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a b s t r a c t

Objectives: Sleep has been closely linked to breast cancer risk. However, the association between sleep
and breast cancer prognosis remains unclear. The aim of this study was to evaluate the separate and joint
effects of multiple sleep characteristics on breast cancer prognosis among Chinese women.
Methods: A total of 1580 breast cancer patients were recruited between October 2008 and December
2014 and followed up until December 31, 2017 in Guangzhou. Multivariate Cox models were conducted
to estimate the hazard ratios (HR) and 95% confidence intervals (95%CI) for breast cancer prognosis in
association with sleep characteristics.
Results: Long sleep duration at night (>9 h) (HR ¼ 2.33, 95%CI: 1.01e5.42), poor sleep quality (HR ¼ 3.08,
95%CI: 1.74e5.47), and impaired daytime function (HR ¼ 2.49, 95%CI: 1.65e3.79) after diagnosis were
associated with an increased risk of breast cancer progression. Both short sleep duration (<6 h)
(HR ¼ 2.00, 95%CI: 1.06e3.77, P interaction ¼ 0.011) and long sleep duration (>9 h) (HR ¼ 4.69, 95%CI: 1.31
e16.78, P interaction ¼ 0.187) increased the progression risk only among patients with impaired but not
normal daytime function. In addition, daytime napping significantly modified the effect of short sleep
duration on the progression (HR ¼ 3.55, 0.59, 95%CI: 1.55e7.97, 0.23e1.53 for patients without and with
daytime napping, respectively, P interaction ¼ 0.005). Stratification results suggested that the associations
were more evident among pre-menopausal patients, although no significant interaction was observed.
Conclusion: Our findings suggested that inadequate sleep duration to feel one's best and poor sleep
quality after diagnosis were associated with an increased risk of breast cancer progression, particularly
for pre-menopausal women.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Breast cancer is the most common malignancy among women
worldwide, accounting for 25% of all cancers [1]. Furthermore, it is
the most commonly diagnosed cancer in Chinese women, and the
incidence rate has increased rapidly over the past few decades [2].
The prognosis of breast cancer is relatively better than most other
cancers, with estimated five year survival rates of 90.2% and 83.2%
Sun Yat-sen University, 74
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).
in US and China, respectively [3], resulting in a large amount of
breast cancer survivors. Therefore, identification of potential life-
style factors that may improve breast cancer prognosis is particu-
larly significant to patients and their caregivers.

Sleep is one of the most important lifestyles related to multiple
health outcomes. A growing body of evidence has suggested that
sleep was closely linked to breast cancer risk [4e8]. A few studies
have also examined the associations between sleep and breast
cancer prognosis, which mostly focused on pre-diagnostic sleep
characteristics [9e13]. Yet, many patients changed their sleep
habits and experienced new sleep problems after diagnosis and
treatment [14]. Therefore, post-diagnostic sleep characteristics
might have more implications for breast cancer prognosis. Several
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studies have explored associations between post-diagnostic sleep
characteristics and breast cancer prognosis. For example, Hahm BJ
et al., and Palesh O et al., found that bedtime misalignment and
sleep disruption were associated with poor prognosis among
metastatic breast cancer patients [15,16]. Moreover, two other
studies from Women's Healthy Eating and Living (WHEL) and
Nurses' Health Study (NHS) indicated that long or increased sleep
duration after diagnosis was associatedwith a higher risk of disease
progression [17,18]. However, these studies ignored the multidi-
mensional nature of sleep [19], and the joint effects of sleep char-
acteristics on breast cancer prognosis have not been assessed. In
addition, these previous studies did not differentiate menopausal
status (few pre-menopausal patients), while pre- and post-
menopausal breast cancers may be different diseases [20].

Thus, we conducted an analysis for the associations of several
post-diagnostic sleep characteristics with progression-free survival
of breast cancer patients stratified bymenopausal status, using data
from the Guangzhou Breast Cancer Study (GZBCS) in China [21].

2. Material and methods

2.1. Study population

The subjects were recruited between October 2008 and
December 2014 in the GZBCS, as described previously [21]. Patients
with pathological confirmed primary breast cancer were collected
from the First and the Second Affiliated Hospitals and the Cancer
Center of Sun Yat-sen University in Guangzhou, China. A total of
1861 patients who completed follow-up and reported post-
diagnostic sleep characteristics were eligible for this study. Pa-
tients who reported disease progression before sleep assessment
(N ¼ 180) and carcinoma in situ (N ¼ 101) were excluded, yielding
an analytic sample of 1580 cases. The informed consents were
obtained from all the participants. This study was approved by the
Ethical Committee of the School of Public Health at Sun Yat-sen
University.

2.2. Data collection

Baseline information was collected by face-to-face interview
using the structural questionnaire as previously described [22]. The
information included demographic characteristics, menstrual and
reproductive history, family history of breast cancer, and preexist-
ing disease at baseline. Height and weight were measured on
admission to hospitals and used to calculate the body mass index
(BMI). BMI was categorized into underweight (<18.5), normal
(18.5e23.9), and overweight (�24) according to the recommen-
dations for Chinese [23]. The presence of preexisting diseases was
based on self-reported doctor diagnosis. These diseases were
assigned scores according to the calculation of Charlson Comor-
bidity Index [24]. Clinical characteristics were extracted from
medical records. The status of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2
(HER2) was determined by pathologists using immunohistochem-
ical tests. Detailed definitions of ER, PR, and HER2 status were
previously described in detail [25].

