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Abstract

Purpose—The associations between bowel movement frequency, laxative use and colorectal
cancer incidence remain uncertain. No published studies have accounted for potential latency
between these factors and colorectal cancer onset.

Methods—We prospectively examined these associations among 88,173 women in the Nurses’
Health Study (NHS, 1982-2010) and 23,722 men in the Health Professionals Follow-up Study
(HPFS, 2000-2010). Cox proportional hazards regression models were used to estimate
multivariable hazard ratios (HRs, 95%CIs). We conducted time lagged analyses to evaluate the
potential latency in the NHS.

Results—We documented 2,012 incident colorectal cancer cases. The HRs (95%Cls) for
infrequent bowel movement relative to daily were 0.86 (95%CI: 0.71-1.04) in women and 0.81
(95%CI: 0.48-1.37) in men. The HRs for weekly to daily relative to never laxative use were 0.98
(95%CI: 0.81-1.20) in women and 1.41 (95%ClI: 0.96-2.06) in men. In women, the HRs for every
3 days or less bowel movement relative to daily were 0.87 (95%ClI: 0.59-1.27) for colorectal
cancers that developed within 10 years of assessment, 1.03 (95%CI: 0.85-1.26) for 11-18 years
after assessment, and 0.73 (95%CI: 0.54-1.01) for 19-28 years after assessment. The
corresponding HRs for weekly to daily relative to never laxative use were 0.93 (95%Cl:
0.63-1.37), 1.03 (95%Cl: 0.74-1.44), and 0.98 (95%CIl: 0.71-1.35), respectively.

Conclusion—Bowel movement frequency and laxative use appear not to be associated with
colorectal cancer risk in this study.
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Introduction

It has been estimated that approximately 15-20% of US adults suffer from constipation and a
similar proportion of individuals use laxatives [1]. Infrequent bowel movements may
increase colorectal cancer risk because it may increase concentration and contact time of
potential carcinogens in the large bowel [2]. Given that colorectal cancer remains the third
most common cancer in US adults [3], any association between this cancer and bowel
movement frequency or laxative use has public health implications.

To date, the limited epidemiologic studies that specifically examined these associations have
yielded inconsistent results [4-14]. The case-control studies that assessed information on
bowel movement and laxative use after cancer developed may be subject to potential bias
since disease status may have influenced bowel movement frequency or use of laxatives
[4-8]. Prior cohort studies have generally focused on the assessments of bowel movement
frequency or laxative use relatively shortly before the colorectal cancer diagnosis [9-14] and
results have been inconsistent. No published prospective cohort studies have accounted for
the potential latency between these factors and colorectal cancer onset. Importantly, the
relevant time period when bowel movement frequency or use of laxatives may act in the
process of colorectal cancer development remains unknown.

Thus, to address these limitations of prior studies, we conducted a prospective study of
bowel movement frequency and laxative use within two large, long-running cohorts, the
female Nurses’ Health Study (NHS), and the male Health Professionals Follow-up Study
(HPFS). Previously, we reported null associations between bowel movement frequency and
laxative use and colorectal cancer risk in the NHS [14], which encompassed only 611
incident cases over 12 years of follow-up. In the current analysis, we expand on our initial
report by including 1,737 incident cases over 28 years of follow-up in the NHS as well as
227 incident cases over 10 years in the parallel HPFS. This long follow-up period and large
number of cases allowed us to conduct time lagged analyses to evaluate potential latency
between these factors and colorectal cancer onset.

Materials and methods

Study population

The Nurses’ Health Study (NHS) includes 121,700 registered female nurses who were aged
30 to 55 years at baseline in 1976 in the US [15]. The Health Professionals Follow-up Study
(HPFS) includes 51,529 US male professionals who were aged 40 to 75 years at baseline in
1986 [16]. Participants in each cohort have been sent questionnaires every two years since
1976 and 1986 respectively, to collect information on demographic, lifestyle factors,
medical history, and disease outcomes. The follow-up rate has been greater than 90% for
each cohort. Both studies have been approved by the institutional review board at the
Brigham and Women’s Hospital and the Harvard School of Public Health, Boston,
Massachusetts. Return of the questionnaires was considered to imply informed consent and
written consent from each participant were also collected to obtain and review medical
records.

Because information on bowel movement frequency and laxative use was not assessed until
1982 in the NHS and 2000 in the HPFS, we used 1982 as baseline for the NHS and 2000 as
baseline for the HPFS. We excluded participants with ulcerative colitis (n = 1084 in women,
n = 250 in men), history of cancer diagnosis before baseline (except for non-melanoma skin
cancer, n = 5,206 in women, n = 11,579 in men), or missing data on bowel movement or
laxative use (n = 15,701 in women, n = 3,885 in men), leaving a total of 88,173 women and
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23,722 men for this analysis. Participants who did not answer the questions on bowel
movement frequency or laxative use did not differ substantially from respondents according
to age, body mass index, physical activity, endoscopy screening, family history of colorectal
cancer, alcohol consumption, and major dietary factors.

