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Abstract
Background—Short duration and poor quality of sleep have been associated with increased
risks of obesity, cardiovascular disease, diabetes mellitus, and total mortality. However, few
studies have investigated their associations with risk of colorectal neoplasia.

Methods—In a screening colonoscopy-based case-control study, the Pittsburg Sleep Quality
Index (PSQI) was administered to 1,240 study participants prior to their colonoscopy.

Results—Three hundred and thirty eight (27.3%) of the participants were diagnosed with
incident colorectal adenomas. Although there was no appreciable difference in the overall PSQI
score between cases and adenoma-free controls (5.32 vs. 5.11; p=0.37), we found a statistically
significant association of colorectal adenoma with the PSQI component 3, which corresponds to
sleep duration (p=0.02). Cases were more likely to average less than 6 hours of sleep per night
(28.9% vs. 22.1% in controls, p=0.01). In multivariate regression analysis adjusted for age,
gender, race, smoking, family history of colorectal cancer, and waist-to-hip ratio, individuals
averaging less than 6 hours per night had an almost 50% increase in risk of colorectal adenomas
(OR=1.47, CI =1.05-2.06, p for trend=0.02) as compared with individuals sleeping at least 7 hours
per night. Cases were also more likely to report of being diagnosed with sleep apnea (9.8% vs.
6.5%, p=0.05) and more likely to have worked alternate shifts (54.0% vs. 46.1%, p=0.01),
although these differences were not significant in multivariate models.

Conclusions—Shorter duration of sleep significantly increases risk of colorectal adenomas. Our
results suggest sleep duration as a novel risk factor for colorectal neoplasia.
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Introduction
Sufficient sleep on a daily basis is an important correlate of healthy living. Acute sleep
deficits have been associated with negative health outcomes such as impaired glucose
tolerance, higher levels of evening cortisol and other endocrine factors, elevated markers of
systemic inflammation, increased blood pressure and daytime cognitive dysfunction (1-5).
Although less studied, long term chronic sleep deficits have been associated with all cause
mortality, incident coronary heart disease, incident diabetes, and weight gain (6-10).

Emerging evidence suggests that disruption in the circadian rhythm may also increase risks
of several types of cancer. In particular, night shift work has been associated with increased
risks of cancer in the breast, endometrium, prostate, and colorectum (11-15). While
published work suggests a link between circadian rhythm and tumorigenesis, the
relationship of sleep quality and duration with cancer development has been understudied,
and most studies reported thus far were limited to breast cancer or cancer survivors. The first
study to report an association of sleep with breast cancer in a cohort of females found a
decreased risk of breast cancer among women who consistently slept longer hours (16).
Subsequent reports in two other cohort studies also suggested an inverse association
between short sleep duration and risk of breast cancer (17,18); however, another study did
not observe this association (19). The effects of sleep duration and overall sleep quality on
the risk of colorectal neoplasia are largely unknown.

Therefore, here we evaluate the associations of the duration and quality of sleep, as well as
shift work and diagnosis of sleep apnea with the development of colorectal adenomas, a
well-established precursor of colorectal cancer, in a prospectively recruited population of
patients undergoing routine colorectal cancer screening. We hypothesize that short duration
and poor quality of sleep are associated with increased risk of colorectal adenoma.

