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There are many ways in which women experience sleep differently from men. Women

contending with distinct sleep challenges respond differently to sleep disorders, as well as

sleep deprivation and deficiency, and face particular health outcomes as a result of poor

sleep. Idiosyncrasies, including changes that occur with the biological life cycles of

menstruation, pregnancy, and menopause, make the understanding of sleep in women an

important topic to study. Each phase of a woman’s life, from childhood to menopause,

increases the risk of sleep disturbance in unique ways that may require distinct manage-

ment. Indeed, new research is unraveling novel aspects of sleep pathology in women and

the fundamental role that sex hormones play in influencing sleep regulation and arousals

and possibly outcomes of sleep conditions. Moreover, studies indicate that during times of

hormonal change, women are at an increased risk for sleep disturbances such as poor sleep

quality and sleep deprivation, as well as sleep disorders such as OSA, restless legs

syndrome, and insomnia. This article reviews sleep changes in female subjects from

neonatal life to menopause. CHEST 2018; 154(1):196-206
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Sleep and sleep disturbances in women have
been gaining attention in recent years as
scientists begin to understand the impact of
sex as a biological variable on pathology. In
2014, the Society for Women’s Health
Research convened a group of experts to
identify the current state of the science and
to identify areas for future research in sleep
in women.1 Multiple gaps were identified in
the current literature across sleep disorders.
More recently, the Office of Research on
Women’s Health of the National Institutes of
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Health, in collaboration with other institutes,
organized a workshop entitled “Female Sex
and Gender in Lung/Sleep Health and
Disease,” with the goal of furthering the
agenda of the study of sex and gender-
specific differences across systems, including
sleep. Hence, as sleep varies across the life
span, understanding sleep in women and its
implications is key. The present article
reviews sleep in women across the life span
and highlights some of the sex differences
that are known to exist.
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Sleep in Childhood

Sleep in Neonates and Infants

Although changes in sleep architecture within the first
months of life are similar among male and female
subjects, some differences in sleep quality and quantity
exist, suggesting a delayed CNS maturation in male
infants. In the neonate and young infant, sleep structure
is immature and disorganized compared with children’s
sleep because underlying brain structures and sleep
regulatory systems are not yet fully developed.2 Three
sleep states can be identified in the normal term infant:
active sleep, which is the precursor of rapid eye
movement (REM) sleep; quiet sleep, which will, at a later
time, differentiate into the three non-rapid eye
movement (NREM) sleep stages; and indeterminate
sleep. Neonates spend approximately 15 hours of the 24-
hour period sleeping (Fig 1), one half of which is spent
in active sleep.3

In neonates, the existence of sex-related differences in
sleep remains controversial: some studies did not show
any difference, whereas others stress a more restless
sleep in boys, with parents reporting excessive crying.
Bach et al4 studied two groups of healthy preterm
neonates (21 boys and 17 girls), and sleep was assessed
by using EEG measurements. The authors showed that
active sleep tended to be longer in boys (þ7%), at the
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Figure 1 – Sleep in women across the life span. E ¼ estrogen; NREM ¼ non
SDB ¼ sleep-disordered breathing; T ¼ trimester; TST ¼ total sleep time; W
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expense of quiet sleep (�6%). Although the differences
in a 3-h period were relatively small in magnitude, a
recurrence of such differences over 24 h can potentially
be of great physiological relevance for the neonates.
These differences also differed based on infants’ age.
Hoppenbrouwers et al5 reported a longer duration of
quiet sleep episodes in female infants during the first
6 months of life, whereas in older infants, Williams et al6

found a nonsignificant longer duration of quiet sleep in
boys. This heterogeneity of findings can be explained by
the significant number of confounders inconsistently
considered in previous studies, such as thermal ambient
parameters and other anthropometric characteristics.

