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Study Objectives: Poor sleep quality and short sleep duration have been associated with elevated risk for several cancer types; however, the relationship
between sleep and cancer outcomes has not been well characterized. We assessed the association between pre-diagnostic sleep attributes and subsequent
cancer survival within the Women's Health Initiative (WHI).

Methods: We identified WHI participants in whom a first primary invasive cancer had been diagnosed during follow-up (n = 21,230). Participants provided
information on sleep characteristics at enrollment. Cox regression was used to calculate hazard ratios (HRs) and 95% confidence intervals (Cls) for
associations between these pre-diagnostic sleep characteristics and cancer-specific survival for all cancers combined and separately for common cancers.
Analyses were adjusted for age, study arm, cancer site, marital status, income, smoking, physical activity, and time to diagnosis.

Results: No individual pre-diagnostic sleep characteristics were found to be significantly associated with cancer survival in analyses of all cancer sites
combined; however, women who reported short sleep duration (< 6 h sleep/night) combined with frequent snoring (= 5 nights/w experienced significantly
poorer cancer-specific survival than those who reported 7-8 h of sleep/night and no snoring (HR = 1.32, 95% CI: 1.14-1.54). Short sleep duration (HR = 1.46,
95% Cl: 1.07-1.99) and frequent snoring (HR = 1.34, 95% CI: 0.98-1.85) were each associated with poorer breast cancer survival; those reporting short
sleep combined with frequent snoring combined had substantially poorer breast cancer survival than those reporting neither (HR = 2.14, 95% CI: 1.47-3.13).
Conclusions: Short sleep duration combined with frequent snoring reported prior to cancer diagnosis may influence subsequent cancer survival, particularly

breast cancer survival.
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INTRODUCTION

Poor sleep quality has been associated with an elevated risk
for several types of cancer.® Specific mechanisms underly-
ing these risks have not been fully elucidated, although sleep
curtailment has been suggested to trigger inflammatory pro-
cesses,” contribute to the production of reactive oxygen spe-
cies and oxidative DNA damage,'* and alter immune function."
Frequent snoring, as an indicator of possible obstructive sleep
apnea, may contribute to increased levels of oxidative stress
and systemic inflammation stemming from intermittent hy-
poxia.'>"* Such mechanisms may also have implications for
cancer survival. However, while associations between in-
dicators of sleep and cancer incidence have previously been
documented, few studies have explored a possible relationship
between sleep and cancer survival.

To date, epidemiologic studies of sleep and cancer survival
have focused on sleep assessments collected after cancer

BRIEF SUMMARY

Current Knowledge/Study Rationale: Poor sleep quality and
short sleep duration have been associated with elevated risk for
several cancer types; however, the relationship between sleep and
cancer outcomes has not been well characterized. We assessed the
association between pre-diagnostic sleep attributes and subsequent
cancer survival within the Women’s Health Initiative (WHI).

Study Impact: To our knowledge, this is the first study to evaluate

the relationship between sleep patterns before cancer diagnosis and
subsequent cancer survival. Findings from this study suggest that short
sleep duration may be associated with poor breast cancer survival.

diagnosis.*?' In particular, previous studies have reported
that post-diagnostic actigraphy-based measures of sleep effi-
ciency and sleep quality are independent predictors of over-
all survival in women with advanced breast cancer' and in
patients with metastatic colorectal cancer,? respectively. Us-
ing biomarkers to assess the slope of circadian cycling, other
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studies have suggested poorer survival in lung,** renal cell,”
and breast"” cancer patients with flattened daily fluctuations
in cortisol levels relative to those with steeper diurnal corti-
sol slopes. Although evidence from such studies suggests an
important relationship between circadian rhythms and cancer
prognosis, inference is limited by concerns of reverse causality,
as measurements of sleep collected post-diagnostically could
be affected by disease severity and treatment.

Using data from the Women’s Health Initiative (WHI), we
assessed the association between baseline measures of sleep
duration, snoring, other sleep patterns, and survival among
women with a subsequent diagnosis of cancer during study
follow-up.

