Stata, version

11.0, software (StataCorp LP, College Station, Texas).

Results

The majority of participants in the pooled population

(n = 1,730) were male (68.0 %), white (94.8 %), and over-

weight (mean BMI; 28.0 ± 4.8 kg/m2). The mean age was

65.9 ± 8.6 years. Approximately 29.9 % of the pooled pop-

ulation reported regular aspirin use, 12.7 % were current

smokers, 42.8 % reported previous colorectal polyps, and

24.1 % had a family history of CRC (Table 1).

Baseline participant characteristics were compared

across the quartiles of sedentary behavior (Table 2). Mean

age and percentage of participants reporting non-Hispanic

white race/ethnicity, aspirin use, and previous colorectal

polyps generally increased across the quartiles of sedentary

behavior, as well as the percentage of participants who had

a large or proximally located colorectal adenoma at base-

line. Mean caloric intake and the percentage of participants

reporting a family history of CRC generally decreased

across the quartiles of sedentary behavior.

Adjusted odds ratios and 95 % confidence intervals for

adenoma recurrence for the sex-specific quartiles of sedentary

behavior, light-intensity physical activity, and moderate-vig-

orous physical activity among all study participants are shown

in Table 3. Participants in the second, third, and fourth quar-

tiles of sedentary behavior had higher odds of colorectal

adenoma recurrence compared to the first quartile; however,

the differences were not statistically significant. No significant

associations were found for light-intensity or moderate-vig-

orous physical activity. Sex-stratified analyses demonstrated

statistically significant higher odds of adenoma recurrence

among men in the fourth quartile of sedentary behavior, with

an OR (95 % CI) of 1.47 (1.03, 2.11) compared with the

lowest quartile (p trend = 0.03) (Table 4). In contrast, no

statistically significant association between sedentary behav-

ior and adenoma recurrence was observed among women,

though the p for interaction for sex was not statistically sig-

nificant (p interaction = 0.22). For light-intensity physical

activity and moderate-vigorous physical activity, no notable

associations were found for either sex. No evidence of het-

erogeneity by trial arm was observed for the association

between sedentary behavior and adenoma recurrence among

men, based on the I2 index or the Q statistic [22] (Fig. 1).

Discussion

While our data do not support an association between light-

intensity and moderate-vigorous physical activity and odds

of colorectal adenoma recurrence in the pooled population,

sex-stratified analyses revealed that increased sedentary

behavior was significantly associated with odds of ade-

noma recurrence in men, but not women.

Of twelve published case–control studies, eight reported

a significant inverse association [28–35], one reported a

modest association [36], and three reported no association

[37–39]. In addition, the duration and intensity of physical

activity required to reduce risk of colorectal adenoma or

CRC has not been well established [4, 40]; some studies

indicate more vigorous-intensity activity is required [18,

41] while others indicate that moderate-intensity activity is

sufficient [18, 42] to reduce risk. The findings of the

present analysis are generally concordant with four studies

that investigated the effects of sedentary behavior and CRC

risk [17, 18, 43, 44]. In a study by Howard et al. [18], a

higher risk of CRC in men who reported the highest levels

of sedentary behavior was reported, but this elevation in

risk was not statistically significant in women. In another

study conducted among males only [44], a higher risk for

colon [RR (95 % CI), 2.22 (1.28, 3.85)] and rectal cancer

[RR (95 % CI), 2.0 (1.03, 3.85)] with greater sedentary

behavior was observed.

