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Abstract

The Women’s Health Initiative (WHI), a longitudinal study of more than 161,000 post-menopausal
women across the United States, provides an opportunity to investigate the link between sleep
health and healthy aging. The purpose of this paper was to systematically review all published
WHI papers investigating sleep as a predictor of health outcomes and health behaviors/quality of
life outcomes. A strength of the WHI, is that for most participants, sleep measures were completed
before a major health diagnosis, with a significant portion of participants also providing sleep
measures after diagnosis. Twenty-three WHI articles were identified and examined for this review.
The combination of sleep duration and insomnia symptoms was the most commonly investigated
sleep measure. Results indicated that both short (<6 hours) and long sleep (=9 hours) duration
were associated with a higher risk of cardiovascular disease, colorectal cancer, mortality, cognitive
decline, and poor diet. Insomnia symptoms, frequent snoring, and risk of sleep-disordered
breathing (SDB) were also associated with increased risk for ischemic stroke and cardiovascular
disease. However, many significant results were attenuated after multivariable adjustment.
Limitations of these WHI investigations include the use of different categories for sleep measures
across studies and a lack of examination by race/ethnicity. Due to the longitudinal study design,
large sample size, and long-term follow-up for health outcomes, the WHI serves as a rich resource
for examining associations between sleep characteristics, demographics, and health in post-
menopausal women.
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INTRODUCTION

Sufficient, restorative sleep is critical for the optimal functioning of all body systems (1).
Poor sleep quality and sleep duration extremes (short or long) are associated with worse
cardiovascular and cardiometabolic outcomes (e.g., hypertension, heart attack, stroke,
obesity, metabolic dysfunction) and increased incidence of type 2 diabetes (2-6) and cancer
(7-9). Poor sleep habits are also associated with increased mortality (10-13), as well as
increased inflammation and inflammatory disorders (14). In addition, mental health is tied to
sleep quality and duration, and sleep disturbances, whether preceding or coexisting, are very
common in psychiatric disorders (15-18).

In general, sleep problems increase as people age. Sleep duration typically decreases over
time, and sleep may become more fragmented. Early morning awakenings or trouble falling
back asleep are common (19,20). For women, many sleep problems begin in menopause
(20,21) and can be associated with vasomotor symptoms (e.g., hot flashes and night sweats)
(22,23). Peri- and post-menopausal women have high rates of sleep disturbance and
insomnia complaints, ranging from 35-60% (24), in addition to diagnosable sleep disorders
like insomnia, obstructive sleep apnea (OSA), and restless leg syndrome, which are often
underdiagnosed (20,25).

Studies on midlife and post-menopausal women are important to understand health during
transition stages of life. Seminal work from the Nurse’s Health Study (NHS) (26), the
Women’s Health Initiative (WHI) (27) and the Study of Women’s Health Across the Nation
(SWAN) (28) are strong examples of the importance of studying older adults in the growing
aging U.S. population. Across all of these study cohorts, the importance of sleep to health
has been documented (21,29-32). For this review, we will focus on the examination of sleep
and health outcomes within the WHI cohort.

The WHI offers rich data regarding the impact of sleep quality and sleep duration on major
health outcomes, such as cardiovascular and cancer, in post-menopausal women. The
purpose of this review is to examine the results of published WHI papers to date that use
sleep as a predictor of health outcomes and health behaviors/quality of life outcomes (i.e.,
mortality, cardiovascular-related, cancer-related, mental health/cognition-related, and diet).
In addition, we identify gaps in the literature and recognize opportunities for additional
analyses within the WHI. More broadly, given the large national sample and extensive
follow-up, this review of WHI studies on sleep can serve as a reference for further research
on sleep among aging women.
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The WHI is a longitudinal study of 161,809 post-menopausal women recruited between the
ages of 50-79 from 40 clinical centers across the U.S. from 1993-1998. The recruitment and
follow-up procedures for the WHI have been described elsewhere (27,33,34). Briefly,
women were enrolled in one or more of three clinical trials (i.e., hormone therapy, dietary
modification, calcium and vitamin D supplementation) or the WHI observational study
(OS). All clinical trial (CT) components ended by 2005, with three extension studies for
additional outcomes assessments and self-report questionnaires conducted from 2005-2010,
2010-2015, and 2015-2020. The Institutional Review Boards at all participating WHI
institutions approved the study protocols.

