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ABSTRACT
Sleep disturbances (SD) represent one of the main symptoms of menopause and they are caused
by several factors. Hormonal changes such as the reduction of oestrogen levels and the conse-
quent vasomotor symptoms (VMS) along with psychiatric disorders such as depression and anx-
iety could contribute to the onset of SD. Furthermore, obesity per s�e or through the obstructive
sleep apnoea (OSA) could blunt sleep. Moreover, in menopause is usual a reduction in mela-
tonin, that could contribute to SD. Nutritional strategies are paramount because they could con-
tribute to manage menopause-related SD, in particular tackling obesity and overweight.
Furthermore, some foods, such as soy, fish, whole grains, vegetables and fruit could decrease
symptoms like depression and VMS, correlated with SD in postmenopausal women. Therefore,
the aim of this review is to provide an overview of the current evidence on SD in menopause
and to provide nutritional strategies for managing SD in this context.
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Introduction

Currently, sleep disturbances (SD) represent a com-
mon concern among the general population; in fact,
about 35% of individuals have problems falling asleep,
staying asleep, awakening early, or not feeling
refreshed after sleep. SD have a significant impact on
quality of life and are associated with numerous
adverse health outcomes. In fact, SD and the conse-
quent sleep loss may have detrimental effects on the
cardiovascular, endocrine and nervous systems, deter-
mining an increased risk of cardiovascular diseases,
hypertension, obesity, type 2 diabetes and impaired
glucose tolerance, anxiety and depression (Barrea,
Pugliese, Framondi et al. 2020; Leger and Bayon 2010;
Kohli et al. 2011; Vogtmann et al. 2013; Thurston
et al. 2017). Among SD, insomnia, characterised by
difficulty falling asleep or staying asleep, accompanied
by daytime impairment of mental and/or physical
function and irritability (Bianchi 2017) is estimated to
be more frequent in women (Ohayon 2002; Krystal
2003). Furthermore, the prevalence of SD among
women is variable and increases with age (Kravitz and

Joffe 2011). It ranges from 16% to 42% in premeno-
pausal women, from 39% to 47% in perimenopausal
women, and, it affects 35% to 60% in postmenopausal
women (Kravitz and Joffe 2011). Menopause is a
physiological event in the woman’s life characterised
by the cessation of spontaneous menstrual cycles
caused by a reduction in the sex hormones oestrogen
and progesterone and a consequent increase of fol-
licle-stimulating hormone (FSH) and luteinizing hor-
mone (LH), which occurs when the ovarian reserve
ends (Nelson 2008). In addition to insomnia, the most
commonly SD founded in menopausal women,
include nocturnal breathing disturbances, of which
obstructive sleep apnoea (OSA) is the most common,
restless leg syndrome, periodic limb movement syn-
drome, depression and anxiety (Guidozzi 2013). The
aetiology for SD in menopausal women is still
unknown, but, however, it seems that are caused by
the contribution of several risk factors that commonly
occur in menopause such as decreased oestrogen lev-
els and the consequent vasomotor symptoms (VMS),
depression, weight gain (mostly the increase of
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visceral adiposity) (Guidozzi 2013). Several studies
showed an improvement of VMS after phytoestrogens
intake (Hachul et al. 2011; Franco et al. 2016). This
could be due to their chemical structure that is similar
to that of oestradiol, therefore, mimicking oestrogen-
like properties and relieving menopausal symptoms
(Britt et al. 2005; Cano et al. 2010; Lambert et al.
2017); also, evidence indicates that high fibre and low
glycemic index foods intakes may be associated with a
reduced risk of depression (Gangwisch et al. 2015;
Daneshzad et al. 2020). In fact, postprandial hypergly-
caemia and resultant compensatory hyperinsulinemia
from high dietary glycemic load can result in reactive
hypoglycaemia (Seaquist et al. 2013), triggering the
secretion of autonomic counterregulatory hormones
such as adrenaline, cortisol, glucagon, and growth
hormone, and these hormones responses can cause
symptoms such as depression and anxiety (Ludwig
2002). Moreover, high fibre and low glycemic index
foods intakes, could contribute to weight loss and to
reduction of waist circumference (WC; Appling et al.
2007; Dormire and Howharn 2007). In particular, vis-
ceral adipose tissue is an important source of pro-
inflammatory cytokines could be associated with the
sleep regulation (Perrini et al. 2017; Muscogiuri et al.
2019). Furthermore, a high intake of omega-3 has
been reported to decrease depression and anxiety that
in turn could contribute to worsen VMS. In fact,
omega-3 play a role in mental health as it reduces
neuronal damage by oxidative stress, hindering
inflammatory processes and diminishing cytokine cir-
culation and cellular infiltration and also may improve
tryptophan transport, a serotonin precursor (Laye
et al. 2018; Liao et al. 2019; Tsujiguchi et al. 2019;
Godos, Currenti et al. 2020). Thus, the aim of this
review is to provide an overview of the current evi-
dence on SD in menopause and to provide nutritional
strategies for managing SD in this context.