During the first 3 months’ postterm, the sleep EEG
gradually differentiates from the neonatal pattern to the
infant pattern: the proportion of active sleep decreases
and within quiet sleep, features of the three NREM sleep
stages become visible. Only after the first 3 months does
sleep start to consolidate with fewer but longer periods
of sleep occurring mostly at night.

Studies suggest that maturation of the CNS and cortical
function occurs more slowly in male infants. Thordstein
et al7 showed that in 20 full-term neonates, the mean
amount of infra-slow activity was 27% larger in boys
compared with girls during sleep. Richardson et al8

studied 50 healthy infants by using daytime
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polysomnography. Arousability was assessed during
both active sleep and quiet sleep by using a pulsatile air-
jet to the nostrils at increasing pressures. The authors
showed that at 2 to 4 weeks’ postnatal age, male infants
were more easily aroused from quiet sleep (but not from
active sleep) than female infants. However, this sex
difference in arousal threshold was not observed at 2 to
3 months’ postnatal age, the age at which the risk of
sudden infant death syndrome peaks, arguing against
the hypothesis that this syndrome is caused by a
preexisting inhibition of cortical arousal processes.
Interestingly, an analysis of heart rate revealed that
increases in heart rate during arousals tended to be
larger in male subjects compared with their female
counterparts.

To summarize, sleep in early life is a very dynamic
process that changes every few weeks. Hence, there may
be some sex differences in sleep of infants and neonates;
however, these changes have not been fully explored as
they seem to be influenced by age and confounders.

Sleep in Childhood and Puberty

The early years of childhood are characterized by rapid
advances in growth, cognition, and behaviors, and in
parallel, sleep changes reflect such developments. This
scenario is not surprising given that the most relevant
changes of the CNS in terms of both growth and
differentiation occur during this time. The proportion of
REM sleep continues to decline during childhood,
reaching the adult level of 20% to 25% of total sleep time
(TST) by 5 years of age. At this time, sleep schedules
change continuously: between the ages of 1 and 4 years,
children continue to take daytime naps to achieve their
sleep requirements, while by 5 years of age, daytime
napping ceases, and overnight sleep duration gradually
declines.9

Sex differences in sleep at this age are very difficult to
capture because sleep-wake patterns are influenced by a
complex interplay between biological processes and
environmental, behavioral, and social factors. In fact, a
systematic review of observational studies analyzed
within age-bands failed to show sex differences in sleep
among children.3 Furthermore, Liu et al10 found no sex
differences in sleep duration in children aged 5 to 12
years as measured by using actigraphy. However, sex
differences in sleep quality are more evident once
children reach puberty11 when sexual hormones and
their related changes begin to affect sleep architecture. In
addition, at this stage of life, the anatomy of the upper
airway is well defined, and thus differences in upper
198 Contemporary Reviews in Sleep Medicine
airway collapsibility, the arousal response to increased
inspiratory resistance, and ventilatory control contribute
to explain the sex differences in sleep-disordered
breathing (SDB).12

Sleep Changes With the First Menstrual Cycle

The main sex differences in sleep arise with the first
menstrual cycle. With menarche, ovarian function
increases and female hormones (estradiol and
progesterone) are cyclically released in the bloodstream,
and they regulate a large variety of homeostatic
functions involving the cardio-circulatory, respiratory,
and metabolic systems13 as well as the sleep-wake cycle
regulation; hence the need to briefly review the role of
these hormones.

