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INTRODUCTION
Studies conducted among rotating shift workers have suggested 

that circadian sleep disorders may play a role in the development 
of breast cancer,1-5 possibly through melatonin suppression or 
inflammation. Melatonin is mainly produced by the pineal gland 
with a typical peak in production during the night, but produc-
tion of melatonin can be inhibited through exposure to light at 
night.5 Increased exposure to light at night due to shorter sleep 
duration may lead to a lower production of melatonin, which in 
turn increases circulating estrogen.6,7 Increased lifetime expo-
sure to endogenous and exogenous estrogen has been previ-
ously observed to increase the risk of both premenopausal and 
postmenopausal breast cancer and may be a link between sleep 
and breast cancer.8-10 Sleep disturbance has also been observed 
to induce inflammatory cytokines,11 and inflammation has long 
been linked to cancer incidence.12 However, the observed asso-
ciation between typical sleep duration, sleep quality, or sleep 
disturbance and breast cancer has not yielded consistent findings.

One case-control study, including premenopausal and post-
menopausal breast cancers, found that longer sleep duration 
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slightly increased the risk of breast cancer so that for each 
hour increase in self-reported recent sleep, the odds of breast 
cancer increased by 6%.13 In contrast, the authors of two 
cohort studies among women in Asia observed inverse associa-
tions between sleep duration and breast cancer incidence, but 
these inverse associations were restricted to postmenopausal 
women.14,15 There was no association between sleep duration 
and risk of breast cancer in the Nurses’ Health Study in the 
United States, a Finnish cohort, or an Australian case-control 
study.16-18 To our knowledge, two published studies investi-
gated the association between sleep quality and breast cancer 
and no association was detected.17,18 One study considered the 
association between sleep disturbance and breast cancer and no 
association was detected.19 Because the associations between 
sleep measures and the incidence of breast cancer have been 
inconsistent, the aim of this study was to determine whether the 
duration of sleep, sleep quality, insomnia, or sleep disturbance 
was associated with incident breast cancer among participants 
in the Women’s Health Initiative (WHI), a large cohort of 
postmenopausal women.

METHODS

Study Population
The design and recruitment for the WHI have been previ-

ously described in detail.20 Briefly, the WHI consists of four 
Clinical Trials (CTs) and an Observational Study (OS) with 
68,132 and 93,676 women enrolled in the CTs and OS, 

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/36/10/1437/2416772 by guest on 24 April 2024



SLEEP, Vol. 36, No. 10, 2013 1438 Sleep and Breast Cancer Incidence—Vogtmann et al

respectively. For this study, we used data from both the CTs 
and the OS. The CTs were a Dietary Modification (DM) trial, 
two Hormone Therapy (HT) trials, and a Calcium and Vitamin 
D (CaD) trial that recruited participants already enrolled in the 
DM or HT trials. Post-menopausal women age 50 to 79 years 
who gave written informed consent and planned to remain in 
the area for at least 3 years were eligible for the WHI. Exclusion 
criteria included predicted survival of less than 3 years due to 
comorbid conditions, medical conditions that precluded adher-
ence and participation, and participation in other CTs. Each of 
the CTs had specific exclusion criteria that largely included 
safety concerns. The WHI study protocol was approved by the 
Institutional Review Boards at all participating institutions. For 
this study, we excluded any woman with a prior cancer other 
than nonmelanoma skin cancer (N = 14,849), missing informa-
tion on prior cancer (N = 1,406), and women with no informa-
tion on last contact or last follow-up (N = 772). Women who 
did not provide data on the primary sleep exposures of interest 
were also excluded (N = 3,117). For multivariable analyses, 
31,653 women were missing data on at least one of the covari-
ates of interest, which left 110,011 women for analysis. The 
distribution of the sleep variables were similar for participants 
who were included and not included. Being excluded was also 
not associated with the risk of invasive breast cancer.

Sleep Duration, Sleep Quality, and Insomnia
Typical sleep duration, sleep quality, and other sleep ques-

