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INTRODUCTION
Sleep disruption is a prevalent problem among cancer patients 

and survivors that adversely affects quality of life. Breast cancer 
is typically a disease of aging that is relatively rarely seen 
in younger women. Aging is associated with an increase in 
comorbid conditions including cancer diagnoses; cancer treat-
ment causes side effects and late effects that place women at 
increased risk of cardiovascular events, diabetes, obesity, and 
secondary cancers. Metastatic disease remains the prevalent 
cause of death in women in whom metastatic breast cancer has 
been diagnosed. Eighty percent of patients undergoing chemo-
therapy and more than two thirds of women with metastatic 
breast cancer experience poor sleep,1,2 which is associated with 
numerous negative physical and mental health outcomes.3,4 
Sleep duration and disruption have been associated with all-
cause mortality.5,6 The precise relationship, however, is likely 
complex because some studies have shown that short sleep dura-
tion is implicated in earlier mortality,7 whereas others suggest 
the relationship is quadratic, in which both shorter and longer 
sleep duration than normal are predictive of shorter survival.8
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Although precipitating factors for the development of sleep 
disruption include stress associated with the diagnosis of 
cancer and its treatment9,10 and cytotoxic chemotherapy and 
its side effects,11 the mechanism behind the development of 
sleep disruption and how it might affect survival is not well 
understood.4 Prior studies found relationships between tumor 
characteristics and spread, receptor status, and treatment with 
survival in metastatic breast cancer.12 Other studies have shown 
that circadian dysregulation measured by flattened cortisol 
rhythms13 and depression14 are independent prognostic factors 
for survival in metastatic breast cancer. However, no studies to 
date have prospectively examined the effect of sleep duration 
and disruption on survival, specifically among patients with 
cancer in whom sleep disruption is so common. Given the data 
seen in the general population, our a priori hypothesis was that 
less disturbance of sleep among women with advanced breast 
cancer would lead to longer overall survival.

METHODS

Participants
Women included in this study had metastatic or locally 

advanced breast cancer, were at least 45 years or older, had 
scores of at least 70% on the Karnofsky Performance Scale, 
resided in the greater San Francisco Bay area, and were profi-
cient in English. Women were excluded from the study if they 
reported other active cancers within the past 10 years (other 
than basal cell or squamous cell carcinomas of the skin or in 
situ cancer of the cervix), had positive supraclavicular lymph 
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nodes as the only metastatic lesion, had a diagnosis of a concur-
rent medical condition likely to influence short-term survival, 
used corticosteroid(s) within the preceding month, or reported 
a history of major psychiatric illness requiring hospitalization 
or current alcohol or drug abuse/dependence.

Participants were recruited between 2002 and 2004 directly 
through oncologists at Stanford University Medical Center, 
study advertisements, and word of mouth. We screened 221 
women: 25 were not eligible, 90 were eligible but declined 

participation, one had an accident that prevented participa-
tion, six did not complete actigraphy (see next paragraphs), 
and two died before the study began. We were, therefore, able 
to examine the data from 97 women (74.2% had metastatic, 
18.6% had locally advanced, and 7.2% had either metastatic or 
locally advanced disease). The research protocol was approved 
by the Stanford Institutional Review Board and conformed to 
the principles described in the Declaration of Helsinki, and all 
participants provided written informed consent.

Demographic Data
Demographic information and medical history are summa-

rized in Table 1. At the baseline assessment, 41 participants 
(42.3%) took antidepressants and 19 (19.6%) took medication 
to treat sleep problems. Of those taking medication to treat their 
sleep problems, 10 took medication that acted on benzodiaz-
epine receptors, 7 took over-the-counter sleep aids or supple-
ments, one took an antidepressant, and one took a prescription 
antihistamine.