The majority of studies investigating physical activity and

risk of CRC and adenoma have compared individuals who

are most active (engaged in activities that expend energy C3

Table 3 Colorectal adenoma recurrence and sedentary behavior,

light-intensity physical activity, and moderate-vigorous physical

activity

Mean ± SD Colorectal adenoma recurrence

n (%) OR (95 % CI)*

Sedentary behavior (h/day)

4.80 ± 1.28 208 (48.0) 1.00 (ref)

7.57 ± 0.64 189 (43.9) 1.04 (0.78, 1.38)

9.71 ± 0.73 187 (43.3) 1.19 (0.89, 1.59)

12.63 ± 1.50 196 (45.5) 1.28 (0.95, 1.72)

Ptrend = 0.07

Light-intensity physical activity (h/day)

1.48 ± 0.95 209 (48.3) 1.00 (ref)

2.71 ± 1.14 188 (43.6) 0.79 (0.61, 1.05)

3.89 ± 1.29 195 (45.1) 0.85 (0.65, 1.12)

6.27 ± 2.02 188 (43.6) 0.76 (0.58, 1.00)

Ptrend = 0.09

Moderate-vigorous physical activity (h/day)

0.44 ± 0.32 208 (48.0) 1.00 (ref)

1.35 ± 0.48 189 (43.9) 0.81 (0.61, 1.06)

2.51 ± 0.73 187 (43.3) 0.77 (0.58, 1.02)

5.12 ± 1.97 196 (45.5) 0.80 (0.60, 1.07)

Ptrend = 0.12

* Odds ratio and 95 % confidence interval, adjusted for age, waist

circumference, and trial arm
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METs) to least active (engaged in activities that expend

energy \3 METs) [17, 45]. The least active group is often

categorized as ‘‘sedentary’’ or ‘‘inactive’’ despite the fact that

they can be participating in light-intensity activities (ranging

from 1.9 to 2.9 METs); these individuals may otherwise not

be classified as sedentary by other definitions [11, 17, 45, 46].

Sedentary behavior also may be defined simply as prolonged

sitting time [45, 47] and is not necessarily analogous with an

overall low physical activity level [17, 45, 47].

The physiologic effects of ‘‘sedentary physiology’’

versus ‘‘exercise physiology’’ have been elucidated in

several studies with modulations in lipoprotein lipase

activity cited as the central mechanism responsible for

metabolic dysfunction [48]. Numerous metabolic events

are dysregulated as a result of sedentary behavior [47],

many of which may be related to increased adiposity and

central adiposity specifically [47, 49]. The cascade of

biologically plausible metabolic events that stem from

adiposity to contribute to cancer risk include hyperglyce-

mia [45, 50], hyperinsulinemia [47, 49], chronic inflam-

mation [51], decreased bioavailability of vitamin D [52],

and elevated endogenous sex hormones [47]. Each of these

complex biological pathways contributes to carcinogenesis

[47] and some mediate the steps associated with the ade-

noma-to-carcinoma sequence [53].

It remains unclear whether sedentary behavior and

physical activity differentially impact the initiation and

progression events along the pathway from adenoma to

carcinoma. A large prospective cohort study (NIH-AARP

Diet and Health Study) [18], which includes participants

with similar demographics to those in the current study,

found a statistically significant association between

increased risk for CRC and sedentary behavior in men who

spent C9 h per day watching television compared to men

who watched\3 h per day [RR (95 % CI), 1.61 (1.14–2.27);

p for trend B0.001]. Congruent with evidence indicating a

persistent deleterious effect of sedentary behavior indepen-

dent of physical activity [11, 18], the study also concluded

that participating in physical activity at any intensity reduced

risk for colon [RR (95 % CI), 0.79 (0.68–0.91); p for

trend = 0.001] and rectal cancer [RR (95 % CI), 0.76

(0.7 = 0.61-0.94); p for trend = 0.074], independent of the

finding that sedentary behavior was associated with higher

risk [18].