The WHI uses a highly organized article tracking and review system for the proposal and
development of manuscripts and ancillary studies. All researchers desiring to use WHI data
for analyses, manuscripts, presentations, or grant applications must submit a structured
proposal to the WHI Publications and Presentations (P&P) Committee for review and
comment. Prior to the development of the proposal, the first author is responsible for
reviewing the online listings of completed and proposed papers, and proposals from WHI
data, by searching an author and topic database designed for WHI researchers. If overlap is
identified, the author may discontinue the proposal, contact the other author to determine if
overlap can be avoided by differing data analysis, or consider joining the writing group of
the other proposal if the lead author agrees. New WHI members are required to work with a
sponsoring WHI Principal Investigator or established WHI member. At least two members
of the WHI P&P Committee review each proposal and provide feedback/questions to the
authors. Authors must submit revised proposals if P&P reviewers require any changes or
clarifications. Once the paper has been approved, the lead author of the paper is responsible
for forming the writing or research group, working with the paper statisticians (generally
provided by WHI), and updating the WHI P&P Committee on the manuscript’s status.
Before submitting a paper to a journal, the lead author must re-submit the manuscript to the
P&P for review and approval to submit for publication. The WHI P&P takes great effort to
ensure all analyses are unique, methodologically and scientifically sound, and recorded in an
accessible online location to move the science of the topic forward.

Authors with approved proposals are assigned a statistician, if necessary, and given access to
a dataset after signing a WHI Data Use Agreement form. Datasets are created by the WHI
Clinical Coordinating Center or Regional Centers. The datasets compiled consist of the WHI
participants of interest and only relevant variables necessary for the proposed data analysis
as outlined in the approved proposal. Given the longitudinal nature and the concurrent
clinical trials within WHI, no standard or single dataset is compiled to examine WHI
research questions of interest. Each dataset is unique and designed to efficiently answer
research questions.

For this review, which was approved by the P&P process described above, only peer-
reviewed, English-language, original articles published from 2000 through July 25, 2019
were examined. We used the WHI publications’ database, as well as PubMed to identify all
relevant articles. The following search keywords were used: sleep, duration, insomnia,
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fatigue, tired, snoring, breathing, apnea, and obstructive sleep apnea, (in addition to
variations on all the words above, for example, “snore™). There were a total of 3,358
approved proposals, manuscripts, and publications within the WHI database (Figure 1).
Approved proposals and manuscripts were excluded (n=1,511), then an additional 1,810
publications were excluded for non-sleep related topics. This resulted in 37 published papers
related to sleep that were identified from the database searches. For the purposes of this
review, we further refined our criteria to identify WHI articles that investigated sleep as a
predictor of health outcomes or health behaviors/quality of life outcomes (n=23). The
excluded papers (n=14) assessed health outcomes that predicted sleep (n=7), were validation
sleep papers (n=4), or papers describing sleep and sleep patterns over time (n=3). The health
outcomes or health behavior/quality of life outcomes included in the 23 selected papers
were: cardiovascular disease (n=6), cancer (n=6), cognition (n=2), mortality (n=2), diet
(n=2), telomeres/epigenetic age (n=2), nocturnal enuresis (n=1), sexual satisfaction (n=1),
and falls/fractures (n=1). The three most recent of these articles were published while prior
versions of this manuscript were under peer-review.

WHI Sleep Measures

Individual Sleep Measures—Sleep duration was assessed with a single item: “About
how many hours of sleep did you get on a typical night during the past 4 weeks?” Response
categories included: <5 hours, 6 hours, 7 hours, 8 hours, 9 hours, and =210 hours. Snoring
was also assessed with a single item: “Over the past 4 weeks, did you snore?” Response
categories included “No, not in the past 4 weeks; “Yes, less than once a week”; “Yes, 1 or 2
times a week”; “Yes, 3 or 4 times a week”; “Yes, 5 or more times a week”; or “Do not
know.”

The WHIIRS is a measure of perceived insomnia symptoms (35-37) and consists of five
questions that assess insomnia and sleep quality during the past four weeks: “Did you have
trouble falling asleep?”; “Did you wake up several times at night?”; “Did you wake up
earlier than you planned to?”; “Did you have trouble getting back to sleep after you woke up
too early?”; and “Overall, was your typical night’s sleep during the past 4 weeks: Very
sound or restful, sound or restful, average quality, restless, or very restless?” Response
categories ranged from 0 (“No, not in the past 4 weeks™) to 4 (“Yes, 5 or more times a
week”), with a summed sleep quality score of the 5 items ranging from 0 to 20. A higher
WHIIRS score indicates poorer sleep quality. A WHIIRS score of = 9 is used as a cut off for
having a high risk of insomnia (36).

