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Simple Summary: Around 70% of colorectal cancer patients report having sleeping issues, and
identifying whether anatomic site plays a significant factor in sleep quality is important. The aim
of our population-based study was to assess differences in sleep between rectal and colon cancer
patients. We identified that rectal cancer patients were more likely to have sleep complications, such
as changes in sleep patterns after diagnosis, getting up to use the bathroom, and pain, compared to
colon cancer patients. Identifying whether anatomic colorectal cancer site affects sleep quality and
sleep-related issues suggests that sleep-focused survivorship care may be suggested for rectal cancer
patients to ensure patients receive appropriate support.

Abstract: Purpose: Sleep quality in relation to anatomic site among colorectal cancer (CRC) patients
is not well understood, though discerning the relationship could contribute to improved survivorship
care. Methods: We ascertained sleep quality (Pittsburgh Sleep Quality Index) and other personal
characteristics within an ongoing population-based study of CRC patients identified through a cancer
registry (N = 1453). Differences in sleep quality by CRC site were analyzed using chi-square and
ANOVA tests. We used logistic regression to estimate odds ratios (ORs) and 95% confidence intervals
(CIs) for the association of tumor site with sleep quality concerns, adjusting for patient attributes and
time since diagnosis. Results: Sleeping problems were reported by 70% of CRC patients. Overall,
participants with rectal (vs. colon) cancer were more likely (OR (95% CI)) to report general trouble
sleeping (1.58 (1.19, 2.10)). Rectal cancer patients were also more likely than colon cancer patients
to report changes in sleep patterns after cancer diagnosis (1.38 (1.05, 1.80)), and trouble sleeping
specifically due to getting up to use the bathroom (1.53 (1.20, 1.96)) or pain (1.58 (1.15, 2.17)), but were
less likely to report trouble sleeping specifically due to issues with breathing/coughing/snoring (0.51
(0.27, 0.99)). Conclusion: Overall, rectal cancer patients were more likely to have sleep complications
compared to colon cancer patients. This suggests sleep-focused survivorship care may be adapted
according to CRC site to ensure patients receive appropriate support.
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1. Introduction

Sleep problems and disturbances are prevalent in many cancer patients, occurring in
up to 90% of patients [1–3]. Cancer patients, after diagnosis or during treatment, appear to
experience poorer sleep quality than the general population. Among patients undergoing
chemotherapy alone, two-thirds of patients report impaired sleep [1].

Studies demonstrate that observed sleep problems in cancer patients have important
consequences with respect to health outcomes and quality of life. In particular, deficits
related to sleep quality are associated with high blood pressure, inflammation, and negative
impacts on metabolism and endocrine function [4–6]. Poor sleep quality and irregular
sleep habits are also associated with the development of chronic diseases, including stroke,
cancer, diabetes mellitus [7,8], and with overall mortality [9]. Sleep disturbances also
affect quality of life and have consequences on work productivity [10], fatigue [11], trouble
keeping up with social activities, and mood disturbance [12].

Colorectal cancer (CRC) is the third most common cancer among both men and
women in the United States [13,14]. Efforts to identify post-diagnostic risk factors are
important to improving survival and quality of life after diagnosis. Patients with CRC face
many treatment-associated challenges related to bowel control. In addition, as with most
cancer patients, they confront general concerns related to cancer and its treatment, such as
fatigue, anxiety, pain, nausea, and lower quality of life [15,16]. These cancer-related factors
negatively impact sleep quality [17]. Identifying issues contributing to poorer sleep quality
among CRC patients may assist in identifying at-risk patients and facilitate improved
symptom management. Anatomic site may play a role in sleep disturbances, because pa-
tients with rectal cancer tend to have different symptoms and undergo different treatments
than those with colon cancer. Therefore, site-specific survivorship care recommendations
with regards to sleep may be warranted.

To the best of our knowledge, no studies have previously assessed sleep quality of
CRC patients according to the anatomic site of their tumor. We therefore examined whether
anatomic site (i.e., rectal vs. colon) was associated with sleep quality in a large prospective
study of CRC patients.

2. Materials and Methods
2.1. Study Population

The Cancer Surveillance System (CSS) is a subset of the National Cancer Institute’s
Surveillance, Epidemiology and End Results (SEER) registry. CSS is a population-based
cancer registry collecting information on all cancer cases occurring in the 13-county west-
ern Washington region [18,19]. Each cancer case and its common personal, tumor, and
treatment data elements are identified, confirmed, and collected using the North American
Association of Central Cancer Registries (NAACCR) protocols [20]. Among the cancer cases
in the CSS registry, we used International Classification of Diseases, Oncology, Version 3
(ICD-O-3) codes to identify patients with CRC: C180, C182-C189, C199, and C209. CRC
patients who were diagnosed between April 1, 2016 and December 31, 2018 at the ages of
20–74 were eligible for study recruitment (N = 2983). Patients were excluded from study
contact due to non-sharable names, research opt-out, or being deceased pre-contact.

For this study, the CSS program contacted eligible CRC patients via mail about
3-months post-diagnosis to inform them of their potential eligibility for research and
to allow them to opt out of research contact. Patients who were alive at the start of their
recruitment and who did not opt out of research were approached with an introductory
study letter and a follow-up telephone call to assess study eligibility and address questions
about their study participation and consent. We were unable to determine eligibility in
339 cases and determined 300 cases to be ineligible due to language barriers, residence
outside the study area, or inability to participate due to illness and/or impairment.