Sex Hormones and Sleep
Animal studies have shown that compared with
untreated ovariectomized rats, ovariectomized rats
treated with estradiol, progesterone, or both spent less
time in spontaneous NREM sleep and/or REM sleep
during the dark phase. After being subjected to 6 h of
sleep deprivation, the hormonally treated rats showed a
larger increase in REM sleep amount from baseline but a
less pronounced increase in NREM EEG delta power (a
measure of sleep intensity/drive) compared with
hormonally untreated ovariectomized rats.14 In addition,
gonadectomy in female and male rats eliminates all sex
differences in the sleep-wake cycle; adding back
physiological levels of sex-specific steroids restores these
differences.15 Although progesterone supplementation
did not alter sleep architecture during normal
undisturbed sleep in postmenopausal women, it seems
to significantly improve environmentally related sleep
disruptions.16 Progesterone administration seems to
enhance sleep duration and sleep quality, mainly by
improving slow wave sleep (SWS) and slow wave
activity. However, this hormone is far more complex
than initially thought, and the interaction of the various
progesterone receptors is not fully understood.
Progesterone is a ventilatory drive stimulant and has
been known to increase the activity of the genioglossus
muscle dilating the upper airway.17 In 11 healthy women
without sleep issues, upper airway resistance was shown
to be lower in the luteal phase compared with the
follicular phase.18 These are properties that may protect
against SDB. Conversely, because progesterone is a
strong respiratory stimulant and has the potential to
result in hypocapnia, it is theoretically possible that
progesterone may lead to central apnea by causing a
ventilatory overshoot. However, observational studies
[ 1 5 4 # 1 CHE S T J U L Y 2 0 1 8 ]



have not shown a high prevalence of central apneas in
pregnant women suspected of having SDB19 and in
population-based samples.20

Estrogens have also been proposed to be protective
against SDB. Data from Bixler et al21 showed that,
compared with premenopausal women, postmenopausal
women not receiving hormone replacement therapy
seem to be at an increased risk for SDB, whereas
postmenopausal women receiving hormone replacement
therapy were not. This protective effect of hormone
replacement therapy has been debated in later studies as
being a reflection of healthfulness rather than a
physiological effect of sex steroid hormones.22 However,
estradiol has been implicated in the pathogenesis of
SDB, and animal studies show that estradiol likely
prevents cardiorespiratory disorders and oxidative stress
induced by chronic intermittent hypoxia,23 suggesting a
complementary protective role against the known
cardiovascular consequences of sleep apnea.24
Sleep at Menarche
Menstrual hormonal changes also seem to influence
sleep architecture (Fig 2). The most dramatic change in
sleep across the menstrual cycle is increased EEG
activity in the frequency range of sleep spindles
(12-16 Hz) in NREM sleep in the postovulatory luteal
phase of the menstrual cycle, when progesterone and
estradiol are high, compared with the follicular phase,
when progesterone is low.25 This scenario is not
FOLLICULAR PHASEPHASES OF THE
OVARIAN CYCLE

GONADOTROPHIC
HORMONE LEVELS

UTERINE CYCLE

OVARIAN HORMONE
LEVELS

UPPER AIRWAY
RESISTANCE

GENIOGLOSSAL
MUSCLE ACTIVITY

SLEEP
ARCHITECTURE

FSH

LH

MENSES PROLIFERATIVE P

OESTROGEN

PROGESTERON

SPECTRAL POWER NREM SLEEP
(0.3 TO 23 HZ)

Figure 2 – Sleep and the menstrual cycle. FSH ¼ follicular-stimulating hormon
abbreviation.

chestjournal.org
unexpected given that estrogen and progesterone
receptors are localized in many sleep/wake regulatory
nuclei, including the basal forebrain, hypothalamus,
dorsal raphe nucleus, and locus coeruleus.26

Psychological factors may also influence women’s sleep
in relation to ovarian hormones. With the onset of
menarche, women are twice as likely to have mood
disorders than men.27 In addition, differences in the
prevalence of insomnia have been observed in young
men and women aged 15 to 30 years, with women
having a 28% higher risk of reporting insomnia than
their male counterparts.28 However, although young
women report significantly more sleep problems than
men, this perception of a poorer sleep quality in women
is not reflected in objective polysomnographic measures,
suggesting that other non-sleep-related conditions such
as mood disorders play an important role.29
Sleep in Pregnancy
Pregnancy is associated with dynamic physiological
changes that affect sleep and sleep disorders
(Table 1).30-33 These changes range from anatomic
changes that have the potential to affect sleep duration,
sleep fragmentation, and breathing during sleep to
metabolic changes that increase the risk of restless legs
syndrome. For instance, gastroesophageal reflux usually
worsens with pregnancy progression, affecting 75% of
gravidas in some populations,30 and may disrupt sleep.
Nocturnal micturition related to an increase in
LUTEAL PHASEOVULATION