All participants were followed up at least every three months
during the first year, and every six months during the second and
the third year. Thereafter, patients were followed up with once
every year until either death or December 31, 2017. We collected
the following information by means of phone call and outpatient
department visits: updated contact information, health condition
(eg, recurrence, metastasis, death or other newly diagnosed dis-
eases), and treatment information (eg, radiotherapy, chemo-
therapy, and hormone therapy). We conducted a post-diagnostic
sleep assessment from 2015 to 2017. The endpoint of this study was
progression-free survival (PFS), defined as the time from diagnosis
to disease progression (recurrence, metastasis or death from breast
cancer). Survival status was censored at the date of the latest
interview or December 31, 2017.

2.3. Sleep-related variables

We assessedmultiple post-diagnostic sleep characteristics using
the Pittsburgh Sleep Quality Index (PSQI) [26] and questions about
daytime napping. Sleep duration was assessed by querying the
participants about their total hours of actual sleep at night. We
selected the sleep quality item of the PSQI to represent the quality
domain. As described in our previous work [27], habitual daytime
napping was defined as daytime napping at least three times per
week. Sleep efficiency was calculated as the ratio of actual sleep
duration at night to time in bed to present continuity of sleep [19].
Daytime function reflects the capacitymaintainingwakefulness and
functionality during the day. Measurement of daytime functionwas
derived from the daytime dysfunction component of PSQI. Patients
with impaired daytime function reported daytime dysfunction
score greater than zero, while the patients with normal daytime
function reported daytime dysfunction score equal to zero [28].

2.4. Statistical analysis

Cox proportional hazards models were used to estimate the
hazard ratios (HR) and 95% confidence intervals (95%CI) for breast
cancer prognosis in association with sleep characteristics. We
adjusted for following covariates in the models: age at diagnosis
(continuous), clinical stage (I/II, III/IV), chemotherapy (Yes/No),
hormone therapy (Yes/No), HER2 status (positive/negative), scores
of Charlson Comorbidity Index (0/�1), BMI (<18.5, 18.5e23.9,�24),
menopausal status (pre-menopausal/post-menopausal), and
educational level (below junior school, senior high school, college
or above). To assess the linear trend, we calculated the P-value by
entering the medians of each category as continuous parameters in
the models; we calculated the P-value for the non-linear trend
across categories of sleep characteristics, using the quadratic term
for the sleep variables.

To assess the joint effects of different sleep characteristics
associated with breast cancer prognosis, we cross-classified the
patients by different sleep characteristics. Further stratification
analyses were performed by menopausal status (pre-menopausal
vs. post-menopausal) to assess the interactions between meno-
pausal status and sleep characteristics on breast cancer progres-
sion. Tests for multiplicative interactions were conducted using �2
log likelihood ratio test statistics, which comparedmodels with and
without the interaction terms.

To strengthen the association between sleep and breast cancer
prognosis, we performed sensitivity analyses excluding stage IV
patients (N ¼ 34) and patients who had disease progression one
year following the sleep assessment (N ¼ 20). We also conducted
examinations stratified by clinical stage (I/II vs. III/IV) and scores of
Charlson Comorbidity Index (0 vs. �1) to see if the associations
were similar across the baseline healthy status. All analyses were
conducted using R software version 3.4 with a two-sided P-value of
0.05.

3. Results

3.1. Baseline characteristics of breast cancer patients

The distribution of demographic and clinical characteristics and
the associations with breast cancer progression were shown in



Table 2
Association between post-diagnostic sleep characteristics and progression free
survival.

Sleep characteristics Total Events HR (95%CI)a HR (95%CI)b

Daytime napping
No 434 32 1.00 (reference) 1.00 (reference)
Yes 966 65 0.91 (0.60,1.39) 0.94 (0.61,1.44)

Sleep duration at night
＜6 h 162 16 1.80 (1.05,3.09) 1.45 (0.83,2.54)
6e9 h 1224 76 1.00 (reference) 1.00 (reference)
>9 h 42 6 2.33 (1.02,5.37) 2.33 (1.01,5.42)
P for trendc 0.018 0.001

Sleep efficiency
Continuous 0.17 (0.04,0.77) 0.14 (0.03,0.75)
�85% 1201 75 1.00 (reference) 1.00 (reference)
＜85% 158 15 1.74 (1.00,3.04) 1.65 (0.92, 2.92)

Sleep quality
Good 438 18 1.00 (reference) 1.00 (reference)
Somewhat good 714 48 1.58 (0.92,2.71) 1.86 (1.06,3.25)
Bad/very bad 374 42 2.93 (1.68,5.09) 3.08 (1.74,5.47)
P for trendd ＜＜0.001 ＜＜0.001

Daytime function
Normal 865 41 1.00 (reference) 1.00 (reference)
Impaired 600 61 2.24 (1.51,3.33) 2.49 (1.65,3.79)