Assessment of bowl movement frequency and laxative use

In the 1982 questionnaire in the NHS and in the 2000 questionnaire in the HPFS,
participants were asked to report the frequency of bowel movement; 7 possible answers
were: more than once daily, daily, every other day, every 3-4 days, every 5-6 days, and once
a week or less. We also asked participants how often they use laxatives including softeners,
bulking agents, and suppositories; 5 possible answers were: daily, at least once per week,
1-4 times per month, less than 1 time per month, and never.

Identification of incident colorectal cancer cases

The ascertainment of colorectal cancer cases has been described in detail elsewhere [17]. In
brief, participants in each cohort reported cancer and other disease outcomes via biennial
questionnaires. Researchers obtained participants’ permission to collect their medical
records and pathological reports. While blinded to exposure information, the researchers
abstracted the information on anatomic location, stage, and histological type of the cancer.
Colorectal cancer and sub-sites were defined according to the International Classification of
Diseases, Ninth Revision [ICD-9] [18].

Assessment of other covariates

We obtained information on potential colorectal cancer risk factors such as height, body
weight, physical activity (MET-hrs/wk), cigarette smoking, aspirin use, family history of
colorectal cancer, and menopausal status and postmenopausal hormone use (women only)
via the biennial questionnaires. In addition, dietary factors were assessed using validated
food frequency questionnaires in the NHS [19] and in the HPFS [20]. These factors included
consumption of red meat, processed meat, alcohol, fiber, folate, calcium, and vitamin D.

Statistical analyses

We calculated person-time for each participant from the date of baseline questionnaire
return (1982 for the NHS and 2000 for the HPFS) to the date of death, loss to follow-up,
colorectal cancer diagnosis, or the end of follow-up (May 31, 2010 for the NHS; January 1,
2010 for the HPFS), whichever came first. To have reasonable number of cases in each
category, bowel movement frequency was categorized into 4 categories in the NHS: more
than once daily, daily, every 2 days, and every 3 days or less; and 3 categories in the HPFS:
more than once daily, daily, and every 2 days or less. Regarding the laxative use, we used 4
categories in the NHS: never, less than monthly, monthly, weekly to daily; and 3 categories
in the HPFS: never, less than monthly, and monthly to daily. As previously described [14],
we tested for trends using midpoint values of each category of bowel movement frequency
or laxative use frequency as continuous variables.

We used a Cox proportional hazards regression model [21] to calculate hazard ratios (HRs,
95% Cls) and adjusted simultaneously for age (in months) and year of questionnaire return.
We observed no violation of the proportional hazard assumption based on the likelihood
ratio test that compared the model with and without the interaction terms between bowel
movement frequency or laxative use and age or follow-up time. We conducted all analyses
using the SAS software (Version 9.2; SAS Institute Inc). All statistical analyses were two-
sided with a p-value less than 0.05 indicating significance.
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In addition to age, we adjusted for established or potential risk factors for colorectal cancer
in multivariable models (see Table 2 for these variables and the categorizations). For the
dietary factors, we used the data from the baseline food frequency questionnaires (i.e., 1980
for the NHS and 2000 for HPFS). To evaluate different latency periods in women, we used
bowel movement frequency or laxative use assessed in 1982 to predict the risk of colorectal
cancer within 10 years of assessment, 11-18 years after assessment, and 19-28 years after
assessment.

We conducted sensitivity analysis by excluding participants who had colonoscopy or
sigmoidoscopy examination before baseline because a difference in the rate of removal of
premalignant adenomas by bowel movement frequency or laxative use might bias the results
[14]. To further evaluate the robustness of our results, we conducted additional analysis in
which we adjusted for bowel movement and laxative use simultaneously in the same
multivariable models. In addition, we used cross classified variable to calculate the HRs
among participants with both infrequent bowel movement and laxative use. Lastly, we
excluded participants who used laxatives when we examined the associations with bowel
movement frequency.

We also examined whether the associations differ by levels of physical activity (medians in
each cohort), total fiber intake (medians in each cohort), and menopausal status
(premenopausal vs. postmenopausal; women only). We constructed cross-product terms
between bowel movement frequency or laxative use frequency (i.e., medians of each
category) and these factors (i.e., dichotomized variables) and tested whether beta-
coefficients of the cross product terms were statistically significant using a Wald test.