HASE SECRETORY PHASE
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TABLE 1 ] Sleep Characteristics and Physiological Physical Features Affecting Sleep in Pregnancy30-33

First Trimester Second Trimester Third Trimester

Mechanical and physiological
factors impacting sleep

Nocturia
Musculoskeletal

discomfort

Fetal movement
Uterine contractions
Musculoskeletal discomfort
Rhinitis and nasal congestion

Nocturia
Fetal movement
Uterine contractions
Heartburn
Orthopnea
Leg cramps
Rhinitis and nasal congestion
Sleeping position
overnight sodium excretion34 is another factor that leads
to sleep fragmentation. The musculoskeletal system is
also stressed due to the changes that occur to prepare for
the growing uterus and the expected delivery,35

potentially disrupting sleep. Furthermore, nocturnal
uterine contractions, caused by oxytocin’s nocturnal
peak, may disrupt sleep.36 Changes in iron and folate
metabolism in pregnancy37,38 have also been proposed
to explain the increased prevalence of restless legs
syndrome among gravidas.39 Profound hormonal
changes are also observed in pregnancy and affect sleep
physiology and sleep architecture. Secretion of steroid
sex hormones (estrogens and progesterone) increases
exponentially in pregnancy, and these hormones
influence sleep architecture by affecting both the
circadian and homeostatic regulation of sleep.40

Both sleep duration and sleep quality41 are affected by
pregnancy and seem to undergo dynamic changes with
pregnancy progression. One study42 found that compared
with nonpregnant women, pregnant women in the third
trimester of gestation had 30 min less TST and were more
likely to be short sleepers (# 6 h) and long sleepers (> 9
h). Self-reported sleep duration declines in the second
trimester compared with the first trimester.43 Recently
published data objectively evaluating sleep duration in the
second trimester of pregnancy found that nearly 28% of
women sleep < 7 h per night.44 Sleep duration differed
according to age and race, with non-Hispanic black and
Asian subjects having the shortest sleep duration, and
younger pregnant women spending more time in bed
compared with their older counterparts. A recent meta-
analysis that included studies published through 2015 and
pooling> 11,000 participants’ data found that the average
Pittsburgh Sleep Quality Index (PSQI), a validated
questionnaire based measure of sleep quality, score was
6.4 (95% CI, 5.3-6.85) and that 46% of all women
experienced poor sleep.45 In addition, sleep quality
seemed to worsen from the second to the third trimester
by an average of 1.68 points (95% CI, 0.42-2.94).45
200 Contemporary Reviews in Sleep Medicine
Poor sleep and short sleep duration have been associated
with adverse outcomes in the general population.
Pregnancy is no exception, and various sleep
disturbances have been linked to adverse perinatal
outcomes. In cross-sectional studies, self-reported poor
sleep quality measured by using the PSQI and short
sleep duration were independently associated with an
increased risk of gestational diabetes.41,46 These findings
were confirmed in prospective longitudinal studies that
assessed sleep duration (< 7 h)47,48 and sleep midpoint
later than 5:00 AM by using actigraphy.48 It is likely,
however, that body habitus is an important modifier of
the associations. In a large study of > 2,500 women,
short and long sleep duration seem to be significantly
associated with a risk of developing gestational diabetes
but only in nonobese women. Short sleep duration has
also been linked to a higher risk of hypertensive
disorders of pregnancy in large studies using self-
report49; however, studies using objective measures of
sleep duration in low-risk populations failed to show an
association.48 Objectively measured short sleep duration
has been associated with a higher risk of requiring a
cesarean delivery50-52 and longer duration of labor.50,53