Bold indicates statistically significant values.
a Adjusted for age at diagnosis (continuous).
b Adjusted for age at diagnosis (continuous), stage (I/II, III/IV), chemotherapy (Yes/

No), hormone therapy (Yes/No), HER2 status (positive/negative), scores of Charlson
Comorbidity Index (0/�1), BMI (<18.5, 18.5e23.9 and � 24), menopausal status
(pre-menopausal/post-menopausal) and educational level (below junior school,
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Table 1. At the time of diagnosis, the median age of patients was 46
years (Interquartile Range (IQR): 40e55 years) and almost two-
thirds of them were pre-menopausal (64.43%). Nearly half of the
participants had below junior school as their highest attained
educational level (43.67%). Majority of the patients were diagnosed
with early cancer (stage I/II: 75.89%) and nearly a quintile of them
reported one or more comorbidities (19.56%). Most of the partici-
pants have received chemotherapy/hormone therapy (79.6% for
patients received chemotherapy and 68.2% for patients received
hormone therapy, respectively). Except for clinical stage and
chemotherapy, these characteristics were not significantly associ-
ated with breast cancer progression.

3.2. Associations between sleep characteristics and breast cancer
progression

Over the follow-up period (median 4.2 years, IQR 3.2e5.1 years),
a total of 111 disease progressions occurred, including 11 breast
cancer deaths and 100 breast cancer recurrence/metastasis. Table 2
displayed the associations between post-diagnostic sleep charac-
teristics and breast cancer prognosis. Compared to patients who
slept 6e9 h at night, those who reported long sleep duration at
night (>9 h) had a higher risk of disease progression (HR ¼ 2.33,
95%CI: 1.01e5.42), while short sleep duration at night (<6 h) was
associated with a non-significant elevated risk of disease progres-
sion (HR ¼ 1.45, 95%CI: 0.83e2.54), showing a U-shaped pattern.
Table 1
Characteristics at baseline and the associations with progression-free survival of
1580 breast cancer patients.

Characteristics Total (%) Events HR 95%CI

Age at diagnosis
Continuous (Median, IQR) (46, 40e55) 0.99 0.97e1.01
�39 365 (23.1) 32 1.00 Reference
40e49 595 (37.7) 39 0.75 0.47e1.20
50e59 401 (25.4) 27 0.78 0.47e1.30
�60 219 (13.9) 13 0.66 0.35e1.26

Menopausal status
Pre-menopausal 1018 (64.4) 74 1.00 Reference
Post-menopausal 537 (34.0) 35 0.88 0.59e1.32

Educational level
Below junior school 690 (43.7) 50 1.00 Reference
Senior high school 446 (28.2) 36 1.14 0.74e1.75
College or above 391 (24.7) 22 0.78 0.47e1.29

BMI (kg/m2)
<18.5 85 (5.4) 7 1.20 0.55e2.62
18.5e23.9 903 (57.2) 61 1.00 Reference
�24 529 (33.5) 39 1.10 0.74e1.65

Clinical stage
I/II 1199 (75.9) 57 1.00 Reference
III/IV 272 (17.2) 47 4.05 2.75e5.96
Unknown 109 (6.9) 7 1.27 0.58e2.80

ER status
Negative 330 (20.9) 26 1.00 Reference
Positive 1136 (71.9) 77 0.88 0.56e1.37
Unknown 114 (7.2) 8 0.84 0.38e1.87

HER2 status
Negative 896 (56.7) 65 1.00 Reference
Positive/equivocal 548 (34.7) 34 0.98 0.65e1.48
Unknown 136 (8.6) 12 1.24 0.67e2.31

Chemotherapy
No 231 (14.6) 6 1.00 Reference
Yes 1259 (79.7) 95 2.92 1.28e6.68

Hormone therapy
No 327 (20.7) 20 1.00 Reference
Yes 1078 (68.2) 76 1.17 0.72e1.92

Charlson comorbidity index
0 1201 (76.0) 85 1.00 Reference
�1 309 (19.6) 24 1.08 0.69e1.70

IQR: interquartile range; BMI: body mass index.
Bold indicates statistically significant values.

senior high school, and college or above).
c P for non-linear trend.
d P for linear trend.
Accordingly, the P-value for the non-linear trend was statistically
significant in the adjusted model (Pnon-linear ¼ 0.001). Women who
reported poor sleep quality (HR ¼ 3.08, 95%CI: 1.74e5.47, Pli-
near < 0.001) or impaired daytime function (HR ¼ 2.49, 95%CI:
1.65e3.79) after diagnosis experienced a poorer outcome. There
were no significant associations between other sleep characteris-
tics and progression-free survival after adjusting for covariates.