METHODS

Study Population

The WHI is a longitudinal study of postmenopausal women
composed of three overlapping randomized controlled tri-
als (CT) and an observational study (OS). WHI recruitment
protocols and eligibility criteria have been described in de-
tail elsewhere.?® Briefly, postmenopausal women between the
ages of 50-79 y were enrolled between October 1, 1993, and
December 31, 1998, from 40 participating centers across the
United States. Women with a predicted survival less than 3 y,
and those unlikely to remain in the same geographic area for
at least 3 y, were excluded from participation. Additional eligi-
bility criteria pertaining to competing risks, likely adherence,
and safety were imposed for women interested in participating
in the WHI CT; women not meeting these additional eligibil-
ity criteria, or who were not interested in participating in the
CT, were given the opportunity to enroll in the WHI OS. All
women provided written informed consent for participation at
the time of enrollment and, additionally, for the WHI Exten-
sion periods (2005-2010 and 2010-2015). Human Subjects Re-
view Committees at all participating institutions approved the
study protocol.

In total, 161,808 women enrolled in the WHI. The current
analysis was restricted to participants who were cancer-free
at enrollment and with a subsequent diagnosis of an invasive
primary cancer during study follow-up (n = 27,180), exclud-
ing those with cancer diagnoses based on death certificates
only (n = 2,125), those who reported a history of cancer at the
time of study enrollment (n = 2,724), those without a date of
last known follow-up (n = 7), those with an unknown cause of
death (n = 549), those with a diagnosis of an invasive cancer
within 6 mo of baseline data collection (n = 495), and those
who died within 1 y of study enrollment (n = 49). Women who
did not provide information on any sleep habits at the time of
baseline data collection were also excluded (n = 63). The ana-
lytic study sample thus included 21,230 women.

Case Identification and Follow-up for Survival
Outcomes

Cancer diagnoses were self-reported by study participants
at regular follow-up interviews, and were verified locally by
WHI physician adjudicators based on a review of medical
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records and pathology reports.”* Women in whom multiple in-
vasive cancers had been diagnosed at different anatomic sites
during follow-up (n = 1,329) were classified according to the
site of their first primary cancer diagnosed during the study
period. Vital status was ascertained through regular follow-
up with study participants and surrogates, and through regu-
lar linkage to the National Death Index. Cause of death was
determined based on central adjudication of death certificates.
Ascertainment of cancer diagnoses and vital status was con-
ducted through August 2014.

Data Collection for Sleep Patterns

Information on demographic factors, medical history, physi-
cal activity, height, weight, and sleep patterns were collected
at study enrollment via self-administered questionnaires. Ten
sleep questions were included in the WHI baseline assessment,
including items related to sleep duration, falling asleep during
quiet activity, napping, sleep medication use, and snoring, as
well as five items that constitute the validated WHI Insomnia
Rating Scale (WHIIRS)®: trouble falling asleep, waking up
at night, waking earlier than planned, trouble falling back to
sleep after waking, and restfulness of sleep. An overall insom-
nia burden score was calculated based on components from the
WHIIRS. All sleep items have previously been used in stud-
ies of other health outcomes, including incidence of breast,*
colorectal,” thyroid,” and endometrial cancers.* Given that
baseline data collection preceded cancer diagnosis for all
women included in this analysis, we refer to these measures of
sleep habits as pre-diagnostic measures.

Statistical Analysis
We used Cox proportional hazards regression to evaluate the
association between self-reported pre-diagnostic sleep char-
acteristics and cause-specific survival after cancer diagnosis,
with the time axis based on time since the first primary invasive
cancer diagnosis during study follow-up. Primary analyses fo-
cused on cause-specific survival; the endpoint was defined as
death attributed to cancer at the site of a participant’s first pri-
mary cancer during the study period. Women who died from
other causes were censored at the time of death. We evaluated
associations with individual and composite sleep variables
(c.g., WHIIRS, combined sleep duration and snoring) for all
cancer cases combined. We also conducted parallel analyses of
sleep characteristics stratified by cancer site for five of the six
most common causes of cancer death within the analytic popu-
lation: breast cancer, lung cancer, colorectal cancer, ovarian
cancer, and non-Hodgkin’s lymphoma (NHL). Pancreatic can-
cer accounted for more deaths than ovarian cancer and NHL,
but was not considered separately as it was anticipated that the
very high fatality rate of pancreatic cancer would likely limit
the effect of pre-diagnostic external factors (e.g., sleep pat-
terns) on survival as compared to cancers with more variable
prognosis. Proportional hazards assumptions were verified by
testing for a nonzero slope of the scaled Schoenfeld residuals
on ranked failure times.*®

