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Introduction: Many factors may be hidden behind the global fertility decline observed in Western

countries. Alongside the progressively increased age of infertile couples, environmental and behavioural

factors, including non-optimal lifestyle habits, should be considered. Among these, sleep disorders have

been suggested to be linked to human fertility.

Methods: This is a narrative review, describing first sleep physiology, its disturbances, and the tools able

to quantify sleep dysfunction. Then, we consider all available studies aimed at investigating the

connection between sleep disorders and human fertility, providing a comprehensive view on this topic.

Results: Forty-two studies investigating the relationship between sleep habits and human reproduction

were included. All the published evidence was grouped according to the aspect of human fertility

considered, i.e. i) female reproductive functions, ii) male reproductive functions, iii) natural conception

and iv) assisted reproduction. For each of the sub-groups considered, the connection between sleep

dysregulation and human fertility was classified according to specific sleep characteristics, such as sleep

duration, quality, and habits. In addition, possible physio-pathological mechanisms proposed to support

the link between sleep and fertility were summarized.

Conclusion: This review summarizes the most relevant findings about the intricate and still largely

unknown network of molecular pathways involved in the regulation of circadian homeostasis, to which

sleep contributes, essential for reproductive physiology. Thus, many mechanisms seem correlate sleep

disorders to reproductive health, such as adrenal activation, circadian dysregulation, and genetic in-

fluences. This review highlights the need to properly designed trials on the topic.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

The last “Aging report” of the European Commission warned
about a projected decline of the total population in EU over the long
term of about 5% between 2019 (447 million) and 2070 (424
million) [1]. Many scientific attempts have been made to explain
the reason for this progressive fecundity decline. First, an increase
in the age at which couples begin to seek a pregnancy is advocated
when the fertility potential of the couple is reduced, leading to the
expected ‘time-dependent’ fertility reduction. The negative role of
the female age on pregnancy chances is largely demonstrated,
while the increasing male age related detrimental effects on couple

fertility are just suggested. Second, a progressive claimed in male
infertility incidence increase is detected. A progressive decline in
sperm quantity and quality was described in last decades [2,3]. The
remarkable changes in semen quality could be explained by envi-
ronmental and behavioural factors, although a clear cause-effect is
still lacking. In this setting, the detrimental role of environmental
pollution on spermatogenesis has been advocated [4e6], together
with sub-optimal lifestyle conditions, such as obesity [7,8], smoking
habit [9e11] alcohol consumption [12,13], and thermo-
dysregulation links to cell phone use [14,15]. In this scenario,
sleep habits and their dysregulation should be considered among
lifestyle components potentially affecting fertility. Sleep disorders
are associated with many health problems like depression, hyper-
tension, glucose deregulation, cardiovascular disease, and anxiety
disorders both inmen and inwomen. Inwomen, sleep disturbances
are found in postpartum depression, pregnancy, menopausal
transition and premenstrual dysphoria [16]. However, the
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evaluation of sleep in connection with reproduction is little
investigated and was recently reviewed [17,18].

The main purpose of this review is to elucidate the link between
sleep and human fertility. We evaluated the role of sleep dysre-
gulation, as a novel and innovative parameter to consider in the
context of couple infertility management.

2. Sleep physiology

Sleep is a common physiological status, occurring from
Drosophila melanogaster to humans and characterized by species-
specific peculiarities [19]. In mammals, while wakefulness is the
time to energy gathering and expenditure, maximizing reproduc-
tive output, sleep is mandatory to optimize energy allocation,
replenishing deficits accumulated in the waking state, and pre-
paring the next wakefulness bout [19]. Moreover, sleep is funda-
mental to maintain cellular homeostasis, anabolism, proper
immune function, and normal neural plasticity [20,21].