3.3. Joint effects of sleep characteristics

Because of the limited number of outcome, only some post-
diagnostic sleep characteristics were examined for the joint ef-
fects of each other. As shown in Table 3, we found a significant
interaction between short sleep duration at night and daytime
function (Pinteraction ¼ 0.011). Short sleep duration (HR ¼ 2.00, 95%
CI: 1.06e3.77) significantly increased the risk of disease progres-
sion among patients with impaired daytime function, whereas it
was associated with a non-significant reduced risk (HR ¼ 0.25, 95%
CI: 0.03e1.88) among those who reported normal daytime func-
tion. Long sleep duration was also associated with the elevated risk
of disease progression among patients with impaired daytime
function (HR ¼ 4.69, 95%CI: 1.31e16.78), while the association was
not significant among the patients with normal daytime function
(HR ¼ 1.43, 95%CI: 0.34e6.08), although the significant interaction
was not observed (Pinteraction ¼ 0.187). Furthermore, we found that
daytime napping could modify the effect of short sleep duration on
breast cancer progression (P interaction ¼ 0.005). Patients with short
sleep duration had a marked higher risk of disease progression
(HR ¼ 3.55, 95%CI: 1.58e7.97) among patients without napping
habit, whereas the risk was somewhat reduced (HR ¼ 0.59, 95%CI:
0.23e1.53) among those with napping habit. Poor sleep quality was
significantly associated with disease progression among the pa-
tients who reported impaired daytime function (HR ¼ 1.83, 95%CI:
1.08e3.08) or those who did not take habitual daytime napping
(HR ¼ 2.53, 95%CI: 1.20e5.31), yet no significant interactions were



Table 3
Joint effects of post-diagnostic sleep characteristics on progression free survival.

Sleep
characteristics

Total Events HR (95%CI)a

Daytime function Sleep duration at night
Normal ＜6 h 61 1 0.25 (0.03, 1.88)

6e9 h 724 34 1.00 (reference)
>9 h 30 2 1.43 (0.34,6.08)

Impaired ＜6 h 92 14 2.00 (1.06, 3.77)
6e9 h 455 38 1.00 (reference)
>9 h 11 3 4.69 (1.31,16.78)

P for interaction 0.011b/0.187c

Daytime napping Sleep duration at night
No <6 h 49 10 3.55 (1.58,7.97)

6e9 h 350 21 1.00 (reference)
>9 h 14 1 1.21 (0.18,9.26)

Yes <6 h 105 5 0.59 (0.23,1.53)
6e9 h 795 50 1.00 (reference)
>9 h 40 6 3.41 (1.34,8.72)

P for interaction 0.005b/0.290c

Daytime function Sleep quality
Normal Good/somewhat good 744 34 1.00 (reference)

Bad/very bad 108 6 1.05 (0.44,2.53)
Impaired Good/somewhat good 345 27 1.00 (reference)

Bad/very bad 244 33 1.83 (1.08,3.08)
P for interaction 0.264

Daytime napping Sleep quality
No Good/somewhat good 304 17 1.00 (reference)

Bad/very bad 118 15 2.53 (1.20,5.31)
Yes Good/somewhat good 711 44 1.00 (reference)

Bad/very bad 224 20 1.35 (0.79,2.31)
P for interaction 0.282
Daytime napping Daytime function
No Normal 230 10 1.00 (reference)

Impaired 187 21 3.26 (1.45,7.37)
Yes Normal 552 28 1.00 (reference)

Impaired 366 33 1.89 (1.14,3.14)
P for interaction 0.425

Bold indicates statistically significant values.
a Adjusted for age at diagnosis (continuous), stage (I/II, III/IV), chemotherapy (Yes/

No), hormone therapy (Yes/No), HER2 status (positive/negative) and scores of
Charlson Comorbidity Index (0/�1).

b Between daytime function/daytime napping and sleep duration at night (<6 h
vs. 6e9 h)/sleep quality (somewhat good vs. good).

c Between daytime function/daytime napping and sleep duration at night (>9 h
vs. 6e9 h)/sleep quality (bad/very bad vs. good).
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observed (Pinteraction ¼ 0.264 and 0.282, respectively). In addition,
the interaction between napping and daytime function on the
progression did not occur either (Pinteraction ¼ 0.425).

3.4. Stratified associations between sleep characteristics and breast
cancer progression by menopausal status

As shown in Table 4, both short sleep duration (HR¼ 1.97, 95%CI:
1.01e3.84) and long sleep duration (HR ¼ 3.17, 95%CI: 1.32e7.60)
increased the risk of disease progression among pre-menopausal
breast cancer patients, whereas no significant associations were
observed among post-menopausal breast cancer patients. More-
over, the interactions were marginally significant (P
interaction ¼ 0.086 and 0.083, respectively). In addition, the strength
of associations between breast cancer progression and sleep effi-
ciency (HR ¼ 2.03, 95%CI: 1.00e4.10), sleep quality (HR ¼ 3.64, 95%
CI: 1.75e7.57), and daytime function (HR ¼ 2.58, 95%CI: 1.55e4.30)
were stronger among pre-menopausal breast cancer patients than
post-menopausal counterparts, though the interactions were not
significant (all Pinteraction > 0.05).

3.5. Sensitivity analyses

After excluding the stage IV patients (N ¼ 34) and patients who
had disease progression one year following the sleep assessment
(N ¼ 20), the main results did not change fundamentally
(Supplementary Table S1). When stratified by clinical stage (I/II vs.
III/IV) and scores of Charlson Comorbidity Index (0 vs. �1) at
baseline, we found that the associations between sleep character-
istics and breast cancer prognosis were similar across every stra-
tum (Supplementary Table S2e3).