Menopause and sleep disturbances

Ovarian hormonal changes: oestrogen decrease

The female post-reproductive lifespan is characterised
by very low oestrogen levels, exclusively arising from
peripheral conversion of testosterone into oestrogens,
as there is no longer any ovarian production. The
effect of oestrogen levels on SD is complex, because
oestrogens clearly have a wide range of potentially
effects which impact on sleep, through several mecha-
nisms (Baker et al. 2018). Oestrogens play a role in
the metabolism of norepinephrine, serotonin, and
acetylcholine-neurotransmitters that in turn affect

sleep control (Guidozzi 2013). In fact, oestrogens have
been reported to reduce sleep latency and increase
total sleep time, to reduce the frequency of awakening
after sleep and cyclic spontaneous arousals (Guidozzi
2013). Oestrogens have also an impact on mood thank
to their effect on norepinephrine activity in the brain
and serotonin response and uptake, thus allowing to
hypothesise that oestrogens could have an antidepres-
sant effect (Eichling and Sahni 2005). Indeed, the low
oestrogen levels that are usually detected in meno-
pause could account for depression in postmenopausal
women (Parry et al. 2006). The most common symp-
toms related to low oestrogen levels are represented
by VMS, commonly called hot flashes (HF). VMS are
defined as a sudden sense of body heat or redness
around the face and neck, often accompanying by
sweating and tachycardia usually lasting less than
30minutes. These symptoms are the most common in
midlife women and are reported by 75% to 85% of
postmenopausal women (Gold, Colvin et al. 2006; Al-
Safi and Santoro 2014). Several studies reported an
association of VMS with SD in postmenopausal
women (Ensrud et al. 2009; Lampio et al. 2014).
Ensrud et al. conducted a randomised trial in 217
healthy postmenopausal women aged 40–60 years with
VMS (Ensrud et al. 2009). The women with a higher
frequency of moderate to severe HF were more likely
to have insomnia, probably, due to a major of dis-
rupted sleep and a greater night-time wakefulness by
numerous arousals. (Ensrud et al. 2009). More
recently, in a cross-sectional study, Lampio et al.
recruited 158 healthy women (107 premenopausal and
51 postmenopausal) aiming to investigate sleep quality
and its association with night sweats and HF (Lampio
et al. 2014). Postmenopausal women had poorer gen-
eral sleep quality, slept more restlessly, and had more
nocturnal awakenings compared to premenopausal
women. SD were mostly associated to the night sweats
and HF (Lampio et al. 2014).

In summary, the ovarian hormonal changes occur-
ring in menopause mostly characterised by the
decrease in oestrogen levels could account for the
onset of SD in this stage of life. The effects of oestro-
gen reduction are summarised in Figure 1.

Overweight and obesity

Overweight and obesity are a common finding in
postmenopausal women (Dasgupta et al. 2012), mostly
due to the changes in reproductive hormone levels; in
fact, there is evidence that oestrogen reduction affects
fat distribution, leading to an increased proportion of
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abdominal fat in postmenopausal women (Toth et al.
2000a, 2000b; Abdulnour et al. 2012; Davis et al. 2012;
Barrea et al. 2019). The oestrogens, in fact, increase
lipolysis and influence adipose tissue lipoprotein lipase
activity (Mastorakos et al. 2010); in particular, the oes-
tradiol can indirectly affect lipolysis by inducing the
lipolytic enzyme hormone-sensitive lipase or directly
by increasing the lipolytic effects of epinephrine (Palin
et al. 2003), thus menopause is associated with an
increase in fat mass. Moreover, the drop in oestrogen
levels may also have a direct effect on muscle tissue;
indeed, oestrogen receptors (ER) are present in
human muscles under the form of ERa and ERb in
the nuclei of muscle fibres (Lemoine et al. 2003; Wiik
et al. 2009) and the oestrogens have been reported to
have an anabolic effect on muscle mass. In fact, the
oestrogens reduce the inflammation in muscle and
limit the muscle damage. In addiction, 17b-oestradiol
regulate antioxidant proteins such as superoxide dis-
mutases and glutathione peroxidase through ER
(Strehlow et al. 2003; Vina et al. 2008). Therefore, the
improving of reduction–oxidation state in fibres and
thus keeping muscle proteins like myosin free from
posttranslational oxidative modifications could con-
tribute to the maintenance of protein structure–func-
tion and ultimately strength (Lowe et al. 2010).
Besides, the oestrogens have an effect on muscle

tissue, also due to a cross-stimulation by the stimula-
tion of IGF-1 receptors, in particular, ER can be also
activated through IGF-1 that acts in stimulating their
transcriptional activity (Klotz et al. 2002). Indeed, ERs
could take part in muscle strength increase through
the effect of both oestrogen and IGF-1. However, both
oestrogen and IGF-1 drop at menopause, which is
likely to affect muscle mass and strength (Maltais
et al. 2009; Agostini et al. 2018). In fact, with the
menopause approaches, a rapid loss of both muscle
mass and strength occurs with a reduction of
0.6%–1% of muscle mass per year postmenopause and
a 21% reduction in muscle strength between ages 25
and 55, occurring at a rate of 1.5% per year (Maltais
et al. 2009). This loss in muscle mass results in loss of
muscle strength and power which (Lang et al. 2010)
determines the increases the prevalence of sarcopenia
in menopausal women (Messier et al. 2011).
Moreover, the aging of skeletal muscle and increase of
the adipocyte number determine an infiltration of the
muscle fibres by lipids. This condition of sarcopenia
could determine adverse clinical outcomes such as
mobility limitations and increase of fractures in meno-
pausal women.