tions from the WHI Insomnia rating scale for sleep over the 
past 4 weeks were assessed during the screening visits for both 
the CT and OS participants and have been used in prior WHI 
analyses.21-23 Sleep variables were reassessed after 1 year for all 
CT participants and for some randomly selected women every 
2 years thereafter. For OS participants, typical sleep duration, 
sleep quality, and sleep disturbance were reassessed 3 years 
after baseline. For sleep duration, participants were asked, 
“about how many hours of sleep did you get in a typical night 
during the past 4 weeks?” and could respond as 5 h or less, 6 h, 
7 h, 8 h, 9 h, or 10 h or more. Because only a small proportion of 
participants (0.44%) responded with 10 h or more, we combined 
the groups with 9 h and 10 h or more. For the sleep quality vari-
able, participants were asked, “overall, was your typical night’s 
sleep during the past 4 weeks: very restless, restless, average 
quality, sound or restful, or very sound or restful.” The presence 
of insomnia was calculated by combining the responses from 
the WHI Insomnia Rating Scale, which included five questions 
assessing whether participants had difficulty falling asleep, 
woke up several times, woke up early, had difficulty returning 
to sleep, and the participant’s overall sleep quality with variable 
coding from 0 to 4. The Insomnia Rating scale had a range from 
0 to 20, whereas a higher score signified increased sleep distur-
bance. A score of 9 or greater on the WHI Insomnia Rating 
Scale indicated problematic insomnia.24 We also created four 
categories for the sleep disturbance variable (0-3, 4-6, 7-10, 
and ≥ 11) based on the score distribution as was recently used 
for a study in the WHI.23

Breast Cancer Ascertainment
Primary invasive breast cancer was the outcome for this 

study. Participants were considered to have invasive breast 

cancer if the first invasive cancer identified was breast cancer 
(99.3%) or if breast cancer was listed as a cause of death on 
the death certificate (0.7%). Clinical outcome information was 
collected annually in the OS and every 6 months in the CT. 
Initial breast cancer reports were confirmed by trained physi-
cian adjudicators at the local clinical centers after medical 
record and pathology report review. Final verification and 
staging using the Surveillance Epidemiology and End Results 
(SEER) registry criteria were conducted by coders at the 
Clinical Coordinating Center. Estrogen receptor (ER) status 
was available for 92.1% of the breast cancer cases. Data were 
unavailable for 409 women who had borderline test results 
(2.7%), tests that were ordered but results unavailable (25.9%), 
and missing information for ER status (71.4%). For time-to-
event analyses, we considered time from baseline to the date of 
diagnosis of incident breast cancer or censoring at the date of 
diagnosis of another cancer, loss to follow-up, nonbreast cancer 
death, or end of study period (September 30, 2010). All of the 
incident invasive breast cancer outcomes were centrally adju-
dicated for the CT and OS; however, the CT participants had 
mammograms at least every 2 years (every year for HT trial 
participants) throughout the study, whereas the OS participants 
had mammograms at their personal physicians’ discretion. In 
all participants, information on mammography was collected 
annually. During the core WHI study (1993-2005), death was 
adjudicated centrally for the CT and locally for the OS.

Other Covariates of Interest
Data on additional covariates of interest were obtained at 

baseline for both the CT and OS participants. Demographic vari-
ables included age, race/ethnicity, education, family income, 
and marital status. Reproductive factors included number of 
live births, age at first birth, age at menarche, age at meno-
pause, and postmenopausal hormone use (unopposed estrogen 
or combined estrogen and progesterone). Medical history vari-
ables assessed at baseline were history of benign breast disease 
and family history of breast cancer. Body mass index (BMI) 
was calculated using the height and weight measured at the 
baseline visit (kg/m2). If data on BMI from the baseline visit 
were missing, we used the first calculated BMI available during 
follow-up. Behavioral variables, including alcohol intake, 
smoking status, and total energy expenditure per week from 
physical activity (metabolic equivalent-hours per week), were 
also included in analyses.

Statistical Analyses
Because WHI CT and OS participants had slightly different 

follow-up procedures and breast cancer assessments, we initially 
tested whether an interaction was present between sleep dura-
tion, sleep quality, insomnia, or sleep disturbance score and CT 
enrollment on the risk of incident breast cancer by comparing 
models with and without the interaction using the likelihood 
ratio test. Because none of the likelihood ratio test comparisons 
was statistically significant at the P < 0.05 level, we conducted 
all analyses with the CT and OS participants combined with 
adjustment for CT arm.

Descriptive statistics of the population were presented 
with demographic, clinical, and sleep quality characteristics 
of the women stratified by baseline sleep duration categories. 
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Differences by sleep duration category were evaluated with 
analysis of variance for continuous variables and Pearson chi-
square tests for categorical variables. A Cox proportional hazards 
model was used to estimate hazard ratios (HR) and 95% confi-
dence intervals (CI) between the baseline levels of categorical 
sleep duration (7 h as a reference), sleep quality (average quality 
as a reference), insomnia (no insomnia as a reference), and sleep 
disturbance score (0-3 as a reference) separately, with the inci-
dence of breast cancer, in addition to ER positive and ER nega-
tive breast cancers. All initial models included age and CT arm 
adjustment. Multivariable-adjusted HRs and 95% CIs adjusting 
for additional potential confounders were calculated for each of 
the sleep measures separately. We estimated a model including 
sleep duration and sleep quality and another model including 
sleep duration and insomnia with all potential confounders to 
determine whether the two sleep measures were independently 
associated with breast cancer incidence. We conducted a test for 
trend across the categories of sleep duration, sleep quality, and 
sleep disturbance score by entering the categories as a contin-
uous variable. We tested the proportional hazards assumption by 
including an interaction between the sleep exposure variables and 
the log of time in the Cox proportional hazards models. The inter-
actions were not statistically significant; therefore, we assumed 
that the proportional hazards assumption had not been violated.