4. Discussion

In the current study, we found that long and short sleep dura-
tion, poor sleep quality, and impaired daytime function after
diagnosis were associated with an elevated risk of breast cancer
progression. Both short and long sleep duration increased the risk
of disease progression only among the patients with impaired
daytime function, but not those with normal daytime function. The
habitual daytime napping conferred some degree of protection
against breast cancer progression among short sleepers. The
strength of the associations between post-diagnostic sleep char-
acteristics and breast cancer progression were stronger among the
pre-menopausal patients than post-menopausal women.

Few studies have explored the associations between sleep
duration and breast cancer prognosis, yielding inconsistent results
[10,17,18]. Phipps et al., found that short sleep duration before
diagnosis was associated with a poor breast cancer survival while
long sleep durationwas a potential protective factor for the survival
[10]; Marinac et al., showed that long sleep duration after diagnosis
increased the risk of breast cancer progression while short sleep
duration decreased the risk [18]. Meanwhile, in the NHS, it was
shown that both long and short sleep duration after diagnosis
increased the risk of breast cancer progression compared with the
normal sleep duration, which was consistent with our results [17].
In addition, many studies exploring the associations between sleep
duration and breast cancer initiation suggested that both long and
short sleep duration may increase the risk of breast cancer [4,8,27];
and we have identified a similar pattern associated with breast
cancer prognosis in the current study. The mechanisms underlying
these effects were complicated, possibly involving multiple bio-
logical processes and health behavioral changes. It was reported
that short sleep duration altered melatonin release, immune
function, oxidative stress, and inflammatory pathways, then
consequently influencing breast cancer progression [5,7,8,29]. The
association between long sleep duration and disease progression
might be explained by the lack of physical activity and shortened
photoperiod [30]. Meanwhile, it could not be excluded that long
sleep duration after diagnosis might reflect the underlying poor
health condition and long sleepers were susceptible to poor breast
cancer prognosis. In the present study, however, the associations
between sleep duration and breast cancer prognosis were similar
across health status at baseline (clinical stage and comorbidity),
and our main results remained unchanged after excluding the pa-
tients with severe health status (Supplementary Table S1e3),
making the association more robust.

Our finding that both short and long sleep duration after diag-
nosis were associated with a poor prognosis only among women
with impaired daytime function, suggested that impaired daytime
function may play a more important role in carcinogenesis.
Impaired daytime function acts as a marker of inadequate sleep to
fulfill one's need. This finding supported the hypothesis that in-
dividuals were programmed to need different hours to sleep and
tended to have different “biological night” [31,32]. The mismatch
between sleep duration needed and actual sleep duration might
lead to circadian disruption, which played an important role in
breast cancer carcinogenesis [8]. A recent study showed that not
getting enough sleep to feel one's best was associated with elevated
breast cancer risk, whereas sleep duration was not associated with



Table 4
Association between post-diagnostic sleep characteristics and progression free survival stratified by menopausal status.

Sleep characteristics Pre-menopausal Post-menopausal P for interaction

Total Events HR (95%CI)a Total Events HR (95%CI)a

Daytime napping 0.122
No 287 26 1.00 (reference) 143 6 1.00 (reference)
Yes 617 40 0.69 (0.42,1.13) 332 23 2.07 (0.82,5.22)

Sleep duration at night 0.086b/0.083c

＜6 h 92 11 1.97 (1.01,3.84) 68 4 0.85 (0.28,2.60)
6e9 h 814 53 1.00 (reference) 389 22 1.00 (reference)
＞9 h 27 6 3.17 (1.32,7.60) 15 0 e

Sleep efficiency 0.703
�85% 795 53 1.00 (reference) 388 21 1.00 (reference)
＜85% 94 10 2.03 (1.00,4.10) 60 4 1.52 (0.51,4.58)

Sleep quality 0.234
Good 256 7 1.00 (reference) 123 7 1.00 (reference)
Somewhat good 406 27 2.00 (0.98,4.08) 221 11 1.17 (0.47,2.87)
Bad/very bad 204 23 3.64 (1.75,7.57) 124 10 1.46 (0.57,3.77)

Daytime function 0.108
Normal 546 25 1.00 (reference) 305 16 1.00 (reference)
Impaired 402 41 2.58 (1.55,4.30) 189 18 2.14 (1.06,4.35)

Bold indicates statistically significant values.
a Adjusted for age at diagnosis (continuous), stage (I/II, III/IV), chemotherapy (Yes/No), hormone therapy (Yes/No), HER2 status (positive/negative) and scores of Charlson

Comorbidity Index (0/�1).
b P value for interaction between menopause status and sleep duration at night (<6 h vs. 6e9 h).
c P value for interaction between menopause status and sleep duration at night (>9 h vs. 6e9 h).
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breast cancer risk [33]. Hahm et al., also found that bedtime
misalignment (going to bed earlier or later than preferred bedtime)
was associated with rapid progression among metastatic breast
cancer patients [15]. Such findings indicated that what was char-
acterized as “normal sleep duration” might vary across individuals
and not getting appropriate sleep to fulfill the need might explain
the association between post-diagnostic sleep duration and breast
cancer prognosis.

