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Study Objectives: Night shift work is associated with increased breast cancer risk, possibly from altered sleep. Epidemiologic evidence is sparse regarding sleep
disturbances and breast cancer tumor markers. We examined sleep disturbance in association with breast tumor aggressiveness and mortality following diagnosis.
Methods: We analyzed associations of measures of sleep disturbance in a sample of 1,122 incident breast cancer cases from the Western New York
Exposures and Breast Cancer (WEB) Study. Sleep disturbance was assessed using self-administered questionnaires; responses about difficulty falling
asleep, waking up frequently, having trouble staying asleep, and waking up feeling tired and worn out were used to create a summary sleep disturbance
score. We used general linear models to examine associations of sleep disturbance with markers of tumor aggressiveness among cases: estrogen receptor
(ER) status, progesterone receptor (PR) status, and human epidermal growth factor receptor-2 (HER?2) status; tumor size, stage, grade, lymph node
involvement, and presence of metastasis. In addition, we examined the association between sleep disturbance and survival using Cox regression.

Results: Among breast cancer cases, sleep disturbance was higher for women with ER- / PR- tumors compared to women with ER+ / PR+ tumors, even
after adjusting for potential covariates (P for trend = .02). Results suggest that the association of sleep quality differs by menopausal status, where mild sleep
disturbance is associated with higher breast cancer mortality in premenopausal women; however, we had a relatively small sample size.

Conclusions: Sleep disturbance may be associated with aggressive subtypes of breast cancer; however, further studies are needed.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Night shift work is considered a risk factor for breast cancer, although there is a gap in the literature regarding
the effect of sleep on breast cancer risk and aggressiveness. In a large, population-based case control study in western New York, we analyzed
whether self-reported sleep disturbance was associated with breast cancer aggressiveness and mortality.

Study Impact: We found that sleep disturbance was higher for women with ER- / PR- breast tumors, compared to women with ER+ and/or PR+
tumors. This study suggests that sleep disturbance may be associated with breast cancer subtype.

INTRODUCTION associations with risk of breast cancer in several types of epide-

miologic studies, only one prospective cohort study has reported
Accumulating evidence suggests that night shift work is a risk such an association.* Therefore, it may be that facets of sleep be-
factor for breast cancer.' Results from two case-control stud- havior other than duration play a role in breast cancer risk; to our
ies reported higher odds of breast cancer associated with night ~ knowledge, there have been few studies of this possible associa-
shift work'?; one study showed a significant trend for increased  tion. There is evidence suggesting that sleep may be associated
risk of breast cancer associated with increasing years of night with tumor aggressiveness.’ Investigators from this study found
shift work.? In the Nurses’ Health Study, more than 20 years of  that shorter sleep duration was associated with higher genetic-
night shift work was associated with an almost 80% increased based recurrence score of breast cancer. Though night shift work
risk of premenopausal breast cancer.’ However, despite the  has been associated with increased risk of mortality,® and studies
known heterogeneity in breast tumors, these studies have not have found that sleep disruption among breast cancer survivors is
investigated whether this increase in risk was associated with  a predictor of survival,” to our knowledge, no studies to date have

particular breast tumor markers or tumor subtype. evaluated the potential association between sleep disturbance
Short sleep duration has been hypothesized to explain this prior to breast cancer diagnosis and breast cancer mortality.
observed association between night shift work and breast can- Because of this gap in the literature around facets of sleep

cer risk. Although short sleep duration has been examined for and breast tumor markers, we decided to analyze whether there
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were associations between sleep disturbance and breast can-
cer aggressiveness and mortality in a sample of breast cancer
cases in the western New York region. Specifically, given the
documented aggressiveness of estrogen receptor (ER)—, pro-
gesterone receptor (PR)— and human epidermal growth fac-
tor receptor-2 (HER2)— tumors,® the antiproliferative nature
of melatonin and the relationship between melatonin, and its
interaction with estrogen-responsive pathways,” we hypoth-
esized that greater sleep disturbances are associated with more
aggressive breast tumor markers as well as higher all-cause
and breast cancer-specific mortality.