It is known that visceral adipose tissue is an
important source of inflammatory adipocytokines
such as plasminogen activator inhibitor-1 (PAI)-1,

Figure 1. Reduction of oestrogen in menopausal women causes depression, VMS and visceral obesity. Oestrogen play a role in
the metabolism of norepinephrine, serotonin, and acetylcholine-neurotransmitters and have an impact on mood, decrease in oes-
trogen determines depression. Oestrogen reduction affects fat distribution, leading to an increased proportion of abdominal fat in
postmenopausal women, visceral adipose tissue is an important font of inflammatory adipocytokines. The most common symptoms
related to low oestrogen levels are represented by VMS.
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interleukin 6 (IL-6); tumour necrosis factor a (TNF-
a), and leptin and lower levels of adiponectin (He
et al. 2003; Winkler et al. 2003; Tilg and Moschen
2006; Harman-Boehm et al. 2007; Maury et al. 2007;
Pugliese et al. 2020). These pro-inflammatory cyto-
kines could be associated with the sleep regulation
and classified as “sleep-regulatory substances” (Perrini
et al. 2017; Muscogiuri et al. 2019). In agreement with
this, WC, an indirect measure of visceral adipose tis-
sue, has been reported to be associated to SD
(Davidson and Patel 2008), and these results were
confirmed also in postmenopausal women. Indeed,
Morfeno-Vicino et al. performed a study in 463 com-
munity-dwelling older Spanish women, reporting a
significant positive correlation between SD and WC
(Moreno-Vecino et al. 2017). Among SD in meno-
pause, OSA was a common finding (Moreno-Vecino
et al. 2017). In a cross-sectional study, Polesel et al.
investigated the occurrence of OSA across the stages
of reproductive lifespan such as premenopause, early
postmenopause (in menopause for up to 5 years) and
late postmenopause (in menopause for >5 years)
(Polesel et al. 2015). They enrolled 407 women: 268
premenopausal women, 139 postmenopausal (43 early
postmenopause; 96 late postmenopause). They found
that 68.4% of women affected by severe OSA belonged
to the late postmenopause group and that a 1 cm
increase in WC increased the likelihood of developing
moderate to severe OSA by 5% in postmenopausal
women (Polesel et al. 2015). Similar results were
found in a study carried out by Naufel et al. investi-
gating the association between obesity and SD in post-
menopausal women (Naufel et al. 2018). Fifty-three
postmenopausal women were enrolled and underwent
to anthropometric measurements and full-night poly-
somnography. As expected, respiratory disturbance
index and apnoea–hypopnea index values were worsen
in women with obesity (Naufel et al. 2018). In sum-
mary, the body composition changes occurring in
menopause, in particular, characterised by increase of
proportion of abdominal fat could account for the
onset of SD in postmenopausal acting directly through
the secretion of cytokines or indirectly through OSA.

Melatonin reduction

Melatonin is a hormone synthesised and secreted
principally by the pineal gland at night under normal
light/dark conditions which play a very important role
in circadian rhythm, especially in sleep onset and in
sleep maintenance through block arousal mechanism
(Conti et al. 2000). Melatonin levels decrease with

aging after the age of 50 (Bellipanni et al. 2001).
Melatonin age-related decline is correlated with a
decreased melatonin biosynthesis and release by the
pineal gland, which is considered due to decreased
retinal light perception and the changing nature of the
vitreous body, which transmits less light (Rohr and
Herold 2002). Thus, the reduction of melatonin levels
usually occurs contemporarily to menopause age
(Fernandez et al. 1990). In a group of 79 healthy
women, Fernandez et al. have evaluated the morning
levels of serum melatonin, FSH, LH, prolactin, proges-
terone and oestradiol. The women were subdivided in
three groups by different reproductive stages (fertile
stage, perimenopausal and menopausal period). Serum
melatonin levels decreased with age, attaining min-
imum levels in menopause. Indeed, in a prospective
study, Toffo et al. showed that the duration of secre-
tion and concentration of melatonin tended to be
lower in postmenopausal women (aged 58–71 years)
than in perimenopausal (Toffo et al. 2014).

In conclusion, the decline of melatonin secretion
which physiologically occurs with age could be a fur-
ther player that could contribute to SD in menopause.