Different sleep patterns are described and several stages could
be recognized. Non-rapid eye movement (NREM) phases are com-
mon to all animal sleep paths and are characterized by a cortical
electroencephalography (EEG) deceleration which results in a state
of generalized immobility, regular breathing and stable heart rate
[21], reducing metabolic heat production [22,23]. On the other
hand, rapid eye movement (REM) sleep shows a cortical EEG acti-
vation, associated with a generalized skeletal muscle atony with
intermittent muscle twitches of the distal extremities, penile or
clitoral erections, and increased respiratory and heart rate vari-
ability [21].

In humans, seven-eight hours of daily sleep are essential to
maintain and restore metabolic body homeostasis [24]. Children
and adolescents sleep more than adults, and young adults sleep
more than older ones. In general, normal sleep consists of four to
six EEG-defined cycles, preceded by four progressively deeper and
quieter sleep stages graded 1 to 4 on the basis of increasingly slow
EEG patterns [25]. REM sleep occurs cyclically throughout the night
at intervals of approximately 90 min [25,26]. Strong circadian
pacemakers control the succession of NREM and REM stages and
the sleep patterns are different in humans, considering age, gender
and exogenous sleep-influencing factors. Thus, the underlying
sleep-wake cycle regulating mechanisms should be evaluated
when sleep should be considered in relation to physiological/
pathological states.

The physiological sleep-wake cycle is under the control of
several circadian regulators modulated at hypothalamic level [27].
Incoming light is the primary factor synchronizing the circadian
rhythm, transduced by retinal ganglion cells in stimuli to the
midbrain periaqueductal grey area [28]. Serotoninergic stimuli
regulate the circadian timing, which is generated in the suprachi-
asmatic nucleus (SCN) of the anterior hypothalamus through a
series of interlocked positive and negative transcription/translation
feedback loops [29]. The main actors of the transcriptional circuit of
clock genes are BMAL1, coding the Brain and Muscle ARNT-like 1
(BMAL1) protein, and coding Circadian Locomotor Output Cycles
Kaput (CLOCK) [29] (Fig. 1). These proteins regulate the transcrip-
tion of target genes, such as PER1 gene, coding the period circadian
protein homolog 1 protein (PER1), CRY1 and CRY2, coding crypto-
chromes CRY1 and CRY2, RORA and RORB, coding RAR-related
orphan receptors a and b (RORa and RORb), NR1D1, coding REV-
ERBa, and other clock-controlled genes [30] (Fig. 1). The PER-CRY
heterodimer is activated by phosphorylation mediated by Casein
Kinase 1 (CK1) and move into the cell nucleus, repressing BMAL1/
CLOCK functions [31,32] (Fig. 1). ROR and REV-ERB participate to
the network, competing for binding ROR-binding elements (RORE),
providing positive (ROR) and negative (REV-ERB) regulation of

BMAL1 and CLOCK transcription [32] (Fig. 1). These molecular
mechanisms are fundamental to translate the hypothalamic signals
into circadian rhythms regulating the sleep-wake cycle.

3. Sleep dysregulation

Sleep disturbances could be not unified in a single category.
They are characterized by disorders either in sleep amount and/or
quality, or in sleep behaviours. Insomnia, the best-known example
of sleep disturbance, is characterized by a reduction in both
quantity (hours) and quality of sleep [33]. Insomnia is related to
noticeable reduction in quality of life, together with mental and
organic sicknesses [33], related to psychologic difficulties [34,35]
and increased cardio-metabolic morbidity and mortality [36e40].
While sleep deprivation results harmful to health, also excessive
daytime sleepiness could be detrimental, as observed in case of
sleep apnoea, narcolepsy, and idiopathic hypersomnia [26]. Among
them, sleep apnoea represents themost frequent sleep dysfunction,
occurring predominantly in middle-agedmen and postmenopausal
women, in association with obesity and cardiovascular complica-
tions [41]. On the contrary, narcolepsy and idiopathic hypersomnia
are chronic brain disorders with an onset at a younger age [41].
These examples describe well how the sleep duration alteration,
both in defect and in excess, could negatively affect human
homeostasis.

