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Abstract

One of the core symptoms of the menopausal transition is sleep disturbance. Peri-menopausal
women often complain of difficulties initiating and/or maintaining sleep with frequent nocturnal
and early morning awakenings. Factors that may play a role in this type of insomnia include
vasomotor symptoms, changing reproductive hormone levels, circadian rhythm abnormalities,
mood disorders, coexistent medical conditions, and lifestyle. Other common sleep problems in this
age group, such as obstructive sleep apnea and restless leg syndrome, can also worsen the sleep
quality. Exogenous melatonin use reportedly induces drowsiness and sleep and may ameliorate
sleep disturbances, including the nocturnal awakenings associated with old age and the
menopausal transition. Recently, more potent melatonin analogs (selective melatonin-1 (MT1) and
melatonin-2 (MT2) receptor agonists) with prolonged effects and slow-release melatonin
preparations have been developed. They were found effective in increasing total sleep time and
sleep efficiency as well as in reducing sleep latency in insomnia patients. The purpose of this
review is to give an overview on the changes in hormonal status to sleep problems among
menopausal and postmenopausal women.
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Introduction

Insomnia

Menopause [(Greek: mene (month); pausis (stop)], defined as the final menstrual period,
physiologically results from the natural depletion of ovarian follicular function; a condition
that translates into permanent amenorrhea (the permanent cessation of menstrual flow)
generally associated with aging [1]. Many women have few or no symptoms, and thus, these
women are not necessarily in need of medical treatment. The signs and symptoms of
menopause are characterized by onset of irregular menses, hot flushes and night sweats.
Menopause is also known to be associated with changes in behavior and other biological
functions e.g., mood swings, anxiety, stress, forgetfulness and sleep disturbances [2,3].
During menopause, estrogen levels decline, which may be associated with a corresponding
decline in cognitive functioning [2,3] in addition to depressive symptoms and depressive
disorders [4]. Some of the clinical features mentioned so far are associated with normal
aging; therefore, symptoms that are truly associated with menopause may be difficult to
differentiate from those due to aging [5].

Several lines of evidence suggest that sleep in male and female subjects differs across
lifespan, and this may result from the influence of female gonadotropic hormones on sleep
[6]. If we compare sleep of women with that of men, women have more sleep complaints as
women’s sleep is not only influenced by the gonadotropins themselves, but also by the
milestones related to these hormones e.g., pregnancy, which in-turn is associated with
physiological changes in other systems [7] (Figure 1).

It is therefore not surprising that sleep disturbances are seen during menopause, too [8]. The
Study of Women’s Health across the Nation (SWAN), shows that the prevalence of sleep
disturbance increases with increasing age. The prevalence in the premenopausal age group
ranges from 16% to 42%; in perimenopausal women prevalence varies from 39% to 47%; in
postmenopausal females, the prevalence ranges from 35% to 60% [7]. These disturbances
are often multifactorial in origin and they worsen the health-related quality of life [9]. Sleep
disturbances among menopausal women have been ascribed to a number of factors e.g.,
normal physiological changes associated with aging, poor health perception, menopausal-
related symptoms, nervousness, stress, mood symptoms (e.g. depression and anxiety), and
comorbid chronic health issues [10-13]. Besides these biological and chronobiological
factors, socioeconomic, psychosocial, cultural, and race/ethnic factors might also play an
interacting role between the sleep and menopause [14,15] (Figure 2).

Post-menopausal women may have a number of sleep disorders including insomnia,
obstructive sleep apnea (OSA) and restless legs syndrome (RLS), to name a few. Having this
background in mind, we will try to explore the factors that may be related to the sleep
disturbances seen among menopausal women in this review.

Insomnia is a cause for concern in post-menopausal women [16]. The diagnosis of insomnia
requires a report of difficulty initiating sleep, maintaining sleep, or experiencing no
restorative sleep, despite adequate opportunity for sleep. Daytime functional impairments
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resulting from nocturnal sleep disturbance must also be reported [17]. Notably,
polysomnographic studies are not recommended for routine diagnosis of insomnia, as it is a
clinical diagnosis. However, in some insomniacs (who fail to respond to treatment), it plays
an important role in diagnosis. According to Hachul et al., although early menopause is
associated with several symptoms, complaints related to sleep were higher in the late post-
menopausal group [16].