Materials and Methods
Study Population

One thousand, two hundred and forty patients scheduled for routine screening colonoscopy
at University Hospitals Case Medical Center in Cleveland, Ohio and affiliated
Gastroenterology practices in the surrounding areas were recruited prior to their
colonoscopic examinations. These patients were asymptomatic and referred to the practices
for colorectal cancer screening because they were at least 50 years old and had no
colonoscopy exam within the last 10 years, or they had a positive family history of
colorectal cancer that met the American Cancer Society colorectal cancer screening
recommendations to undergo screening colonoscopy at a younger age (20). Potential
participants were eligible if they were at least 30 years old, did not have any inflammatory
bowel disease (such as Crohn’s disease or ulcerative colitis), and had never been diagnosed
with colorectal cancer or polyps or any form of cancer. All participants completed a
computer-aided interview conducted by a trained research assistant for collection of
demographics, lifestyle and behavioral risk factors, prior to their colonoscopy. The interview
was done over the phone unless time constraints necessitated an in-person interview just
prior to colonoscopy to ensure prospective collection of data. The interview included a
comprehensive query of lifestyle factors, such as diet, physical activity, alcohol
consumption and smoking as well as a self-reported medical history including diagnosis of
metabolic syndrome components and family history of colorectal and other cancers.
Individuals were asked what they consider their race and given a choice of Caucasian,
African American, Hispanic/Latino, Native American, Asian or Other. For this project, all
responses other than Caucasian and African American were collapse into one “other”
category.
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Fasting blood samples were obtained at the time of colonoscopy, prior to the procedure and
refrigerated immediately. All samples were then transported on wet ice to the research
laboratory and processed the same day as collection. Each blood tube was spun for 15 min at
600g and aliquots of plasma, serum and concentrated buffy coat were prepared and frozen at
−80°C. Height, weight, hip and waist circumferences, and blood pressure measurements
were also obtained just prior to colonoscopy by nursing staff at the participating endoscopy
laboratories. Waist-to-hip ratio (WHR) was calculated as waist circumference divided by hip
circumference. Body mass index (BMI) was calculated as weight (in kg) divided by height
(in meters) squared.

All participants signed a medical record release form. Medical records pertaining to their
colonoscopy were obtained after completion of the procedure and pathology reports.
Patients were classified as a case if their colonoscopy results indicated at least one
pathologically confirmed colorectal adenoma. All others were considered as controls.

The recruitment rate was 64.9% for all eligible patients, and those who completed the study
did not differ from those who refused to participate with regard to age, gender and race
(p>0.05). All participants gave informed consent. The study protocol was approved by the
Institutional Review Board at University Hospitals Case Medical Center.

Sleep Quality Data
In addition to the risk factor questionnaires, the Pittsburgh Sleep Quality Index (PSQI) (21)
was administered via an in-person phone survey to all participants to obtain information on
the subject’s overall sleep quality in the past month. The PSQI asks information on various
aspects of sleep quality, including how frequently they have trouble sleeping, and how much
sleep they get per night. The PSQI includes four open-ended questions asking the participant
to report what time they typically go to bed, how long it takes them to fall asleep, what time
they wake up, and how many hours of actual sleep they get on a typical night. The question
on how much total sleep they got elicited information on the average total number of hours
sleep per night, which was used in addition to the overall sleep quality measurements of the
PSQI to measure average sleep duration.

In addition, select questions not included in the PSQI were added to the phone survey. These
questions include self-report of a diagnosis of sleep apnea (yes/no), and if they have ever
worked alternate (2nd or 3rd) shifts (yes/no).

The responses to the PSQI are then coded into seven components representing different
aspects of sleep quality, including self-reported quality, sleep latency, duration, sleep
efficiency, disruptions, sleeping aid use and daytime sleepiness, each component scoring
between 0 and 3, where the higher the score, the worse the sleep quality. The overall Global
PSQI score is the sum of the seven components and thus corresponds to a value between 0
and 21.

Homeostasis Model Assessment – Insulin Resistance (HOMA-IR)
Serum levels of insulin and glucose were determined on fasting blood samples. Glucose was
measured using colorimetric reflectance spectrophotometry and had an overall QC range <
5%. Insulin was measured using a standard ELISA assay with a mean inter-assay CV of
4.7%. Insulin resistance was calculated using the homeostasis model assessment – insulin
resistance (HOMA-IR) model (22). Both insulin and glucose measurements were available
on 266 cases and 745 controls.
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Statistical Analyses
We first evaluated the differences in demographics and risk factors between cases and
controls via univariate analyses using either a chi-square test (for discrete variables) or
student’s t-test (continuous variables). For discrete measurements in which any one cell had
fewer than five individuals, a Fisher exact test was used in place of the chi-square test. Each
component of the PSQI, as well as the global PSQI, was analyzed similarly for statistically
significant difference between cases and controls.