Regression models were adjusted for age at enrollment (con-
tinuous), marital status, household income, smoking history,
and recreational physical activity; baseline hazards were also
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Table 1—Characteristics of participants at study entry across levels of baseline (pre-diagnostic) sleep duration.
Typical Hours of Sleep per Night

<5 6 7-8 29
n (row %) 1,364 (7) 5,034 (26) 11,776 (62) 832 (4)
General characteristics
Age, y, mean (SD) 64.0 (7.2) 63.5(7.1) 63.6 (6.8) 64.6 (6.6)
Study component, n (column %)
Observational study 713 (52) 2,651 (53) 6,521 (55) 481 (58)
Clinical trial 651 (48) 2,383 (47) 5,255 (45) 351 (42)
Follow-up time after cancer diagnosis, y, median (interquartile range) 4.2(1.4-9.1) 4.4(1.5-9.1) 4.7 (1.7-9.4) 4.6 (1.6-9.0)
Demographic characteristics
Income, n (column %)
< $35,000 658 (48) 2,086 (41) 4,262 (36) 348 (42)
$35,000 to $74,999 514 (38) 2,023 (40) 5,075 (43) 340 (41)
> $75,000 192 (14) 925 (18) 2,439 (21) 144 (17)
Education, n (column %)
< High school degree, GED 323 (24) 1,068 (21) 2,211 (19) 162 (20)
Some college / vocational school 600 (44) 1,889 (38) 4,264 (36) 335 (41)
> College graduate 432 (32) 2,047 (41) 5,262 (45) 328 (40)
Race/Ethnicity, n (column %)
Non-Hispanic White 1,017 (750 4,226 (84) 10,725 (91) 748 (90)
African American 211 (16) 434 (9) 523 (4) 46 (6)
Hispanic/Latina 47 (3) 128 (3) 228 (2) 12 (1)
Asian/Pacific Islander 58 (4) 155 (3) 154 (1) 12 (1)
Other 28 (2) 87 (2) 123 (1) 14 (2)
Marital status, n (column %)
Married/married-like relationship 721 (53) 2,893 (59) 7,696 (65) 543 (65)
Divorced/separated 279 (20) 894 (18) 1,660 (14) 123 (15)
Widowed 282 (21) 905 (18) 1,912 (16) 128 (15)
Never married 82 (6) 252 (5) 508 (4) 38 (5)
Lifestyle characteristics
Smoking, n (column %)
Never smoker 637 (47) 2,300 (46) 5,425 (46) 348 (42)
Former smoker 594 (44) 2,236 (44) 5,405 (46) 393 (47)
Current smoker 133 (10) 498 (10) 946 (8) 91 (11)
Alcohol consumption, n (column %)
Nondrinker 152 (11) 448 (9) 1,015 (9) 69 (8)
Former drinker 304 (22) 930 (19) 1,838 (16) 171 (21)
<1 drink/iw 462 (34) 1,777 (35) 3,801 (32) 220 (27)
1-<7 drinks/w 293 (22) 1,294 (26) 3,300 (28) 185 (22)
=7 drinks/w 147 (11) 566 (11) 1,772 (15) 184 (22)
Coffee consumption (regular cups/day), n (column %)
0 178 (19) 660 (18) 1,623 (18) 104 (17)
1 217 (23) 776 (21) 1,770 (20) 121 (20)
2 230 (24) 978 (27) 2,457 (28) 174 (29)
23 315 (34) 1,228 (34) 2,938 (33) 200 (33)
Caffeine consumption (mg/day), n (column %)
0-76.7 439 (32) 1,275 (25) 2,802 (24) 201 (24)
76.8-177.2 321 (24) 1,236 (25) 2,933 (25) 215 (26)
177.3-192.3 277 (20) 1,227 (24) 3,096 (26) 196 (24)
>1924 322 (24) 1,289 (26) 2,921 (25) 218 (26)

Table 1 continues on the following page

stratified on age at enrollment (5-y categories), study arm, and  baseline data collection and cancer diagnosis (continuous);
cancer site. Categorizations used for these variables are illus-  the median lag was 7.5 y (interquartile range, 4.0-11.9 y).
trated in Table 1. We also adjusted for the time lag between We explored further adjustment for educational history, race/
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Table 1 (continued)—Characteristics of participants at study entry across levels of baseline (pre-diagnostic) sleep duration.