It must be noted here that subjectively poor sleep quality does not always represent as poor
qulity electrophysiological sleep. This is especially important in this group. Post menopausal
women have been found to report subjective poor quality sleep even when the
polysomnography examination shows higher amounts of deep sleep and longer sleep times
as compared to premanopausal women [18]. Another study compared the sleep
polysomnographically among young, premenopausal and post menopausal women.
Compared to young women, premenopausal and post menopausal women had lesser sleep
efficiency and lesser amount of deep sleep; however, these figure were comparable between
premenopausal and post menopausal women [19]. Despite the comparable
polysomnographic findings between premenopausal (not young) and post menopausal
women, insomnia complaints were more frequent among the latter group. Considering these
findings, authors suggetsed that sleep disruption was the function of the age, rather than the
menopause status [19]. Contrarily, one study showed longer wake time after sleep and poor
sleep efficiecny among post menopausal women as compared to premanopausal women
[20]. Thus, it may be concluded that multiple other yet to be found factors, in addiction to
manopuse status may affcet the sleep quality in this group.

In coming sections, we try to assess the factors associated with insomnia in this patient
group.

Vasomotors Symptoms

Vasomotor symptoms (VMS), commonly called ‘hot flashes/hot flushes’, include a feeling
of intense heat with tachycardia usually lasting less than 30 minutes for each occurrence.
This occurs in the perimenopausal as well as in the menopausal period. While research has
focused more on the treatment options, not much is known about the etiology and
pathogenesis of these VMS. There is, however, empirical evidence suggesting that reduced
estrogen levels could be the primary cause of VMS/hot flashes [21]. Among menopausal and
post-menopausal women, VMS is often seen along with menstrual irregularities [2,3],
sudden mood changes, irritability, increased stress, forgetfulness, insomnia, depression,
anxiety, and lack of concentration. These devastating behavioral changes have a
neurobiological basis and literature suggests that changing hormone levels, such a decline in
estrogen and an increase in FSH levels, could serve as etiological factors [4,22]. It has been
documented that perimenopausal women, relative to pre-menopausal women, complain
more about their sleep difficulties and they are higher risk for insomnia [22,23]. Studies have
shown that VMS are the primary predictor of sleep problems in menopausal women. Women
in this age group have lower sleep efficiency [22]. Their nighttime sleep is characterized by
multiple awakenings and they often experience daytime irritability [24,25]. A recent study
has directly correlated the difficulty in staying asleep with the presence of VMS in
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postmenopausal women [26]. Vincent et al. has shown that VMS not only directly and
negatively influence sleep, and but also may have an indirect effect on mood, partly
mediated by sleep difficulty [27].

However, contradictory literature is also avaibale and there are studies that have questioned
the association between VMS and sleep quality or insomnia. In one of these studies,
polysomographic findings showed that menopausal women could wake up during the night
without hot flashes [28]. Joffe et al. also showed that vasomotor symptoms could be present
in the absence of night time awakenings [17]. The findings of an association between
vasomotor symptoms and nocturnal awakenings are, therefore, somewhat inconclusive.

Estrogen and sleep quality could have an indirect association as well, mediating through the
depressed mood or probably, depression. The declining level of estrogen plays an important
role in vaginal dryness that may cause sexual dysfunction. Estrogen decline causes a
decrease in the production of vaginal lubrication, loss of vaginal elasticity and thickness of
vaginal epithelium (vaginal atrophy), and development of uretheral caruncles [29]. This
association of vaginal dryness with sexual dysfunction could be an important psychological
factor in depression that eventually leads to sleep disturbance in menopausal and post-
menopausal women [30]. Estrogen replacement therapy in menopausal and postmenopausal
women has been shown to improve sleep by decreasing night time awakenings. It reduces
vaginal dryness and improves sexual dysfunction as well as vasomotor symptoms [31].
However, this theory is too simplistic as we know that all people under stress do not develop
depression or insomnia. Similarly, all the patients of depression do not provide a history of
stressor antecedant to the onset of depressive symptoms. Thus, we opine that changes in the
ovarian hormones may interact with the genetic vulnerability for depression and insomnia
and may manifest these symptoms.

Progesterone

Studies also show that decreases in progesterone levels can cause disturbed sleep.
Progesterone has both sedative and anxiolytic effects, stimulating benzodiazipine receptors,
which play an important role in sleep cycle [32]. However, direct evidence for this theory
could not be found in the literature.