Timing—Participants enrolled in the WHI CT completed the sleep duration and the
WHIIRS measures at baseline, year 1, and study closeout (on average at year 9). A
subsample of CT participants also completed sleep measures at year 3, year 6, and year 9 of
follow-up. The WHI OS participants completed sleep measures at baseline and year 3.
Participants who enrolled in the WHI extension studies, which began in 2005 and consisted
of participants from both the CT and OS, completed an additional sleep measure in 2011-
2012.
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Other sleep measures in WHI—A SDB risk score was created by researchers (38,39)
based on questions from WHI data and adapted from the Berlin Questionnaire (40,41). One
point was awarded for each of the following items: (1) self-reported snoring =3 times a
week; (2) self-reported falling asleep during quiet activities =3 times a week; and (3) either
hypertension (self-reported physician diagnosis or measured systolic blood pressure [BP]
>140 mm Hg or diastolic BP =90 mm Hg) or measured obesity (body mass index [BMI] >30
kg/m?2). Scores range from 0 to 3 points, with scores > 2 defined as high risk for SDB and <
2 as low risk. Participants’ baseline values were used in both studies calculating a SDB risk
score. Another related score was created for Obstructive Sleep Apnea (OSA) risk (42). It
incorporated BMI =30 kg/m2, snoring = 3 times per week, restless or worse sleep quality,
wake up at night > 3 times per week, diagnosis of hypertension, and presence of daytime
sleepiness = 3 times per week. One point was given for each risk factor, for a score ranging
from 0-6. Baseline values were also used for the OSA risk.

Actigraphy was also collected in a subset of women (n=459) from the WHI Observational
Study. This ancillary study recorded additional sleep details (objective total sleep time, nap
time, sleep efficiency, clock time of sleep acrophase) by having participants wear a wrist
actigraph for seven days and also completed subjective sleep diaries. Actigraphy recordings
generally started a few months after the baseline assessment.

There were 23 WHI publications included in this review. The majority of the papers (21 out
of 23) were published after 2010, with the earliest paper published in 2008. Most authors
used the WHIIRS questionnaire and the single sleep duration question as their sleep
measures. Five articles used sleep duration alone as a primary exposure (43-47), 2 used the
WHIIRS alone (48,49) and 10 articles used both sleep duration and WHIIRS (50-59). The
remaining 6 papers used the snoring item (60), calculated risk score for OSA (42), SDB
scale and sleep duration (38), SDB scale and WHIIRS (39), or actigraphy (61,62). All
papers used baseline sleep measures for analysis, except for two (48,57). One paper used
baseline and year 1 or year 3 sleep measures, depending on study arm follow up schedule
(48), and the other paper used the repeated sleep measures in a time-dependent analysis (57).

Cardiovascular health and diabetes outcomes

Six published articles investigated the association between sleep and cardiovascular health
outcomes, including ischemic stroke (43,50,60), coronary heart disease (CHD),
(44,49,50,60), and cardiovascular disease (CVD) more broadly defined (38,50). All of the
CVD studies used sleep-related measures assessed at baseline. We present these results in
the following clusters of sleep-related predictor variables: short sleep duration, long sleep
duration, insomnia symptoms, snoring, and SDB risk score.

One paper included in this review was completed as part of a journal special issue on
Veteran health. Veterans often have greater co-morbidities and higher rates of heart disease,
diabetes, and depressive symptoms (63-65). Additionally, occupational exposures are
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different between Veterans and non-Veterans (e.g., muscular, joints, exposure to chemicals,
psychosocial risks) (66). Participants who responded affirmatively to the following baseline
question were self-identified as Veterans, “Have you served in the U.S. armed forces on
active duty for a period of 180 days or more.” The authors examined the impact of sleep
disturbance on cardiometabolic health in Veterans and non-Veterans.

Short sleep duration results—Three of the WHI studies demonstrated a positive
association between short sleep duration and increased risk of cardiovascular-related health
outcomes, although most did not reach statistical significance after adjusting for covariates
(43,44,60). Chen et al. observed a modest positive association in the relative risk for
ischemic stroke for those with < 6 hours of sleep and no previous history of CVD. However,
in the fully-adjusted model there was not a significant association between risk of stroke and
<6 hours of sleep (43). Hale et al. also found no statistically significant associations between
short sleep (<5 hours) and CHD in partially adjusted and fully adjusted models (44). In a
study by Sands-Lincoln and colleagues, those with short sleep (<5 hours) were at a higher
risk of incident CHD and CVD compared to those with 7—8 hours, but consistent with the
Chen and Hale results, these associations were attenuated in fully-adjusted models (60).
However, research by Rissling et al. comparing sleep among Veterans and non-Veterans with
cardiometabolic outcomes observed significant, but modest, higher risk of CVD among non-
Veterans who slept <5 hours or 6 hours, but no significant association among Veterans. They
also found very short sleep (<5 hours) to be significantly associated with higher risk for
diabetes among non-Veterans (38).