METHODS

Study Population
The Western New York Exposures and Breast Cancer (WEB)
Study is a population-based case-control study in the western
part of New York State.'® We report here on an analysis of the
cases from that study. Briefly, 1,170 cases of incident, primary,
histologically confirmed breast cancer were enrolled in Erie and
Niagara counties."” Informed consent was obtained for all study
participants and the study protocol was approved by the Uni-
versity of Buffalo’s Health Sciences Institutional Review Board
and the Institutional Review Board of participating hospitals.'’
Data on demographics, lifestyle factors, reproductive his-
tory, smoking and other breast cancer risk factors were col-
lected via in-person interviews.'” Physical measurements were
collected by trained study staff using a standardized protocol."
Information on tumor size, stage, grade, lymph node in-
volvement, and metastasis was obtained from medical re-
cords.!™" A single pathologist determined ER, PR, and HER2
status using immunohistochemistry performed on 5-pum slides
using kits with the Dako Autostainer (Dako, Carpinteria, Cal-
ifornia, United States).”” For ER and PR staining, the Allred
scoring system was used; values of 3 were classified as posi-
tive. HER2 status was scored using the HerceptTest (Dako);
tumors with a score > 3 were classified as positive.'?

Sleep Disturbance Score
Information regarding sleep in the 12 to 24 months prior to the
breast cancer diagnosis was collected using a self-administered
questionnaire. Of the 1,170 breast cancer cases in the WEB Study,
1,122 had complete sleep data; our analysis is limited to this sub-
group. In addition, there were missing data for the tumor markers
of breast cancer aggressiveness for some of the cases; we there-
fore performed statistical analyses for each marker using cases
with complete data for sleep and that particular tumor marker.
We created a sleep disturbance score composed of 4 ques-
tions from the Jenkins Sleep Questionnaire.” The questions
were as follows: in a usual month in the referenced year (1)
how often did you have trouble falling asleep?; (2) how often
did you wake up several times at night?; (3) how often did you
have trouble staying asleep?; and (4) how often did you wake
up feeling tired and worn out? For all questions, the potential
responses were: 0 = not at all; 1 =1 to 3 days; 2 =4 to 7 days;
3 =8 to 14 days; 4 = 15 to 21 days; and 5 = 22 to 31 days. The
sleep disturbance score was calculated as a sum of these values,
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ranging from zero to 20, with higher numbers indicating greater
sleep disturbance. This questionnaire has demonstrated reli-
ability and internal consistency"” and is similar to the validated
score constructed in the Women'’s Health Initiative."*"'® We ana-
lyzed the sleep disturbance score as a continuous variable, as
well as a categorical variable using the following categories for
the survival analysis: 0 to 3, 4 to 6, 7 to 10, and 11 to 20.

Statistical Analysis

Descriptive statistics comparing ER+ cases and ER— cases
were estimated using independent-samples ¢ tests for continu-
ous variables and y? tests for categorical variables.

We built general linear models to estimate the mean sleep dis-
turbance score according to each tumor marker. The covariates in-
cluded in these models were age, body mass index, age at birth of
first child, age at menarche, first-degree relative with breast cancer,
previous benign breast disease, menopausal status, and smoking
status. We also created combined ER/PR categories for each case
as well as categories of molecular subtypes of breast tumor accord-
ing to ER, PR, and HER2 status.”” Luminal A cases were posi-
tive for ER or PR and negative for HER2. Luminal B cases were
positive for ER or PR and positive for HER2. HER2-expressing
cases were negative for ER and PR and positive for HER2. Triple-
negative cases were negative for ER and PR and HER2.

Survival Analysis

We performed a survival analysis to evaluate whether sleep
disturbance was associated with all-cause and breast can-
cer mortality. A National Death Index search was conducted
through 2013 to ascertain vital status of study participants with
breast cancer. Survival time was calculated as the number of
months from the date of diagnosis until date of death or the end
of follow-up, December 31, 2013.