Age, Medical Conditions and Sleep

In postmenopausal women, sleep is also disturbed by age related medical conditions, which
include obesity, heart problems, gastrointestinal problems, urinary problems, endocrine
problems, chronic pain problems, use of neuroactive medications [17], cigarettes, alcohol,
caffeinated drinks, selective serotonin reuptake inhibitors, bronchodilators, antiepileptic
medications, thyroid hormones preparations, among others [5]. The exact relationship
between these various factors and the post- menopausal period is not quite clear. In persons
with genetic vulnerability for insomnia, these factors may act as precipitating or
perpetuating factors for insomnia. Pain is an important factor that may lead to sleep
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disturbances in this group. Poor sleep quality with longer duration sleep has been reported in
associated with higher pain scores among women [33]. Rhumatoid arthritis has been found
to be asscoaited with poor sleep quality [34]. Biomarkers associated with disease activity
e.g., ESR, CRP, radiological damage have been found to be associated with poor sleep
quality in addition to the age and depression in this study [34]. Perimenopausal women
especially those who are obese have higher chances to wake up with headache at night [35].
These women also have higher chances to have hot flushes and poor sleep quality [35].
During early phase of menopause, backache appears that is associated with poor sleep
quality [36]. It is interesting to note that backache, sleep quality and vasomotor symptoms
are associated with each other, however, the causal direction is still needs to be established.

Anxiety and Depression

Anxiety and depression have been noted to be associated with sleep problems in
postmenopausal women [37]. Difficulty in initiating sleep has been shown to correlate
strongly with anxiety, with nonrestorative sleep also correlating strongly with depression
[38]. Difficulty in initiating sleep leads to anxiety, irritability and non-restorative sleep
problems which in turn may manifest as depression [38]. One of the major causative factor
of depression is insomnia. The low estrogen and progesterone level in menopausal women
increase the risk of insomnia and mood disturbances in postmenopausal women. [39].

Studies by Guidozzi et al. showed a significant correlation between depression and sleep
related disorders [32]. Thus, treatment of both depression and sleep disturbance is essential
regardless of age or menopause status [26].

Treatment of Menopausal Insomnia using Hormone Therapy

Study show if we treat menopausal symptoms earlier after the onset of menopause with
estrogen therapy (ET) and combined estrogen-progesterone therapy (EPT) it has more
beneficial effects on treating postmenopausal symptoms whereas appearance of breast
cancer risk limits its uses somehow.

Estrogen therapy with or without progesterone is very effective in treating vasomotor
symptoms (decrease hot flushes) in this way they improve the quality of sleep, HRT is also a
one of the major recommended treatment of osteoporosis, sexual dysfunction, mood and
depression [40,41].

Study shows HRT effectively treat the depressive symptoms (e.g., sadness, anhedonia, and
social isolation in peri-menopausal and postmenopausal women and is the effective
treatment of depression in this age group [42,43] Estrogen replacement therapy improves
sleep quality by decreasing the frequent nighttime awakenings, it also reduces vasomotor
symptoms [44].

When the vasomotor symptoms, vaginal dryness, sexual dysfunction, osteoporosis, nocturnal
awakenings, and depressive symptoms would be improved the quality of sleep will definitely
increase in postmenopausal women. So the hormone replacement therapy is one of the
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recommended treatment in menopausal insomnia, which also not improve the quality of
sleep but also the quality of life.

Bazedoxifene/conjugate estrogen (BZA/CE) is a novel estrogen that is tissue selective. This
complex has been compared with the placebo in a randomized, double blind, placebo-
controlled trial and BZA/CE has been found more effective in control of vasomotor
symptoms and improving sleep quality among menopausal women [45]. BZA/CE not only
improves the sleep but also is effective in preventing the osteoporosis which can lead to pain
complaints and thus worsen sleep quality among these females [45].

Treatment of Menopausal Insomnia using Melatonin

In humans, the circadian rhythm of melatonin release from the pineal gland is highly
synchronized with the habitual hours of sleep [46-48]. The daily onset of melatonin
secretion is well correlated with the onset of the steepest increase in nocturnal sleepiness
(“sleep gate™) [50,51]. Endogenous secretion of melatonin decreases with aging across
genders [52], and, among women, menopause is associated with a significant reduction of
melatonin levels [53,54]. Exogenous melatonin reportedly induces drowsiness and sleep, and
may ameliorate sleep disturbances, including the nocturnal awakenings associated with old
age [55-58].