Long sleep duration results—Several studies found more evidence of a higher risk of
CVD-related outcomes in post-menopausal women with long sleep compared to short sleep
(38,43,44,50). Risk of ischemic stroke was 24% higher for those who slept 8 hours and 70%
higher for those who slept =9 hours compared to those who slept 7 hours in fully adjusted
models (43). Hale et al. found =9 hours of sleep to be associated with an higher odds of
CHD, however when levels of fibrinogen (an inflammatory protein which promotes blood
clotting) were added to the model, the odds ratio (OR) diminished from 2.05 to 1.97 and was
no longer statistically significant (44). Similarly, Sands-Lincoln and colleagues observed a
higher risk of incidence CHD and CVD for those individuals with long sleep (=10 hours)
compared to 7-8 hours of sleep, however this was also attenuated in fully-adjusted models
(50). Rissling et al. found that long sleep duration (=9 hours) was only significantly
associated with diabetes in non-Veterans, but not among Veterans (38).

Insomnia Symptoms—Three studies investigated the association between sleep quality
and cardiovascular health, and found that higher insomnia rating scores (WHIIRS) were
associated with increased risk of CVD (38,49,50). Sands-Lincoln et al. demonstrated that
women with WHIIRS scores =9 had the highest risk of CHD and CVD, and were still
significant after models were adjusted for confounders and mediators. In a stratified
analysis, high levels of insomnia symptoms (=9 WHIIRS score) and long sleep duration
(=10 hours) also revealed a significant increased risk in CHD, but a non-statistically
significant increased risk of CVD. Rissling et al. observed a small, yet significant, increased
risk of CVD among non-Veterans who had WHIIRS scores =9. Huang et al. investigated
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poor sleep quality (using only four questions from the WHIIRS) and plasma metabolites to
help explain the pathway from poor sleep quality to CHD (49). There were 69 metabolites
associated with sleep quality, most (n=59) being lipid-related species and a smaller subset of
the metabolites were considered sleep-related (n=9). Women with poor sleep quality had
1.36 times the risk of CHD and about 20% of the association was mediated by the sleep-
related metabolites.

Snoring—Two studies assessed the association between snoring status and CVD and CHD
(43,60). Both studies revealed a higher risk of CVD and CHD in WHI participants who
snored. In women without prevalent CVD, Chen et al. saw an association between frequent
snoring and frequent sleepiness (both defined as occurring more than once per week), with a
higher risk of ischemic stroke (43). Sands and associates defined frequent snorers as those
snoring =5 times per week and observed that frequent snorers had an increased risk of CHD,
CVD, and stroke compared to those who were not snorers, after adjusting for age and race
(60). In fully adjusted models, these associations were attenuated and more modest in
magnitude, but still statistically significant. A stratified analysis of the same population by
body mass index (BMI) categories revealed that frequent snoring in overweight and obese
women was a significant predictor of CHD, but not statistically significant in fully adjusted
models.

SDB risk score—Rissling and colleagues also assessed how SDB was associated with
CVD (38). Veterans and non-Veterans at high risk for SDB had almost a 30% increased risk
of CVD. There was also a 37% increased risk of diabetes in non-Veterans at high risk for
SDB. When high risk of SDB was paired with a high risk of insomnia, non-Veterans had a
significantly increased risk of CVD and of diabetes, whereas Veterans were only at increased
risk of diabetes.

Cancer health outcomes

Six published papers assessed sleep and cancer outcomes, including breast, thyroid,
colorectal, and liver cancer (45,46,51-54).