Several secondary analyses were conducted. First, we 
conducted the same analyses as mentioned previously, but 
excluding women in whom breast cancer was diagnosed in 
the first 3 years after baseline in order to explore whether the 
HRs were affected by potentially undiagnosed breast cancer 
cases. Also, we conducted the analyses excluding women who 
reported taking medication or alcohol in order to promote 
sleep at any time throughout the study to determine the effect 
of natural sleep on the risk of breast cancer. We also evalu-
ated effect modification between sleep and breast cancer by 
BMI category. To evaluate effect modification, we calculated 
adjusted HRs for the association between the sleep measures 
and incident breast cancer stratified by category of BMI. A Cox 
proportional hazards model with time-dependent variables for 
sleep duration, sleep quality and insomnia was used to evaluate 
the association between the sleep measures and incident breast 
cancer allowing for the sleep measures to change over time.

All statistical analyses were conducted using SAS 9.3 (SAS 
Institute Inc., Cary, NC). A two-sided P < 0.05 was considered 
statistically significant.

RESULTS
Table 1 presents the descriptive statistics for the population 

by the number of hours of sleep reported by participants at base-
line. Participants with fewer hours of sleep were more likely to 
have very restless sleep, have greater sleep disturbances, have 
less than a high school education, have lower family incomes, 
to be non-Hispanic black, Hispanic or another race/ethnicity, be 
divorced, separated or widowed, and have lower energy expen-
ditures than those with more hours of sleep. Differences were 
also observed for age at first birth, postmenopausal hormone 
use, BMI, family history of breast cancer, alcohol intake, and 
smoking status.

After 1,190,565 cumulative person-years of follow-up in the 
WHI, 5,149 incident cases of breast cancer were identified. In 

the minimally adjusted models for sleep duration, compared 
with 7 h of sleep per night, sleeping 5 h or less (HR 0.89; 95% 
CI: 0.80, 1.00) or 6 h per night (HR 0.92; 95% CI: 0.85, 0.98) 
were both inversely associated with breast cancer and a signifi-
cant trend was identified (Ptrend = 0.0033). However, after adjust-
ment for potential confounders, the associations were no longer 
significant (Ptrend = 0.1068). No statistically significant asso-
ciations in minimally adjusted or multivariable analyses were 
observed between sleep quality, insomnia, or sleep disturbance 
level and breast cancer risk (Table 2), and no association was 
observed for the sleep disturbance variable when treated contin-
uously (results not shown). The models that mutually adjusted 
for both sleep duration and sleep quality yielded similar results 
and no statistical interaction was observed between sleep dura-
tion and sleep quality (results not shown).

When ER status for incident breast cancers was considered, 
a positive trend was observed between sleep duration and ER 
positive breast cancer (Ptrend = 0.0238); however, the individual 
association estimates each included the null value of 1.0. 
Compared with 7 h of sleep, women who slept 5 h or less a 
night had an HR of 0.92 (95% CI: 0.80, 1.05) whereas women 
who slept 9 h or more a night had an HR of 1.06 (95% CI: 0.91, 
1.23) for ER-positive breast cancer. No other trends or associa-
tions were observed for sleep quality, insomnia or sleep distur-
bance with ER-positive breast cancers and no associations were 
observed for any of the sleep measures with ER-negative breast 
cancers (Table 3).

Findings were similar after exclusion of participants who 
developed breast cancer within 3 years of baseline interview 
(results not shown). In general, the results were similar after 
stratification by BMI (results not shown), although there was 
some indication of a positive association between sleep dura-
tion and breast cancer risk among the 38,401 women of normal 
weight (Ptrend = 0.0764). In the multivariable model among 
normal weight women, compared with 7 h of sleep, the HRs 
were 1.01 (95% CI: 0.82, 1.26), 0.92 (95% CI: 0.81, 1.04), 1.05 
(95% CI: 0.93, 1.19), and 1.12 (95% CI: 0.88, 1.42) for sleeping 
5 h or less, and 6, 8, and 9 h or more, respectively. For sleep 
duration, sleep quality, and sleep disturbance level, the exclu-
sion of participants who reported ever using sleep aids at base-
line or follow-up did not materially change results. However, 
after multivariable adjustment, insomnia appeared to have an 
inverse relationship with breast cancer (HR 0.92; 95% CI: 0.84, 
1.00). Inclusion of the sleep variables as time-varying covari-
ates did not affect results and insomnia was not associated with 
the risk of breast cancer (HR 1.00; 95% CI: 0.95, 1.07) (results 
not shown).