Lifestyle characteristics (continued)
Recreational physical activity (quartiles, metabolic equivalent of task
[MET]-h/w), n, (column %)
< 2.5 MET-h/w
26-8.5
8.6-17.875
>17.875 MET-h/w

Body mass index (kg/m?), n, (column %)
<18.5 kg/m?
>18.5-<25.0
25.0-29.9
> 30.0 kg/m?

Waist circumference (quartiles, cm), n (column %)
<77cm
77.1-85
85.1-96
>96 cm

Time since menopause, n (column %)
0-5y
6-10
11-15
16-20
>20y

Tumor characteristics
Cancer site, n (column %)?
Breast
Lung
Colorectal
Ovarian
Non-Hodgkin lymphoma
Other
Tumor stage, n (column %)
Localized
Regional
Distant
Unknown, missing

Typical Hours of Sleep per Night

<5 6 7-8 29
464 (34) 1451 (29) 2,927 (25) 249 (30)
324 (24) 1,190 (24) 2,753 (23) 207 (25)
284 (21) 1,199 (24) 3,044 (26) 167 (20)
292 (21) 1,194 (24) 3,052 (26) 209 (25)
16 (1) 32(1) 66 (1) 6(1)
366 (27) 1,544 (31) 4,154 (36) 262 (32)
452 (34) 1,602 (34) 4,022 (34) 297 (36)
514 (38) 1,723 (35) 3,433 (29) 263 (32)
283 (20) 1,247 (25) 3,201 (27) 203 (24)
312 (23) 1,098 (22) 2,939 (25) 183 (22)
371 (27) 1,373 (27) 2,945 (25) 217 (26)
396 (29) 1,304 (26) 2,655 (23) 229 (28)
188 (15) 810 (17) 1,887 (17) 112 (14)
223 (17) 929 (19) 2,207 (19) 127 (16)
212 (17) 876 (18) 2,311 (20) 182 (23)
237 (18) 826 (17) 2,005 (18) 138 (17)
427 (33) 1,420 (29) 2,971 (26) 238 (30)
468 (34) 1,765 (35) 4,291 (36) 301 (36)
135 (10) 506 (10) 1,139 (10) 74(9)
157 (12) 511 (10) 1,105 (9) 92 (1)
45 (3) 653 (3) 417 (4) 25 (3)
70 (5) 270 (5) 559 (5) 41 (5)
489 (36) 1,817 (36) 4,265 (36) 299 (36)
647 (47) 2,458 (50) 5,914 (50) 433 (52)
302 (22) 1,090 (21) 2415 (21) 155 (19)
275 (20) 946 (19) 2,202 (19) 151 (18)
140 (10) 540 (10) 1,245 (11) 93 (11)

@ Tabulation based on the first site of invasive cancer diagnosed during the follow-up period. MET, metabolic equivalent of task; SD, standard deviation.

ethnicity, alcohol consumption, coffee consumption, dietary
caffeine intake (including coffee, tea, and soda), body mass
index (BMI), waist circumference, and time since menopause;
however, point estimates changed by less than 10% with the
addition of these variables to the analytic model. Although
women with missing data on model covariates were excluded
from primary analyses (n = 2,203), we conducted exploratory
analyses using multiple imputation®-° to account for missing
data. Imputation models included all variables listed in Table 1
and all variables included in the primary analytic models. It-
erative rounds of imputation (n = 10) were performed using the
mi command in STATA SE version 13.1 (College Station, TX).

In addition to primary analyses, we conducted sensitivity
analyses restricted to women diagnosed with their first pri-
mary invasive cancer less than 10 y after baseline (n = 13,406),
women with a diagnosis less than 5 y after baseline (n = 6,605),
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non-Hispanic white participants (n = 18,690), and African
American participants (n = 1,352). We also conducted analyses
stratified by BMI at enrollment (< 25, 25-29.9, > 30 kg/m?).

RESULTS

Attributes of the analytic study population are provided in
Table 1. Most participants (62%) reported receiving 7-8 h of
sleep/night. In comparison to this predominant group, par-
ticipants who reported < 5 h of sleep/night had, on average,
a lower household income, less education, higher BMI and
waist circumference, were more likely to be nonwhite or un-
married, were less likely to consume > 1 alcoholic beverage/w,
were less physically active, and had experienced menopause
less recently. Approximately half the study participants were
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Table 2—Association between pre-diagnostic sleep habits and cause-specific survival after cancer diagnosis.