However, existing studies on the hypnotic efficacy of melatonin have been highly
heterogeneous with regard to inclusion and exclusion criteria, methods adopted to evaluate
insomnia, doses of the medication, and routes of administration. Adding to this complexity,
there continues to be considerable controversy over the meaning of the discrepancies that
sometimes exist between subjective and objective (polysomnographic) measures of good and
bad sleep [59]. Thus, attention has been focused either on the development of more potent
melatonin analogs with prolonged effects or on the design of prolonged-release melatonin
preparations [60,61]. The MT [1] and MT [2] melatonergic receptor ramelteon [62,63] was
found to be effective in increasing total sleep time (TST) and sleep efficiency (SE), as well
as in reducing sleep onset latency (SOL) in insomnia patients [64]. The melatonergic
antidepressant agomelatine, displaying potent MT [1] and MT [2] melatonergic agonism and
relatively weak serotonin 5SHT(2C) receptor antagonism [65,66], was found effective in the
treatment of insomnia comorbid with depression [67—77]. Other melatonergic compounds
are currently under development [71]. In short, melatonergic compounds could be useful in
the treatment of insomnia in this group of patients.

Treatment of Menopausal Insomnia using Hypnotics

One four week study has shown improvement in sleep quality, sleep duration and greater
reduction in insomnia specific daytime symptoms with the use of zolpidem 10mg/night as
compared to placeo in perimenopausal and post-menopausal women [72]. Similar results
have been found with the eszopiclone 3mg/night in another study [73].
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Restless Legs Syndrome

Originally described first in 1672 by Sir Thomas Willis, the Willis-Ekbom’s disease, or
restless legs syndrome (WED/RLYS), is more prevalent among women [74,75]. A number of
factors including iron deficiency and pregnhancy may be responsible for the higher
prevalence among females [76]. It has been reported in approximately 18-30% pregnant
women [77,78]. In another survey, nearly 15% of women aged 18-64 years were found to
have symptoms of WED/RLS; however, its prevalence was unaffected by the menopausal
status [79]. Still, menopause can serve to increase the perception of severity of RLS, and
thus these women may seek medical help more often [80].

We still do not know how the female hormones influence the expression of WED/RLS
across the female life cycle. A number of theories have been proposed that include iron
deficiency secondary to pregnancy or persistently high levels of estrogen during pregnancy
or fall of estrogen and melatonin at menopause [76,81]. However, theories that were
proposed to explain RLS during menopause appear far from reality as manifested by the fact
that menopause does not influence the prevalence of WED/RLS and, in most of the cases,
hormone replacement therapy does not alter the clinical picture in affected women [76]. On
the contrary, one study even refuted the role of female reproductive hormones in the
causation of this illness [80].

To contribute to this debate further, one study has reported that female reproductive
hormones influence neurotransmission [81]. Estrogen influences the dopaminergic system
and not only up-regulates the receptors but also the reuptake mechanism. Further, it also
reduces the catabolism of dopamine by inhibitory influence on the Catechol-O-
methyltransferase (COMT) enzyme [82]. Thus, it increases the availability of dopamine in
the nigro-striatal pathway yet it also increases the reuptake. This might partly explain why
some of the studies have found a relationship between RLS and higher prevalence among
women. It may be possible that effects of estrogen on dopamine neurotransmission are state
dependent. There is also a possibility that estrogen might interact with other hormones such
as progesterone, prolactin or iron metabolism in the central nervous system (CNS) which
may be state dependent to produce the symptoms of WED/RLS. However, these factors have
never been analyzed and this is an area for future research.

A number of studies have proposed that sleep problems associated with menopause, like
insomnia, may increase the chances of WED/RLS. It may be possible that women who are
not able to fall asleep perceive the increased severity which may have a positive influence on
the reporting of symptoms [80,81]. As we have already discussed, sleep difficulties in this
group are in part related to vasomotor symptoms. This could be one reason why WED/RLS
symptoms have been correlated with the presence of vasomotor symptom among
menopausal women in many studies [11,83]. However, one of the recent studies did not find
any difference between the sleep difficulties across genders, despite higher prevalence of
RLS among females [84]. In addition, although hormone replacement therapy (HRT)
improves vasomotor symptoms, this has not been found to influence the WED/RLS in any
manner [20,76,79,85].
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Considering the above facts, it may be worthwhile to systematically assess the role of HRT
in the management of RLS reported by menopausal women.