From the open-ended question on the PSQI asking total average number of hours of sleep
per night, we used their self-reported hours of sleep as a separate variable outside of the
PSQI. We first analyzed the hours of sleep as a continuous variable and then categorized
each person into one of three categories of average nightly sleep duration –less than six
hours, six to less than seven hours, or seven or more hours. These cutoffs were based on the
PSQI component 3 (corresponding to sleep duration) which scores each individual as 0 (>7
hours), 1 (6-7 hours), 2 (5-6 hours) and 3 (<5 hours). Because very few individuals (N=122)
reported sleeping less than 5 hours per night, we collapsed the two shortest duration
categories into one as < 6 hours.

To evaluate risk association of sleep quality parameters with colorectal adenoma, two main
logistic regressions were performed on each component of the PSQI, as well as the global
PSQI and the additional sleep measures. The base model included age, gender, and race as
covariates (338 cases and 902 controls). To control for potential confounding by other
known risk factor for colorectal neoplasia, the full model also included smoking, family
history of colorectal cancer, and WHR (338 cases and 902 controls). Furthermore, because
of the known association between sleep quality and obesity (23), which is strongly linked to
insulin resistance, and the importance of sleep in the metabolic syndrome (24), we
hypothesize that associations of sleep quality and duration with colorectal adenomas may be
mediated by insulin resistance. To test this hypothesis, we further adjusted for HOMA-IR in
the full model above (266 cases and 745 controls with available data). Finally, since sleep
apnea patients are known to have different sleep patterns, we repeated all logistic
regressions excluding subjects who reported a diagnosis of sleep apnea.

Recently, it was reported that the association between sleep duration and measures of
obesity was stronger in women compared to men (25). Therefore, we carried out stratified
analyses to explore potential gender differential associations between sleep quality or
duration with colorectal adenomas.

All statistical tests were two-sided. SAS (version 9.1, SAS Institute, Inc.) was used for all
statistics. A p-value < 0.05 was considered statistically significant.

Results
Of the 1,240 participants, 338 were diagnosed with incident colorectal adenomas at their
colonoscopy. In general, cases were older and more likely to be male compared with
controls (Table 1). There were also significant differences in the distribution of race, with
African-Americans more likely to be cases compared with Caucasians (Table 1).
Interestingly, while there was no statistically significant difference in BMI between cases
and control (p = 0.10), on average, WHR, as a proxy for central obesity, was significantly
higher among cases as compared to the controls (p=0<0.0001). Current smoking was
significantly more common in cases than controls, with 22.9% of cases and 14.3% of
controls reporting current smoking. Family history of colorectal cancer was reported in over
20% of the study population and did not differ between cases and controls.
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While not statistically significant, on average, cases scored higher (corresponding to poorer
sleep quality) on the PSQI (Table 2), as well as most of the individual components.
However, the score of component 3 of the PSQI, which corresponds to the hours of sleep per
night, was statistically significantly different between cases and controls (univariate
p=0.005). Cases reported sleeping fewer hours on average than controls (6.35 vs. 6.54,
p=0.038), which remained borderline significant after adjustment for age, gender, and race
(p=0.07). Further adjustment for family history, smoking, and WHR did not materially
change the risk estimate. When individuals were grouped into 3 categories of sleep duration,
our analysis showed that individuals averaging less than six hours of sleep per night had a
statistically significant increase in the risk of colorectal adenomas (OR=1.47, 95% CI =
1.05-2.06), compared with individuals sleeping at least 7 hours per night. Both the base and
the full models showed a statistically significant linear dose-response relationship between
sleep duration and risk of adenoma (Table 3).

Cases were also more likely to report ever having worked alternate shifts than controls
(54.0% vs. 46.1%, p=0.01), although this association reduced to non-significance after
adjustment for potential confounders in the regression models (Table 3). Self-reported
diagnosis of sleep apnea was also more prevalent in cases (9.8%), compared to controls
(6.5%) (p=0.04), but the small numbers limited our statistical power to detect an association
after adjustment for covariates.