A total of 2345 confirmed eligible CRC patients were identified. Of these, 56 (2%)
were deceased before enrollment, 294 (13%) were lost to contact, and 541 (23%) declined to
participate. A total of 1454 (62%) consented to participate and were subsequently enrolled
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in the study. A CONSORT diagram detailing this recruitment flow appears in Supplemental
Figure S1. All participants provided informed consent, and this study was approved by
the Institutional Review Board of the Fred Hutchinson Cancer Research Center.

2.2. Sleep Quality Assessment

Sleep quality was assessed through baseline questionnaires conducted by telephone
interview, online-portal, or paper after diagnosis. We assessed sleep quality using com-
ponents of the standardized Pittsburgh Sleep Quality Index for the past month [21]. Par-
ticipants were asked about hours of sleep, reasons related to trouble sleeping, trouble
staying awake, sleep quality, snoring, stopping breathing during sleep, and change in sleep
behavior. Hours of sleep was defined as actual sleep in a typical 24-h period with responses
ranging hourly from 5 to 10 h and more than 10 h. Sleep hours were also categorized into
<7, 7–8, and ≥9 h, with 7–8 h representing recommended hours of sleep [22]. Reasons
related to trouble sleeping included not falling asleep within 30 min, waking up in the
middle of the night or early morning, having to get up to use the bathroom, having pain,
and having issues breathing comfortably or coughing or snoring loudly. Trouble staying
awake was defined as trouble staying awake while driving, eating meals, or engaging in
social activities, with responses measured in frequency (not at all, less than 1 time per
week, 1 or 2 times per week, and 3 or more times per week). Trouble staying awake was
dichotomized to yes (less than 1 time per week, 1–2 times per week, and 3 or more times per
week) and no (not at all). Sleep quality was rated as very good, fairly good, fairly bad, or
very bad and then dichotomized into poor sleep quality (fairly bad and very bad) and good
sleep quality (fairly good and very good). To assess the utilization of sleep medication,
participants were asked if they take any medication at bedtime to help with sleep, with
responses measured in frequency (not in the past month, less than once a week, 1 or 2 times
a week, and 3 or more times a week). Sleep medication utilization was dichotomized to
yes (less than once a week, 1 or 2 times a week, 3 or more times a week) and no (not in the
past month). To assess change in sleep behavior, participants were asked if their behavior
had changed since diagnosed with cancer (yes, no).

2.3. Tumor Site Ascertainment

Tumor location was obtained for all participants from pathology reports to the CSS
registry made by local hospitals. Colon cancer was defined as ICD-O-3 codes C180 and
C182–C189, and rectal cancer was defined as codes C199 and C209.

2.4. Covariates

The study questionnaire also collected detailed data on known and suspected risk
factors for CRC, including smoking history, aspirin and other NSAID use, postmenopausal
hormone use by women, family history of CRC, body mass index (BMI), CRC screening
and treatment, and other lifestyle and medical factors. Demographics were also obtained,
including age at cancer diagnosis, sex, educational attainment, and income level.

2.5. Statistical Analysis

Differences in sleep quality by CRC site were evaluated with chi-square tests. This
was performed for sleep hours (≤5, 6, 7, 8, 9, 10, >10 h) and binary variables (yes,
no) such as problems staying awake, bad sleep quality, sleep medication, not sleeping
within 30 min, waking up in the middle of the night, using the bathroom, pain, breath-
ing/coughing/snoring, and no problems sleeping.

We used logistic regression to calculate unadjusted and adjusted odds ratios (ORs) and
95% confidence intervals (CIs) to compare the odds of sleep quality components according
to CRC site (rectal vs. colon cancer). Components of sleep quality included categorical
sleep amount (<7, 7–8, ≥9 h) and dichotomized problems staying awake, poor sleep quality,
sleep medication use, issues relating to trouble sleeping, and change in sleep behavior after
diagnosis. All estimates of association were adjusted for a priori-determined confounders
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of age at diagnosis (years), sex (male, female), BMI (kg/m2), education (high school or less,
some college, college graduate or higher), stage at diagnosis (localized, regional, distant),
and time since diagnosis (months).

In sensitivity analyses, we examined the association between sleep quality and cancer
stage at diagnosis. Specifically, we compared the sleep quality among participants with
regional- and distant-stage cancers to participants with local-stage cancer adjusted for age
at diagnosis, sex, education, cancer site, and time since diagnosis. We additionally assessed
sleep quality components according to CRC site stratified by cancer stage at diagnosis:
localized, regional, and distant. We also assessed whether having an ostomy was associated
with components of the sleep index. Sensitivity analyses excluded BMI, which provided no
differing results, due to convergence issues in models. To assess whether chemoradiation
and radiation affected the model, we excluded participants without chemotherapy and
radiation data and used logistic regression to assess odds of sleep quality components
according to CRC site, and additionally adjusted for chemotherapy (yes, no) and radiation
(yes, no).

All statistical analyses were performed in SAS (Version 9.4, SAS Institute, Inc., Cary, NC,
USA). All p-values were 2-sided, and a p-value of < 0.05 was considered statistically significant.

3. Results

Rectal cancer patients were more likely than colon cancer patients to be younger
(p < 0.001), have lower BMI (p = 0.050), and to have an ostomy (p < 0.001). They were also
more likely than colon cancer patients to have received chemotherapy and have undergone
radiation therapy (Table 1).