Habitual daytime napping was not associated with the breast
cancer prognosis, though it has been regarded as a protective factor
of breast cancer risk in our previous study [27]. Further analyses in
the current study showed that habitual daytime napping after
diagnosis reduced the risk of disease progression among patients
with short sleep duration at night, while it increased the risk
among those with long sleep duration at night. Daytime napping
might supplement sleep duration at night among short sleepers
and improve their prognosis. Prior studies suggested that the bio-
logical mechanisms of napping included reducing estrogen levels
[34], altering cortisol pattern [35], and regulating the immune
system [36]. As for long sleepers, daytime napping might be asso-
ciated with physical activity deficits and disrupt the sleep-wake
pattern [37], which might continue to impact the breast cancer
progression.

Sleep quality is another important sleep characteristic closely
linked to breast cancer risk [33,38,39] and it was found to be
associatedwith the elevated risk of breast cancer progression in the
present study. Similar results were also shown in previous studies
[11,17]. Poor sleep quality might influence breast cancer prognosis
through the same mechanisms as short sleep duration [5,7,8,29].
Further analyses in the present study revealed that the associations
between post-diagnostic sleep quality and breast cancer progres-
sion were similar across different statuses of daytime function and
daytime napping; indicating that sleep quality was a better pre-
dictor of breast cancer progression beyond sleep duration (which
had differentiated associations on daytime function and daytime
napping). Such findings suggested that improving sleep quality
would be more important for breast cancer survival than main-
taining proper sleep duration, which was a basis for the cognitive
behavioral treatment that trade sleep duration for sleep quality via
sleep restriction [40].
Notably, the associations of post-diagnostic sleep characteristics
and breast cancer prognosis were more evident among pre-
menopausal patients, although no significant interaction effect
was observed. Vaughn et al., also found that the pre-diagnostic
sleep disturbance was associated with a higher risk of breast can-
cer mortality among pre-menopausal women [11]. Prior studies
indicated that poor sleep suppressed melatonin secretion and
indirectly, led to an increase in circulating estrogen levels and up-
regulation of estrogen signaling pathways [29,41], facilitating the
progression of breast cancer, particularly for pre-menopausal pa-
tients. In addition, a study conducted in Taiwan showed that
habitual sleep-wake behaviors could alter diurnal cortisol patterns
among young breast cancer women (<40 years old) [42], while
cortisol aberration increased the risk of breast cancer progression
[43,44], which further supported the present results. However, the
exact reasons why sleep had greater effects on pre-menopausal
breast cancer patients remained to be explored.

Our study had some limitations. First, our measures of sleep
characteristics were self-reported, which inevitably caused mea-
surement bias. Next, underlying disease progression or baseline
health status might alter patients' sleep characteristics. However,
the sensitivity analyses and stratified analyses by healthy status in
this study helped lower the likelihood of this issue. It should be
noted that the event frequencies were quite few in some strata,
resulting in lack of statistical power and unstable results. Finally,
some important confounders were not available in this study;
particularly, we hypothesized that the deficit of physical activity
might be the reason why long sleepers who had habitual daytime
napping had worse breast cancer prognosis, hindering further
explanation of the hypothesis. More confounders should be
considered in future studies.

5. Conclusion

To our knowledge, this was the first study examining the asso-
ciations between multiple sleep characteristics and breast cancer
prognosis in China. Our findings did suggest that inadequate sleep
duration to feel one's best and poor sleep quality were associated
with an increased risk of breast cancer progression, particularly for
pre-menopausal patients. Future studies should explore the
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underlying mechanisms and clarify the effect of evidence-based
sleep intervention on breast cancer prognosis.

Funding sources

This work was supported by the National Natural Science
Foundation of China (grant numbers 81773515 and 81273147). The
founders have no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Acknowledgements

We sincerely thank the patients who participated in this study,
the staff who conducted the baseline and the follow-up data
collection, and the medical staff in the breast departments of the
First Affiliated Hospital, the Second Affiliated Hospital, and the
Cancer Center of Sun Yat-Sen University.

Conflict of interest

None.
The ICMJE Uniform Disclosure Form for Potential Conflicts of

Interest associatedwith this article can be viewed by clicking on the
following link: https://doi.org/10.1016/j.sleep.2018.10.025.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.sleep.2018.10.025.

References

[1] Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J
Cancer 2015;136:E359e86.

[2] Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015. CA Cancer J
Clin 2016;66:115e32.

[3] Allemani C, Matsuda T, Di Carlo V, et al. Global surveillance of trends in cancer
survival 2000-14 (CONCORD-3): analysis of individual records for 37 513 025
patients diagnosed with one of 18 cancers from 322 population-based regis-
tries in 71 countries. Lancet 2018;391:1023e75.

[4] Erren TC, Morfeld P, Foster RG, et al. Sleep and cancer: synthesis of experi-
mental data and meta-analyses of cancer incidence among some 1,500,000
study individuals in 13 countries. Chronobiol Int 2016;33:325e50.

[5] Ball LJ, Palesh O, Kriegsfeld LJ. The pathophysiologic role of disrupted circadian
and neuroendocrine rhythms in breast carcinogenesis. Endocr Rev 2016;37:
450e66.