Table 4 Sex-stratified analysis of sedentary behavior, light-intensity physical activity, and moderate-vigorous physical activity with colorectal

adenoma recurrence

Females (n = 547) Males (n = 1,167)

Colorectal adenoma recurrence Colorectal adenoma recurrence

Hours/day Count (%) OR (95 % CI)* Hours/day Count (%) OR (95 % CI)*

Sedentary behavior

0.00–6.21 54 (38.9) 1.00 (ref) 0.00–6.62 118 (40.1) 1.00 (ref)

6.23–8.20 46 (33.3) 0.71 (0.43, 1.12) 6.64–8.80 139 (47.4) 1.23 (0.88, 1.74)

8.21–10.28 54 (39.1) 0.84 (0.50, 1.41) 8.81–11.09 153 (52.0) 1.41 (0.99, 2.01)

10.29–16.06 56 (40.6) 0.96 (0.57, 1.63) 11.10–19.37 160 (54.6) 1.47 (1.03, 2.11)

Ptrend = 0.93 Ptrend = 0.03

Pinteraction
� = 0.22

Light-intensity physical activity

0.00–3.65 55 (39.6) 1.00 (ref) 0.00–1.53 154 (52.4) 1.00 (ref)

3.66–5.00 47 (34.1) 0.72 (0.44, 1.20) 1.54–2.45 141 (48.1) 0.82 (0.59, 1.15)

5.02–6.42 55 (39.9) 0.92 (0.56, 1.52) 2.46–3.76 140 (47.6) 0.81 (0.58, 1.13)

6.43–16.44 53 (38.4) 0.77 (0.46, 1.30) 3.76–14.49 135 (46.1) 0.75 (0.54, 1.04)

Ptrend = 0.53 Ptrend = 0.10

Pinteraction
� = 0.87

Moderate-vigorous physical activity

0.00–0.43 61 (43.9) 1.00 (ref) 0.00–1.10 147 (50.0) 1.00 (ref)

0.44–1.07 46 (33.3) 0.61 (0.37, 1.01) 1.11–2.14 143 (48.8) 0.89 (0.64, 1.25)

1.08–2.30 49 (35.5) 0.67 (0.40, 1.09) 2.15–3.86 138 (46.9) 0.80 (0.57, 1.13)

2.31–9.49 54 (39.1) 0.75 (0.46, 1.25) 3.86–12.98 142 (48.5) 0.79 (0.55, 1.12)

Ptrend = 0.33 Ptrend = 0.15

Pinteraction
� = 0.61

* Odds ratio and 95 % confidence interval, adjusted for age, waist circumference, and trial arm
� Interaction between activity type and sex
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Reasons for a differential effect of sedentary behavior in

men compared to women are unclear. While our interaction

analysis does not confirm that sex is a modifier in the

association between sedentary behavior and adenoma

recurrence, our findings of a significant increased trend of

higher colorectal adenoma recurrence rates among men are

congruent with the literature [54]. The differential associ-

ations may reflect the potentially protective effects of

estrogen, especially among overweight or obese females,

which may play a role in reducing odds of CRC and ade-

noma [55]. In the present study, the average BMI of

females was 27.5 ± 5.8 kg/m2, which is considered over-

weight, suggesting higher estrogen concentrations. How-

ever, given the mean age (65.6 ± 8.8 years), most women

would be postmenopausal with lower circulating estrogen.

Importantly, we did not have detailed data for hormone

replacement therapy, which might also explain some of the

variance shown between genders. The increase in inflam-

matory mediators [56] and insulin resistance [57] stem-

ming from a high prevalence of obesity [58] and central

obesity (visceral adiposity) may partly contribute to the

increased odds found among males [59]; in addition, evi-

dence suggests that adiposity may modify the association

between sedentary behavior and cancer risk [47]. However,

in the present study, inclusion of waist circumference or

BMI in the models did not materially alter the association

between sedentary behavior and adenoma recurrence, and

obesity rates were similar for males and females. None-

theless, we cannot exclude the possibility that the differ-

ential effect seen in men compared to women could be due

to chance alone.