Table 1. Baseline characteristics of colorectal cancer patients by cancer site (N = 1453).

Overall
N = 1453

N (%)

Rectal Cancer
N = 543
N (%)

Colon Cancer
N = 910
N (%)

p-Value

Age (years) 57.6 ± 10.6 55.6 ± 10.2 58.8 ± 10.7 <0.001
Sex 0.270
Male 789 (54.3) 305 (56.2) 484 (53.2)
Female 664 (45.7) 238 (43.8) 426 (46.8)
Race 0.127
Caucasian/White 1144 (78.7) 416 (76.6) 728 (80.0)
Person of Color 1 252 (17.3) 108 (19.9) 144 (15.8)
Missing 57 (3.9) 19 (3.5) 38 (4.2)
Education 0.173
Less than HS or HS graduate 2 295 (20.3) 124 (22.8) 171 (18.8)
Some college 494 (34.0) 183 (33.7) 311 (34.2)
College graduate or higher 650 (44.7) 229 (42.2) 421 (46.3)
BMI 0.050
<25 526 (36.2) 208 (38.3) 318 (35.0)
25–30 444 (30.6) 178 (32.8) 266 (29.2)
>30 446 (30.7) 143 (26.3) 303 (33.3)
Missing 37 (2.6) 14 (2.6) 23 (2.5)
Income <0.001
Less than $30,000 316 (21.8) 134 (24.7) 182 (20.0)
$30,000–$69,000 346 (23.8) 99 (18.2) 247 (27.1)
$70,000+ 682 (46.9) 276 (50.8) 406 (44.6)
Missing 109 (7.5) 34 (6.3) 75 (8.2)
Stage 0.004
Localized 531 (36.6) 173 (31.9) 358 (39.3)
Regional 622 (42.8) 261 (48.1) 361 (39.7)
Distant 267 (18.4) 93 (17.1) 174 (19.1)
Missing 33 (2.3) 16 (3.0) 17 (1.9)
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Table 1. Cont.

Overall
N = 1453

N (%)

Rectal Cancer
N = 543
N (%)

Colon Cancer
N = 910
N (%)

p-Value

Ostomy <0.001
Yes 290 (20.0) 210 (38.7) 80 (8.8)
No 1157 (79.6) 330 (60.8) 827 (90.9)
Chemotherapy 3 647 (44.5) 254 (46.8) 393 (43.2) <0.001
Radiation 3 185 (12.7) 170 (31.3) 15 (1.7) <0.001
Time Since Diagnosis (Months) 6.9 ± 3.5 7.3 ± 3.8 6.7 ± 3.4 0.001

NOTE: Some percentages do not sum to 100 due to missing data and rounding. 1 Includes African American/Black,
Latino, Hispanic, or Spanish Origin, American Indian/Alaska Native, Asian, Native Hawaiian or other Pacific
Islander, Multiethnic. 2 HS: high school. 3 Missing for > 20% of all participants.

Among all participants, 70% reported issues sleeping (75% among rectal cancer pa-
tients and 68% among colon cancer patients). The most prevalent issues involved waking
up to use the bathroom (30%), waking up in the middle of sleep (26%), and unable to sleep
within 30 min (18%). Nearly half of participants reported sleeping 7–8 h a night. As shown
in Table 2, significant differences were found in sleep quality (p = 0.005), problems with
sleeping (p < 0.001), trouble sleeping due to bathroom use (p = 0.002), trouble sleeping due
to pain (p = 0.005), and changes in sleep behavior after diagnosis (p = 0.002) between rectal
and colon cancer patients. No differences were found in other sleep quality components,
including hours of sleep, as seen in Table 2 and Figure 1.

Table 2. Differences in sleep quality by CRC site (N = 1453).

Overall
N = 1453

N (%)

Rectal Cancer
N = 543
N (%)

Colon Cancer
N = 910
N (%)

p-Value

Sleep Duration 0.244
≤5 h 166 (11.4) 71 (13.1) 95 (10.4)
6 h 333 (22.9) 137 (25.2) 196 (21.5)
7 h 357 (24.6) 132 (24.3) 225 (24.7)
8 h 317 (21.8) 100 (18.4) 217 (23.9)
9 h 123 (8.5) 46 (8.5) 77 (8.5)
>10 h 67 (4.6) 25 (4.6) 42 (4.6)
>10 h 50 (3.4) 19 (3.5) 31 (3.4)
Problems Staying Awake 195 (13.4) 72 (13.3) 123 (13.5) 0.612
Poor Sleep Quality 1 321 (22.1) 141 (26.0) 180 (19.8) 0.005
Sleep Medication Use 259 (17.8) 101 (18.6) 158 (17.4) 0.820
Trouble Sleeping Issues
Any problems 1019 (70.1) 405 (74.6) 614 (67.5) <0.001
No sleep within 30 min 261 (18.0) 107 (19.7) 154 (16.9) 0.128
Wake up in middle of sleep 381 (26.2) 152 (28.0) 229 (25.2) 0.147
Use the bathroom 438 (30.1) 189 (34.8) 249 (27.4) 0.002
Pain 209 (14.4) 96 (17.7) 113 (12.4) 0.005
Breathing/cough/snore 54 (3.7) 14 (2.6) 40 (4.4) 0.097
Change in Sleep 268 (18.4) 125 (23.0) 143 (15.7) 0.002