[6] Haus EL, Smolensky MH. Shift work and cancer risk: potential mechanistic
roles of circadian disruption, light at night, and sleep deprivation. Sleep Med
Rev 2013;17:273e84.

[7] Faraut B, Bayon V, Leger D. Neuroendocrine, immune and oxidative stress in
shift workers. Sleep Med Rev 2013;17:433e44.

[8] Samuelsson LB, Bovbjerg DH, Roecklein KA, et al. Sleep and circadian
disruption and incident breast cancer risk: an evidence-based and theoretical
review. Neurosci Biobehav Rev 2018;84:35e48.

[9] Soucise A, Vaughn C, Thompson CL, et al. Sleep quality, duration, and breast
cancer aggressiveness. Breast Cancer Res Treat 2017;164:169e78.

[10] Phipps AI, Bhatti P, Neuhouser ML, et al. Pre-diagnostic sleep duration and
sleep quality in relation to subsequent cancer survival. J Clin Sleep Med
2016;12:495e503.

[11] Vaughn CB, Freudenheim JL, Nie J, et al. Sleep and breast cancer in the
Western New York exposures and breast cancer (WEB) study. J Clin Sleep Med
2018;14:81e6.

[12] Khawaja A, Rao S, Li L, et al. Sleep duration and breast cancer phenotype.
J Cancer Epidemiol 2013;2013:467927.

[13] Thompson CL, Li L. Association of sleep duration and breast cancer Oncoty-
peDX recurrence score. Breast Cancer Res Treat 2012;134:1291e5.

[14] Palesh O, Aldridge-Gerry A, Ulusakarya A, et al. Sleep disruption in breast
cancer patients and survivors. J Natl Compr Canc Netw 2013;11:1523e30.
[15] Hahm BJ, Jo B, Dhabhar FS, et al. Bedtime misalignment and progression of
breast cancer. Chronobiol Int 2014;31:214e21.

[16] Palesh O, Aldridge-Gerry A, Zeitzer JM, et al. Actigraphy-measured sleep
disruption as a predictor of survival among women with advanced breast
cancer. Sleep 2014;37:837e42.

[17] Trudel-Fitzgerald C, Zhou ES, Poole EM, et al. Sleep and survival among
women with breast cancer: 30 years of follow-up within the Nurses' Health
Study. Br J Cancer 2017;116:1239e46.

[18] Marinac CR, Nelson SH, Flatt SW, et al. Sleep duration and breast cancer
prognosis: perspectives from the women's healthy eating and living study.
Breast Cancer Res Treat 2017;162:581e9.

[19] Wallace ML, Stone K, Smagula SF, et al. Which sleep health characteristics
predict all-cause mortality in older men? An application of flexible multi-
variable approaches. Sleep 2018;41.

[20] Chollet-Hinton L, Anders CK, Tse C, et al. Breast cancer biologic and etiologic
heterogeneity by young age and menopausal status in the Carolina breast
cancer study: a case-control study. Breast Cancer Res 2016;18.

[21] Liao YH, Ren JT, Zhang W, et al. Polymorphisms in homologous recombination
repair genes and the risk and survival of breast cancer. J Gene Med 2017;19.

[22] Lin W, Lin HD, Guo XY, et al. Allelic expression imbalance polymorphisms in
susceptibility chromosome regions and the risk and survival of breast cancer.
Mol Carcinog 2017;56:300e11.

[23] He Y. Epidemic trends of obesity and the challenge for public health in China.
Zhonghua Liuxingbingxue Zazhi 2014;35:345e8.

[24] Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prognostic
comorbidity in longitudinal studies: development and validation. J Chronic
Dis 1987;40:373e83.

[25] He JR, Tang LY, Yu DD, et al. Epstein-Barr virus and breast cancer: serological
study in a high-incidence area of nasopharyngeal carcinoma. Cancer Lett
2011;309:128e36.

[26] Tsai PS, Wang SY, Wang MY, et al. Psychometric evaluation of the Chinese
version of the Pittsburgh Sleep Quality Index (CPSQI) in primary insomnia and
control subjects. Qual Life Res 2005;14:1943e52.

[27] Wang P, Ren FM, Lin Y, et al. Night-shift work, sleep duration, daytime nap-
ping, and breast cancer risk. Sleep Med 2015;16:462e8.

[28] Curtis BJ, Williams PG, Jones CR, et al. Sleep duration and resting fMRI func-
tional connectivity: examination of short sleepers with and without perceived
daytime dysfunction. Brain Behav 2016;6.

[29] Blask DE. Melatonin, sleep disturbance and cancer risk. Sleep Med Rev
2009;13:257e64.

[30] Stamatakis KA, Punjabi NM. Long sleep duration: a risk to health or a marker
of risk? Sleep Med Rev 2007;11:337e9.

[31] Aeschbach D, Sher L, Postolache TT, et al. A longer biological night in long
sleepers than in short sleepers. J Clin Endocrinol Metab 2003;88:26e30.

[32] Hirano A, Hsu PK, Zhang L, et al. DEC2 modulates orexin expression and
regulates sleep. Proc Natl Acad Sci USA 2018;115:3434e9.

[33] White AJ, Weinberg CR, Park YM, et al. Sleep characteristics, light at night and
breast cancer risk in a prospective cohort. Int J Cancer 2017;141:2204e14.