3.1. How to measure sleep dysregulation

Sleep disorders are currently heterogeneously evaluated, using
both quantitative and qualitative tools. These instruments evaluate
different sleep-related characteristics, which could be grossly
referred to the sleep duration (quantity), sleep quality and
dysfunctional sleep habits.

Self-filled questionnaires are widely used to gather information
in the assessment of sleep quality and quantity, daytime sleepiness,
and circadian rhythm disturbances [18,42]. In particular, they
investigate different sleep features, such as time of awakening,
number of night-time awakenings and sleep-induced drugs’ intake
[43], and sleep quality through depth of sleep and difficult awak-
ening [43]. The number of questionnaires potentially available is
enormous and is progressively increasing, either validated or con-
structed by clinicians themselves and structured on specific co-
hort’s characteristics, depending on the sub-field of sleep
disturbances wanted to be explored. Among the wide range of
questionnaires, sleep diary represents the first, simplest example of
sleep dysfunction register. This instrument is useful, cost-effective,
and practical, providing daily subjective information of some sleep
parameters [44e46]. However, it should be considered only an
adjunctive instrument when repeated measurements are indicated
and a broader assessment of sleep is needed. The Insomnia Severity
Index (ISI), measuring patient’s perception of insomnia [45,47], the
Pittsburgh Sleep Quality Index (PSQI), assessing sleep quality and
disturbances over a one-month interval [48], and the Epworth
Sleepiness Scale (ESS), measuring the excessive daytime sleepiness
[49], are three examples of self-reported questionnaires validated
in large surveys. However, they could be influenced bymany biases,
and they do not provide direct information about the sleep struc-
ture [50].

The gold-standard tool to evaluate and measure sleep quality
and quantity is the polysomnography (PSG) [51]. PSG provides ac-
curate, objective, qualitative and quantitative information on the
physiological indices of sleep quality [42,52] continuously collect-
ing multiple physiologic signals occurring in many different organ
systems in relation to sleep stages [52]. Despite PSG advantages,
this exam remains difficult and expensive to carry out only in a
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hospital setting, under the supervision of expert physicians [42,51].
Thus, PSG is not currently recommended for screening or diagnosis
of insomnia in clinical practice [43,53,54]. Actigraphy is another
quantitative tool able to objectively assess sleep time parameters
and the motor activity during sleep [18]. Actigraphy’s advantages
over PSG are the possibility to record continuously for 24-h a day
for days, weeks or even longer [55,56] and the home-assessing
performance with minimal disturbance [57]. However, actigraphy
lacks precision since body movements could influence the regis-
tration, limiting its application for the routine diagnosis, assess-
ment, or management of sleep disorders in clinical practice [57].

3.2. Clinical classification of sleep dysregulation

Sleep dysregulations could be classified according to different
sleep variables. Referring to the sleep duration, adult population
could be distinguished in average sleepers (7.5 h/night), long
sleepers (9e10 h/night) and short sleepers (<6 h/night) [18].

Considering sleep habits, sleep dysregulations could be further
classified in individual different chronotypes considering sleep-
wake cycles. This subdivision considers information about when
the patient typically goes to bed and when he/she wakes up. These
chronotypes are so-called ‘morning’, ‘evening’ or ‘intermediate’
sleepers, considering information about the time of day when they
are most mentally active [18]. Intuitively, morning types go to bed
and wake up early, preferring to conduct activities in the morning,
while evening types go to bed and wake up late being more active
in the evening. On the contrary, the intermediate type could not be
classified in the previous categories [18].

Considering sleep quality, in most clinical studies, its assess-
ment is obtained by questionnaires, as described in the previous
section. Thus, a standardized clinical classification of sleep quality
alterations is not possible, ranging from dichotomous evaluation
(i.e. good quality/poor quality) to the possible presence of sleep
disturbances (for example difficulty falling asleep, number of
nocturnal awakenings, early awakening), to a continuous evalua-
tion depending on the score obtained through the specific ques-
tionnaire applied.