NOTE: Some percentages do not sum to 100 due to missing data and rounding. 1 Participants noted their sleep as
either “fairly bad” or “very bad”.
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The associations (reported as OR (95% CIs)) between sleep quality and CRC site are
shown in Table 3. In our fully adjusted models, there was an association between reports of
problems with trouble sleeping and CRC site (rectal versus colon, 1.58 (1.19, 2.10)). There
were also statistically significant associations with trouble sleeping due to various sleep
issues. Rectal cancer patients were more likely to have trouble sleeping due to getting up
to use the bathroom (1.53 (1.20, 1.96)) and pain (1.58 (1.15, 2.17)). However, they were less
likely to have trouble sleeping due to issues surrounding breathing, coughing, and/or
snoring (0.51 (0.27, 0.99)). Rectal cancer patients were also more likely to experience a
change in sleep behavior after cancer diagnosis (1.38 (1.05, 1.80)). No statistically significant
associations with CRC site were observed for other metrics of sleep quality, including
amount of sleep, problems staying awake, sleep quality, sleep medication, and trouble
sleeping due to being unable to fall asleep within 30 min and waking up in the middle
of sleep.

Table 3. Association of sleep quality among rectal cancer patients compared to colon cancer patients
(N = 1453).

Unadjusted OR (95% CI) Adjusted 1 OR (95% CI)

Sleep Duration
<7 h 1.31 (1.05, 1.64) 1.22 (0.97, 1.55)
7–8 h 0.78 (0.63, 0.96) 0.84 (0.67, 1.05)
≥9 h 1.00 (0.75, 1.33) 0.99 (0.73, 1.34)
Problems Staying Awake 0.97 (0.71, 1.33) 0.87 (0.63, 1.21)
Poor Sleep Quality 1.40 (1.09, 1.80) 1.26 (0.97, 1.64)
Sleep Medication Use 1.07 (0.79, 1.46) 1.08 (0.78, 1.49)
Trouble Sleeping Issues
Any problems 1.71 (1.30, 2.25) 1.58 (1.19, 2.10)
No sleep within 30 min 1.24 (0.94, 1.64) 1.13 (0.84, 1.51)
Wake up in middle of sleep 1.20 (0.94, 1.53) 1.15 (0.89, 1.49)
Use the bathroom 1.48 (1.17, 1.87) 1.53 (1.20, 1.96)
Pain 1.56 (1.16, 2.11) 1.58 (1.15, 2.17)
Breathing/cough/snore 0.59 (0.32, 1.09) 0.51 (0.27, 0.99)
Change in Sleep 1.53 (1.18, 1.97) 1.38 (1.05, 1.80)

1 Adjusted for age at diagnosis (years), sex (male, female), BMI (kg/m2), education (high school or less, some
college, college graduate or higher), cancer stage at diagnosis (localized, regional, distant), and time since
diagnosis (months).

Sleep quality and cancer stage analyses are summarized in Supplemental Table S1.
Patients with regional- (2.27 (1.62, 3.18)) or distant (2.32 (1.54, 3.51))-stage cancer were
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over twice as likely to sleep 9 or more hours compared to patients with localized-stage
cancer. Patients diagnosed at a later stage were also more likely to report taking sleep
medication (distant versus localized, 2.13 (1.38, 3.27)) and to report having changes in sleep
behavior (distant versus localized, 2.50 (1.73, 3.62)). Distant cancer stage patients were also
more likely to have trouble falling asleep within 30 min compared to localized cancer stage
patients (1.81 (1.25, 2.62)). No statistically significant associations of CRC stage at diagnosis
and other components of sleep quality were seen. When observing the association between
sleep quality components and CRC site stratified by cancer stage, among localized-stage
cancer patients, rectal cancer cases were more likely to report poor sleep quality (1.75 (1.10,
2.79)), problems with trouble sleeping (1.87 (1.17, 3.00)), and change in sleep behavior after
diagnosis (1.91 (1.12, 3.23)) compared to colon cancer patients (Supplemental Table S2).
Rectal cancer patients were also more likely to report trouble sleeping due to using the
bathroom compared to colon cancer patients among localized- (1.66 (1.09, 2.51)) and
distant (2.10 (1.16, 3.81))-stage cancer patients. No statistically significant associations were
observed between CRC site and sleep components in other stages of cancer.

Among patients with data on chemotherapy and radiation (N = 1148), adjusting
for chemotherapy and radiation provided similar results for associations between sleep
quality components and CRC sites (Supplemental Table S3). However, after adjusting for
treatment type, no association was found between CRC site and having trouble sleeping
due to breathing, coughing, or snoring (0.66 (0.27, 1.63)) and changes in sleep behavior
after diagnosis (1.18 (0.79, 1.77)). Associations between other sleep components and CRC
site remained not statistically significant.

No statistically significant associations were observed between ostomy and sleep
quality components (data not shown). Adding ostomy to the adjusted model also did not
significantly change results.

4. Discussion
4.1. Main Findings

In this population-based study, we observed statistically significant associations be-
tween sleep quality and rectal versus colon cancer site. There was evidence that rectal
cancer patients had worse sleep quality than patients diagnosed with colon cancer. To our
knowledge, this is the first study to examine differences in sleep quality in cancer patients
by CRC anatomic site.