Regarding the breast cancer studies, on the whole in multivariable models, there were no
statistically significant associations between sleep duration, insomnia scores, and breast
cancer risk in WHI studies. A positive trend was shown for estrogen receptor (ER) positive
breast cancer risk and sleep duration (p-trend=0.02), but it was not statistically significant
for individual sleep duration categories (51). Hormone receptor status for breast cancer is
important for treatment implications. Most breast cancer therapies attach to estrogen
receptor sites and therefore women without estrogen receptor breast cancer (ER negative)
have fewer treatment options. Soucise et al. found that non-Hispanic white women who slept
6 hours/night had 1.25 times the odds of regional/distant breast cancer compared to those
who slept 7-8 hours/night in adjusted models. Regional breast cancer has moved outside the
breast to nearby lymph nodes whereas distant breast cancer has moved to other parts of the
body. Both regional and distant are more advanced and higher stages of breast cancer. No
other sleep measures were significant in this population though (54). African-American
women had no statistically significant associations between any sleep measures and tumor
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stage at diagnosis (54). Yet African-American women who reported restless or very restless
sleep quality had 3.74 times the odds of triple negative breast cancer compared to those with
sound or restful sleep quality. Triple negative breast cancer cells do not have estrogen
receptors, progesterone receptors, and very little hormone epidermal growth factor receptor
2 (HER2), making common hormone treatments ineffective. These cancers also tend to be
more aggressive than other types of breast cancer.

Colorectal cancer risk was found to be significantly higher among women who slept <5
hours or =9 hours. Women who reported having trouble falling asleep =3 times/week had
1.25 times the risk of colorectal cancer compared to those reporting <3 times/week. There
was also a 26% increased risk of colorectal cancer in women who reported trouble getting
back to sleep at night =3 times per week (45).

One team examined the relationship between sleep disturbance and thyroid cancer risk.
Obesity is a risk factor for thyroid cancer (67) and sleep disturbances may interrupt appetite
regulation (68), leading authors to also investigate the sleep-obesity interaction within
thyroid cancer risk. However, thyroid cancer risk was found to be higher in non-obese WHI
women who had more sleep disturbance (52). When divided into quartiles of insomnia
scores, higher WHIIRS scores (=11) were significantly associated with a higher risk of
thyroid cancer compared to women with the lowest insomnia scores (<4). Stratified analyses
showed significant results only for non-obese women with higher insomnia scores compared
to obese women with higher insomnia scores. Sleep duration was not associated with thyroid
cancer risk (52).

Liver cancer risk was higher in obese women with long sleep (46). Among obese WHI
participants, those with long sleep duration (=9 hours) had an increased risk of liver cancer
compared to those who slept between 6-8 hours/night. The association was not significant
among non-obese women. There was also no association between short sleep duration (<5
hours) and liver cancer risk. Insomnia rating scores, snoring, and daytime napping were also
not associated with liver cancer risk (46).

In examining survival rates across all cancer sites, no sleep characteristics at WHI baseline
(pre-diagnosis) were significantly associated with overall cancer survival. However, in
combination, those who slept <6 hours and reported frequent snoring (=5 times/week) had
significantly poorer overall cancer survival compared to those who slept 7-8 hours/night and
did not snore. This association was stronger in women with breast cancer. Women with
breast cancer who had short sleep duration (<5 hours) had significantly poorer breast cancer-
specific survival (53).

Cognitive/Mental health outcomes

Two papers addressed the relationships between sleep and cognitive health, emotional well-
being, and physical functioning (47,48). Chen et al. examined sleep among WHI participants
in the Women’s Health Initiative Memory Study (WHIMS). WHIMS was an ancillary study
to the WHI to test the effects of hormone therapy on all-cause dementia. Cognitive decline in
this cohort was measured by the mini-mental state (3MS) examination (69), and mild
cognitive impairment (MCI) or probable dementia was determined by the validated 4-phase
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WHIMS protocols (70,71). Cognitive exams were conducted annually. Short sleep duration
(<6 hours) was significantly associated with an increase in risk for cognitive decline, but
long sleep duration (=8 hours) was not associated with cognitive decline in fully adjusted
models. A similar pattern was seen for MCl/dementia. Those with short sleep had 1.36 times
the risk of MCl/dementia and those with long sleep duration did not have a significantly
higher risk. Results did not change significantly even after adjusting for cardiovascular
disease and other related risk factors (47).

Zaslavsky et al. addressed changes in insomnia status with physical functioning and
emotional well-being, by using sleep measurements from two time points: baseline and
follow-up (year 1 for CT participants or year 3 for OS participants). Physical impairments
were determined by the SF-36 physical functioning (scores of <60) and the emotional well-
being (scores of <60) subscales cut-offs based on other comparable-age groups. Emotional
well-being was also defined using a Center for Epidemiological Studies Depression (CESD)
short form (72) to categorize women as having a higher number of depressive symptoms
(score of >0.06). Women who developed insomnia at study follow up (incident insomnia,
WHIRS >9) had significantly higher odds of physical impairment, higher depressive
symptoms, and mixed impairments (both physical impairments and depressive symptoms)
compared to those with no insomnia at follow up. Women with insomnia at baseline and
follow up (persistent insomnia) had significantly higher odds of physical impairments,
higher depressive symptoms, and mixed impairments (48).