Measures

Sleep Measurement
A wrist actigraph (Micro Mini-Motionlogger, Ambulatory 

Monitoring Systems, Ardsley, NY) was worn for 3 consecu-
tive days to monitor daily activity and nocturnal sleep. An 
actigraph is a device that detects and records arm movements 
through the use of a triaxial accelerometer; data from acti-
graphs commonly are used as a proxy for assessment of sleep 
and wake. The actigraphs were set to record movement in 
60-sec epochs using a proprietary Proportional Integrating 
Mode (PIM) that captures information about the amplitude 
of movement. Actigraphy data were scored as sleep or wake 
time using the University of California San Diego (UCSD)15 
PIM Sleep Scoring Algorithm available in the ACT Millen-
nium (beta v3.8.8.9) and Action4 (v1.13) software (Ambula-
tory Monitoring Systems). While wearing the actigraph, each 
participant completed a daily log to document the time she 
went to bed, time at awakening, and any periods during which 
the actigraph was removed.

Sleep duration (time in bed, TIB) was calculated using a 
combination method of sleep logs and actigraphy such that 
the time in and out of bed, as recorded on the sleep logs, were 
confirmed or adjusted based on the actigraphy data. We found 
our subjective report of TIB that we had participants record 
when they went to bed and when they got out of bed to be 
highly correlated and statistically essentially the same measure 
with a variable that used latency of TIB (self-report) and sleep 
onset (actigraphy) in combination. Sleep latency was calculated 
using both self-report logs combined with sleep onset assessed 
with actigraphy.

Sleep efficiency (SE) was calculated as the ratio of TST, 
(which was derived from actigraph) to TST plus wake after sleep 
onset (WASO). The number and average length of nocturnal 
wake episodes and total duration of WASO also were derived 
from actigraph data. In addition, we calculated SE using either 
self-report and/or latency estimates (SE = TST / [TST + WASO 
+ Latency] and SE = TST / TIB) and found these variables 
to be highly correlated (rhos of 0.98 and 0.98). The analyses 

Table 1—Descriptive statistics for demographic and medical variables in 
advanced breast cancer participants (N = 97) 

Demographic Variable Statistics
Age, mean ± SD (range) 54.6 ± 9.8 (36-80)
Education N (%)

Trade or High School 4 (4.1)
Some College 33 (34.0)
Bachelor’s Degree 20 (20.6)
Some Graduate School 9 (9.3)
Advanced Degree 31 (32.0)

Race, N (%)
Asian 7 (7.2)
Black 2 (2.1)
White 84 (86.6)
Multiracial 3 (3.1)
Unknown 1 (1.0)

Ethnicity, N (%)
Hispanic 8 (8.2)

Marital Status, N (%)
Married 66 (68.0)
Single/Never Married 7 (7.2)
Divorced/Separated 18 (18.6)
Widowed 5 (5.2)
Domestic Partner 1 (1.0)

Household Income, N (%)
< $20,000 6 (6.2)
$20,000 - $39,999 17 (17.5)
$40,000 - $59,999 10 (10.3)
$60,000 - $79,999 16 (16.5)
$80,000 - $99,999 12 (12.4)
$100,000 and above 26 (26.8)
Don’t know/not reported 10 (10.3)

Medical Variable Statistics
Disease free interval in months, 
N (25th, 50th, 75th percentile)

93 (14, 37, 86)

ER Negative, N (%) 25 (25.8)
PR Negative, N (%) 27 (27.8)
Dominant Site of Metastasis at study entry, N (%)

Bone 20 (20.6)
Chestwall 34 (35.1)
Viscera 39 (40.2)
Unknown 4 (4.1)

Treatment within 2 months prior to study entry, N (%)
Chemotherapy 15 (15.5)
Radiation 13 (13.4)
Hormonal Therapy 30 (30.9)

2-Day Log Cortisol Slope, mean ± SD -0.152 ± 0.078
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showed that the three calculations are essentially 
the same. Thus, the variability of sleep latency has 
a minimal effect on the measure of SE, and given 
the more intuitive nature of SE and that WASO is 
not the same thing (given high variability in TIB), 
we are justified in using it.