We used Cox proportional hazards regression models to es-
timate hazards ratios (HRs) and 95% confidence intervals (Cls)
for all-cause and breast cancer-specific mortality. Two adjusted
models were estimated: one adjusted for age, education, and race
and the other additionally adjusted for body mass index, pack-
years of smoking, stage, ER status, PR status, and menopausal
status. All statistical analyses were conducted using SPSS ver-
sion 20 (IBM Corp, Armonk, New York, United States) and all P
values were considered statistically significant (P < .05).

RESULTS

We present the characteristics of ER+and ER— cases in Table 1.
Of the 1,122 cases with sleep information in our sample, ER
data were available for 1,028 participants. Approximately 71%
of cases were ER+. ER+ cases were more likely to be white than
ER- cases. ER+ cases were also older, on average, than ER—
cases and more likely to be postmenopausal than ER— cases.
The mean sleep disturbance score according to tumor char-
acteristics is shown in Table 2. Women with ER—/ PR— tumors
had higher sleep disturbance scores than those in other groups
defined by combined ER/PR status (adjusted mean sleep distur-
bance score = 7.0, compared to mean score of 6.8 for ER+/ PR+
cases, 5.3 for ER+/PR— cases and 6.6 for ER—/ PR+ cases,
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Table 1—Characteristics of study sample by ER status, WEB Study, 1996-2001.

Characteristics ER+ Cases (n =729) ER- Cases (n =299) P*
Race, n (%) .001
Whites 685 (94.0) 263 (88.0)
Non-whites 44 (6.0) 36 (12.0)
Age, years, mean (SD) 58.6 (11.0) 55.2 (10.9) .001
Education, years, mean (SD) 13.5(2.5) 13.6 (2.4) 7
Menopausal status, n (%) .001
Before 186 (25.5) 112 (37.5)
After 543 (74.5) 187 (62.5)
Body mass index, kg/m?, mean (SD) 28.6 (6.3) 28.0 (6.4) .16
Age at menarche, years, mean (SD) 12.6 (1.6) 12.6 (1.6) 49
Number of births, mean (SD) 2.3(1.7) 2.5(1.6) .04
Age at menopause, years, mean (SD) 48.3 (5.4) 48.0 (5.6) 43
Smoking, n (%) .66
Never 317 (43.5) 139 (46.6)
Former 314 (43.1) 122 (40.9)
Current 97 (13.3) 37 (12.4)
Pack years of smoking, mean (SD) 11.2 (16.5) 10.5(17.8) .56
Ever drinkers, n (%) 606 (83.6) 8 (83.5) 97
Family history of breast cancer, n (%) 144 (19.8) 53 (17.7) 1
Previous benign breast disease, n (%) 254 (34.8) 100 (33.4) .78
Hormone therapy use, ever, n (%) 288 (39.9) 102 (34.3) 10
Sleep disturbance score, mean (SD) 5(5.4) 8(5.4) .36
Sleep disturbance score categories, n (%) Al
0-3 261 (35.8) 99 (33.1)
4-6 177 (24.3) 69 (23.1)
7-10 126 (17.3) 58 (19.4)
11-20 165 (22.6) 73 (24.4)

* = two-sided comparisons of means between ER+ and ER- cases were computed using independent-samples  tests for continuous variables and chi
square tests for categorical variables. ER = estrogen receptor, SD = standard deviation, WEB = Western New York Exposures and Breast Cancer.

P =.02). Triple negative cases had the highest sleep disturbance
score compared to the other groups (adjusted mean score = 7.3,
standard deviation [SD] = 5.3), although differences across the
categories did not reach statistical significance (adjusted P=.07).

We analyzed sleep disturbance and risk of all-cause mortal-
ity and breast cancer-specific mortality (Table 3). We identified
a significant interaction between menopausal status and sleep
disturbance on breast cancer mortality (interaction P = .04);
therefore, results are presented stratified by menopausal sta-
tus. In premenopausal women, risk of breast cancer mortality
was highest among those with mild sleep disturbance (WEB
sleep disturbance score 4—6; HR: 2.31, 95% CI: 1.05-5.04). In
postmenopausal women, we observed decreased breast cancer
mortality among postmenopausal with breast cancer reporting
both mild lowest (HR: 0.52, 95% CI: 0.27-0.99) and highest
degree of sleep disturbance (HR: 0.50, 95% CI: 0.26—0.94). We
use caution with interpretation due to the relatively small num-
ber of events, represented in the wide range of Cls.