Cause-Specific Survival

WHI Insomnia Rating Scale and overall self-reported sleep quality

Insomnia burden level
0-8
=9 (highest quartile)
Sleep quality
Sound or restful
Average quality
Restless or very restless

Additional sleep measures
Sleep duration (h)
<5
6
7-8
29h
Frequency of falling asleep during quiet activity
Not in past 4 w
< Oncelw
1-2 times/w
> 3 times/w

Frequency of daytime napping
Not in past 4 w
< 3 times/w
> 3 times/w

Frequency of medication / alcohol use to fall asleep
Not in past 4 w
<1 time/w
=1 time/w

Frequency of snoring®
Don’t know
Never/rarely
Occasionally
Frequently

Cancer Age-Adjusted Multivariable-Adjusted ?
Deaths / Cases HR (95% ClI) HR (95% ClI)
3,074 /13,126 1.00 1.00
1,350/ 5,635 1.01(0.95-1.08) 0.97 (0.91-1.04)
1,87718,037 0.98 (0.92-1.05) 1.03 (0.96-1.10)
1,900/8,013 1.00 1.00

710/2,956 1.04 (0.96-1.14) 1.00 (0.93-1.09)

350/ 1,364 1.13 (1.01-1.26) 1.10 (0.98-1.23)
1,206 / 5,034 1.05 (0.98-1.12) 1.02 (0.96-1.10)
2,737 /11,776 1.00 1.00

189 /832 0.95 (0.82-1.10) 0.99 (0.85-1.14)
1,182/4,763 1.00 1.00

986 / 4,264 0.90 (0.83-0.98) 0.97 (0.89-1.06)
1,203 /5,123 0.91(0.84-0.98) 0.95 (0.87-1.03)
1,114 /4,831 0.89 (0.82-0.97) 0.93 (0.85-1.01)
2,025/ 8,889 1.00 1.00
1,808 /7,547 1.02 (0.96-1.09) 1.03 (0.97-1.10)

637 /2,521 0.98 (0.89-1.07) 1.01(0.93-1.11)
3,410/ 14,468 1.00 1.00

408 /1,766 0.96 (0.87-1.07) 0.96 (0.87-1.07)

659 /2,751 1.03 (0.95-1.12) 0.92 (0.85-1.00)
2,439/9,712 1.16 (1.07-1.25) 1.01 (0.93-1.10)

804 /3,824 1.00 1.00

652 /3,097 0.99 (0.90-1.10) 0.95 (0.86-1.06)

57712,324 1.22 (1.09-1.36) 1.07 (0.96-1.20)

2 Adjusted for age at enrollment, study arm, cancer site, marital status, household income, smoking history, recreational physical activity, and lag time
between baseline data collection and cancer diagnosis. ® Snoring categories based on self-reported number of nights per week snoring: never/rarely = not
in the past 4 w, occasionally = 1-4 nights/w, frequently = 57 nights/w. CI, confidence interval; HR, hazard ratio.

unaware of their snoring habits (n = 9,712); these individuals
were more likely to be unmarried, were slightly older, and had
lower income relative to those who were able to report their
snoring patterns, but were otherwise similar with respect to
demographic characteristics, lifestyle factors, and sleep pat-
terns (not shown).

In primary analyses of cause-specific survival, no associa-
tions were noted with respect to insomnia burden level (i.e.,
WHIIRS summary score), sleep quality, frequency of daytime
napping, or use of medications or alcohol as sleep aides, re-
gardless of multivariable adjustment (Table 2). Modest asso-
ciations with poorer survival were noted for individuals who
reported < 5 h of sleep/night (hazard ratio [HR] = 1.13, 95%
confidence interval [CI]: 1.01-1.26 relative to 7-8 h/night) or
frequent snoring (HR = 1.22, 95% CI: 1.09—-1.36 for snoring > 5
nights/w versus not in the past 4 w) in age-adjusted analyses;

however, both associations were attenuated and non-signifi-
cant after multivariable adjustment.