For non-normally distributed variables (latency, 
TIB, WASO, Average Wake Episode), we used 
appropriate transformations. To check on the 
reliability of key variables, we computed intra-
class correlations (ICC). For actigraphy-derived 
TST over 3 days, ICC was 0.52 (95% confidence 
interval [CI] = 0.48–0.69). For WASO, ICC over 3 
days was 0.58 (95% CI = 0.55– 0.74), suggesting 
moderate reliability. Descriptive statistics for 
sleep indices are presented in Table 2.

Covariates
Participants and their oncologists completed a medical 

status questionnaire that assessed their disease status, medica-
tion, and treatment. Participants completed the Beck Depres-
sion Inventory to assess depression. Concomitant with the 
actigraphy data collection, participants were asked to collect 
their saliva five times a day for 2 days (waking, wake +30 
min, 12:00, 17:00, and 21:00). Saliva samples were immedi-
ately frozen (-20°C) and transported to a -70 °C freezer at the 
end of the 2 days of collection. Saliva samples were stored at 
-70°C before centrifugation and duplicate assessment of sali-
vary cortisol concentrations using a luminescence immuno-
assay (Immuno-Biological Laboratories, Hamburg, Germany) 
was conducted. Assay sensitivity was 0.015 µg/dL. Intra-assay 
variations on low, medium, and high controls averaged 2.78%, 
10.45%, and 4.79%, respectively. The mean values of the low, 
medium, and high controls were 0.054 µg/dL, 0.228 µg/dL, 
and 0.863 µg/dL, respectively. Interassay coefficients of varia-
tion for low, medium, and high controls were 10.9%, 10.5%, 
and 5.5%, respectively.16

Survival Data
Participants, their caregivers, their treating physicians, and 

the Social Security Death Index (SSDI) were contacted to obtain 
survivorship data used in the current study. We extracted cause 
of death from either the death certificate or the participant’s 
medical records. The last death occurred in February 2012.

We located the death certificates for 55 of 58 participants 
who died. For one of the three patients for whom we could not 
locate a death certificate, we found an obituary listing, with the 
information matching the demographic data that she provided 
during enrollment. The obituary said the patient “battled breast 
cancer” but did not cite the specific cause of death. The other 
two participants were found in the Social Security database. 
Of 55 death certificates, 33 listed metastatic breast cancer as 
primary cause of death. The remaining certificates listed respi-
ratory arrest (n = 9), cardiac/cardiopulmonary arrest (n = 4), 
hepatic failure (n = 3), renal failure (n = 1), pneumonia (n = 1), 
septic shock (n = 1), and disseminated intravascular coagu-
lopathy (n = 1). With the exception of one participant whose 
cardiac arrest was attributed to lung cancer, all of these causes 
of death (n = 19) were listed as secondary to breast metastatic 

disease. There were two participants whose cause of death was 
listed as colon cancer (n = 1), and another participant’s cause 
of death was listed as brain metastases secondary to lymphoma. 
Thus, of 55 death certificates, 33 listed metastatic breast cancer 
as the primary source of death, 19 causes of death were directly 
attributable to metastatic breast cancer disease progression, 
and three were attributed to other cancers (lung, colon, and 
lymphoma).

Data Analyses
Cox Proportional Hazards Models were used to analyze the 

survival data. We conducted Cox regression analysis with and 
without adjusting for the known prognostic factors of survival 
(age, estrogen receptor status, treatment [chemotherapy, radia-
tion therapy, hormonal treatment], dominant site of metastatic 
disease spread [viscera, bone, and chest wall], depression, and 
cortisol levels). Data are presented as mean ± standard devia-
tion and/or median with interquartile distance as appropriate. 
All analyses were conducted using SAS (Version 9.3, SAS 
Institute Inc., Cary, NC). The SAS PROC PHREG procedure 
was used for Cox Proportional Hazards modeling. Analyses for 
Graph 2 were conducted using OriginPro 8.0 software (Origin-
Labs, Northampton, MA).