DISCUSSION
In this study including 110,011 postmenopausal women and 

5,149 cases of breast cancer, we hypothesized that there would 
be an inverse association between sleep duration and sleep 
quality with breast cancer incidence. However, no statistically 
significant associations were observed between sleep dura-
tion, sleep quality, insomnia, or sleep disturbance with breast 
cancer risk in multivariable adjusted models. Although, a posi-
tive trend was observed between sleep duration and ER-posi-
tive breast cancer incidence. Various secondary analyses were 
conducted, such as excluding participants who developed breast 
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Table 1—Descriptive statistics for the clinical trial and observational study arms of the Women’s Health Initiative by self-reported sleep duration at baseline 
(N = 110,011)

Hours of sleep per night
P≤ 5 (N = 8,686) 6 (N = 30,159) 7 (N = 41,970) 8 (N = 24,503) ≥ 9 (N = 4,693)

Sleep quality
Very restless 1,208 (13.91%) 621 (2.06%) 267 (0.64%) 112 (0.46%) 50 (1.07%) < 0.0001
Restless 3,458 (39.81%) 6,338 (21.02%) 3,665 (8.73%) 1,417 (5.78%) 314 (6.69%)
Average 2,714 (31.25%) 13,806 (45.78%) 18,586 (44.28%) 9,232 (37.68%) 1,636 (34.86%)
Sound or restful 847 (9.75%) 6,569 (21.78%) 13,876 (33.06%) 9,210 (37.59%) 1,713 (36.50%)
Very sound or restful 459 (5.28%) 2,825 (9.37%) 5,576 (13.29%) 4,532 (18.50%) 980 (20.88%)

Insomnia
Yes 5,979 (68.83%) 12,531 (41.55%) 10,048 (23.94%) 3,925 (16.02%) 734 (15.64%) < 0.0001
No 2,707 (31.17%) 17,628 (58.45%) 31,922 (76.06%) 20,578 (83.98%) 3,959 (84.36%)

Sleep disturbance group
0-3 953 (10.97%) 6,377 (21.14%) 12,504 (29.79%) 9,029 (36.85%) 1,729 (36.84%) < 0.0001
4-6 972 (11.19%) 6,870 (22.78%) 12,833 (30.58%) 8,055 (32.87%) 1,580 (33.67%)
7-10 1,686 (19.41%) 8,422 (27.93%) 11,476 (27.34%) 5,576 (22.76%) 1,039 (22.14%)
≥ 11 5,075 (58.43%) 8,490 (28.15%) 5,157 (12.29%) 1,843 (7.52%) 345 (7.35%)

HRT Trial 1,742 (20.06%) 5,444 (18.05%) 6,843 (16.30%) 3,888 (15.87%) 731 (15.58%) < 0.0001
DM Trial 2,603 (29.97%) 9,446 (31.32%) 12,824 (30.56%) 7,272 (29.68%) 1,324 (28.21%) < 0.0001
CaD Trial 1,956 (22.52%) 7,313 (24.25%) 9,787 (23.32%) 5,476 (22.35%) 947 (20.18%) < 0.0001
Observational study 4,874 (56.11%) 16,858 (55.90%) 24,280 (57.85%) 14,424 (58.87%) 2,844 (60.60%) < 0.0001
Age 62.90 (7.47) 62.75 (7.26) 62.76 (7.10) 63.24 (6.94) 63.68 (7.04) < 0.0001
Education

< High school 696 (8.01%) 1,409 (4.67%) 1,443 (3.44%) 881 (3.60%) 272 (5.80%) < 0.0001
High school diploma/GED 1,733 (19.95%) 5,318 (17.63%) 6,760 (16.11%) 4,076 (16.63%) 783 (16.68%)
≥ High school 3,682 (42.39%) 11,658 (38.66%) 15,448 (36.81%) 9,023 (36.82%) 1,763 (37.57%)
≥ College degree 2,575 (29.65%) 11,774 (39.04%) 18,319 (43.65%) 10,523 (42.95%) 1,875 (39.95%)