Nutritional advices for the management of
sleep disturbances in menopause

Phytoestrogens

Phytoestrogens are a biologically active plant-derived
compounds with oestrogen-like properties (Cano et al.
2010), and isoflavones (genisten and diadzein) and
lignans are the principal source of dietary phytoestro-
gens. Isoflavones can be abundantly found in soy-
beans, instead, lignans are found in legumes,
vegetables, fruits, flaxseed and whole grains (Rizzo
and Baroni 2018). It has been demonstrated that the
soy have oestrogenic effects in humans because of the
presence of polyphenolic isoflavones, which have oes-
trogen receptor agonist and antagonist activity (Taylor
2015). The isoflavones have a chemical structure simi-
lar to that of oestradiol and therefore also they have
oestrogen-like properties. In particular, there are two
types of ER: ERa and ERb. ERa is predominant in the
breast and uterus, instead ERb is predominant in the
cardiovascular system, urogenital tract and bone. The
affinity of isofolavones to ERb is more higher than
the ERa. Isoflavones act as oestrogens by binding at
ER and thus exerciting oestrogen-like effects and
relieving menopausal symptoms (Russell et al. 2002;
Britt et al. 2005; Lambert et al. 2017). As previously
mentioned, oestrogen is drastically reduced with
menopause, and the most common symptoms related
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to low oestrogen levels are represented by VMS. Thus,
the intake of isoflavone could represent in this sense a
tool to relieve VMS (Gold, Colvin et al. 2006; Al-Safi
and Santoro 2014). Epidemiological studies suggested
that in populations that consume dietary soya there is
a low incidence of VMS. Soy intake is four to nine
times greater in Asian countries than in Western
countries and postmenopausal women in Asian coun-
tries report a much lower incidence of HF (10–25%)
compared to women in Western countries (60–90%)
(Reed et al. 2013). A recent meta-analysis of 21 rando-
mised controlled trial (RCTs) evaluated the association
overall use of phytoestrogens therapies with meno-
pausal symptoms, including VMS (Franco et al. 2016).
The authors showed a significant improvement in
daily VMS with isoflavones use, from either dietary
sources or use of supplements and extracts (Franco
et al. 2016). In particular, the different types of inter-
ventions included soy isoflavones (dietetic, supple-
ments and extracts, and red clover isoflavones)
showed an association of overall phytoestrogen use
with a decrease in the number of daily VMS (Franco
et al. 2016). In a clinical trial Hachul et al. demon-
strated the beneficial effects of isoflavone treatment
on SD in postmenopausal women. The study included
two groups of postmenopausal women with insomnia:
the first received 80mg isoflavones (dry extract of the
soybean) daily for four months, and the second
received a placebo for the same period (Hachul et al.
2011). In postmenopausal women with insomnia, iso-
flavone treatment was effective in reducing insomnia
symptoms, with a significant increase in sleep effi-
ciency in this group (from 77.9% to 83.9%) when
compared with the placebo group (from 77.6% to
81.2%); furthermore, isoflavones induced a decrease in
the intensity and number of VMS and the frequency
of insomnia (from 89.5% to 36.9%) (Hachul et al.,
2011). Moreover, it has been suggested that phytoes-
trogens, in particular isoflavones, with their similar
structural to 17-b-oestradiol by binding to ER, has
been associated with a decreased risk of hormone-
related cancers such as breast cancer (BC) (Verheus
et al. 2007; Goodman et al. 2009; Zhu et al. 2011).
There are several mechanisms by which isoflavones
seem to exert their anticarcinogenic effects, one of is
via their antioxidant capacity, in particular, they have
the ability to decrease lipid peroxidation as well as
oxidative DNA damage (Omoni and Aluko 2005;
Griffiths et al. 2014). Moreover, soy phytoestrogens
seem to inhibiting cell proliferation and angiogenesis,
and also to inducing cell apoptosis (Adlercreutz 1995;
Magee and Rowland 2004). However, the

phytoestrogens can also exert oestrogenic effects, and
in particular, has been showed that physiological con-
centrations of dietary genistein induce growth of ER
(þ) BC cells in both in vitro and in vivo models (Ju
et al. 2001; Allred et al. 2004). However, the findings
from several reports indicate that soy isoflavones can
improve prognosis in BC patients (Chi et al. 2013).
Zhang et al. showed that genistein intake imitating
Asian consumption patterns improved the response of
BC to tamoxifen therapy (Zhang et al. 2017).
Similarly, Guha et al. observed reduced BC recurrence
with increasing amounts of daidzein consumption in
a prospective cohort study of postmenopausal women
in treatment with tamoxifen (Guha et al. 2009). In
human studies, the implementation of dietary isofla-
vones for BC patients and BC risk is yet controversial,
by their dual nature (i.e. oestrogenic and antiestro-
genic actions), but, the higher phytoestrogen con-
sumption seem to predispose to a reduced risk of
developing BC, and a better prognosis in women diag-
nosed with BC (Chen et al. 2014; Wu et al. 2015;
Messina 2016). Besides, the European Food Safety
Authority recently concluded that in postmenopausal
women, isoflavones do not adversely affect breast tis-
sue, thyroid function, or the uterus (EFSA 2015).
Therefore, considering this, the medical community
could recommend soy foods to postmeno-
pausal patients.