Another clinical classification considering sleep disorders is the
so-called ‘circadian desynchrony’, which occurs when sleep/wake

schedules are discordant with the individual inner biological clock
[58]. This condition is a ‘side effect’ of shift work but could also
possibly be due to the excessive use of the mobile phone which
could affect physiological sleep/wake patterns independently from
work activities [59]. The presence of circadian desynchrony was
linked to an increased risk for metabolic and cardiovascular
comorbidities [60e62] and also identified as a probable risk factor
for cancer onset [63].

4. Pathophysiologic mechanisms underlying the relationship

between sleep dysregulation and infertility

Despite the relationship between sleep and human fertility re-
mains far to be elucidated, some possible mechanisms connecting
sleep disturbances and reproductive health could be advocated.
The principal mechanisms suggested are summarized in Fig. 2.

4.1. Circadian dysrhythmia - the alteration in melatonin secretion

The bidirectional connection between circadian rhythms and
reproductive functions is largely described in the literature and it is
finely regulated by a sort of ‘circular feedback’. Sexual hormones,
such as androgens, estrogens and progesterone, may act at the core
of the circadian homeostasis [64], while exogenous disturbances of
circadian timekeeping are demonstrated to modulate reproductive
hormones levels [64]. The main circadian clock physiologically di-
alogues with the pineal gland through melatonin rhythmic secre-
tion, needed to maintain circadian rhythms [65] and their
phenotypical manifestations, such as chronotypes. When mela-
tonin rhythmicity is disrupted, this neural connection fails and the
circadian homeostasis collapses [66]. The first hypothesis explain-
ing a possible melatonin involvement in reproductive physiology
derived from the observation of impaired pubertal development in
case of pineal gland tumours [67]. Further researches highlighted
the melatonin capability to regulate circadian clock genes expres-
sion in several reproductive tissues [68]. More recently, the mela-
tonin involvement in the whole human reproduction physiology
has been suggested, highlighting its antioxidant and hormone
regulatory properties [69e71].

In female mice, melatonin secretion inhibition affects negatively

Fig. 1. A schematic representation of the main circadian interlocking loops at the cellular level. [BMAL-1 ¼ Brain and Muscle ARNT-like 1; CLOCK ¼ Circadian Locomotor Output

Cycles Kaput; CK1 ¼ Casein Kinase 1; CRY ¼ cryptochrome; PER ¼ period; ROR ¼ retinoid acid-related orphan receptor; RORE ¼ ROR-binding elements].
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the pituitary-gonadal axis, increases visceral obesity and chronic
inflammation, leading to a PCOS-like phenotype [72]. Moreover,
through the increased production of the antioxidant enzymes
glutathione peroxidase, superoxide dismutase and catalase [73],
the melatonin scavenger activity allows to improve oocyte quality
and to support the follicular phase in female mice [74]. This evi-
dence is also supported by the detection of higher levels of mela-
tonin in the pre-ovulatory follicular fluid than in the serum, likely
required to inhibit follicular atresia [75]. Increased amount of
melatonin in follicular fluid was also connected to better ART out-
comes [76]. In addition, both in vitro and in vivo studies suggested a
pivotal role of melatonin in blastocyst activation and embryo
development, preventing implantation failure [77e79]. Given these
results, several randomized clinical trials were designed to inves-
tigate the effect of melatonin supplementation in ART protocols. A
very recent meta-analysis was conducted on this topic, doc-
umenting an increased retrieval of mature oocytes in the
melatonin-treated group, although no differences in clinical preg-
nancy rate was found [80]. While the melatonin defect seems to
have a clear detrimental role in female reproduction, the effect of
its excess is not clear. There is only limited evidence that an excess
of melatonin could induce amenorrhea and hypogonadism in
women [81e83].