4.2. Interpretation of Findings

The study results indicate that sleep quality was worse for patients diagnosed with
rectal cancer compared to patients with colon cancer, even though they reported reduced
symptoms of sleep-disordered breathing (breathing, coughing, snoring). In particular,
they experienced more problems sleeping, having to use the bathroom at night, and pain.
Our study also indicates that rectal cancer patients were more likely than colon cancer
patients to have changes in sleep behavior after diagnosis. Rectal cancer patients may have
worse sleep quality due to distinctive symptoms and different treatments. Standard-of-
care treatment differs between the two anatomic sites, with most localized rectal cancer
patients requiring neoadjuvant radiation in addition to the chemotherapy that is used
for colon cancer patients [23]. Additionally, primary rectal cancer surgery often requires
a low anterior resection, which can result in a spectrum of symptoms known as Low
Anterior Resection Syndrome, or a permanent colostomy [24]. Low Anterior Resection
Syndrome is a collection of symptoms or issues after removing a part of the rectum,
including fecal incontinence and evacuation difficulties, that negatively affects quality of
life [24]. Symptoms from both Low Anterior Resection Syndrome and colostomies can
explain deficits in sleep quality.

Sensitivity analyses also found that later-stage (regional and distant) CRC patients are
twice as likely to sleep 9 or more hours per night. Longer duration of sleep has been found
to be associated with all-cause mortality [25]. In fact, a statistically significant relationship
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between sleep duration, including both shorter and longer sleep durations, and survival
has been shown [26]. Sleep quality also differed between rectal and colon cancer patients
by stage, especially for issues surrounding problems sleeping.

4.3. Implications for Research and Practice

Our study suggests that clinical providers should pay particularly close attention
to sleep issues in rectal cancer patients. Given that sleep issues may have implications
for recovery and long-term prognosis, the burden of sleep problems among rectal cancer
patients in particular presents an area of need. Healthy sleep promotes a healthy immune
system, which is important in the cancer continuum, including mortality, recurrence, or
second primaries [27]. Studies have shown that sleep quality could negatively impact
health. A study with the Behavioral Risk Factor Surveillance System (BRFSS) found that
insufficient sleep was significantly associated with diabetes mellitus, coronary heart disease,
stroke, high blood pressure, asthma, and arthritis [8]. Similarly, studies from the National
Health and Nutrition Examine Survey (NHANES) have indicated that duration and quality
of sleep were associated with pre-diabetes and decreased odds of ideal cardiovascular
health [28,29]. Compared to the general population, both rectal and colon cancer patients
experience a higher prevalence of sleep problems than that of the general population. Data
from the WHO’s World Health Survey found that the prevalence of sleep problems was
8%, while our study indicated a prevalence of 70% among CRC patients, and up to 75%
among rectal cancer patients [30].

There are multiple hypotheses surrounding sleep deficits and their effects on health.
Genes that are implicated in circadian rhythm are also involved with DNA repair, as
seen in rhythm/biological clock-associated proteins being involved in tumorigenesis and
cancer progression through their relationship with cell cycle and DNA damage response
pathways [31]. This may mean that sleep deficits can play a large role in chronic diseases
affected by biological clock-associated proteins. There also may be an effect due to the
pineal hormone melatonin, which is involved in circadian regulation and facilitation of
sleep, inhibition of cancer growth, and enhancement of immune function [27,32]. However,
there are also effects of sleep and the immune system that are independent of melatonin,
indicating that sleep disruption could lead to immune suppression and lead to predomi-
nance in cancer-stimulatory cytokines [32]. A weakened immune system could ultimately
impact CRC survivorship, negatively affecting the ability to fight a CRC diagnosis.

The relationship of sleep quality with outcomes within this population is complex. A
systematic review of health care needs of cancer survivors reported that these involved
psychosocial needs, help with medical issues, and information on cancer, recovery, late
treatment effects, and adjusting to life after treatment [33]. An evaluation of adult sur-
vivorship programs in 25 US cancer centers found that 56% of centers reported screening
less than 25% of survivors for sleep disorders, with few clinicians being well-prepared to
conduct a proper sleep evaluation [34]. These prior studies indicate that clinicians may not
focus as much on sleep patterns and sleep quality as a cancer survivorship issue.

4.4. Strengths and Limitations

The strengths of this study include the large, well-characterized study population
and the ability to assess multiple components of sleep. There are some limitations that
should be considered in interpreting our results. Our questionnaire elicited details on sleep
components in the preceding month. However, more detailed information in terms of a
full sleep quality scale, such as the Patient-Reported Outcomes Measurement Information
System Sleep Disturbance and Sleep-Related Impairment tool [35] or the full Pittsburgh
Sleep Quality Index, could provide more insight and comparable scoring. In addition, we
lack objective measures of sleep disturbance, such as polysomnography or consumer sleep
technologies [36]. We also only had sleep quality data from one timepoint, so we could
not assess the impact of CRC site on sleep over time. The study sample size also limited
our analysis on how CRC site may affect an individual sleep hours breakdown. Although
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our models have accounted for numerous potential confounders, residual confounding
may still be present. We also lacked more detailed data on treatment (e.g., type of surgery,
type of chemotherapy) and cancer symptoms that could potentially explain the effects of
CRC site on sleep quality. Our study was also a case-only analysis, which prevents us from
extrapolating these results to indicate an increased risk of CRC associated with aspects
of sleep.