In multivariable-adjusted analyses conducted within strata
defined by cancer site (Table 3), short sleep duration was asso-
ciated with significantly poorer breast cancer-specific survival
(HR = 1.46, 95% CI: 1.07-1.99 relative to 7-8 h/night) and was
suggestively, but not significantly associated with poorer ovar-
ian cancer (HR = 1.30, 95% CI: 0.85-1.98) and lung cancer
survival (HR = 1.18, 95% CI: 0.95-1.47). Frequent snoring
was also modestly, but not significantly associated with poorer
survival for women with breast cancer (HR = 1.34, 95% CIL:
0.98-1.85), colorectal cancer (HR = 1.33, 95% CI: 0.94—1.88),
and NHL (HR = 1.35, 95% CI: 0.83-2.21).

In analyses combining sleep duration and snoring vari-
ables, women who reported short sleep duration (< 6 h/night)
combined with frequent snoring (> 5 nights/w) experienced
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Table 3—Association between pre-diagnostic sleep habits and cause-specific survival after cancer diagnosis by cancer site.

Sleep Duration

Cancer Site <5h 6h 7-8h 29h
Breast cancer
Age-adjusted HR 1.53(1.12-2.08) 1.18(0.96-1.44) 1.0 (ref)  0.62 (0.36-1.08)
Multivariable HR® 146 (1.07-1.99) 1.13(0.92-1.39) 1.0 (ref)  0.60 (0.34-1.05)
Lung cancer
Age-adjusted HR 1.18(0.95-1.47) 1.03(0.90-1.18) 1.0 (ref)  1.11(0.82-1.49)
Multivariable HR# 1.18(0.95-1.47) 1.02(0.89-1.16) 1.0 (ref)  1.07 (0.79-1.45)
Colorectal cancer
Age-adjusted HR 0.92(0.64-1.33) 0.90(0.72-1.12) 1.0 (ref)  0.75(0.46-1.23)
Multivariable HR 0.92 (0.64-1.33) 0.88(0.70-1.10) 1.0 (ref)  0.72(0.44-1.18)
Ovarian cancer
Age-adjusted HR 1.28(0.85-1.94) 1.10(0.85-1.42) 1.0(ref) 1.32(0.79-2.20)
Multivariable HR® 1.30(0.85-1.98) 1.11(0.86-1.43) 1.0 (ref) 1.31(0.78-2.20)
Non-Hodgkin lymphoma
Age-adjusted HR 1.03(0.62-1.72) 1.09 (0.81-1.48) 1.0 (ref)  0.99 (0.52-1.88)
Multivariable HR® 1.03(0.61-1.73) 1.10(0.81-1.49) 1.0(ref) 0.98 (0.51-1.88)

Typical Sleep Quality Frequency of Snoring®
Average to Never /

Restful Restless Rarely Occasionally Frequently
0(ref)  1.11(0.92-1.32) 1.0 (ref)  1.08 (0.79-1.48) 1.50 (1.10-2.06)
0 (ref)  1.06 (0.88-1.27) 1.0 (ref)  1.04 (0.76-1.42) 1.34 (0.98-1.85)

1.0 (ref)  0.90 (0.80-1.01) 1.0 (ref)  0.90(0.72-1.12)  1.05(0.84-1.31)

1.0 (ref)  0.89 (0.79-1.00) 1.0 (ref)  0.88(0.71-1.10) 0.98 (0.78-1.22)

1.0 (ref) 1.1 (0.91-1.34) 1.0 (ref)  1.06 (0.76-1.50) 1.37 (0.97-1.92)

1.0 (ref)  1.08 (0.89-1.31) 1.0 (ref)  1.04 (0.75-1.45) 1.33(0.94-1.88)

1.0 (ref)  1.15(0.92-1.43) 1.0 (ref)  0.93(0.65-1.32) 0.82(0.55-1.22)

1.0 (ref)  1.11(0.89-1.39) 1.0 (ref)  0.98 (0.69-1.40) 0.80 (0.54-1.20)
.0 (ref)  0.87 (0.66-1.13) 1.0 (ref)  0.95(0.60-1.52) 1.40 (0.86-2.25)

1.0 (ref)  0.82(0.63-1.09) 1.0 (ref)  0.91(0.56-1.46) 1.35(0.83-2.21)

2 Adjusted for age at enrollment, study arm, marital status, household income, smoking history, recreational physical activity, and time lag between baseline
data collection and cancer diagnosis. ® Snoring categories based on self-reported number of nights per week snoring: Never/rarely = not in the past 4 w,

occasionally = 1-4 nights/w, frequently = 5-7 nights/w.

Figure 1—Cause-specific survival in relation to typical
sleep duration and survival among cancer case
participants combined.