Health behaviors/quality of life and other outcomes

Several additional published WHI papers examine sleep and other health behavior/quality of
life outcomes that did not fall within the previous categories (12,39,42,49,55-57,59,62).

One ancillary WHI study utilized actigraphy data as an objective measure of sleep. These
data were collected in a subset of WHI participants over one week (61,62). A U-shaped
relationship was observed between survival and actigraphy measures of sleep duration.
Those with <300 minutes (<5 hours) of sleep had only a 61% survival rate compared to a
90% survival rate in those with 300-390 minutes of sleep. Women sleeping longer than 390
minutes (>6.5 hours) also had a reduced survival of 78% compared to those with 300-390
minutes (61). The other paper using actigraphy data by Grandner et al. examined how
actigraphy and subjective sleep reports were associated with dietary nutrients (62). Sleep
acrophase (the peak of a fitted 24-hour cosine), total sleep time, naps, and sleep efficiency
were calculated. Objective estimates of total sleep time were negatively associated with fat
intake. However, these results were not found in subjective reports of total sleep, but
subjective naps were positively correlated with fat intake and nutrients associated with meat
intake (62).

Stern et al. used self-reported sleep to assess dietary intake and diet quality. The authors
found that women with self-reported short sleep (<6 hours) had lower circulating leptin
levels compared to women reporting =8 hours. Short sleep was also associated with higher
dietary intake and both short sleep and long sleep (=8 hours) were associated with lower diet
quality compared to women sleeping 7 hours (55).

Sleep Health. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hery et al.

Page 10

Similar to the mortality article using actigraphy (12), when using self-reported baseline sleep
measures, Kabat et al. (57) found short and long sleep duration to be associated with a
higher risk of total mortality, cardiovascular disease mortality, and “other” mortality, but not
with cancer mortality. In an additional time-dependent analysis, Kabat et al. utilized all
available sleep measures (up to eight measures) and found results to be unchanged, but long
sleep was now associated with cancer mortality (57).

Two papers investigated biological aging with differing markers (56,58). Carroll et al. (56)
examined epigenetic age (a biomarker of aging based on DNA methylation) and immune
senescence with insomnia symptoms. More insomnia symptoms were related to advanced
epigenetic age and late differentiated T cells, but short and long sleep durations were not
related to epigenetic age. Grieshober et al. (58) examined leukocyte telomere length
(repetitive, non-coding DNA structures at the end of chromosomes) with sleep duration and
sleep disturbance. Each additional hour of sleep after 5 hours was associated with an
increase in base pairs of the leukocyte telomere length. The association between sleep
duration and telomere length was strongest among African Americans and there was no
significant association among European Americans for sleep duration. Sleep disturbance
was not associated with telomere length in either group.

Nocturnal enuresis, sexual satisfaction, and recurrent falls were each studied once within the
WHI. Nocturnal enuresis, the uncontrollable loss of urine at nighttime, was examined with
OSA risk. For every additional OSA risk factor, such as BMI =30 kg/m?2, or snoring >3 times
per week, the odds of nocturnal enuresis was significantly higher (42). Higher insomnia
scores were associated with lower odds of sexual satisfaction, measured with the question,
“How satisfied are you with your current sexual activities, either with a partner or alone?”
Short sleep duration was also associated with lower odds of partnered sexual activity and
less sexual satisfaction (39). Recurrent falls (=2 in the past year) and risk of fractures were
also examined with sleep (59). Short and long sleep were associated with increased odds of
recurrent falls. Additionally, those with very restless sleep, more sleep disturbances, and
insomnia were associated with increased odds of recurrent falls. Short sleep was associated
with increased risk of fractures (at various facture sites), but other sleep measures were not.

CONCLUSION

The WHI has provided a valuable resource in which to better understand the relationship
between sleep measures and certain health outcomes or health behaviors/quality of life
outcomes in post-menopausal women. When we explored articles in which sleep measures
predicted a health outcome or health behavior, we generally observed that findings among
WHI participants supported previous research on cardiovascular, cancer, mental health/
cognition outcomes, and other health behavior outcomes. However, many of these WHI
studies found that significant associations were attenuated after adjusting for various
covariates.