Low glycemic index foods, fibre, fruits, vegetables
and whole grains
One of the mechanisms hypothesised thought which
low oestrogen levels in menopause could induce VMS
is the blunted blood glucose transport across the
blood–brain barrier (Cheng et al. 2001). When oestro-
gen levels decrease in menopause, the responsiveness
of glucose transporter 1 (GLUT 1) production to the
demands of increased glucose transport needs, such as
during an increased neuronal activity or lowered
blood glucose levels, is reduced (Dormire 2009). The
HF represents a counter-regulatory neurovascular
response resulting in vasodilation with consequent
increased blood flow to aid delivery of glucose and
oxygen delivery to meet the metabolic needs associ-
ated with neuronal activation (Dormire and Howharn
2007). Therefore, the optimal blood glucose concen-
trations may contribute to a lower risk of VMS
(Dormire and Howharn 2007). Low glycemic index
foods cause lower postprandial glucose concentrations;
therefore, blood glucose concentrations are more
likely to be kept within limits. Few studies have been
carried out on the relationship of dietary fibre with
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VMS (Gold, Flatt et al. 2006; Kroenke et al. 2012).
Kroenke et al. showed that an increased intake of
fruit, vegetables, and whole grains has a protective
effect on VMS (Kroenke et al. 2012). The study
included 17,473 postmenopausal women, ages 50–79
who participated in the Women’s Health Initiative
Dietary Modification (Kroenke et al. 2012). The
women were randomly assigned to a dietary interven-
tion (40%) or control arm (60%). The dietary inter-
vention provided an increased intake of fruits and
vegetables (5 servings per day) and whole grains (6
servings per day) and an intensive behavioural modifi-
cation program. Moreover, specialised nutritionists,
gaved regular meetings to assist the women in achiev-
ing the dietary intervention goals. The controls
received a copy of the Dietary Guidelines or
Americans and other health-related materials with
appropriate advices about nutrition and behaviour.
In multivariate-adjusted analyzes, assignment to diet-
ary intervention vs control arm was significantly
related to a higher likelihood of disappearance of
symptoms in women with VMS (Kroenke et al. 2012).
In a one cross-sectional study of women with prior
early stage BC fibres have been reported to have a
protective effect on VMS (Gold, Flatt et al. 2006). In
the Women’s Healthy Eating and Living randomised,
controlled trial of a high vegetable, high fibre, reduced
fat diet, 2,198 women with early-stage BC were
enrolled (Gold, Flatt et al. 2006). The reduction in the
severity of symptoms at 12months was significantly
associated with a high intake of dietary fibre (Gold,
Flatt et al. 2006). Although the studies carried out on
this topic were few, however, they provided promising
results on nutritional approach for the management
of VMS.

Polyunsaturated fatty acids
Epidemiologic studies have linked the intake of diet-
ary polyunsaturated fatty acids (PUFA) in the patho-
physiology of mood disorders (Group et al. 2008;
McNamara 2015; Barrea, Muscogiuri et al. 2020;
Godos, Currenti et al. 2020). In particular, dietary
intake of food rich in omega-3 (e.g. fish, seafood, and
nuts) is associated with reduced prevalence of major
depression (Grosso et al. 2014; Laye et al. 2018).
Omega-3 play a role in mental health as it reduces
neuronal damage by oxidative stress, hindering
inflammatory processes and diminishing cytokine cir-
culation and cellular infiltration (Simonetto et al.
2019). Furthermore, omega-3 could improve trypto-
phan transport, a serotonin precursor, and could also
contribute to the maintenance of type 2 serotonergic

receptors, mainly responsible for mood regulation
(Laye et al. 2018; Godos, Currenti et al. 2020).
Recently, Liao et al. conducted a meta-analysis of
double-blind randomised placebo-controlled trials to
estimate the efficacy of omega-3, especially docosahex-
aenoic acid (DHA) and eicosapentaenoic acid (EPA)
in the management of depression (Liao et al. 2019).
The authors showed an overall beneficial effect of
omega-3 on depression symptoms and in particular
compared with placebo, EPA has demonstrated clin-
ical benefits when administered at dosage �1 g/d,
whereas DHA formulations did not provide such ben-
efits (Liao et al. 2019). In a cross-sectional study
Abshirini et al. evaluated a dietary intake by a vali-
dated 147-item food frequency questionnaire (FFQ) to
assess the habitual diet of participants during the pre-
vious year, and menopausal symptoms by the meno-
pause rating scale (MRS) questionnaire in 393 Iranian
postmenopausal women. The authors reported that,
the quartile with the highest omega-3 intake had a
lower odds ratio (OR) for both somatic and psycho-
logical symptoms, such as impaired memory, lack of
concentration, nervousness, depression, insomnia
(Abshirini et al. 2019). The relationship between
omega-3 deficiencies and depressive states, in postme-
nopausal women, has been demonstrated in a recent
population study (Tsujiguchi et al. 2019). Tsujiguchi
et al. analysed cross-sectional data from the Shika
study and investigated the associations between the
intake of omega-3 and depression among people
according to sex and weight status (Tsujiguchi et al.
2019). The depressive state has been evaluated by the
Japanese short version of the Geriatric Depression
Scale and the intake of omega-3 evaluated by the vali-
dated food FFQ. The results demonstrated a relation-
ship between omega-3 deficiencies and depressive
states in woman, particularly accentuated in women
with overweight or obesity (Tsujiguchi et al. 2019).