In men, a connection betweenmelatonin and testicular function
has been proposed. Melatonin acts as a local modulator of the
endocrine activity in both Leydig and Sertoli cells, regulating their
proliferation, energy metabolism and steroidogenesis [84]. More-
over, melatonin seems to exert antioxidant and anti-inflammatory
effects also in testicular tissues [85], together with the capability to
modulate the gonadotropin-releasing hormone (GnRH) secretion
[86]. Alongside the antioxidant enzymatic activity [73], recent
studies highlighted melatonin-mediated, anti-apoptotic properties,
together with a reduction in sperm DNA fragmentation and in lipid
peroxidation [87]. Few attempts to connect melatonin levels,
plasmatic or seminal, to semen parameters have been performed,
highlighting a positive correlation with sperm motility [88].
Comprehensively, reduced plasmatic and seminal melatonin con-
centrations were linked to impaired semen quality, while physio-
logical hormone levels were found in normozoospermic men [88].
However, to date, no clinical trials were conducted to investigate

the possible beneficial effect of melatonin supplementation on
human semen quality, although studies in rodents and humans
supported a hypothetical beneficial effect [87,89e92].

In summary, circadian dysrhythmia due to sleep dysregulations
could lead to a melatonin secretion pattern alteration that, in turn,
could negatively affect both the male and female reproductive
health. However, no studies evaluated the association between al-
terations of the melatonin secretion pattern in sleep disorders and
human reproduction.

4.2. Circadian dysrhythmia - the altered expression of CLOCK genes

The link between fertility and chronotypes may have a genetic
basis. Alongside the central control of circadian activity, peripheral
clockwork mechanisms have been identified in most body tissues
[93]. Circadian rhythmicity of gene expressionwas demonstrated at
both the central and peripheral level, with a certain degree of
functional autonomy [94], and finely regulated by CLOCK and
BMAL1 gene expression [95]. In reproductive tissues, the expression
of circadian genes was demonstrated in salpinges, uterus, testis and
in the embryo [96e99], suggesting that these molecules may be
involved in the regulation of mammalian reproduction. As reported
above, the connection between reproductive hormones and clock
genes is bidirectional. Therefore, it is not surprising that repro-
ductive functions, including ovarian cyclicity and steroidogenesis,
luteinizing hormone (LH) fluctuations and spermatogenesis are
influenced by the expression of clock genes [100e103]. On the
other hand, it is well known that hormones involved in reproduc-
tion, such as follicle-stimulating hormone (FSH), LH, estrogens,
androgens and glucocorticoids have circadian rhythmicity, essen-
tial for their biological functions [95]. The lack of hormone secre-
tion rhythmicity leads to hypogonadism in both the sexes, although
the molecular mechanism is not completely understood [104,105].
Information about the complex network linking clock genes and
reproduction derived from murine knockout models. Clock-
knockout (KO) mice exhibited a reduced fertility with higher rate of
pregnancy failure in females and a lower rate of fertilization in
males [94,106,107]. Bmal1 KO was associated with irregular ovarian
cycles and increased implantation failure for defective progester-
one production [108,109], while male mice were sterile with low

Fig. 2. The main physio-pathological mechanisms advocated to explain the network connecting sleep dysregulation and reproductive health. [HPA ¼ hypothalamic-pituitary-