Predictive role of sleep on health outcomes

Short sleep duration was generally associated with more cardiovascular disease health
outcomes in the reviewed papers. However, almost all studies did not reach statistical
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significance after full adjustment for covariates. Short sleep has often been reported as a risk
factor for CVD in the general population (2,3,73), yet it is possible post-menopausal women
are less affected by short sleep and more affected by long sleep duration as it relates to CVD
(74). Long sleep and sleep disturbance issues have been associated with a higher risk for
CVD-related outcomes in a study of Chinese post-menopausal women (74). Another study
observed that increased daytime napping was positively associated with increased risk of
CHD, but did not see an association between night sleeping hours and 10-year CHD risk,
even though shorter night time sleep may induce daytime sleepiness and increase the
duration of daytime naps (75). Our review found more evidence in WHI for long sleep
duration and sleep quality/insomnia being associated with a higher risk of CVD, although
more WHI studies assessed the relationship with short sleep. Two studies (44,49) used
biological markers from WHI participants to examine if there was a mediating role in the
relationship between sleep and cardiovascular outcomes through biomarkers. Both found
significant results and called for further research on these topics. In our review, frequent
snoring and being at high risk for SDB showed some evidence of a positive association with
CVD, however the definition of “frequent” snoring was inconsistent and SDB was only
assessed in one CVD study. SDB and SDB comorbid with insomnia were more common in
women Veterans than non-Veterans, but the risk for cardiometabolic health outcomes did not
differ by Veteran status. The paper by Rissling et al. (38) on women Veterans was the only
analysis in our current review to assess sleep in a special occupation group. Certain
occupational exposures and restrictions can affect sleep and from this analysis Veterans were
identified as a having a higher prevalence of risk for comorbid insomnia and SDB.

In terms of cancer outcomes, no sleep measures were associated with a higher risk of breast
cancer in the WHI, yet some subset analyses showed associations between sleep measures
and breast cancer among African-American women (54). African-American women with
restless or very restless sleep had over three times the odds of triple negative breast cancer
compared to women with sound or restful sleep quality. Other non-WHI studies have found
an association between sleep duration and an increased risk of breast cancer in older women
(76), while others have found long sleep to be associated with a decreased risk of breast
cancer (77,78). In a recent publication, short and long sleep duration were not associated
with an increased risk of breast cancer in post-menopausal women, however post-
menopausal women with >4 nights/week of difficulty sleeping had 1.51 times the risk of
breast cancer compared to women with difficulty sleeping <1 night/week (79). The null
findings from the WHI are consistent with findings from several large cohort studies. The
Nurses’ Health Study (80) and the Finnish Twin Cohort (78) found no evidence of an
association between sleep duration and breast cancer risk or incidence. The Finnish Twin
Cohort study, in addition to a Western Australian study (81), also saw no association with
between sleep quality and the risk of breast cancer. The mixed results suggest a few possible
avenues for exploration. Certain breast cancer risk factors may outweigh the negative side
effects of poor sleep and be the primary driver for cancer development, rather than the
pathway from disrupted sleep to carcinogenesis in the post-menopausal population. The
negative effects of sleep disturbances on the body may take time to accumulate, therefore in
post-menopausal women it is possible that newly developed sleep problems stemming from
menopause or other midlife changes do not influence the more recent development of breast
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cancer. Finally, poor sleep may be associated with higher risk of breast cancer, but the
methods to capture the exposure are inadequate in this population.

Conversely, there was an association between sleep and colorectal cancer risk among WHI
participants. In general, the association between sleep health and colorectal cancer is a less
studied topic area, especially in older women. A 2011 study found that short sleep duration
was associated with an increased risk for colorectal adenomas in men and women (82).
Another study found that colorectal cancer risk in overweight women or women who were
snorers was higher for those who reported =9 hours of sleep (8).

Findings on overall cancer survival in WHI were not significantly associated with any
individual sleep measure in our review, but when considered in combination, snoring with
short sleep was associated with increased risk of mortality. Prior research demonstrating an
association between sleep and poor cancer prognosis have primarily used actigraphy and
post-diagnosis measures, which differs from the methods in the WHI studies reviewed
(83,84).

Regarding cognitive functioning, short sleep duration and higher insomnia symptoms were
found to be associated with a higher risk for cognitive decline or cognitive impairments
(47,48). In a non-WHI meta-analysis (85), authors found more support for insufficient sleep
affecting cognition in younger or middle age than in older adults. Others have noted less
consistent findings between insomnia and cognitive impairment among older adults, but
have observed that sleep duration may increase the risk for cognitive decline (86).

Lastly, in this group of WHI post-menopausal women, short and long sleep measured
objectively and subjectively, were associated with a higher risk of mortality. This result has
been found in other studies, including risks associated with long sleep in older adults
(12,87,88). Actigraphy-measured sleep duration was also associated with fat intake and
those with short sleep tended to have lower leptin levels, a hormone responsible for
regulating energy expenditure. Subjectively-measured insomnia symptoms were associated
with more advanced epigenetic age, lower odds of sexual satisfaction, and higher odds of
recurrent falls. Additionally, an increasing OSA score was associated with increased odds
for experiencing nocturnal enuresis.