Family income
< $20,000 2,150 (24.75%) 4,914 (16.29%) 5,479 (13.05%) 3,311 (13.51%) 850 (18.11%) < 0.0001
$20,000-$34,999 2,258 (26.00%) 7,554 (25.05%) 9,714 (23.15%) 5,752 (23.47%) 1,120 (23.87%)
$35,000-$49,999 1,653 (19.03%) 6,226 (20.64%) 8,764 (20.88%) 5,186 (21.16%) 996 (21.22%)
$50,000-$74,999 1,473 (16.96%) 5,998 (19.89%) 8,923 (21.26%) 5,236 (21.37%) 896 (19.09%)
≥ $75,000 1,152 (13.26%) 5,467 (18.13%) 9,090 (21.66%) 5,018 (20.48%) 831 (17.71%)

Race/ethnicity
Non-Hispanic white 5,864 (67.51%) 23,820 (78.98%) 36,664 (87.36%) 21,950 (89.58%) 4,048 (86.26%) < 0.0001
Non-Hispanic black 1,622 (18.67%) 3,361 (11.14%) 2,469 (5.88%) 1,180 (4.82%) 352 (7.50%)
Hispanic 489 (5.63%) 1,192 (3.95%) 1,289 (3.07%) 697 (2.84%) 186 (3.96%)
Other 711 (8.19%) 1,786 (5.92%) 1,548 (3.69%) 676 (2.76%) 107 (2.28%)

Marital status
Never married 429 (4.94%) 1,369 (4.54%) 1,771 (4.22%) 981 (4.00%) 195 (4.16%) < 0.0001
Divorced/separated 1,832 (21.09%) 5,481 (18.17%) 6,355 (15.14%) 3,271 (13.35%) 746 (15.90%)
Widowed 1,822 (20.98%) 5,692 (18.87%) 6,558 (15.63%) 3,433 (14.01%) 713 (15.19%)
Currently married 4,603 (52.99%) 17,617 (58.41%) 27,286 (65.01%) 16,818 (68.64%) 3,039 (64.76%)

Number of live births 2.75 (1.79) 2.74 (1.74) 2.74 (1.72) 2.78 (1.72) 2.72 (1.78) 0.0330
Age at first birth, years

Never pregnant/had term 
pregnancy

1,892 (21.78%) 5,909 (19.59%) 7,955 (18.95%) 4,775 (19.49%) 1,021 (21.76%) < 0.0001

< 20 1,561 (17.97%) 4,178 (13.85%) 4,715 (11.23%) 2,882 (11.76%) 615 (13.10%)
20-24 3,103 (35.72%) 11,338 (37.59%) 16,457 (39.21%) 9,754 (39.81%) 1,760 (37.50%)
25-29 1,552 (17.87%) 6,457 (21.41%) 9,569 (22.80%) 5,350 (21.83%) 964 (20.54%)
≥ 30 578 (6.65%) 2,277 (7.55%) 3,274 (7.80%) 1,742 (7.11%) 333 (7.10%)

Age at menarche 12.54 (1.61) 12.55 (1.49) 12.59 (1.44) 12.64 (1.45) 12.73 (1.52) < 0.0001
Age at menopause 47.12 (7.09) 48.00 (6.43) 48.42 (6.08) 48.46 (6.15) 48.17 (6.39) < 0.0001

Values reported are mean (SD) or N (%). BMI, body mass index; CaD, calcium and vitamin D; DM, diabetes mellitus; GED, general educational development; 
HRT, hormone replacement therapy; SD, standard deviation.

Table 1 continues on the following page
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cancer within 3 years of baseline interview, stratification by 
BMI category, and exclusion of participants who reported ever 
using sleep aids, which included taking medication or alcohol 
in order to promote sleep, but these secondary analyses gener-
ally did not affect our findings.

These null findings are in agreement with the results of two 
previous cohort studies, the Nurses’ Health Study in the United 
States and the Finnish Twin Cohort, and one case-control study 
conducted in Australia.16-18 In the Nurses’ Health Study, among 
postmenopausal women, compared with 7 h of sleep per night, 
the HR for breast cancer was 0.97 (95% CI: 0.82, 1.14) for 
5 h or less and 0.96 (95% CI: 0.81, 1.13) for 9 h or more of 
sleep per night.16 In the Finnish Twin Cohort, which included 
mainly younger women at baseline, although the principal 
analyses showed no significant associations between sleep and 
breast cancer, when the analyses were restricted to women who 
reported the same average sleep duration per night in 1975 and 
1981, women who reported sleeping 9 h or more per night had 
a multivariable HR of 0.28 for incident breast cancer (95% 
CI: 0.09, 0.88) compared with those with 7 or 8 h of sleep per 
night.17 Because these restrictions can lead to survival bias, we 
instead conducted additional analyses treating self-reported 
sleep duration as a time-varying covariate and did not find any 