5. Conclusions

Colon and rectal cancer were differentially associated with sleep quality in this study.
Clinical providers that work with cancer survivors, in particular rectal cancer patients,
should pay close attention to sleep issues that may adversely impact health outcomes
among these cancer survivors. Additional studies should explore the driving factors
behind the association between CRC anatomic site and sleep quality to better address
clinical evaluation and management of sleep problems among CRC survivors.
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Author Contributions: Conceptualization, M.T., N.F.W., R.C.M., P.A.N. and A.I.P.; methodology,
M.T., N.F.W., A.S., J.D.L., S.A.C., A.N.B.-H., P.A.N. and A.I.P.; formal analysis, M.T.; data curation,
M.T. and R.C.M.; writing—original draft preparation, M.T.; writing—review and editing, M.T.,
N.F.W., A.S., J.D.L., S.A.C., R.C.M., A.M.R., A.N.B.-H., P.A.N. and A.I.P.; supervision, P.A.N. and
A.I.P.; project administration, R.C.M.; funding acquisition, R.C.M., A.N.B.-H., P.A.N. and A.I.P. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Institutes of Health/National Cancer Institute,
grant number R01 CA196337, K05 CA 152715, T32 CA094880.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of the Fred Hutchinson
Cancer Research Center.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data are publicly accessible to qualified investigators upon request.

Acknowledgments: The authors would like to thank the generous study participants and research
staff for their contributions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Palesh, O.; Peppone, L.; Innominato, P.F.; Janelsins, M.; Jeong, M.; Sprod, L.; Savard, J.; Rotatori, M.; Kesler, S.; Telli, M.; et al.

Prevalence, putative mechanisms, and current management of sleep problems during chemotherapy for cancer. Nat. Sci. Sleep
2012, 4, 151–162. [CrossRef] [PubMed]

2. Howell, D.; Oliver, T.K.; Keller-Olaman, S.; Davidson, J.R.; Garland, S.; Samuels, C.; Savard, J.; Harris, C.; Aubin, M.; Olson, K.;
et al. Sleep disturbance in adults with cancer: A systematic review of evidence for best practices in assessment and management
for clinical practice. Ann. Oncol. 2014, 25, 791–800. [CrossRef] [PubMed]

3. Innominato, P.F.; Spiegel, D.; Ulusakarya, A.; Giacchetti, S.; Bjarnason, G.A.; Lévi, F.; Palesh, O. Subjective sleep and overall
survival in chemotherapy-naïve patients with metastatic colorectal cancer. Sleep Med. 2015, 16, 391–398. [CrossRef] [PubMed]

4. Kato, M.; Phillips, B.G.; Sigurdsson, G.; Narkiewicz, K.; Pesek, C.A.; Somers, V.K. Effects of sleep deprivation on neural circulatory
control. Hypertension 2000, 35, 1173–1175. [CrossRef]

5. Meier-Ewert, H.K.; Ridker, P.M.; Rifai, N.; Regan, M.M.; Price, N.J.; Dinges, D.F.; Mullington, J.M. Effect of sleep loss on C-reactive
protein, an inflammatory marker of cardiovascular risk. J. Am. Coll. Cardiol. 2004, 43, 678–683. [CrossRef] [PubMed]

6. Spiegel, K.; Leproult, R.; Van Cauter, E. Impact of sleep debt on metabolic and endocrine function. Lancet 1999, 354, 1435–1439.
[CrossRef]

https://www.mdpi.com/article/10.3390/cancers13112578/s1
https://www.mdpi.com/article/10.3390/cancers13112578/s1
http://doi.org/10.2147/NSS.S18895
http://www.ncbi.nlm.nih.gov/pubmed/23486503
http://doi.org/10.1093/annonc/mdt506
http://www.ncbi.nlm.nih.gov/pubmed/24287882
http://doi.org/10.1016/j.sleep.2014.10.022
http://www.ncbi.nlm.nih.gov/pubmed/25678361
http://doi.org/10.1161/01.HYP.35.5.1173
http://doi.org/10.1016/j.jacc.2003.07.050
http://www.ncbi.nlm.nih.gov/pubmed/14975482
http://doi.org/10.1016/S0140-6736(99)01376-8


Cancers 2021, 13, 2578 10 of 11

7. Von Ruesten, A.; Weikert, C.; Fietze, I.; Boeing, H. Association of sleep duration with chronic diseases in the European Prospective
Investigation into Cancer and Nutrition (EPIC)-Potsdam study. PLoS ONE 2012, 7, e30972. [CrossRef]

8. Liu, Y.; Croft, J.B.; Wheaton, A.G.; Perry, G.S.; Chapman, D.P.; Strine, T.W.; McKnight-Eily, L.R.; Presley-Cantrell, L. Association
between perceived insufficient sleep, frequent mental distress, obesity and chronic diseases among US adults, 2009 behavioral
risk factor surveillance system. BMC Public Health 2013, 13, 84. [CrossRef]

9. Cappuccio, F.P.; D’Elia, L.; Strazzullo, P.; Miller, M.A. Sleep duration and all-cause mortality: A systematic review and meta-
analysis of prospective studies. Sleep 2010, 33, 585–592. [CrossRef]

10. Manocchia, M.; Keller, S.; Ware, J.E. Sleep problems, health-related quality of life, work functioning and health care utilization
among the chronically ill. Qual. Life Res. Int. J. Qual. Life Asp. Treat. Care Rehabil. 2001, 10, 331–345. [CrossRef]