High glycemic index foods: carbohydrate, sugars,
refined cereals
The type and amount of carbohydrates in the diet
may also influence the onset and/or the worsening of
depression which is a known disease occurring in
menopause. Diets with high glycaemic load carbohy-
drates could contribute to depression through
repeated acute spikes and troughs of blood glucose. In
insulin resistance states, postprandial hyperglycaemia
and resultant compensatory hyperinsulinemia from
high dietary glycaemic load can result in reactive
hypoglycaemia (Seaquist et al. 2013), triggering the
secretion of autonomic counterregulatory hormones
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such as adrenaline, cortisol, glucagon and growth hor-
mone (Ludwig 2002). Counterregulatory hormone
responses can cause symptoms such as anxiety, irrit-
ability and hunger (Ludwig 2002). The results of the
Women’s Health Initiative Observational Study carried
out on, approximately, 70,000 postmenopausal
women, showed that the intake of high dietary gly-
caemic index (added sugars, total sugars, glucose,
sucrose, fructose, starch, carbohydrate) and foods such
as nonwhole/refined grain consumption were associ-
ated with increasing OR of incident depression.
Conversely, higher consumption fibre, nonjuice fruit
and vegetables was significantly associated with lower
OR of incident depression (Gangwisch et al. 2015).
Daneshzad et al. in a cross-sectional study, investi-
gated the association among low carbohydrate diet,
sleep status, depression, anxiety and stress score
among 265 diabetic women in postmenopausal
women (Daneshzad et al. 2020). A validated and reli-
able 168-item semi-quantitative FFQ was used to
obtain dietary intakes of women through the past
year. This study showed that lower consumption of
carbohydrates was associated with an improvement of
sleep and decrease the risk of psychological disorders
including depressive symptoms, and anxiety level
among postmenopausal women (Daneshzad et al.
2020). The high amounts of refined carbohydrates and
sugar could be associated with increased risk of
depression through increased levels of inflammatory
cytokines such as IL-6 and c-reactive protein (CRP)
levels (Lucas et al. 2014). Moreover, inflammatory
cytokines may have an adverse effect on neurotrans-
mitters, and inflammatory status and endothelial dys-
function could impair the expression of brain-derived
neurotrophic factor (BDNF) (Sanchez-Villegas &
Martinez-Gonzalez 2013). Liu et al. in a cross-sec-
tional study, conducted among 906 postmenopausal
women, explored the association of diet with depres-
sion (Liu et al. 2016). The authors reported that the
whole plant food intake (rich in whole grains, fruits,
and vegetables) was negatively associated with depres-
sion score and processed food intake (rich in refined
cereals, sweets, preserved food) was positively associ-
ated with perceived stress and depression (Liu et al.
2016). Furthermore, diets characterised by high gly-
caemic load could contribute to the onset of obesity
and thus to the increase in visceral adiposity. In fact,
a high glycaemic response, promoting postprandial
carbohydrate oxidation at the expense of fat oxidation,
thus blunting fuel partitioning giving rise to body fat
gain (Gangwisch et al. 2020). Of course, weight gain
could be associated to changes of body composition

mainly characterised by the increase in visceral adi-
pose tissue that plays an important role in the patho-
genesis of SD in postmenopausal women. Conversely,
diets characterised by low glycaemic load, in particular
with a high intake of fibre, may promote satiety, min-
imise postprandial insulin secretion, and reduce the
risk of developing overweight and obesity (Gangwisch
et al. 2020).

The intake of whole plant in addition to reducing
the glycaemic load, reduce the levels of inflammatory
also, by high quantities of vitamins C, E, B, folate,
carotenes, polyphenols and various phytochemicals. In
fact, these compounds may modulate inflammation
and stimulate the immune system by acting as an
antioxidant or a neuroprotective agent (Leonard 2005;
Ng et al. 2008; Pasco et al. 2010; Godos, Ferri et al.
2020), determining the suppression of neuronal apop-
tosis, modulating of signalling pathways implicated in
neuron survival, and stimulating of adult neurogenesis
(Dias et al. 2012; Kurauchi et al. 2012; Moghadam
et al. 2018).

Tryptophan

Currently, it is known that tryptophan, an essential
component of the diet, is an essential amino acid in
humans that is absorbed in the small intestine from
protein-rich foods and plays a key role in protein syn-
thesis, and is a precursor of biologically active com-
pounds such as serotonin and melatonin (Wyatt et al.
1970). Tryptophan it is absorbed into the capillaries in
the intestinal wall. A small amount of the amino acid
remains free while the majority of it (roughly
80%–90%) is transported bound to albumin through
the blood and into the brain, and it is converted into
melatonin via the serotonin pathway (Paredes et al.
2009; Halson 2014). Dietary sources of tryptophan
include milk, turkey, chicken, fish, eggs, pumpkin
seeds, beans, peanuts, cheese and leafy green vegeta-
bles (some food products containing tryptophan are
presented in Table 1). Some studies showed an