statistically significant associations. In the Australian case-
control study, no association was observed between sleep dura-
tion and breast cancer case status, irrespective of ER status.18 
Other previous research has found associations between sleep 
duration and breast cancer incidence that are in contrast with 
our findings. A previous case-control study conducted in the 
United States identified a positive trend for breast cancer with 
a multivariable OR of 1.06 (95% CI: 1.01, 1.11) for every hour 
increase in recently reported sleep duration.13 In contrast, two 
cohort studies in Asia observed inverse associations between 
sleep duration and breast cancer incidence with a risk ratio of 
0.67 (95% CI: 0.4, 1.1) for 9 h or more of sleep compared with 
6 h or less among postmenopausal women in Singapore and 
a HR of 0.74 (95% CI: 0.35, 1.59) for 9 h or more compared 
with 7 h among postmenopausal women in Japan.14,15 The weak 
positive association between sleep duration and risk of ER posi-
tive breast cancer in our study was unexpected because lower 
melatonin levels are correlated with higher estrogen levels,7 
and increased estrogen exposure has been strongly linked to ER 
positive breast cancer.8,25

To our knowledge, only two studies have investigated the 
association between sleep quality and breast cancer and, similar 
to the current study, did not observe a significant association.17,18 

Table 1 (continued )—Descriptive statistics for the clinical trial and observational study arms of the Women’s Health Initiative by self-reported sleep duration 
at baseline (N = 110,011)

Hours of sleep per night
P≤ 5 (N = 8,686) 6 (N = 30,159) 7 (N = 41,970) 8 (N = 24,503) ≥ 9 (N = 4,693)

Postmenopausal unopposed estrogen use
Never 5,397 (62.13%) 18,911 (62.70%) 26,658 (63.52%) 15,610 (63.71%) 3,065 (65.31%) < 0.0001
Past 1,253 (14.43%) 3,887 (12.89%) 5,152 (12.28%) 3,108 (12.68%) 584 (12.44%)
Current 2,036 (23.44%) 7,361 (24.41%) 10,160 (24.21%) 5,785 (23.61%) 1,044 (22.25%)

Postmenopausal estrogen+progestin use
Never 6,776 (78.01%) 22,053 (73.12%) 29,202 (69.58%) 16,800 (68.56%) 3,290 (70.10%) < 0.0001
Past 735 (8.46%) 2,637 (8.74%) 3,771 (8.98%) 2,262 (9.23%) 431 (9.18%)
Current 1,175 (13.53%) 5,469 (18.13%) 8,997 (21.44%) 5,441 (22.21%) 972 (20.71%)

BMI 29.03 (6.50) 28.18 (6.00) 27.51 (5.71) 27.66 (5.71) 28.26 (6.17) < 0.0001
History of benign breast disease

Yes 1,849 (21.29%) 6,457 (21.41%) 9,008 (21.46%) 5,149 (21.01%) 995 (21.20%) 0.7229
No 6,837 (78.71%) 23,702 (78.59%) 32,962 (78.54%) 19,354 (78.99%) 3,698 (78.80%)

Family history of breast cancer
Yes 1,536 (17.68%) 5,401 (17.91%) 7,682 (18.30%) 4,632 (18.90%) 866 (18.45%) 0.0230
No 7,150 (82.32%) 24,758 (82.09%) 34,288 (81.70%) 19,871 (81.10%) 3,827 (81.55%)

Alcohol intake
Never 1,195 (13.76%) 3,265 (10.83%) 4,132 (9.85%) 2,387 (9.74%) 462 (9.84%) < 0.0001
Past 2,076 (23.90%) 5,884 (19.51%) 6,837 (16.29%) 3,941 (16.08%) 985 (20.99%)
< 1 drink per month 1,281 (14.75%) 4,096 (13.58%) 5,138 (12.24%) 2,954 (12.06%) 509 (10.85%)
< 1 drink per week 1,726 (19.87%) 6,345 (21.04%) 8,994 (21.43%) 4,880 (19.92%) 840 (17.90%)
1- < 7 drinks per week 1,712 (19.71%) 7,566 (25.09%) 11,794 (28.10%) 6,746 (27.53%) 1,100 (23.44%)
≥ 7 drinks per week 696 (8.01%) 3,003 (9.96%) 5,075 (12.09%) 3,595 (14.67%) 797 (16.98%)