DISCUSSION

Women with ER— and PR— tumors reported greater sleep dis-
turbance in the 12 to 24 months preceding diagnosis. Although
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it did not reach significance, this pattern remained when we
analyzed molecular subtypes; women with triple-negative tu-
mors reported the most sleep disturbance. This association is
consistent with our hypothesis and may suggest that sleep dis-
turbances are associated with development of more aggressive
breast tumors. Conversely, we found that sleep disturbance
was associated with decreased breast cancer mortality among
the postmenopausal women; among premenopausal women,
there was a significant increase in breast cancer mortality
with poorer sleep. In a sensitivity analysis where participants
who self-reported past or current use of sedative or hypnotic
medication (65 of 1,122 cases) were removed, our results were
unchanged, suggesting that sleep medication use is not influ-
encing the results of our study.

Sleep duration has been evaluated for an association with
breast cancer risk; in a meta-analysis, there was no evidence
of an association.'® However, most of the included studies
did not include examination of breast cancer subtypes and
did not assess any other facets of sleep behavior other than
sleep duration. One study that examined subjective sleep
quality (self-reported as very good, fairly good, fairly bad,
or very bad) did not find an association with risk of breast
cancer; however, their assessment of sleep quality was not
particularly thorough.”
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Table 2—Case only analysis of sleep disturbance score
according to tumor characteristics, WEB Study, 1996-2001.

Adjusted Sleep
Disturbance Score

Characteristic n Mean (SD)* P

Histological grade 836 .68
Well 10 6.4 (5.4)

Moderate 312 6.9 (5.4)
Poor 414 6.3(5.4)

Nuclear grade 954 .95
I 199 6.4 (5.4)

Il 353 6.7 (5.4)
Il 402 6.5 (5.5)

TNM stage 967 91
0/1 602 6.5(5.3)
lla/llb 305 6.4 (5.3)

s 60 6.2 (5.3)

Metastatic disease 1,036 54
Yes 257 6.4 (5.4)

No 779 6.6 (5.3)

Lymph node involvement 1,102 .59
Yes 364 6.7 (5.4)

No 738 6.5(5.4)

ER status 1,026 .30
Positive 728 6.5 (5.4)

Negative 298 6.9 (5.4)

PR status 1,009 20
Positive 634 6.8 (5.4)

Negative 375 6.3 (5.4)

Combined ER / PR subtype 1,005 .02
ER+/PR+ 572 6.8 (5.3)
ER+/PR- 145 5.3 (54)
ER-/PR+ 62 6.6 (5.4)
ER-/PR- 229 7.0 (5.4)

Molecular subtype 719 .07
Luminal A 523 4(5.3)

Luminal B 37 6(5.4)
HER2-expressing 33 6(5.3)
Triple negative 126 .3(5.3)

= general linear modeling was performed to calculated means and
SDs for sleep score; mean score is adjusted for age, age at menarche,
menopausal status, body mass index, previous history of benign breast
disease, smoking status, age at first birth and family history of breast
cancer. ER = estrogen receptor, HER2 = human epidermal growth
factor receptor-2, PR = progesterone receptor, SD = standard deviation,
TNM = tumor node metastasis, WEB = Western New York Exposures
and Breast Cancer.

Though published studies to date do not support a link be-
tween sleep quality and breast cancer risk, there is reason to
believe that risk factors for breast cancer vary by tumor sub-
type.® Recent evidence suggests that the association between
sleep duration and breast cancer may differ by tumor subtype.’
Investigators performed a study on 101 patients with breast
cancer and found that poorer OncotypeDX recurrence scores (a
panel of the expression of 21 genes in breast tumors) were cor-
related with fewer hours of sleep.’ However, this study included
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only 101 patients with breast cancer and, as sleep behavior was
queried after diagnosis, recall may have been biased.