Table 1. Tryptophan amount per 100 g in common foods.
Milk 42mg
Wheat flour 110mg
Eggs 165mg
Sausage 93mg
Potato 28mg
Cheese 325mg
Beef 230mg
Banana 10mg
Soybeans 160mg
Bread, oat bran, toasted 140mg
Chia seeds, dried 440mg
Chicken, breast, skinless, boneless, meat only 400mg
Cocoa 290mg
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improvements in sleep parameters following the con-
sumption of tryptophan (Bravo et al. 2013; Mohajeri
et al. 2015). In a case control study, Bravo et al.
showed an increase in total sleep time and sleep effi-
ciency after a week of tryptophan-rich (60mg) cereals
consumption in older adults (Bravo et al. 2013). The
study was carried out in 35 elderly volunteers aged
55–75 years (26 females and 9 males) who suffered
from SD. The consumption of cereals with the major
dose of tryptophan showed an increased sleep effi-
ciency (sleep percentage while the volunteer is in
bed), actual sleep time (assumed sleep minus awake
time), and decreased total nocturnal activity and sleep
latency (Bravo et al. 2013). In a randomised, placebo-
controlled, parallel trial, Mohajeri et al. investigated
the effects of a tryptophan-rich, bioavailable dietary
supplement from egg protein hydrolysate on cognitive
and sleep quality, in fifty-nine mentally and physically
healthy women aged 45–65 years (Mohajeri et al.
2015). Thirty women received placebo and 29 the sup-
plement (both as 0�5 g twice per d) for 19 d. Daily
consumption of a low-dose supplement containing
bioavailable tryptophan may have beneficial effects on
emotional and sleep quality. the quality of sleep
tended to improve over the duration of the treatment
after the test drink compared with the control drink
(Mohajeri et al. 2015).

Thus, the consumption of food rich in tryptophan
could be suitable in postmenopausal women with SD.

Nutritional assessment of postmenopausal women
with sleep disturbances

As previously reported, body composition changes
occurring in menopause, in particular characterised by
an increase of proportion of abdominal fat that could
account for the onset of SD in postmenopausal. The
nutritionist taking care of postmenopausal women
with overweight or obesity should routinely screen
them for SD and should set an appropriate weight
management up, which includes, also, appropriate
nutritional treatment for the management of meno-
pause-related SD.

Clinical evaluation of body composition
In all postmenopausal women, nutritionists should
calculate the body mass index (BMI), using the for-
mula weight in kilograms divided by the square of the
height in metres, in order to make diagnosis of obes-
ity. However, BMI is only a screening tool used to
screen population at risk of overweight/obesity, in
fact, BMI not distinguishes fat mass from the lean or

bone mass thus not providing information on meta-
bolic and cardiovascular risk (De Lorenzo et al. 2013).
WC, as indirect parameter of fat distribution is rec-
ommended in clinical practice, due to its tight correl-
ation with visceral fat (Bosy-Westphal et al. 2010)
which represents the main source of low grade inflam-
mation in obesity (Jensen 2008). Additionally, to fur-
ther investigate the body composition, it would be
appropriate to perform bioelectrical impedance ana-
lysis (BIA) (Xie et al. 1999; Ross 2003; Fakhrawi et al.
2009; Manios et al. 2013; Tanaka et al. 2015). This
technique allows to evaluate the volume and mass of
different body compartments such as adipose tissue in
the subcutaneous and visceral, fat mass (FM) and fat-
free mass (FFM) (Karlsson et al. 2013; Neamat-Allah
et al. 2014). The BIA estimates of total body water
(TBW), determined by impedance, from which pre-
diction models are used to estimate FFM (Fakhrawi
et al. 2009). BIA is a technique quick, safe, non-inva-
sive and relatively inexpensive, and it is validated in
healthy subjects (Barrea et al. 2017) and in different
diseases (Barrea et al. 2016, 2018, 2019).

Clinical evaluation of sleep disturbances
To date, there are many measurements to evaluate the
sleep quality, including objective measurements and
subjective measurements (Cronlein et al. 2013).
Objective measurements can distinguish the sleep and
wake more accurately; among them, polysomnography
is considered the gold standard for the detection of
specific sleep and sleep–wake rhythm objectivity, and
it is particularly useful to diagnose OSA (Erwin and
Marsh 1990; Nixon and Brouillette 2002; Van de
Water et al. 2011). However, polysomnography is not
routinely recommended for the initial assessment of
SD, and subjective measurements such as a validated
questionnaire, can be a helpful tool for the assessment
of SD in outpatient clinic. The Pittsburgh Sleep
Quality Index (PSQI) is the most commonly used sub-
jective measure of SD (Mollayeva et al. 2016). PSQI
distinguished “poor” from “good” sleep using seven
domains: 1) subjective sleep quality; 2) sleep latency;
3) sleep duration; 4) habitual sleep efficiency; 5) sleep
disturbances; 6) use of sleep medication; and 7) day-
time dysfunction over the last month. Scoring of the
answers is based on a 0–3 scale, and 3 reflects the
negative extreme on the Likert Scale. Higher scores
indicate worse sleep quality, and a global sum of “5”
or greater indicates a “poor” sleeper (Buysse et al.
1989; Carole Smyth MSN n.d.). Moreover, a PSQI
total score of 5 or more has great sensitivity and spe-
cificity for distinguishing people with sleep
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impairment or not (Cole et al. 2006). Thus, the
administration of the PSQI by an expert nutritionist
could represent a valid tool for individuals SD in
postmenopausal women (Prather et al. 2014; Bl€umel
et al. 2015; Muscogiuri et al. 2020).