11. Roscoe, J.A.; Kaufman, M.E.; Matteson-Rusby, S.E.; Palesh, O.G.; Ryan, J.L.; Kohli, S.; Perlis, M.L.; Morrow, G.R. Cancer-related
fatigue and sleep disorders. Oncologist 2007, 12 (Suppl 1), 35–42. [CrossRef]

12. Flynn, K.E.; Shelby, R.A.; Mitchell, S.A.; Fawzy, M.R.; Hardy, N.C.; Husain, A.M.; Keefe, F.J.; Krystal, A.D.; Porter, L.S.; Reeve,
B.B.; et al. Sleep-wake functioning along the cancer continuum: Focus group results from the Patient-Reported Outcomes
Measurement Information System (PROMIS(®)). Psychooncology 2010, 19, 1086–1093. [CrossRef] [PubMed]

13. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef] [PubMed]
14. Siegel, R.L.; Miller, K.D.; Goding Sauer, A.; Fedewa, S.A.; Butterly, L.F.; Anderson, J.C.; Cercek, A.; Smith, R.A.; Jemal, A.

Colorectal cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 145–164. [CrossRef] [PubMed]
15. Wilson, T.R.; Birks, Y.F.; Alexander, D.J. A qualitative study of patient perspectives of health-related quality of life in colorectal

cancer: Comparison with disease-specific evaluation tools. Colorectal Dis. Off. J. Assoc. Coloproctol. Great Br. Irel. 2010, 12, 762–769.
[CrossRef] [PubMed]

16. Dunn, J.; Lynch, B.; Rinaldis, M.; Pakenham, K.; McPherson, L.; Owen, N.; Leggett, B.; Newman, B.; Aitken, J. Dimensions of
quality of life and psychosocial variables most salient to colorectal cancer patients. Psycho-Oncology 2006, 15, 20–30. [CrossRef]

17. Coles, T.; Tan, X.; Bennett, A.V.; Sanoff, H.K.; Basch, E.; Jensen, R.E.; Reeve, B.B. Sleep quality in individuals diagnosed with
colorectal cancer: Factors associated with sleep disturbance as patients transition off treatment. Psycho-Oncology 2018, 27,
1050–1056. [CrossRef]

18. Park, H.S.; Lloyd, S.; Decker, R.H.; Wilson, L.D.; Yu, J.B. Overview of the Surveillance, Epidemiology, and End Results database:
Evolution, data variables, and quality assurance. Curr. Probl. Cancer 2012, 36, 183–190. [CrossRef]

19. Enewold, L.; Parsons, H.; Zhao, L.; Bott, D.; Rivera, D.R.; Barrett, M.J.; Virnig, B.A.; Warren, J.L. Updated Overview of the
SEER-Medicare Data: Enhanced Content and Applications. JNCI Monogr. 2020, 2020, 3–13. [CrossRef]

20. Seiffert, J.E. Development and use of the North American Association of Central Cancer Registries standards for cancer registries.
Top. Health Inf. Manag. 1997, 17, 35–44.

21. Mollayeva, T.; Thurairajah, P.; Burton, K.; Mollayeva, S.; Shapiro, C.M.; Colantonio, A. The Pittsburgh sleep quality index as a
screening tool for sleep dysfunction in clinical and non-clinical samples: A systematic review and meta-analysis. Sleep Med. Rev.
2016, 25, 52–73. [CrossRef]

22. Watson, N.F.; Badr, M.S.; Belenky, G.; Bliwise, D.L.; Buxton, O.M.; Buysse, D.; Dinges, D.F.; Gangwisch, J.; Grandner, M.A.;
Kushida, C.; et al. Recommended Amount of Sleep for a Healthy Adult: A Joint Consensus Statement of the American Academy
of Sleep Medicine and Sleep Research Society. Sleep 2015, 38, 843–844. [CrossRef]

23. Tamas, K.; Walenkamp, A.M.E.; de Vries, E.G.E.; van Vugt, M.A.T.M.; Beets-Tan, R.G.; van Etten, B.; de Groot, D.J.A.; Hospers,
G.A.P. Rectal and colon cancer: Not just a different anatomic site. Cancer Treat. Rev. 2015, 41, 671–679. [CrossRef]

24. Keane, C.; Fearnhead, N.S.; Bordeianou, L.G.; Christensen, P.; Basany, E.E.; Laurberg, S.; Mellgren, A.; Messick, C.; Orangio, G.R.;
Verjee, A.; et al. International Consensus Definition of Low Anterior Resection Syndrome. Dis. Colon Rectum 2020, 63, 274–284.
[CrossRef] [PubMed]

25. Khan, H.; Kella, D.; Kunutsor, S.K.; Savonen, K.; Laukkanen, J.A. Sleep Duration and Risk of Fatal Coronary Heart Disease,
Sudden Cardiac Death, Cancer Death, and All-Cause Mortality. Am. J. Med. 2018, 131, 1499–1505.e1492. [CrossRef] [PubMed]

26. Collins, K.P.; Geller, D.A.; Antoni, M.; Donnell, D.M.; Tsung, A.; Marsh, J.W.; Burke, L.; Penedo, F.; Terhorst, L.; Kamarck, T.W.;
et al. Sleep duration is associated with survival in advanced cancer patients. Sleep Med. 2017, 32, 208–212. [CrossRef] [PubMed]