We found that sleep disturbance was associated with in-
creased odds of ER—/ PR— and triple-negative tumor subtypes
in our breast cancer cases. However, the differences that we
observed in sleep disturbance between tumor subtypes were
relatively small. We did not find any evidence of an association
between sleep disturbance and other tumor markers, such as
stage, grade, and metastasis. It is important to note the number
of cases with metastasis, lymph node involvement, or tumor
node metastasis stage III or IV was small.

We did not find any evidence of an association between sleep
disturbance and all-cause mortality. However, we did find an
association between sleep disturbance and breast cancer mor-
tality that differed when stratified by menopausal status. We
observed a stark difference in the associations of sleep distur-
bance and the risk of breast cancer mortality by menopausal
status; in premenopausal women, risk was highest among
those with mild sleep disturbance whereas in postmenopausal
women risk of mortality was lowest among those with both low
and high sleep disturbance (interaction, P = .04). These results
suggest that estrogen and/or the influence of dynamics of age
and sleep behavior may differentially influence the association
of sleep and cancer. However, we caution against strong inter-
pretation of these results because further research is needed
here, with larger samples.

We were unable to assess whether perimenopausal symp-
toms may have influenced our results. However, we did ana-
lyze whether time since menopause influenced our results
among postmenopausal women. Most of our postmenopausal
sample had transitioned through menopause more than 5 years
prior (mean = 14.6 years, SD = 9.5 years, median = 14.0 years).
However, because we were analyzing sleep behavior in the 1 to
2 years prior to enrollment into the study, we decided to look at
women who had undergone menopause in the previous 2 years
and in the previous 5 years. We believe that women who were
postmenopausal for longer than 5 years likely had experienced
some stability of their symptoms, and their description of sleep
in the 1 to 2 years previous would not be influenced. Women
who had transitioned to being postmenopausal within 2 years
reported slightly, though nonsignificantly, elevated sleep dis-
turbance scores when compared to women who had become
postmenopausal less recently (mean = 7.3, SD = 5.2 compared
to mean = 6.6, SD = 5.4, P = .28). For women who had transi-
tioned to being postmenopausal within 5 years, there was es-
sentially no difference in sleep disturbance score compared to
women who had become postmenopausal more than 5 years
before (P = .79). Therefore, given the few breast cancer cases
who had become postmenopausal within 2 years and that the
difference in sleep disturbance was not statistically significant,
we do not believe that this affected our results.

There is increasing plausibility of a sleep-cancer link. One
possible biological mechanism is that poor sleep quality is re-
flective of reduced melatonin levels. Melatonin is a hormonal
regulator of cell growth, and is anti-proliferative.”! It is also in-
volved in stimulation of the immune system and has antioxidant
activity.” People who are frequently exposed to light at night
experience disruptions in their circadian rhythm, suppression
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Table 3—Hazard ratios of mortality by sleep disturbance score among cases, WEB Study, 1996-2001.

All-Cause Mortality

Breast Cancer Mortality

Events  Crude HR Adjusted HR  Adjusted HR Events  Crude HR Adjusted HR  Adjusted HR
(n) (cn (cn (cn= (n) (cn (cn (cn=
Premenopausal
1(0-3) 22 1.00 1.00 1.00 18 1.00 1.00 1.00
2 (4-6) 15 1.13(0.59-2.19) 1.11 (0.57-2.16) 1.57 (0.76-3.26) 15 1.39(0.70-2.76) 1.37 (0.69-2.74) 2.31 (1.05-5.04)
3(7-10) 11 1.07(0.52-2.21) 1.11(0.54-2.31) 1.45(0.62-3.42) 8  0.95(0.42-2.19) 1.00(0.43-2.30) 1.74 (0.68-4.43)
4 (11-20) 19 1.54(0.83-2.84) 1.62(0.87-3.03) 1.33 (0.69-2.58) 12 1.19(0.57-2.47) 1.26 (0.60-2.63) 1.08 (0.49-2.38)
P trend 14 10 25 69 .56 67
Postmenopausal
1(0-3) 91 1.00 1.00 1.00 38 1.00 1.00 1.00
2 (4-6) 63  0.96 (0.70-1.33) 1.05(0.76-1.45) 1.13 (0.78-1.63) 20 0.74(0.43-1.27) 0.66 (0.38-1.14) 0.52 (0.27-0.99)
3(7-10) 46 0.88 (0.62-1.25) 0.99 (0.69-1.41) 0.99 (0.65-1.49) 19 0.87(0.50-1.51) 0.79 (0.45-1.38) 0.73 (0.40-1.33)
4 (11-20) 59  0.91(0.66-1.27) 1.03 (0.74-1.43) 1.00 (0.67-1.50) 18  0.68(0.39-1.18) 0.61(0.34-1.06) 0.50 (0.26-0.94)
P trend 50 .98 .86 .16 .08 .03
P interaction .04