adrenal; HPG ¼ hypothalamic-pituitary-gonadal].
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testosterone levels due to impairment of Leydig cells compartment
[110,111]. Moreover, Per1 and Per2 loss-of-function mutations lead
to premature ovarian insufficiency, suggestive of a link between
circadian rhythm and depletion of ovarian reserve [112]. Couples of
Nr1d1 KO mice, lacking Rev-Erba protein, showed a reduction of
average number of pups per mating, as well as lower number of
litters per mating period, compared to wild type [113]. In fact,
Nr1d1 is involved in the modulation of autophagic mechanisms at
the basis of the atretic processes [114], suggesting that granulosa
cell metabolism is strictly connected with clock molecules. Taken
together, data from mice indicate that circadian regulators play a
relevant role in modulating the reproductive functions. In humans,
the picture is less clear since most available studies focused on
BMAL1 and CLOCK polymorphisms, showing inconclusive results on
seminal parameters and on pregnancy outcomes [115e117]. How-
ever, decreased expression levels of BMAL1, CLOCK, CRY1, PER1, and
PER2 clock genes were found in infertile men with asthenozoo-
spermia [118], strengthening the concept that proper functioning of
circadian regulators is required for human reproduction. The
negative impact of circadian dysregulation on male reproductive
parametersmay be due to the indirect effect of sleep deprivation on
vascular endothelial functions [119], as a parameter strictly con-
nected with male reproductive issues [120]. Moreover, expression
levels of some of these genes are regulated by sex steroids, even in
the female [121], thus, it is not surprising that theymay be involved
in the pathogenesis of ovarian dysfunctions, such as PCOS. In
pregnancy, progesterone has a regulatory effect of BMAL1 func-
tions, which is involved in trophoblast migration and invasion
[122], and is dysregulated in cases of recurrent miscarriage, due to a
possible implication of this gene in decidualization [123].

These data clearly suggest that circadian dysrhythmia due to the
sleep dysregulation-derived impairment of the circadian
melatonin-clock genes system could negatively impact reproduc-
tive outcomes However, whether and to what extent this dysre-
gulation, estimated to affect approximately 60% of the general
population [58], could contribute to the globally observed fertility
decline remains to be clarified.

4.3. The hormonal dysregulation

Sleep phases present endocrine properties, considering their
capability to modulate hormone secretion. In particular, SWS in-
fluences growth hormone (GH) and cortisol secretion, with ex-
pected repercussions on metabolism and inflammatory status
[124]. A subclinical hormonal dysregulation could be hypothesized
in short sleepers, resulting from sleep deprivation. An indirect
detrimental effect of short sleep on fertility could derive from
sexual dysfunction [125] and reduced sexual activity [126]
observed in these subjects. Short sleep could be a manifestation of
chronic comorbidities which could impact the fertility status per se,
such as obesity, diabetes, cardiovascular diseases, and depression
[124,127,128]. Thus, sleep deprivation could negatively impact
fertility i) in a direct manner, modulating reproductive hormones
secretion, ii) in a behavioural way, influencing sexual functions and
habits, and iii) indirectly, representing a spectrum of underlying
pathological conditions themselves impacting fertility.

Sleep dysregulation could be identified as a source of stress for
body homeostasis, with potential negative impact on reproductive
functions, although the inner link remains unclear. While it is well
known that couple infertility causes stress, the opposite is not
clearly demonstrated, leaving the question unanswered [129]. The
absence of a univocal and quantifiable method to measure stress
attenuates the reliability of the results of every experimental clin-
ical setting, since we are able to measure only stress-derived sur-
rogates [130]. In this complex scenario, it is well known that

increased stress could act at the central level on the paraventricular
nucleus, which is a crossroad for several downstream pathways.
First, a central block of the hypothalamic-pituitary-gonadal axis
due to the loss of GnRH pulsatility has been proposed, as clinically
observed in case of hypothalamic amenorrhea [131]. Moreover, the
autonomic system recruitment mediates noradrenergic and
adrenergic pathways, inducing metabolic and cardiovascular re-
sponses [132]. Since catecholamine receptors are expressed in the
reproductive tract, a possible sympathetic-induced impairment of
reproductive functions after an acute or chronic stress exposure
could be hypothesized [129]. In this context, the hypothalamic-
pituitary-adrenal (HPA) axis remains the main endocrine effector
of stress response, exploiting its action through glucocorticoids
secretion by adrenal glands [133]. Glucocorticoids, endogenously
produced and/or exogenously administered, are demonstrated to
interfere with the reproductive system both at the central and at
the peripheral level. HPA hormones interfere with gonadotropins’
secretion acting on the pituitary gland and indirectly inhibiting
hypothalamic GnRH pulsatility [134]. Glucocorticoids exhibit a
detrimental activity directly on the gonads, affecting both ste-
roidogenesis and gametogenesis [135], as demonstrated in animal
models exposed to glucocorticoid excess [136e138]. The impair-
ment of gonadal physiological functions seems, at least in part, due
to steroid-induced arrhythmic expression of clock genes within the
gonads [139], contributing to the complex scenario composed of
hormones and circadian rhythmicity.