We documented a total of 2,012 incident colorectal cancer cases including 1,737 cases from
1982-2010 in the NHS, and 275 cases from 2000-2010 in the HPFS. Selected lifestyle and
potential confounding factors were compared across categories of bowel movement or
laxative use (Table 1). Approximately 9% women and 2% men reported infrequent bowel
movement (i.e., every 3 days or less), and 18% women and 7% men reported bowel
movement every other day. About 28% women and 19% men reported laxative use in these
cohorts, 6% in women and 8% in men on a weekly to daily basis. Compared to women
reporting daily bowel movement, those with infrequent bowel movement (i.e., every 3 days
or less) were slightly younger, had low physical activity level, low intakes of total energy,
alcohol, total calcium, total folate, total vitamin D, total fiber, and less likely to use
multivitamins but more likely to use aspirin and laxatives. Compared to women who never
used laxative use, women who used laxatives weekly to daily were older, more likely to
have infrequent bowel movement, use aspirin and multivitamins. Similar pattern was
observed in men (Table 1).

The HRs of colorectal cancer in relation to bowel movement frequency are presented in
Table 2. In both men and women, age-adjusted results were essentially the same as
multivariable-adjusted results and thus only the multivariable results are presented. Bowel
movement frequency was not associated with colorectal cancer risk in each cohort. In
women, compared to those with daily bowel movement, women with infrequent bowel
movement (i.e., every 3 days or less) had a multivariable HR of 0.86 (95% CI: 0.71, 1.04)
(Table 2). Excluding women who had had a colonoscopy or sigmoidoscopy prior to 1982
yielded similar results (HR = 0.85, 95% ClI: 0.70, 1.03). Similar null results were observed
in men (every 2 days or less vs. daily HR = 0.81, 95% CI: 0.48, 1.37) and among subgroup
excluding history of colonoscopy or sigmoidoscopy (HR = 0.55, 95% CI: 0.23, 1.33). In
addition, bowel movement frequency was not associated with risk of colorectal cancer when
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participants who used laxatives were excluded; the multivariable HRs were 0.86 in women
(every 3 days or less vs. daily, 95% CI: 0.65, 1.14) and 1.04 in men (every 2 days or less vs.
daily, 95% CI: 0.55, 1.95).

We found no significant associations between laxative use and colorectal cancer risk in each
cohort (Table 3). No trend was evident and similar null results were observed for cancer
sub-sites. Results were similar after exclusion of participants with history of colonoscopy or
sigmoidoscopy (data not shown). Adjusting for bowel movement frequency and laxative use
simultaneously yielded null results (data not shown).

In a further subgroup analysis, compared with those who had daily bowel movements and
never used laxatives, the multivariable HRs for colorectal cancer for participants who had
both infrequent bowel movements and weekly to daily use of laxatives were 0. 80 (95% CI:
0.51, 1.26) in women and 0.75 (95% ClI: 0.27, 2.10) in men.

As shown in Table 4, we found no significant associations when we evaluated the
associations between bowel movement frequency or laxative use and risk of colorectal
cancer diagnosed during years of 1-10, 11-18, or 19-28. Finally, no evident patterns were
seen when we examined the potential interactions with physical activity, total fiber intake, or
by menopausal status (all p-value for interaction > 0.05, data not shown).

Discussion

In these two large cohorts of US women and men, bowel movement frequency and laxative
use appear not associated with colorectal cancer incidence. Our current study, an extended
analysis of the NHS and a new analysis of the HPFS further suggested that bowel movement
and laxative use, even assessed within or more than a decade before diagnosis, were not
associated with colorectal cancer risk. The null results were consistent within cancer sub-
sites.