Smoking status
Never 4,517 (52.00%) 15,349 (50.89%) 21,505 (51.24%) 12,404 (50.62%) 2,222 (47.35%) < 0.0001
Past 3,435 (39.55%) 12,533 (41.56%) 17,802 (42.42%) 10,581 (43.18%) 2,140 (45.60%)
Current 734 (8.45%) 2,277 (7.55%) 2,663 (6.35%) 1,518 (6.20%) 331 (7.05%)

Total energy expenditure 11.01 (13.76) 12.12 (13.59) 12.92 (13.56) 12.97 (13.71) 12.29 (14.18) < 0.0001

Values reported are mean (SD) or N (%). BMI, body mass index; CaD, calcium and vitamin D; DM, diabetes mellitus; GED, general educational development; 
HRT, hormone replacement therapy; SD, standard deviation.
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Similarly, no association has been previously observed 
between sleep disturbance and breast cancer risk.19 However, 
the association between insomnia and breast cancer has, to 
our knowledge, not been previously assessed. Our finding 
that problematic insomnia may be inversely associated with 
breast cancer among women who never took sleep aids was 
surprising, but a previous study found that insomnia decreased 
the odds of ovarian cancer, which shares similar risk factors 
with breast cancer including a number of reproductive factors 
and exogenous hormone exposure, by 50% (95% CI for the OR: 
0.3, 0.8).26 It is possible that insomnia and breast cancer share a 
common cause that increases the risk of insomnia and decreases 
the risk of breast cancer. For example, estrogen replacement 
therapy was found to improve subjective sleep quality,27 so it 
is possible that women with lower lifetime estrogen exposure 
were more likely to experience insomnia and also less likely to 
develop breast cancer. However, this finding should be inter-
preted with caution because a number of comparisons were 
conducted and sleep aids were defined by self-reported use 
of medication or alcohol to promote sleep. But future studies 
could consider this potential association with breast cancer, 
particularly among women who do not take medications for 
sleep, in order to determine whether this was a spurious finding.

Strengths of this study should be noted. First, the WHI is a 
rigorously designed clinical trial and observational study with 
carefully assessed outcomes, so incident breast cancer has a low 

likelihood to be misclassified.28 Similarly, the women in the WHI 
were well characterized with comprehensive baseline and follow-
up information. Second, the results of this study were generally 
consistent throughout sensitivity analyses, which suggest that in 
this study population, there was no strong association between 
the different aspects of sleep and the risk of breast cancer. Finally, 
this analysis included a large number of breast cancer cases from 
a large population with a long follow-up period.

However, this study has limitations. For instance, a large 
proportion of women (22.3%) in this study were excluded due to 
missing data on one or more covariates; however, it is unlikely 
that the weak, nonsignificant associations observed in this study 
would be greatly affected by the exclusion of these participants 
because, in a sensitivity analysis, age-adjusted association esti-
mates for sleep duration, sleep quality, insomnia, and sleep 
disturbance score were similar for the sample prior to exclusions 
based on missing confounders (N = 141,664) compared with the 
complete case analysis (N = 110,011; results not shown). In addi-
tion, all of the sleep data and data on many of the other covari-
ates of interest were obtained by self-report, so participants may 
have been misclassified on the primary exposure of interest. 
Direct assessment of sleep through actigraphy or polysomnog-
raphy were not available for this sample and self-reported sleep 
duration has poor agreement with sleep measured with actig-
raphy.29 But self-reported sleep duration has been observed to 
be correlated with urinary melatonin levels,15 although another 

Table 2—Hazard ratios and 95% confidence intervals for the associations between sleep and incident breast cancer in the Women’s Health Initiative 
population (N = 110,011)

Incident breast 
cancer cases

Minimally adjusted HR 
(95% CI)a

Multivariable HR
(95% CI)b

Sleep duration, hours per night
≤ 5 355 0.89 (0.80, 1.00) 0.95 (0.85, 1.07)
6 1,318 0.92 (0.85, 0.98) 0.94 (0.87, 1.00)
7 2,049 Ref Ref
8 1,192 1.00 (0.93, 1.07) 0.99 (0.92, 1.06)
≥ 9 235 1.05 (0.92, 1.20) 1.03 (0.90, 1.18)
Ptrend 0.0033 0.1068

Sleep quality
Very restless 88 0.87 (0.71, 1.08) 0.87 (0.70, 1.08)
Restless 661 0.94 (0.86, 1.03) 0.93 (0.86, 1.02)
Average 2,164 Ref Ref
Sound or restful 1,595 1.04 (0.97, 1.11) 1.02 (0.96, 1.09)
Very sound or restful 641 0.93 (0.85, 1.01) 0.93 (0.85, 1.01)
Ptrend 0.5355 0.5890