16 |
14-

1.2

2
© 1.0 Referent
©
N
(1] J
I
0.8
0.6 -

<6 hours 7-8 hours 29 hours

Solid black = never/rarely snore (< 5 nights/w); hatched black = frequent
snorers (= 5 nights/w).

Figure 2—Cause-specific survival in relation to typical
sleep duration and survival among women with breast
cancer.
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significantly poorer cause-specific survival relative to women
who received 7-8 h of sleep/night and were not frequent snor-
ers (HR = 1.32, 95% CI: 1.14-1.54) (Figure 1). This associa-
tion was particularly pronounced in women with breast cancer
(HR = 2.14, 95% CI: 1.47-3.13) and, to a lesser extent, those
with lung cancer (HR = 1.37, 95% CI: 0.98-1.91) (Figures 2
and 3). No other combinations of snoring and sleep duration
were significantly associated with survival. Women who re-
ported a long sleep duration combined with a lack of snoring
appeared to have the most favorable prognosis; however, very
few women reported sleeping more than 8 h/night and, as such,
results for these categories were based on small numbers.
Associations were almost identical in analyses that ex-
cluded women with a cancer diagnosis > 5 y or > 10 y after
baseline data collection (results not shown). No differences in
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associations were noted when stratified by BMI categories (not
shown). Likewise, analyses restricted to non-Hispanic white
women, analyses restricted to African American women, and
analyses using multiple imputation to account for missing co-
variate data all yielded results very similar to those in the pri-
mary analysis (results not shown).

DISCUSSION

In this large, prospective cohort, women who reported short
sleep duration combined with frequent snoring prior to can-
cer diagnosis experienced significantly poorer cancer-specific
prognosis. Moreover, among women in whom invasive breast
cancer has been diagnosed, short pre-diagnostic sleep duration



and frequent snoring were each suggestively associated with
subsequent poorer cause-specific survival, and the combina-
tion of these attributes was statistically significantly associated
with poorer prognosis. To our knowledge, our study represents
the first investigation of pre-diagnostic sleep patterns in rela-
tion to cancer survival.

Attributes of sleep and circadian rhythms, including poor
sleep quality, short sleep duration, sleep apnea, and exposure
to light at night have previously been associated with an ele-
vated risk for several types of cancer." %2 On the basis of evi-
dence in support of such associations, the International Agency
for Research on Cancer (IARC) has classified shiftwork that
involves circadian disruption as a probable human carcinogen
(Group 2A).* Suggested mechanisms underlying these asso-
ciations include an adverse effect on inflammatory pathways.
In experimental studies, sleep loss has been shown to result
in upregulation of proinflammatory cytokines and increased
activation of nuclear factor (NF)-«kB.*** Observational studies
have also noted elevated levels of inflammatory biomarkers in
individuals with disrupted sleep due to shiftwork or insom-
nia,* and increased levels of NF-kB in individuals with sleep
apnea.’™® Inflammation, in turn, has long been hypothesized
as a contributing factor in the development and progression of
cancer.”

Support for the biologically plausible role of sleep in cancer
survival has also been provided by several mouse models of
sleep and circadian disruption.**-* In one such model, Hakim et
al.* recently demonstrated that chronic sleep disturbance con-
tributed to accelerated tumor growth and invasiveness. Other
mouse models have linked chronic jetlag and sleep deprivation
with shortened cancer survival,* and induced intermittent
hypoxia (simulating the physiological effects of sleep apnea)
with significantly increased tumor growth® and rate of lung
metastases.* To date, however, epidemiologic studies into the
relationship between sleep and cancer survival in humans have
been limited in scope, size, and number.

Previous studies using actigraphy- and biomarker-based as-
sessments of sleep collected after cancer diagnosis have shown
reduced sleep efficiency and disrupted circadian rhythms to be
associated with poorer prognosis.*'®!*22 In one such analysis,
Palesh et al."” found actigraphy-based sleep efficiency, defined
as the ratio of total sleep time to total sleep time plus wake af-
ter sleep onset, to be a positive predictor of six-year overall sur-
vival among women with advanced breast cancer (HR = 0.94,
95% CI: 0.91-0.97), independent of other known prognostic
factors. Similarly, Lévi et al.?® found poor sleep quality after
diagnosis to be an independent predictor of prognosis in pa-
tients with metastatic colorectal cancer: median overall sur-
vival was 21.6 versus 11.9 mo for patients with dichotomy
index above versus below 97.5%, where dichotomy index was
defined as the proportion of minutes during sleep time with
a recorded activity score less than the median activity score
during awake time.