SDB is another sleep condition that has been associated
with adverse pregnancy outcomes. For instance, SDB
increases the risk of gestational diabetes,20,54-56 even after
adjusting for body habitus. Although longitudinal studies
showing associations of sleep disturbances with a
diagnosis of gestational diabetes later in pregnancy suggest
potential causality, it remains unclear whether women
with a certain degree of insulin resistance at pregnancy
onset would be more susceptible to the effects of sleep
abnormalities with exposure to the physiological changes
of pregnancy that enhance insulin resistance. SDB has also
been associated with an increased risk of hypertensive
disorders of pregnancy in numerous studies20,55-57 even
after adjusting for a comprehensive list of
confounders.55,56 Associations between both snoring and
OSA and cesarean delivery have also been described.54,56
[ 1 5 4 # 1 CHE S T J U L Y 2 0 1 8 ]



Although the association differs according to type and
gestational age at birth, insomnia,58 sleep apnea,58-60 and
poor sleep61 are linked to preterm birth, even after
adjusting for potential confounders. However,
associations with growth restriction are much more
controversial.55,56,62 Conflicting results are possibly
related to outcome definition, maternal and paternal
factors, and the cross-sectional nature of most studies in
which growth is not measured longitudinally.

Data linking sleep disturbances to adverse outcomes
such as placental abruption,63 stillbirths,56 and shorter
telomere length64 and poor childhood outcomes65 are
emerging and need to be investigated further.

Pathogenetic mechanisms behind these associations
have been postulated but remain to be proven. The
placenta has been proposed as a potential target organ in
mediating adverse pregnancy outcomes in sleep
disturbances66-68 as evidence of placental hypoxia and
alterations in placenta-secreted markers have been
shown in SDB. It is biologically plausible that other sleep
disturbances may affect placental function as well, given
associations of sleep deprivation with similar placenta-
mediated outcomes. The hypothalamic-pituitary-adrenal
axis has been postulated to play a potential role in the
association between SDB and gestational diabetes.69,70

However, preliminary data show flattening, rather than
activation, of the cortisol awakening response.59 Other
potential mechanisms include an enhanced
inflammatory profile, endothelial dysfunction, and
oxidative stress but remain to be proven; recent data,
however, suggest that oxidative stress may not be
implicated71 given potential downregulation by
estradiol.23 The allostatic load hypothesis has also been
proposed, suggesting that chronic sleep loss is both a
precipitant of stress as well as a consequence of it,
leading to a stress “overload” that may account for
adverse pregnancy outcomes.72

In summary, sleep is significantly disturbed in
pregnancy, and sleep disruptions have significant
implications on perinatal health outcomes. Future
research needs to focus on understanding the
pathogenesis of these associations and to examine the
impact of sleep-targeted interventions on perinatal
outcomes.

Sleep in the Perimenopausal to
Postmenopausal Stages
Sleep disturbances are common in older women,
affecting > 40% to 60% of perimenopausal or
chestjournal.org
postmenopausal women. In fact, the 2005 National
Institutes of Health State-of-the-Science Conference
Statement cites sleep disturbance as a core symptom of
menopause.73 Many recent studies support subjective
sleep quality deterioration starting in the
perimenopausal period. Perceived sleep changes mostly
relate to sleep fragmentation, increased awakenings, and
poor sleep quality. In a longitudinal study observing
premenopausal women over a span of 5 years, predictors
of developing poor sleep during perimenopause
included baseline depressive symptoms, daytime
sleepiness, and CNS-active medications.74 Chronic
insomnia may develop in as many as 31% to 42% of
women by the end of their menopausal transition.75

Objective sleep findings, however, have been variable
due to a small number of studies. Polysomnographic
data have either found no differences or shown worse
TST, sleep fragmentation, and sleep efficiency in
perimenopausal/postmenopausal women compared
with younger women.76,77 In contrast, two longitudinal
studies showed improved sleep architecture as women
entered perimenopause, with greater TST and SWS
compared with their premenopausal state.78,79 There are
many potential mechanisms by which sleep quality is
affected during the latter part of a woman’s life, and they
relate to vasomotor symptoms, hormonal changes, age-
related changes, and increases in comorbid conditions
such as depression and SDB.