Insomnia
Yes 1,519 0.99 (0.93, 1.05) 0.99 (0.93, 1.05)
No 3,630 Ref Ref

Sleep disturbance level
0-3 1,418 Ref Ref
4-6 1,473 1.05 (0.98, 1.13) 1.04 (0.97, 1.12)
7-10 1,315 1.01 (0.94, 1.09) 1.00 (0.92, 1.07)
≥ 11 943 1.00 (0.92, 1.08) 1.00 (0.92, 1.09)
Ptrend 0.7690 0.7386

aAdjusts for age and clinical trial arm assignment. bAdjusts for age, clinical trial arm assignment, number of live births, age at menarche, age at menopause, 
body mass index, energy expenditure, education, income, race/ethnicity, marital status, age at first birth, previous use of hormone replacement therapy 
(unopposed estrogen or estrogen+progesterone), history of benign breast disease, family history of breast cancer, alcohol consumption, and smoking status. 
The sleep measures are all in separate models. Mutually adjusted models are not presented. CI, confidence interval; HR, hazard ratio.
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study found a slightly increased level of urinary melatonin for 
women who reported shorter sleep duration.30 However, because 
interviews were conducted prior to breast cancer development, 
any potential misclassification of sleep should be nondiffer-
entially related to our outcome of interest. Information on the 
timing of sleep (daytime or nighttime) was not recorded in this 
study and therefore the hypothesis for exposure to light at night 
could not be assessed in this study. We also did not assess the 
effect of shift work on the risk of breast cancer in this population, 
but future work could address this association. Finally, although 
we adjusted for a number of potentially important confounders, 
residual confounding due to unmeasured confounders could 
have affected our association estimates.

In conclusion, this large study from the WHI does not provide 
support for an association between self-reported sleep duration, 
sleep quality, insomnia, or sleep disturbance with the risk of 
breast cancer in postmenopausal women. The observed asso-
ciation between insomnia and the risk of breast cancer among 
women who do not use sleep aides warrants further investiga-
tion. Consideration of the association between sleep measures 
and different breast cancer subtypes could also be considered.
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Table 3—Hazard ratios and 95% confidence intervals for the associations between sleep and incident breast cancer by estrogen receptor status in the 
Women’s Health Initiative population (N = 109,602)

Incident ER+ breast 
cancer cases

Multivariable HR
(95% CI)a

Incident ER− breast 
cancer cases

Multivariable HR
(95% CI)a

Sleep duration, hours per night
≤ 5 256 0.92 (0.80, 1.05) 57 0.95 (0.71, 1.28)
6 1,013 0.94 (0.87, 1.01) 201 0.96 (0.80, 1.15)
7 1,598 Ref 290 Ref
8 959 1.02 (0.94, 1.10) 152 0.91 (0.75, 1.11)
≥ 9 187 1.06 (0.91, 1.23) 27 0.86 (0.58, 1.28)
Ptrend 0.0238 0.6046

Sleep quality
Very restless 60 0.77 (0.60, 1.00) 21 1.40 (0.90, 2.18)
Restless 515 0.94 (0.85, 1.04) 88 0.85 (0.67, 1.08)
Average 1,680 Ref 315 Ref
Sound or restful 1,262 1.04 (0.96, 1.12) 215 0.96 (0.81, 1.14)
Very sound or restful 496 0.92 (0.83, 1.02) 88 0.88 (0.69, 1.12)
Ptrend 0.4477 0.5021

Insomnia
Yes 1,188 1.00 (0.93, 1.07) 209 0.95 (0.81, 1.12)
No 2,825 Ref 518 Ref

Sleep disturbance level
0-3 1,101 Ref 201 Ref
4-6 1,148 1.05 (0.96, 1.14) 210 1.07 (0.88, 1.30)
7-10 1,029 1.00 (0.92, 1.09) 181 0.99 (0.81, 1.22)
≥ 11 735 1.01 (0.92, 1.11) 135 1.01 (0.81, 1.26)
Ptrend 0.9147 0.9082

Excludes 409 breast cancer cases with borderline and unavailable results and breast cancer cases with missing data on estrogen receptor status. aAdjusts for 
age, clinical trial arm assignment, number of live births, age at menarche, age at menopause, body mass index, energy expenditure, education, income, race/
ethnicity, marital status, age at first birth, previous use of hormone replacement therapy (unopposed estrogen or estrogen+progesterone), history of benign 
breast disease, family history of breast cancer, alcohol consumption, and smoking status. CI, confidence interval; ER, estrogen receptor; HR, hazard ratio.
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