Attenuated findings after adjustment

There are many potential explanations for non-significant associations. First, fully adjusted
models may have accounted for many of the key demographic and health behavior
differences among those with and without the outcome of interest. In many cases, we can
assume that the full attenuation indicates that there is no true causal association between the
sleep parameter and the health outcome. However, in other cases, adjustment for health
behaviors and comorbid conditions may serve as an over-adjustment, if the adjusted
comorbid conditions were related to the presence of a sleep parameter (50). A second
concern is measurement error, which biases associations towards the null. Subjective
measures of sleep duration, for example, may introduce differential misclassification (43).
Self-reported sleep was also commonly used from baseline only and a single measure of
sleep may not truly reveal long-term sleep habits, since sleep patterns change differentially
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with age and disease (89). There is a complex and bidirectional relationship between sleep
and health, with many factors (social, behavioral, psychological) impacting both sleep
patterns and morbidity.

Limitations and Strengths

This review has some limitations that should be noted. We restricted our review to include
only published papers that used sleep as a predictor of health outcomes or health behaviors.
First, this introduces the challenge of publication bias, where there may have been other
analyses conducted that did not make it to full publication, most likely due to null findings.
Second, there were more WHI published papers that examined the associations between
sleep and health in other ways (n=14). However, we believe that using sleep as a predictor
variable may provide more information that can be used for interventions to improve health
outcomes and behaviors in older adult women. Third, researchers often used differing
definitions/measures of short sleep (<5 hours vs <6 hours vs <7 hours), described ‘frequent
snoring’ by varying times per week, and used different cutoff points for the WHIIRS (29 vs
>11). Lastly, we must also consider the timing of sleep assessments completed by study
participants. For many of the WHI participants, sleep assessments occurred mainly at study
baseline and the observed health outcome may have happened up to 9 years after the
assessment. Despite these concerns, a strength of the longitudinal study design is that all
sleep measures were assessed before the outcome was measured and therefore reverse
causality can be minimized.

Conclusions

In summary, this review reveals that many health outcomes in post-menopausal women are
associated with shorter sleep duration, excess sleep, insomnia, OSA and SDB risk, although
some of these relationships were attenuated after adjustment in multivariate analyses.
Certain outcomes were studied more frequently, like cardiovascular disease, compared to
diabetes or less common cancers. Sleep habits and patterns are a modifiable risk factor to a
certain extent (e.g., work schedules, sleep hygiene), and individuals, caregivers, health care
providers, and institutions can make efforts to help improve sleep habits in an aging
population. Taken as a whole, these results demonstrate that there are consistent associations
between sleep health and stroke, colorectal cancer, cognition, dietary intake and quality, and
mortality, but inconsistent associations with CHD/CVD, breast cancer, and cancer survival
among the WHI Study participants. More research could be done in separate populations to
replicate these studies and better understand any inconsistencies. Replication of
epidemiologic findings is beneficial to accumulate evidence and assess generalizability.

Future research on sleep and health outcomes in postmenopausal women using the WHI
may benefit by considering mediation models, longitudinal methods, and incorporating
actigraphy or other objective sleep data into the analysis. Thus far, only two of the 23
articles included in this review focused on a mediation analysis (44,49). Additionally,
changes in sleep over time may better capture the effects of sleep duration and sleep quality.
Due to the long follow up of the WHI, many participants have completed multiple sleep
questionnaires, but the timing of these assessments in relation to specific health outcomes
needs to be taken into consideration if using these suggested longitudinal methods. Most
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papers in this review did not focus on the results by race/ethnicity. Sleep may differ by race/
ethnicity for many reasons and is a complex relationship that must also include the role of
sociodemographic differences (90), but this could be recognized more in future WHI papers.
There has been a consistent underrepresentation of racial/ethnic minorities in sleep research
(91), and though the WHI is composed of a majority of non-Hispanic white women (82.5%),
the large number of racially/ethnically diverse participants (n=28,267) is a currently under
used source. We believe these suggestions could strengthen WHI sleep papers going
forward. By summarizing and critiquing the state of WHI sleep papers, this review
highlights the importance of sleep in post-menopausal women and next milestones to
accomplish for a more comprehensive understanding of sleep in older populations.
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Figure 1.
Flow diagram for identifying eligible studies.
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