Vasomotor Symptoms and Sleep

Hot flashes and night sweats are hallmarks of
menopause, and they likely play a major role in sleep
disturbances in menopausal women. Current evidence
suggests a consistent coupling of vasomotor symptoms
and poor self-reported sleep quality, especially when
vasomotor symptoms are reported as severe,
experienced during the nighttime, or are associated with
night sweats.79,80 When vasomotor symptoms have
been induced in young women by using leuprolide
(a gonadotropin-releasing hormone [GnRH] agonist),
these women were more likely to report worse sleep
quality, frequent awakenings, and have higher Insomnia
Severity Index and PSQI scores.81 Moreover, the more
severe or “bothersome” the reported vasomotor
symptoms are, the more likely the occurrence of chronic
insomnia.80,82-85 Hormonal and nonhormonal therapies
directed at vasomotor symptoms have been shown to
improve subjective sleep quality.85-87

Actigraphy and polysomnography confirm sleep
fragmentation, increased wake after sleep onset
201
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(WASO), and poor sleep efficiency associated with
vasomotor symptoms. When vasomotor activity is
measured objectively by using skin conductance, similar
findings of objective sleep disturbances are found. The
duration of a vasomotor event, rather than the number
of events during the night, correlated with sleep
fragmentation, lighter stages of sleep, and delayed REM
sleep onset.88 Moreover, the occurrence of objectively
determined vasomotor events did not correlate with
subjective sleep complaints, unless the vasomotor
activity occurred in the first half of the night, suggesting
the effect may be sleep stage-dependent.89

Hormonal Changes and Sleep

An important question remains about how much of
poor sleep reported during menopause is directly related
to hormonal changes independent of vasomotor
symptoms. Although poorly understood, sleep
regulation seems to be directly affected by endogenous
estrogens. In the Study of Women’s Health Across the
Nation (SWAN), a rapid rise in follicular-stimulating
hormone, a marker of low estrogen levels, was associated
with higher percentages of SWS and longer TST in
postreproductive women.90 In contrast, another study
found that higher follicular-stimulating hormone levels
were associated with increased WASO even after
adjusting for age, BMI, and hot flashes.91 Some have
proposed that an increase in SWS may be observed as a
compensatory response to sleep fragmentation and poor
sleep associated with menopause.

It is likely that hormonal changes have both dependent
and independent effects on sleep perception and
architecture. In the Selective Estrogens, Menopause and
Response to Therapy (SMART) study, hormone therapy
improved subjective sleep quality by improving mild
vasomotor symptoms.92 However, in women with high-
intensity vasomotor symptoms (ie, > 7 severe symptoms
per week, or > 50 events per week), hormonal therapy
improved subjective sleep quality, independent of any
effect on vasomotor symptoms.

Circadian disruption is also a prominent feature of aging
in women and may be related directly to hormonal
changes. At normal sleep onset, peripheral vasodilation
with heat loss through the skin results from reduced
activation of noradrenergic vasoconstrictor tone. A drop
in core body temperature accompanies rapid onset of
sleep and is strongly associated with melatonin
secretion. In postmenopausal women, however, this
drop in core body temperature is blunted, as are early
morning cortisol levels. Postmenopausal women are also
202 Contemporary Reviews in Sleep Medicine
more likely to be phase-advanced by 1 h and are more
likely to express a “morning” chronotype compared with
premenopausal women.93

Age-Related Sleep Changes

Aging is independently associated with sleep
fragmentation, insomnia symptoms, circadian
derangements, and sleep architectural changes such as
lighter sleep, reduced sleep efficiency, increased WASO,
and decreased SWS and REM sleep.94 A 6-year
longitudinal study of premenopausal women aged 46
years at baseline showed that both aging and hormonal
changes independently influenced sleep architecture.
Aging was related to decreased TST, greater awakenings,
and poorer sleep efficiency regardless of menopausal state.