Dietetic intervention
The guidelines for the management of obesity con-
sider that an intensive lifestyle intervention and
weight loss program should expect to result in a mean
weight loss of about 6% to 8% in 6 to 12months and
weight loss of 5% or more is considered clinically sig-
nificant (Jensen et al. 2014). Moreover, guidelines and
the American obesity society recommend a daily cal-
oric deficit of 500–750 kcal, calculated on estimate
daily energy requirement, which translates to a caloric
intake of 1200–1500 kcal/d for most middle aged
women and is expected to result in an average weight
loss of 0.5–0.75 kg/week (American Heart et al. 2014;
Jensen et al. 2014; Koliaki et al. 2018). It is also neces-
sary to consider that the total energy requirements
decrease as age progresses, therefore, menopausal
women need to restrict the total energy intake and
increase physical activity to maintain body weight
compared to premenopausal women (Barrea, Pugliese,
Laudisio et al. 2020; Bro�nczyk-Puzo�n et al. 2015).
Besides, in postmenopausal women, also the loss of
skeletal muscle and gain of adipose tissue induces an
age-related slowdown in the basal metabolic rate
(Lazzer et al. 2010).

Particular attention should be paid to particular
dietary rules:

1. It is recommended adequate protein intake for
the maintenance of muscle mass and strength and
for the prevention of sarcopenia. The current DRI
is 0.8 g protein/kg body weight (Trumbo et al.
2002; Morais et al. 2006; Arentson-Lantz et al.
2015). It is recommended the high consumption
of animal protein alternatives such as legumes,
tofu and soybeans, and it is recommended at least
3 servings of fish per week and lean cuts of meat;

2. It is recommended intake of phytoestrogens, in
particular, isoflavones can be abundantly found in
soybeans, instead, lignans are found in legumes,
vegetables such as carrots and cabbage, fruits such
as strawberries, nuts, flax seeds and whole grains;

3. Fish rich in PUFA omega-3 is preferable, such as:
anchovies, herring, mackerel, salmon, sardines,
sturgeon, trout and tuna;

4. It is recommended intake of complex carbohy-
drates such as fibre, nonjuice fruit, vegetables and

whole grain and limit intake of carbohydrates
with high glycaemic index such as: sugars, glu-
cose, sucrose, fructose, starch;

5. Prefer fruit and vegetables rich in vitamins C, E,
B and folate, such as: strawberries, lemon, kiwi,
avocado, artichokes, broccoli, asparagus, spinach,
chard, black cabbage, endive, lettuce, beetroot,
brussels sprouts;

6. It is recommended intake of foods rich in trypto-
phan (Table 1); estimated to be between 250mg
and 425mg, which results in a dietary intake of
3.5–6.0mg/kg of body weight per day (Richard
et al. 2009).

Conclusions

The menopause is associated with an increase SD
such as insomnia or difficulty falling asleep, which
negatively impacts quality of life. The aetiology for SD
in menopausal women is still controversial, but, the
key players seem to be the decrease of oestrogens lev-
els that in turn contribute to the onset of depression,
VMS, weight gain and mostly the increase of visceral
adiposity could account for the onset of SD in post-
menopausal acting directly through the secretion of
cytokines or indirectly through OSA. Moreover, mela-
tonin plays a very important role in circadian rhythm,
especially in sleep onset and in sleep maintenance.
The decline of melatonin secretion which physiologic-
ally occurs with age could be a further player that
could contribute to SD in menopause. Although data
available on SD and nutrition in postmenopausal
women are few, they overall suggest that nutritional
management strategies could represent a useful tool to
treat SD in postmenopausal women. Therefore,
adequate management of SD seems to be essential,
and it should involve dietary. Increased intake of phy-
toestrogens could relieve menopausal symptoms in
particular VMS, high intake of fibre and low glycemic
index foods may be associated with a reduced risk of
VMS besides, high intake of fibre could contribute to
weight loss and to reduction of waist circumference.
Furthermore, a high intake of omega-3 has been
reported to decrease depression and anxiety that in
turn could contribute to worsen SD. Consumption of
tryptophan, a precur sor of melatonin, could improve-
ments in sleep parameters. Therefore, adequate nutri-
tional management and a Clinical evaluation of SD
should be mandatory in the clinical practice, and it
should involve a tailored diet based on the
patient’s habits.
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Considering that, there are no specific dietary
guidelines that are directly related to menopause and
SD, this manuscript provides a practical guideline that
could be useful for the management of SD
in menopause.
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