27. Irwin, M.R. Why sleep is important for health: A psychoneuroimmunology perspective. Annu. Rev. Psychol. 2015, 66, 143–172.
[CrossRef] [PubMed]

28. Engeda, J.; Mezuk, B.; Ratliff, S.; Ning, Y. Association between duration and quality of sleep and the risk of pre-diabetes: Evidence
from NHANES. Diabet. Med. 2013, 30, 676–680. [CrossRef] [PubMed]

29. Cash, R.E.; Beverly Hery, C.M.; Panchal, A.R.; Bower, J.K. Association Between Sleep Duration and Ideal Cardiovascular Health
Among US Adults, National Health and Nutrition Examination Survey, 2013–2016. Prev. Chronic Dis. 2020, 17, E43. [CrossRef]

30. Koyanagi, A.; Stickley, A. The Association between Sleep Problems and Psychotic Symptoms in the General Population: A Global
Perspective. Sleep 2015, 38, 1875–1885. [CrossRef]

31. Collis, S.J.; Boulton, S.J. Emerging links between the biological clock and the DNA damage response. Chromosoma 2007, 116,
331–339. [CrossRef]

32. Blask, D.E. Melatonin, sleep disturbance and cancer risk. Sleep Med. Rev. 2009, 13, 257–264. [CrossRef] [PubMed]
33. Hoekstra, R.A.; Heins, M.J.; Korevaar, J.C. Health care needs of cancer survivors in general practice: A systematic review. BMC

Fam. Pract. 2014, 15, 94. [CrossRef]

http://doi.org/10.1371/journal.pone.0030972
http://doi.org/10.1186/1471-2458-13-84
http://doi.org/10.1093/sleep/33.5.585
http://doi.org/10.1023/A:1012299519637
http://doi.org/10.1634/theoncologist.12-S1-35
http://doi.org/10.1002/pon.1664
http://www.ncbi.nlm.nih.gov/pubmed/20013938
http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://doi.org/10.3322/caac.21601
http://www.ncbi.nlm.nih.gov/pubmed/32133645
http://doi.org/10.1111/j.1463-1318.2009.01857.x
http://www.ncbi.nlm.nih.gov/pubmed/19341398
http://doi.org/10.1002/pon.919
http://doi.org/10.1002/pon.4595
http://doi.org/10.1016/j.currproblcancer.2012.03.007
http://doi.org/10.1093/jncimonographs/lgz029
http://doi.org/10.1016/j.smrv.2015.01.009
http://doi.org/10.5665/sleep.4716
http://doi.org/10.1016/j.ctrv.2015.06.007
http://doi.org/10.1097/DCR.0000000000001583
http://www.ncbi.nlm.nih.gov/pubmed/32032141
http://doi.org/10.1016/j.amjmed.2018.07.010
http://www.ncbi.nlm.nih.gov/pubmed/30076817
http://doi.org/10.1016/j.sleep.2016.06.041
http://www.ncbi.nlm.nih.gov/pubmed/28366336
http://doi.org/10.1146/annurev-psych-010213-115205
http://www.ncbi.nlm.nih.gov/pubmed/25061767
http://doi.org/10.1111/dme.12165
http://www.ncbi.nlm.nih.gov/pubmed/23425048
http://doi.org/10.5888/pcd17.190424
http://doi.org/10.5665/sleep.5232
http://doi.org/10.1007/s00412-007-0108-6
http://doi.org/10.1016/j.smrv.2008.07.007
http://www.ncbi.nlm.nih.gov/pubmed/19095474
http://doi.org/10.1186/1471-2296-15-94


Cancers 2021, 13, 2578 11 of 11

34. Zhou, E.S.; Partridge, A.H.; Syrjala, K.L.; Michaud, A.L.; Recklitis, C.J. Evaluation and treatment of insomnia in adult cancer
survivorship programs. J. Cancer Surviv. 2017, 11, 74–79. [CrossRef] [PubMed]

35. Lei, D.K.; Yousaf, M.; Janmohamed, S.R.; Vakharia, P.P.; Chopra, R.; Sacotte, R.; Patel, K.R.; Singam, V.; Immaneni, S.; Kantor, R.;
et al. Validation of Patient-Reported Outcomes Information System Sleep Disturbance and Sleep-Related Impairment in adults
with atopic dermatitis. Br. J. Dermatol. 2020, 183, 875–882. [CrossRef] [PubMed]

36. Watson, N.F.; Lawlor, C.; Raymann, R.J.E.M. Will Consumer Sleep Technologies Change the Way We Practice Sleep Medicine? J.
Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2019, 15, 159–161. [CrossRef] [PubMed]

http://doi.org/10.1007/s11764-016-0564-1
http://www.ncbi.nlm.nih.gov/pubmed/27495283
http://doi.org/10.1111/bjd.18920
http://www.ncbi.nlm.nih.gov/pubmed/32017011
http://doi.org/10.5664/jcsm.7596
http://www.ncbi.nlm.nih.gov/pubmed/30621844

	Introduction 
	Materials and Methods 
	Study Population 
	Sleep Quality Assessment 
	Tumor Site Ascertainment 
	Covariates 
	Statistical Analysis 

	Results 
	Discussion 
	Main Findings 
	Interpretation of Findings 
	Implications for Research and Practice 
	Strengths and Limitations 

	Conclusions 
	References