Menopause and Obstructive Sleep Apnea

Prevalence of obstructive sleep apnea (OSA) rises markedly after menopause in females
[86]. From as low as 47% to as high as 67% post-menopausal women have been found to
have OSA across studies [87,88].

Women tend to gain weight after menopause and this results in higher BMI, larger neck
circumference and higher waist-hip ratio [87-90] but whether menopause also increases the
chances of central obesity is still controversial [90,91]. In this manner, the upper airway
becomes anatomically different after menopause and results in compromise in breathing
during sleep. Thus, post-menopausal women have a higher prevalence of OSA as compared
to pre-menopausal women [89]. However, body weight does not appear to be the only factor
responsible for this condition, as another study has found that despite comparable body mass
index, post-menopausal women had more severe OSA and they spent a larger amount of
sleep time with OSA as compared to pre-menopausal females [92].

Progesterone Role in Partial Upper Airway Obstruction in Postmenopausal

Women

Hormonal decrease (progesterone) in postmenopausal woman is one of the causative factor
of sleep apnea, due to lack of progesterone the pharyngeal dilator muscle activity is effected
and low progesterone could be a causative factor of sleep apnea through the stabilizing effect
of decrease respirator drive. And repetitive sleep induced collapse of the pharyngeal airway
could happen so the postmenopausal women have higher frequency of apnea than
premenopausal women [93,94].

As we have already discussed, menopause is a state of hormonal change and, having this in
mind, we should ask ourselves- “what increases the chances of OSA after menopause- direct
effect of hormones or the change in anthropometric measures?”. This question was answered
by Carskadon et al. who showed that hormonal factors play a minor role as compared to
anthropometric measures in development of OSA after menopause [95]. Similar results have
been reported in another study where a temporary menopause was initiated with the help of
drugs in pre-menopausal women [96] (Table 1).

Besides known cardiovascular complications, OSA is also associated with sexual
dysfunction in females [97]. In the pre-menopausal women, time spent below the oxygen
saturation of 90% has been found to be associated with sexual dysfunction [98]. Sexual
dysfunction has been found to be related to the severity of OSA in both pre-menopausal as
well as post-menopausal women [30]. This data suggests that post-menopausal women with
OSA should be routinely screened for sexual dysfunction as it may contribute to other sleep
problems including insomnia (Table 2).
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To our knowledge, data is not available whether menopause is related to the compliance of
the PAP therapy in those having OSA. Theoretically, there are high chances of poor
compliance in post-menopausal women considering the fact that they have poor quality of
sleep and are at increased risk of other sleep disorder. This is an area for future research.

Conclusion

We have reviewed the association between sleep disturbances and the menopausal transition.
We presented the various morbidities and comorbidities particular to women during this
period and how the interplay of these factors impact on sleep. While there is obviously a
need for continued research, there are effective behavioral and pharmacological therapies
available to treat sleep disturbances at this time in a woman’s life.

The data presented above clearly indicate that exogenous melatonin and its various analogs
promote and maintain sleep. However, there is inconsistency and discrepancy among the
large number of reports regarding the degree of efficacy and the clinical significance of these
effects. Hence, prolonged released melatonin preparations and melatonin agonists were
introduced and have shown good results in treating insomnia. So the physiological changes
have the great impact on postmenopausal women’s health because these changes cause a
clear fall down of certain important hormones of female reproductive system. These vitals
Hormones estrogen, progesterone are responsible for the vital reproductive functions of
female genital tract, they decrease in postmenopausal women and contribute to anxiety,
depression, sexual dysfunction and obstructive sleep apnea. There is another important
neurohormone melatonin that is found to decrease in postmenopausal women, which also
contributes to sleep disturbances and ultimately causes anxiety and depression.

Studies show postmenopausal women experienced maintenance insomnia, because of night
sweats and hot flashes more often than premenopausal women, but not initiation insomnia
[99], this maintenance insomnia is due to vasomotor hot flashes due to lack of estrogen.
Progesterone has a respiratory stimulant properties and it maintains the tone of a
genioglossus muscles, in postmenopausal women due to lack of this hormone women’s
chances to get into sleep apnea increases, so it causes more sleep problems.

Further investigations by randomized controlled studies to evaluate the efficacy of these
interventions in peri-post menopausal women are warranted.
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Figure 1.
Sleep in men and women.
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Sleep in premenopause, perimenopause, and postmenopause.
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