There are several possible reasons why our observed null
findings in primary analyses differ from positive findings
noted in previous studies. In particular, our assessment of sleep
patterns was based on self-report. Self-reported measures may
be subject to measurement error,*® although previous studies
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Figure 3—Cause-specific survival in relation to typical
sleep duration and survival among women with lung cancer.
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have indicated that sleep duration is adequately approximated
via self-report.*#® Objective actigraphy- and biomarker-based
assessments are also subject to measurement error, but offer
greater specificity toward underlying mechanisms. Our finding
that the combined report of snoring and short sleep duration
was more strongly associated with cancer prognosis than the
individual sleep measures may represent the capture of poorer
sleep patterns not otherwise detected in the isolated items of
the sleep survey. It is also plausible that snoring could en-
hance the adverse effects of short sleep duration by fragment-
ing sleep and adversely impacting sleep quality. Additionally,
in contrast to previous studies, we used information on sleep
patterns collected before cancer diagnosis. Although the use
of pre-diagnostic measures of sleep is a major strength of our
study, one limitation of these measures is that sleep patterns
can change with time and age, such that patterns reported at
long intervals before cancer diagnosis could be less relevant to
prognosis than those reported closer to diagnosis. However, we
conducted sensitivity analyses excluding women with a cancer
diagnosis > 5 y or > 10 y after data collection and found no
difference in results. Last, our primary analyses were based on
women with a variety of cancer types and stages at diagnosis,
whereas previous studies have been cancer site-specific and
many have focused on those with advanced tumors.

In subanalyses stratified by cancer site, we found short sleep
duration combined with frequent snoring to be associated
with poorer cause-specific survival among women with inva-
sive breast cancer. The biological mechanisms responsible for
such a site-specific association are unclear. However, steroid
sex hormones, widely suggested to play a role in breast cancer
etiology and progression,* have been implicated in sleep pat-
terns and disorders.** In particular, progesterone levels are
significantly lower in individuals with severe obstructive sleep
apnea relative to those with mild or no apnea,’ as progester-
one increases the activity of the upper airway dilator muscles.
Thus, it is possible that the observed poorer prognosis associ-
ated with short sleep duration and snoring among women with
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breast cancer could reflect a differing distribution of hormone-
receptor status according to sleep attributes. Although small
numbers precluded stratified analyses in women with breast
cancer according to hormone receptor status, the proportion
of women who reported short sleep duration was lower among
those with hormone receptor-positive tumors (32%) than
in those with hormone receptor-negative tumors (37%; not
shown).

This analysis was limited by the use of self-reported mea-
sures of sleep patterns collected several years before cancer di-
agnosis (median time lag = 7.5 y). Additionally, small numbers
precluded some cancer site-specific analyses, and analyses
stratified by tumor attributes; thus, heterogeneity in the asso-
ciation between sleep patterns and survival may have obscured
certain relationships. Last, given that the WHI was restricted
to postmenopausal women, these results may not be generaliz-
able to younger women or to men with cancer.

Although there are limitations to the sleep measures evalu-
ated, one important advantage of our pre-diagnostic sleep as-
sessment is that our results are unlikely to be influenced by
reverse causality. In contrast, findings reported from studies
based on post-diagnostic assessments of sleep may reflect the
effects of cancer-induced physiological factors, treatment side
effects, or cancer-related anxiety and depression, all of which
may be independently associated with disease prognosis. Ad-
ditional strengths of this study include its large overall size,
prospective design, and completeness of follow-up. To date,
few studies have explored the relationship between sleep and
cancer survival, and no prior studies have considered the role
of pre-diagnostic sleep in this regard. This analysis thus con-
tributes to a sparse literature, and provides suggestive evidence
that short sleep duration and frequent snoring prior to cancer
diagnosis may have an effect on subsequent cancer survival,
particularly breast cancer survival.

ABBREVIATIONS

BMI, body mass index

CI, confidence interval

CT, randomized controlled trial

HR, hazard ratio

IARC, International Agency for Research on Cancer
MET, metabolic equivalent of task

NHL, non-Hodgkin’s lymphoma

OS, observational study

WHI, Women’s Health Initiative

WHIIRS, WHI Insomnia Rating Scale
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