RESULTS

Primary Analysis

Sleep Efficiency (SE )
Higher SE in women with advanced breast cancer was 

significantly associated with lower mortality over the ensuing 
6 years (N = 97, hazard ratio [HR], 0.96; 95% CI, 0.94–0.98; 
P < 0.001). Using the Cox model parameter estimate, we found 
that a 10% increase in SE reduced the hazard of subsequent 
mortality by 32%.

Because 85% SE is the generally used cutoff score indi-
cating good sleep,17 we also conducted the analysis using the 
85% cutoff rate. We found that mean survival for the efficient 
sleeper group of 85% or higher (n = 60) was 68.9 ± 4.0 months 
compared with 33.2 ± 4.3 months for the poor SE group (< 85%; 
n = 37; log-rank test, χ = 23.13; P < 0.001; Figure 1).

The effect of SE on overall survival remained after adjusting 
for baseline prognostic factors (age, estrogen receptor status, 

Table 2—Sleep among women with advanced breast cancer over 3 nights (N = 97)

Statistics
Sleep variable Mean ± SD Median 25th 75th

Actigraphy
Total sleep time (min) 390 ± 79 395.7 341.7 445.7
Wake after sleep onset (min) 71.2 ± 51.1 55.0 31.0 99.3
Wake after sleep onset (% of TST) 21.8 ± 21.1 13.4 7.94 26.6
Duration of wake episodes (min) 4.8 ± 2.7 4.2 3.1 5.7
Number of wake episodes (N) 14.5 ± 6.5 14.3 9.0 18.7

Actigraphy and self-report
Sleep efficiency (%) 84.6 ± 10.8 88.0 79.3 92.8
Total time in bed (min) 478.3 ± 73.3 484.3 435.0 519.3
Sleep latency (min) 11.5 ± 10.1 8.7 4.7 15.0
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treatments received, metastatic disease spread [dominant site], 
depression, and cortisol levels), as shown in Table 3 in a multi-
variate Cox Proportional Hazards analysis (HR, 0.94; CI, 0.91–
0.97, P < 0.001).

Sleep Duration (TIB )
We found no linear or quadratic (where low or high sleep 

duration would be detrimental to survival) association between 
sleep duration and survival. As shown in Figure 2, SE rather 
than total sleep time (TST) was associated with longer subse-
quent overall survival. Shorter time in bed (TIB) was not predic-
tive of mortality (HR, 0.99; 95% CI, 0.97–1.00; P = 0.09).

Exploratory Analyses Using Other Actigraphy or Self-Report 
Derived Sleep Variables

Wake after Sleep Onset (WASO in min )
Lower WASO measured in minutes in participants with 

advanced breast cancer was significantly associated with lower 
mortality over the ensuing 6 years (HR, 0.48; 95% CI, 0.33–
0.71; P < 0.0001). The effect of WASO on overall mortality 
was maintained after adjusting for baseline prognostic factors 
as shown in a multivariate analysis (HR, 0.41; 95% CI, 0.25–
0.67, P < 0.001).

Wake after Sleep Onset (WASO % of TST )
Lower WASO as a percentage of TST in participants 

with advanced breast cancer was significantly associated 
with lower mortality over the ensuing 6 years (HR, 0.98; 
95% CI, 0.97–0.99, P < 0.001). The effect of WASO (% of 
TST) on overall mortality was maintained after adjusting 
for baseline prognostic factors as shown in a multivariate 
analysis (HR, 0.97; 95% CI, 0.96–0.98, P < 0.001).

Mean Number of Wake Episodes
Fewer wake episodes were significantly associated with 

lower mortality over 6 years (HR, 0.94; 95% CI, 0.90–
0.98; P = 0.003). The effect of the mean number of wake 
episodes on overall mortality was also maintained after 
adjusting for baseline prognostic factors in multivariate 
analysis (HR, 0.93; 95% CI = 0.88–0.98; P = 0.007).