Existing evidence supports an association between

higher overall physical activity levels and reduced risk of

CRC and colorectal adenomas [4, 6, 7]. We did not find an

association between light-intensity and moderate-vigorous

physical activity and reduction in odds of colorectal ade-

noma recurrence. The difference in our results compared to

prior studies is multifactorial. First, our outcome differs

from prior studies; we measured colorectal adenoma

recurrence and not risk of colorectal adenoma incidence or

CRC. Our study was conducted over a relatively short

period of time (3 years), which may not be sufficient time

for physical activity to play a protective role in the ade-

noma-to-carcinoma sequence and thereby reducing risk for

colorectal adenoma recurrence. Other studies that have

investigated CRC and adenoma risk have taken into

account a longer time period and also include large meta-

analyses that provide a summary risk estimate over mul-

tiple studies.

Limitations of this study include self-reported activity

data, and the potential for measurement error or mis-

classification bias. However, the three variables assessed in

Quartile 2
UDCA Placebo
UDCA Active
WBF High
WBF Low
Subtotal  (I-squared = 0.0%, p = 0.755)

Quartile 3
UDCA Placebo
UDCA Active
WBF High
WBF Low
Subtotal  (I-squared = 17.7%, p = 0.302)

Quartile 4
UDCA Placebo
WBF High
WBF Low
UDCA Active
Subtotal  (I-squared = 0.0%, p = 0.856)

ID
Study

1.18 (0.59, 2.36)
1.21 (0.64, 2.27)
1.24 (0.64, 2.40)
1.95 (0.90, 4.24)
1.33 (0.94, 1.87)

1.10 (0.56, 2.18)
1.34 (0.70, 2.54)
1.44 (0.73, 2.83)
3.13 (1.31, 7.52)
1.49 (1.05, 2.11)

1.16 (0.58, 2.32)
1.46 (0.75, 2.83)
1.51 (0.68, 3.35)
1.80 (0.90, 3.61)
1.46 (1.03, 2.08)

OR (95% CI)

1.18 (0.59, 2.36)
1.21 (0.64, 2.27)
1.24 (0.64, 2.40)
1.95 (0.90, 4.24)
1.33 (0.94, 1.87)

1.10 (0.56, 2.18)
1.34 (0.70, 2.54)
1.44 (0.73, 2.83)
3.13 (1.31, 7.52)
1.49 (1.05, 2.11)

1.16 (0.58, 2.32)
1.46 (0.75, 2.83)
1.51 (0.68, 3.35)
1.80 (0.90, 3.61)
1.46 (1.03, 2.08)

OR (95% CI)

1.5 1 2 3 4 5 6

Fig. 1 Sedentary behavior and

colorectal adenoma recurrence

among men, stratified by trial

arm
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this paper (sedentary behavior, light-intensity activity, and

moderate-vigorous activity) were categorized using METs

and therefore provide a scientific basis for comparison.

Because there is potential for measurement error and

misclassification in studies of physical activity and seden-

tary behavior, exposure assessment and various levels of

activity must be addressed before public health recom-

mendations can be fully developed [43]; this is recognized

as an area that warrants further investigation [47]. In order

to accurately capture sedentary behavior, objective mea-

sures of physical activity (e.g., accelerometers) should be

used to examine this relationship and self-reported ques-

tionnaires should include categories that describe and

define sedentary time in accordance with the Sedentary

Behavior Network definition should be incorporated into

data collection [47].

In summary, the results of this study suggest that sed-

entary behavior increases risk of adenoma recurrence

among men. While our findings support other studies that

have reported a higher risk of CRC with increasing sed-

entary behavior, this appears to be the first published study

to date to specifically investigate the association between

sedentary behavior and recurrence of colorectal adenomas,

the well-established precursor to CRC [3]. This study

provides evidence of the detrimental effects of a sedentary

lifestyle early in the carcinogenesis pathway, potentially

mediated by the inflammatory response [11, 53].

This study was completed at the University of Arizona

Mel and Enid Zuckerman College of Public Health and the

Arizona Cancer Center, in Tucson, Arizona.
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