Further adjustment for HOMA-IR did not alter our results. Indeed, a statistically significant
linear trend for the categorical group of hours of sleep per night remained after adjustment
for HOMA-IR (Table 3), suggesting the influence of sleep duration on colorectal adenomas
is independent of insulin resistance.

Because of known differences in sleep patterns in sleep apnea patients, we repeated our full
model logistic regression excluding participants who reported sleep apnea diagnosis. This
appears to have little influence on our results. In fact, the odd ratio estimates were slightly
increased for shorter sleep duration (OR = 1.21, 95% CI = 0.87-1.69 for those averaging at
between 6 and 7 hours of sleep, and OR=1.50, 95% CI = 1.05-2.13 for individuals reporting
getting less than 6 hours of sleep per night, as compared to those averaging at least 7 hours
per night; p for trend = 0.02), in the full logistic regression model. There was no appreciable
change in the risk estimates for PSQI scores (data not shown).

When the analysis was stratified by gender, we noticed a somewhat stronger association of
sleep duration with colorectal adenomas in women compared with that in men (Table 4),
although this difference was not statistically significant (p-interaction = 0.65).

Discussion
We found that shorter sleep duration is associated with an increased risk of colorectal
adenomas in a population of patients undergoing routine screening colonoscopies. In
contrast, we found no evidence for an association of overall sleep quality with colorectal
adenomas. This is in line with the current literature on breast cancer reporting evidence for
an association of sleep duration, but not quality of sleep (6,16-18). Individuals sleeping less
than six hours per night have a nearly 50 percent increase in the risk of developing
colorectal adenomas compared to those sleeping more than seven hours. This association is
independent of central obesity and insulin resistance. To our knowledge, this is the first
study to report a significant association of sleep duration and colorectal adenomas,
supporting short duration of sleep as a novel risk factor for the development of early
colorectal neoplasia.
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The magnitude of increase in risk observed here is comparable to the increase in risk of
colorectal cancer associated with having a first degree relative affected with colorectal
cancer (26), and high red meat intake (27). Furthermore, this estimate is similar to those
observed with respect to short sleep duration and breast cancer (16-18). Thus, short sleep
duration is a public health hazard leading not only to obesity, diabetes and coronary heart
disease (28-30), but also to, as we have now demonstrated, colorectal adenomas. Our data
suggest that even a modest increase in sleep duration could have a substantial impact at the
population level because of the high prevalence of colorectal adenomas, a well established
precursor of colorectal cancer.

Increasing evidence strongly suggests that disruption of circadian rhythm and suppression of
nocturnal production of melatonin may be the key mechanism underlying the shift work-
cancer link (15). Melatonin has been shown in animal models to reduce the number of DNA
adducts and also to promote DNA repair and thus reduce the overall amount of DNA
damage and to decrease cellular proliferation via cell cycle inhibition (31-33). In the present
study, we did not comprehensively evaluate disruptions to circadian rhythm, such as
exposure to light at night, but rather focused on other aspects of sleep – duration and overall
quality. Although the mechanisms underlying the association of sleep duration with the
development of cancer are largely unknown at present, it is conceivable that sleep duration
shorter than optimal (such as <6 hours) causes circadian disruption and suppression of
nocturnal production of melatonin, initiating the development of colorectal adenomas.

Another prevailing hypothesis is that insulin resistance may underlie the link between sleep
disturbance and carcinogenesis. Indeed, we have recently shown that sleep is an integral part
of the syndrome of insulin resistance or the metabolic syndrome (24). However, further
adjustment for HOMA-IR in our regression analysis did not alter the magnitude or the
significance level of the association between sleep duration and risk of adenoma, suggesting
that insulin resistance is unlikely a mediator of our observed association.