* = adjusted for age, education, and race. ** = adjusted for age, education, race, body mass index, pack years of smoking, stage, ER status, and PR status.
Cl = confidence interval, ER = estrogen receptor, HR = hazard ratio, PR = progesterone receptor, WEB = Western New York Exposures and Breast Cancer.

of melatonin levels, and sleep disturbances.?’*? Because poor
sleep at night is associated with suppression of melatonin lev-
els, and melatonin has known antineoplastic activity,"* it has
been suggested that poor sleep may affect both cancer initia-
tion and progression.?'>> Though there is evidence to suggest
that poor sleep is associated with decreased melatonin levels,*
we did not have measured melatonin levels in our sample and
are unable, therefore, to examine this particular mechanism.

Sleep may also influence cancer through circadian rhythm,
as both have been demonstrated to be involved in DNA repair.”
Circadian rhythm genes are involved in the regulation of the
cell cycle and apoptosis.?® Therefore, dysregulation of circa-
dian rhythm may increase cancer risk.”>?* Many of the genes
involved in regulation of circadian rhythm are key cell cycle
regulators that control cellular proliferation and differentia-
tion and act as transcription factors,”’” and may influence these
processes at different stages of breast carcinogenesis. Further-
more, a recent meta-analysis of 28 studies of circadian rhythm-
associated exposures (night shift work, light at night exposure,
sleep deficiency, and flight attendant work) found that circadian
rhythm disruption (specifically, night shift work, light at night,
and flight attendant work) was associated with an increased risk
of breast cancer, though short sleep duration was not.”®

Strengths of our study include that it is population based
with many incident breast cancer cases, including data regard-
ing tumor characteristics. We also had detailed reports of sleep
behavior prior to breast cancer diagnosis, as well as reproduc-
tive history and demographic data that enabled us to account
for potential confounding variables.

However, our study was not without limitations. Sleep
data were collected after diagnosis; there may be recall bias,
and/or the diagnosis may have affected recent sleep and in-
fluenced recollection of sleep before the diagnosis. However,
for this case-only analysis, we do not expect differential recall
according to tumor characteristics to have biased our results.
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An additional concern is that this sleep disturbance score was
based on 4 questions about sleep disturbance in the 1 to 2 years
before study enrollment; our sleep score may not adequately
capture the breadth of sleep behavior. There may be other sleep
characteristics that were not measured and are more strongly
associated with risk. More detailed prospective assessments
of sleep behavior during a woman’s lifetime would be helpful
in future studies to determine whether sleep behavior affects
breast cancer risk.

A final limitation of our study is that we determined the mo-
lecular subtyping for our analysis based on the ER, PR, and
HER?2 status of breast tumors; we did not have direct measure-
ment of gene expression."’

We found evidence that sleep behavior may be differentially
associated with ER—/PR— and triple-negative breast tumors.
Additional studies, particularly prospective studies with re-
peated sleep assessments taken prior to diagnoses, are needed.

ABBREVIATIONS

CI, confidence interval

ER, estrogen receptor

HER2, human epidermal growth factor receptor 2

HR, hazard ratio

PR, progesterone receptor

SD, standard deviation

TNM, tumor node metastasis

WEB, Western New York Exposures and Breast Cancer
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