In humans, the cortisol/cortisone ratio, linked to the ovarian
11b-hydroxysteroid dehydrogenase activity, seemed associated
with pregnancy rate after in vitro fertilization (IVF) [129]. In men, a
limited number of trials investigated the impact of steroid treat-
ments, showing contradictory results [140,141], despite clear
in vitro and in vivo demonstrations of glucocorticoid capability to
influence testicular homeostasis [142]. In summary, sleep dysre-
gulation could represent an example of a stressor that, mainly
through the HPA axis recruitment, could impair fertility in both
sexes.

4.4. The inflammation response dysregulation

Another possible mechanism connecting sleep and fertility
concerns stimulation of inflammatory response. In some sleep
disorders abnormal cytokine profiles are detected, showing
increased levels of high-sensitivity C-reactive protein, tumour ne-
crosis factor (TNF)-a, interleukin (IL)-1, IL-6, and IL-8 [143,144].
Similar patterns of inflammatory markers were observed in case of
sleep loss and poor sleep quality [145e148]. On the other hand,
higher levels of IL-6 and TNF-a were detected in infertile patients
compared to fertile controls [149e151]. Involvement of the im-
mune system has been associated with recurrent miscarriage,
preeclampsia and pre-term birth [152] suggesting the potential
association between inflammation and infertility. However, a clear
cause-effect relationship between sleep dysregulation and human
reproduction through altered cytokines secretion, albeit plausible,
remains speculative.

5. Association between sleep dysregulation and human

reproduction

Several studies investigated the connection between sleep
habits and human reproduction. However, since sleep dysregula-
tion is a heterogeneous condition, it is difficult to reach clear con-
clusions. Trying to simplify this complex picture, we decided to
classify published data according to the aspect of human fertility
considered, i.e. i) female reproductive functions, ii) male repro-
ductive functions, iii) natural conception and iv) assisted
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reproduction (Table 1 and Fig. 3). Within each of these items, the
relationship between sleep dysregulation and human fertility was
evaluated considering sleep characteristics, i.e. duration, quality
and habits.

5.1. Sleep dysregulation and female reproduction

The association between sleep and the female reproductive
sphere appears evident, especially considering the known impact
on reproductive hormones [153]. Not surprisingly, specific physi-
ological periods of life characterized by peculiar hormonal secre-
tions (i.e. pregnancy, lactation and menopause) or pathological
conditions (i.e. polycystic ovary syndrome - PCOS), are often asso-
ciated with sleep disturbances [127,154]. However, also the oppo-
site association is demonstrated and female sleep disorders are
known to lead to menstrual abnormalities [155].

The knowledge about the connection between sleep and female
reproduction is limited since most studies are focused on ovarian
function measured through the regularity of ovarian cycles. Reports
on the correlation between sleep duration and female reproduction
are contradictory. While four studies did not highlight a relation-
ship between ovarian cycle irregularities and sleep debt
[33,156e158], an increased incidence of menstrual cyclicity disor-
ders was reported in case of sleep duration below 5 h in two studies
[61,159].

Some evidence indicates a direct correlation between sleep
quality and high incidence of ovarian cycle irregularities
[33,61,160]. Recently, sleep quality reduction is suggested as a risk
factor for reduced ovarian reserve measured by antral follicular
count in women aged 31e36 years [161].