There are a few limitations in our study. First, although all data including the PSQI survey
were collected from all participants prior to their colonoscopic examinations, the cross-
sectional nature of our study cannot completely dismiss the possibility of reverse causality.,
i.e., the undiagnosed existing adenomas may have led to shorter duration of sleep among the
cases. However, this scenario is extremely unlikely as we only recruited patients with no
known personal history of colorectal cancer or adenomas and most colorectal adenomas are
asymptomatic. Second, while the PSQI is a well validated measure of overall sleep quality
(20), and we have additionally collected information on self-reported diagnosis of sleep
apnea and alternate shift working, our survey does not capture all aspect of sleep that may
potentially affect carcinogenesis. Third, the numbers of patients with a known diagnosis of
sleep apnea or reporting long-term shift working are relatively small which may have
limited our statistical power to detect a potential association for sleep apnea or shift
working. Lastly, under-diagnosis of sleep apnea has been well documented in the general
population (34), and we only have sleep apnea information based on self-reports.
Undiagnosed sleep apnea among the cases as well as among the controls introduces
measurement error of the exposure variable of interest, i.e., sleep apnea, which in general
tends to attenuate the true risk association to null.

In summary, we found in this relatively large, screening colonoscopy-based study that short
duration of sleep significantly increases risk of colorectal adenomas. Our results suggest
short duration of duration as a novel risk factor for the development of early colorectal
neoplasia. Effective intervention to increase duration of sleep and improve quality of sleep
could be an under-appreciated avenue for the prevention of colorectal cancer.
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Table 1
Descriptive Characteristics of Study Population

Cases (N=338) Controls (N=902) p*

Age, mean (SD), y 57.3 (8.0) 54.7 (8.8) <0.0001

Female gender, No. (%) 184 (54.4%) 609 (67.5%) <0.0001

Race, No. (%) 0.011

 African-American 140 (41.4) 294 (32.6)

 Caucasian 190 (56.2) 590 (65.7)

 Other 8 (2.4) 18 (2.0)

Smoking, No. (%) 0.0007

 Current 77 (22.9) 129 (14.3)

 Ever 120 (35.7) 323 (35.9)

 Never 139 (41.4) 449 (49.8)

Family history of colorectal cancer, No. (%) 0.76

 Yes 81 (24.5) 211 (23.6)

 No 250 (75.5) 682 (76.4)

Body Mass Index (BMI), mean (SD), kg/m2 29.9 (7.2) 29.2 (6.8) 0.10

Waist-to-hip ratio (WHR), mean (SD) 0.94 (0.097) 0.91 (0.093) <0.0001

Income, No. (%) 0.036

 <$15,000 63 (18.7) 115 (12.8)

 $15,000-$30,000 47 (14.0) 119 (13.2)

 $30,000-$45,000 41 (12.2) 98 (10.9)

 $45,000-$70,000 42 (12.5) 164 (18.2)

 $70,000+ 129 (38.3) 357 (39.6)

 Don’t know/refused 15 (4.5) 49 (5.4)

Global PSQI, mean (SD) 5.32 (3.77) 5.11 (3.46) 0.37

Component 1: Sleep quality, mean (SD) 0.99 (0.75) 0.97
(0.74)

0.66

Component 2: Sleep latency, mean (SD) 0.66 (0.86) 0.63 (0.90) 0.59

Component 3: Sleep duration, mean (SD) 1.00 (1.03) 0.82 (0.98) 0.005

Component 4: Usual sleep efficiency, mean
(SD)

0.62 (0.96) 0.61 (1.00) 0.90

Component 5: Sleep disruptions, mean (SD) 1.03 (0.55) 1.03 (0.55) 0.89

Component 6: Sleeping aid use, mean (SD) 0.47 (1.00) 0.48 (1.00) 0.92

Component 7: Daytime sleepiness, mean
(SD)

0.62 (0.82) 0.62 (0.85) 0.95

Sleep Apnea Diagnosis, No. (%) 33 (9.8%) 58 (6.5%) 0.045

Average hours of sleep, mean (SD) 6.35 (1.36) 6.53 (1.34) 0.038

Ever worked alternate shift, No. (%) 182 (54.0) 414 (46.1% 0.013

*
Univariate (t-test or chi-square) p-value

†
Compared to those averaging at least 6 hours of sleep per night
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