Nocturnal melatonin secretion generally decreases with
age but also decreases specifically in relation to
menopausal state.95 This observation has led to
speculation that melatonin may play a direct role in
menopausal transition. Indeed, the GnRH-luteinizing
hormone-ovarian axis is influenced by diurnal neuronal
stimuli, and thus the age-related disruption of normal
circadian function may lead to menstrual irregularities
or even amenorrhea. It has also been speculated that
melatonin decrease may disinhibit the hypothalamic
pulse generator, leading to an irregular release of GnRH
and luteinizing hormone causing hot flashes. However,
supplemental melatonin has not been shown to relieve
hot flashes.96 Instead, exogenous melatonin in
postmenopausal women improves mood, as well as
perceived sleep symptoms and sleep quality.97

Sleep Changes Related to Mood Disorders

Comorbidities, in particular mood disorders, become
more common in aging women and may affect sleep.
Several longitudinal studies found that the rate of
depression increases at least twofold during the
menopausal transition independent of other known
factors.98-100 Depression and anxiety are associated with
poor sleep, as well as with vasomotor symptoms, in
complex multidirectional interactions. For example, the
SWAN study showed that perimenopausal women with
anxiety had longer sleep latency and reduced sleep
efficiency but only in those women also reporting
vasomotor symptoms.101 This finding led to the
postulation that vasomotor symptoms provoke sleep
disturbances which instigate mood disorders in
predisposed women. However, in midlife women aged
42 to 52 years who were followed up longitudinally for
3 years, reports of sleep problems, and not vasomotor
[ 1 5 4 # 1 CHE S T J U L Y 2 0 1 8 ]



symptoms, were predictive of negative mood the
following day.102

More current is the “co-evolving system” hypothesis of
sleep disturbances, vasomotor symptoms, and mood
disorders. Evidence that supports this hypothesis
emphasizes the fact that many women have their first
onset of depression during the menopause transition
when they are not experiencing vasomotor symptoms.
Moreover, women with depressed mood and sleep
disturbances do not have increased vasomotor
symptoms compared with women without depressed
mood. Finally, midlife and elderly women with
depression more often have longer sleep latency, shorter
TST, and disrupted REM sleep, whereas vasomotor-
related sleep disturbances are more often characterized
by frequent and prolonged awakenings.81

In summary, primary sleep disorders become more
prevalent in older age, affecting > 53% of
postmenopausal women.103-105 Moreover, poor sleep in
perimenopausal/postmenopausal women is associated
with inflammation,106 cardiovascular and metabolic
disease,107-109 and mood disorders. Understanding the
evolution of sleep across a woman’s life span may lead to
effective therapies that affect women’s health and quality
of life.
Conclusions
Sex differences and sleep changes in women across the
life span are most prominent following puberty but
remain understudied.1 The role of steroid sex hormones
needs to be investigated further, and future research is
needed to better understand the relationship between
objective and subjective sleep changes in women
undergoing the transition into the postreproductive
stage, and to understand the interactions of the aging
process, hormonal changes, and comorbid diseases.
Studies are also needed to further examine the impact of
sleep disturbances at various stages in life and especially
in pregnancy where outcomes may act as precursors of
long-term outcomes for mother and her offspring.
Although pharmacogenomics were not covered in the
present review, they are an important area for future
research in sleep medicine as emerging data suggest that
sex is one of the determinants of pharmacogenomics,
and women may metabolize drugs differently than men,
significantly affecting their therapeutic profile.
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