Mean Wake Episode Duration
Shorter wake episodes during each nocturnal awak-

ening were also predictive of lower mortality over 6 years 
(HR, 0.46; 95% CI, 0.29–0.75; P = 0.002). The effect of 
mean wake episode duration on overall mortality was 
maintained after adjusting for baseline prognostic factors 
as shown in a multivariate analysis (HR, 0.29; 95% CI, 
0.14–0.58; P < 0.001).

Sleep Latency
Shorter sleep latency was not associated with lower 

mortality over 6 years (HR, 0.89; 95% CI, 0.75–1.06; 
P = 0.19).

DISCUSSION
We found sleep disruption as measured by actigraphy 

and sleep diary to be an independent predictor of overall 
survival among women with advanced breast cancer, 
even after accounting for other medical and demographic 
risk factors. Examination of the survival curves over the 
median 6-year period available (Figure 1) indicates that 
the finding was not due to acute, pre-terminal sleep disrup-
tion, but rather sleep disruption at baseline predicted the 
subsequent survival outcome at the median follow-up of 6 
years, as the survival curves continued to diverge. Overall, 
these participants with advanced breast cancer spent about 
8 hours in bed but slept for only about 6.5 hours, yielding 
an average SE of 84.6%, which is slightly below the clin-
ical cutoff of 85% for clinically significant sleep disrup-
tion.17 Approximately 38% (n = 37) of the participants 

Figure 1—Sleep efficiency and survival in women with advanced breast cancer. 
Sleep efficiency of 85% or above is shown in dark blue, associated 95% 
confidence interval is shown in light blue. Sleep efficiency of less than 85% 
is shown in red and the associated confidence interval is shown in light red. 
Censored data are shown in triangles.

Table 3—Sleep and subsequent hazard of death in advanced breast cancer: 
multivariate analysis

Variable
Measurement estimates Hazard ratio for 

death (95% CI)Coefficient P value
Baseline sleep efficiency -0.06 ± 0.01 < 0.001 0.94 (0.91–0.97)
Age 0.03 ± 0.02 0.08 1.03 (1.00–1.06)
Estrogen receptor status 0.38 ± 0.34 0.26 1.46 (0.75–2.85)
Treatment

Chemotherapy 0.52 ± 0.37 0.17 1.68 (0.81–3.48)
Radiation 0.56 ± 0.43 0.20 1.75 (0.75–4.09)
Hormonal -0.26 ± 0.35 0.47 0.78 (0.39–1.54)

Metastases
Bone vs. chest wall 0.17 ± 0.47 0.72 1.18 (0.47–2.96)
Viscera vs. chest wall 1.26 ± 0.37 0.0006 3.54 (1.73–7.26)

Salivary diurnal
cortisol (z-score for log 
slope)

0.03 ± 0.16 0.85 1.03 (0.75–1.41)

Depression (BDI) 0.01 ± 0.02 0.40 1.01 (0.98–1.05)

BDI, Beck Depression Inventory; CI, confidence interval.
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in our sample with especially poor SE (< 85%) had markedly 
shorter overall survival. Most of the participants in this study 
(52 of 58) died of their advanced breast cancer disease rather 
than of comorbid health conditions.