[34] Bracci M, Copertaro A, Manzella N, et al. Influence of night-shift and napping
at work on urinary melatonin, 17-beta-estradiol and clock gene expression in
pre-menopausal nurses. J Biol Regul Homeost Agents 2013;27:267e74.

[35] Tell D, Mathews HL, Janusek LW. Day-to-day dynamics of associations be-
tween sleep, napping, fatigue, and the cortisol diurnal rhythm in women
diagnosed as having breast cancer. Psychosom Med 2014;76:519e28.

[36] Faraut B, Boudjeltia KZ, Dyzma M, et al. Benefits of napping and an extended
duration of recovery sleep on alertness and immune cells after acute sleep
restriction. Brain Behav Immun 2011;25:16e24.

[37] Stepanski EJ, Wyatt JK. Use of sleep hygiene in the treatment of insomnia.
Sleep Med Rev 2003;7:215e25.

[38] Sen A, Opdahl S, Strand LB, et al. Insomnia and the risk of breast cancer: the
HUNT study. Psychosom Med 2017;79:461e8.

[39] Fang HF, Miao NF, Chen CD, et al. Risk of cancer in patients with insomnia,
parasomnia, and obstructive sleep apnea: a nationwide nested case-control
study. J Cancer 2015;6:1140e7.

[40] Zachariae R, Amidi A, Damholdt MF, et al. Internet-delivered cognitive-
behavioral therapy for insomnia in breast cancer survivors: a randomized
controlled trial. J Natl Cancer Inst 2018;110:880e7.

[41] Wu AH, Wang R, Koh WP, et al. Sleep duration, melatonin and breast cancer
among Chinese women in Singapore. Carcinogenesis 2008;29:1244e8.

[42] Hsiao FH, Kuo WH, Jow GM, et al. Habitual sleep-wake behaviors and lifestyle
as predictors of diurnal cortisol patterns in young breast cancer survivors: a
longitudinal study. Psychoneuroendocrinology 2015;53:60e8.

[43] Sephton SE, Sapolsky RM, Kraemer HC, et al. Diurnal cortisol rhythm as a
predictor of breast cancer survival. J Natl Cancer Inst 2000;92:994e1000.

[44] Zeitzer JM, Nouriani B, Rissling MB, et al. Aberrant nocturnal cortisol and
disease progression in women with breast cancer. Breast Cancer Res Treat
2016;158:43e50.

https://doi.org/10.1016/j.sleep.2018.10.025
https://doi.org/10.1016/j.sleep.2018.10.025
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref1
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref1
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref1
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref1
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref2
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref2
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref2
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref3
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref3
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref3
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref3
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref3
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref4
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref4
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref4
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref4
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref5
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref5
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref5
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref5
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref6
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref6
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref6
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref6
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref7
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref7
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref7
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref8
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref8
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref8
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref8
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref9
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref9
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref9
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref10
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref10
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref10
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref10
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref11
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref11
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref11
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref11
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref12
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref12
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref13
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref13
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref13
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref14
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref14
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref14
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref15
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref15
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref15
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref16
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref16
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref16
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref16
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref17
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref17
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref17
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref17
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref18
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref18
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref18
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref18
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref19
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref19
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref19
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref20
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref20
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref20
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref21
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref21
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref22
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref22
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref22
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref22
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref23
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref23
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref23
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref24
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref24
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref24
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref24
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref25
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref25
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref25
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref25
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref26
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref26
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref26
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref26
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref27
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref27
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref27
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref28
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref28
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref28
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref29
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref29
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref29
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref30
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref30
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref30
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref31
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref31
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref31
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref32
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref32
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref32
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref33
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref33
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref33
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref34
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref34
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref34
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref34
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref35
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref35
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref35
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref35
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref36
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref36
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref36
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref36
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref37
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref37
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref37
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref38
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref38
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref38
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref39
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref39
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref39
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref39
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref40
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref40
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref40
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref40
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref41
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref41
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref41
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref42
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref42
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref42
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref42
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref44
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref44
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref44
http://refhub.elsevier.com/S1389-9457(18)30652-X/sref44

	Joint effects of multiple sleep characteristics on breast cancer progression by menopausal status
	1. Introduction
	2. Material and methods
	2.1. Study population
	2.2. Data collection
	2.3. Sleep-related variables
	2.4. Statistical analysis

	3. Results
	3.1. Baseline characteristics of breast cancer patients
	3.2. Associations between sleep characteristics and breast cancer progression
	3.3. Joint effects of sleep characteristics
	3.4. Stratified associations between sleep characteristics and breast cancer progression by menopausal status
	3.5. Sensitivity analyses

	4. Discussion
	5. Conclusion
	Funding sources
	Acknowledgements
	Conflict of interest
	Appendix A. Supplementary data
	References