Epidemiologic studies examining the association between constipation and colorectal cancer
risk have reported mixed results. A meta-analysis of 9 case-control studies (cases n =5 to
296 in constipation group) published in 1993 reported a modest, yet significant, association
between constipation and higher risk of colorectal cancer (summary OR =1.48, 95% ClI:
1.32,1.66) [4]. There was significant between-studies heterogeneity (o < 0.001) because 4
out of 9 case-control studies found statistically significant associations [4]. As discussed by
the authors, it remains uncertain whether the reported constipation are symptoms of
colorectal cancer itself or due to recall bias that may have influenced the results [4].
Importantly, self-reported constipation might not be an appropriate indicator for bowel
transit time because participants who reported constipation pass bowel movement daily or
more frequently than daily [1]. As shown in a case-control study [7], 93% healthy controls
with less than 3 stools per week and 54% of participants with = 3 stools per week reported
constipation. Thus, self-reported constipation had high sensitivity but poor specificity for
identifying persons with constipation [7] and self-reported constipation was considered less
accurate than reported stool frequency [7,22]. Given 94-99% of healthy individuals report
having a bowel movement varies 3 times per day to 3 times weekly [1], the conventional
definition of constipation is an average stool frequency less than three times per week. This
definition is currently used as a more reliable way to measure constipation. Among that
meta-analysis, only 2 studies used infrequent bowl movement to define constipation status
and thus, misclassification of constipation may have biased the results in any direction.
Results from other subsequent case-control studies of self-reported constipation or bowel
movement frequency have also been inconsistent [5-8].
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To our knowledge, four cohort studies [9-12] have examined the associations with
constipation since our initial report [14]. Our null results of infrequent bowel movement and
colorectal cancer were consistent with those observed in the Miyagi Cohort Study (n = 160
cases in men, 91 cases in women; bowel movement less than daily vs. daily, RR = 1.30,
95% Cl: 0.89,1.88) [12] and the Japan Public Health Center-based Prospective Study [10]
(two to three bowel movements per week vs. daily, RR = 0.75, 95% CI: 0.49, 1.13 in
women, n= 176 cases; RR = 0.97, 95% CI: 0.61,1.55 in men, n = 303 cases). Another report
from the Japan Collaborative Cohort Study [9] found null association between frequency of
bowel movement and colorectal cancer in men (n = 270 cases). Among women (n = 379
cases), a significant association was observed (bowel movement every 6 days or less vs. at
least daily, RR = 2.47, 95% CI: 1.01-6.01) but results were only based on 5 cases.
Interestingly, a recent study conducted in the Netherland (n= 1207 cases in men) reported a
significant inverse association (constipation sometimes or more often vs. never, RR = 0.57,
95% CI: 0.35-0.90) [11]. As shown above, although all cohort studies used frequency of
bowel movement to define constipation, the comparison group differed across studies that
made direct comparisons challenging. Furthermore, limited studies have examined different
bowel habits [6,8] such as stool consistency, diarrhea or examined the associations with
adenomas [22,23]. An undiagnosed cancer might influence bowel movement frequency
causing a bias (reverse causation). In addition, it is possible that bowel movement function
influences only early stage of colorectal carcinogenesis (i.e., adenoma formation), and an
association with cancer would only be observed after a sufficiently long time lag. We thus
conducted time lagged analyses to evaluate potential latency in women but no significant
associations were seen. Collectively, current epidemiologic studies appear not to support an
important association between constipation and colorectal cancer risk [24].

About 15-20% individuals use laxatives in the US on a regular basis whether or not
constipation is a problem, particularly among women for weight control [1,7]. Laxative use
might be a marker of constipation because association with laxative use disappeared while
association with constipation remained strong when both factors were included
simultaneously in the same model in a study [5]. On the other hand, laxatives used in
treating constipation may have deleterious effect because some /n vitro and /n vivo studies
have indicated a carcinogenic potential of some laxatives [25]. In our study, we did not find
any significant association between overall laxative use and colorectal cancer risk. These
results were in contrast with those reported in the above-mentioned meta-analysis of 11
case-control studies of laxative use (yes vs. no, pooled OR = 1.46, 95% ClI: 1.33-1.61) [4].
However, only 4 studies were included in that study reported statistical significant
associations and a statistically significant between-studies heterogeneity was observed (p <
0.001) [4]. Of note, some subsequently published case-control studies conducted in the US,
Europe, and Japan have reported null associations [8,5-7]. In addition, our null results of
laxative use were generally consistent with three cohort studies conducted to date on this
topic [9,12,13]. The first study conducted in the US found no significant associations (daily
use vs. < weekly use OR =1.32, 95% CI: 0.6, 2.7 in men; and OR =1.38, 95% CI: 0.7, 2.6
in women) [13]. The second Japan Collaborative Cohort Study [9] also found null results
(yes vs. no use OR =1.28, 95% CI: 0.89, 1.86 in men; and OR = 1.20, 95% CI: 0.85, 1.69 in
women). The third Miyagi Cohort Study found null association for laxative user (yes vs. no
OR =1.31, 95% CI: 0.88, 1.95) although frequent users had a significant increased risk (> 2
times/week vs. non-user, OR = 2.75, 95% ClI: 1.48, 5.09) but only 11 cases were included in
this category [12].

Strengths of this study include its prospective design, long follow-up time with high follow-
up rate, the ability to control for multiple colon cancer risk factors, inclusion of both women
and men, and the assessment of temporal relationship. Several potential limitations merit

consideration. As with all previous epidemiologic studies, information on bowel movement
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frequency and laxative use was obtained only once without updating. In addition, we have
not queried detailed information on types of laxative use and we cannot exclude effect of a
specific type of laxative use on colorectal cancer. Furthermore, we are unable to conduct
time lagged analyses in men because of the relatively short follow-up.

In summary, our results do not support an association between bowel movement frequency
and laxative use and colorectal cancer risk. Additional large studies with updated data on
these factors and assessing different types of laxative use might be informative.
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