This is the first study to demonstrate the long-term detri-
mental effects of objectively quantified sleep on survival 
in women with advanced cancer. The literature is relatively 
sparse regarding actigraphy in early stages of breast cancer. 
A recent study by Garrett et al.18 conducted in 78 women in 
whom primary breast cancer was diagnosed (metastatic disease 
was excluded) reported that their actigraphy-measured SE was 
85.17%, SE = 1.58, TST = 7.02 h, and TIB = 8.30 h. Wright et 
al.19 reported actigraphy-measured SE to be 86.3%, and TST 
to be 5.68 h in 39 women with a newly diagnosed disease who 
were scheduled to undergo surgery for breast cancer. Other 
studies that used actigraphy typically recruited women with 
some level of sleep problems (e.g., insomnia), thus making 
SE, TST, and TIB difficult to compare with our study.20 Thus, 
our findings on sleep disturbance in women with advanced 
breast cancer are either on par or slightly more concerning than 
those that have been reported in the literature in women with 
early breast cancer. Less WASO, lower mean number of wake 
episodes, and shorter wake duration all had lower HRs (more 
protective) compared with SE. It is unclear why might this be, 
but it is possible that the causes of reductions in these wake-
specific variables have a different mechanism of action that 
affects overall mortality more directly. In this study, sleep dura-
tion was not a significant predictor of survival. Although this is 
a surprising finding, it suggests that given adequate amount of 
time in bed (average in our sample of 8 hours), it might be the 
quality rather than the quantity of sleep that matters for survival 
in this population.

How might sleep disruption be related to breast cancer 
progression? We accounted for factors that, in previous work, 
have been directly associated with shorter survival, including 
depression, cortisol level, and medical variables.12-14 Many 
of these, notably depression and cortisol level, also have 
shown significant effects on sleep.2,21,22 However, even 
after adjusting for these relationships, less disrupted sleep 
remained a significant predictor of lower mortality. Although 
not directly examined in this study, it is possible that sleep 
disruption leads to diminished immune function4 or impaired 
hormonal stress responses21 that are more directly responsible 
for the decrease in survival. It is notable that in this study, 
it is the quality of sleep rather than the quantity of sleep 
that predicts survival. This is in accordance with the cogni-
tive behavioral treatment approach for sleep disruption that 
encourages patients to trade sleep duration for sleep quality 
via sleep restriction (restricting the number of hours spent in 
bed based on the formula that takes their actual sleep time 
into account), allowing patients to build up homeostatic pres-
sure that enables better sleep.

Our study is, of course, not without limitations. Our objec-
tive measure of sleep (actigraphy) is a proxy measurement, with 
polysomnography as the gold standard. The generalizability of 
the study is also reduced by our sample’s size and composition 
of predominantly non-Hispanic white women with relatively 
high education and socioeconomic status. Further, data were 
collected only for participants with advanced breast cancer; 

thus we cannot generalize our results to women in earlier stages 
of breast cancer, or to other individuals, including men, with 
advanced cancers.

CONCLUSION
Our findings reveal that women with advanced breast cancer 

who experience less objective sleep disturbance, specifically 
more efficient sleep (> 85%) have significantly lower mortality. 
Our data suggest that an improvement in SE by 10% among 
women with severe sleep disruption could potentially lead to 
a 32% increase in survival time. However, it will be impor-
tant to conduct future research using a prospective controlled 
experimental design to further clarify the effect of improving 
SE on survival. There is a need for research on the effect of 
evidence-based sleep interventions–such as cognitive behav-
ioral therapy for insomnia–to improve survival among patients 
with advanced breast cancer experiencing sleep disruption. 
Meanwhile, the current findings suggest the importance of 
careful assessment of sleep among women with advanced 
breast cancer and referral of those with sleep disturbance for 
appropriate treatment.
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Figure 2—The relationships among time in bed (x-axis), percent sleep 
efficiency (y-axis), and survival. Heat map shows the relationships among 
time in bed (x-axis), percent sleep efficiency (y-axis), and survival (color 
coded, see legend). As the statistical analyses indicate, individuals with 
poorer sleep efficiency have shorter survival times (color range from black 
to blue). This heat map indicates that it is good sleep efficiency, rather 
than time in bed, that is associated with longer survival times (color range 
from yellow to red). Graphing boundaries were set by the extant data 
range, and contours were smoothed with a thin plate spline parameter of 
0.01 (OriginPro 8.0, OriginLabs, Northampton MA).
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