Considering biological sleep chronotypes, no relation with
ovarian function emerged [156,158,162], except for one study in
which a longer menstrual cycle duration was reported in evening
chronotype women [163]. More robust data are available regarding
shift work, which resulted associated with menstrual disruption
[156,164e167]. The largest study includingmore than 71000 nurses
reported a higher incidence of irregular cycles and impaired cycle
length (<21 days and >40 days) in case of rotating shift work that
lasted over 20months [165]. Published data on shift workwere also
meta-analysed confirming that any kind of shift work was associ-
ated to a higher risk of ovarian cycle length impairment, despite the
relevant heterogeneity existing between studies [168]. Compre-
hensively, a very recent meta-analysis was conducted including
four studies investigating sleep disturbance and ovarian function
[61,158,165,166], highlighting an increased risk of menstrual cycle
irregularities [169].

All these data confirm the potential influence of sleep disorders
on female reproduction. However, these studies remain still
inconclusive since ovarian cycles are evaluated only by question-
naires (Fig. 3) and the evaluation of the ovarian cycle implies only a
partial view of female fertility.

5.2. Sleep dysregulation and male reproduction

The association between sleep andmale fertility status is mainly
based on semen analysis, providing inconclusive results. Several
studies reported worst semen parameters in long and/or short
sleepers [170e175], while two studies detected no differences
[176,177]. Interestingly, two studies enrolling healthy men high-
lighted an inverse U-shaped association between sleep duration
and sperm count and between sleep disorders and sperm count and
morphology [178,179].

Similar, discordant results were obtained considering sleep
quality. Three studies comparing 970 and 382 infertile men and one
recruiting 842 healthy men reported a negative association

between sleep quality reduction and either sperm concentration or
motility [173,180,181]. On the contrary, three studies did not detect
any association between sleep quality alteration and semen pa-
rameters [171,177,178].

Considering chronotypes, only two studies were available,
highlighting the evening type as the carrier of the worst seminal
profile [171,175]. Finally, several studies evaluated the impact of
shift work on male fertility, reporting either no association
[182e185], or a higher rate of oligozoospermia in the shift work
group compared to non-shift workers [170,186]. Only in one study,
sperm DNA fragmentation was considered as an end-point
[187,188], resulting higher, thus indicative of an impaired semen
quality [189], in case of irregular sleep habits [174]. A meta-analysis
of five studies [178e182] reported sleep dysregulation associated
with lower sperm number (mean difference �32.17; 95%CI, �53.52
to �10.82), lower sperm concentration (mean difference �8.09;
95%CI e12.26 to �3.92), and lower sperm morphology (mean
difference �0.84; 95%CI e1.24 to �0.43) [169]. In a very recent
study, Wang et al. elaborated a sleep model combining sleep
duration, sleep midpoint, social jetlag and chronotype for 667
healthy young men. An elegant statistical approach allowed to
emphasize that early chronotype men are more frequently short or
long sleepers, while late chronotype subjects tend to present social
jetlag, correlating with impaired sperm count. This innovative
approach suggested that sperm number could be influenced by
different sleep behaviours, that could act synergistically [161].

In conclusion, unlike the female counterpart, the male fertility
status was evaluated with a more objective marker of fertility, i.e.
semen analysis, although it is well known that semen parameters
do not exactly match with male fertility [190]. Despite these data,
the influence of sleep dysregulation onmale fertility, however, is far
to be elucidated.

5.3. Sleep dysregulation and natural conception

A limited number of studies are available concerning the inter-
action between natural fertility and sleep dysregulation. The largest
cohort study on this topic enrolling 6873 women with desire for
conception failed to detect an association between fecundability
and sleep duration, sleep quality and shift work [191]. Similar re-
sults about shift work were obtained in an American cohort of 1739
nurses [192] and in a Thai study enrolling 907 pregnant couples
[184]. Interestingly, in another study, a connection between shift
work and subfecundity was detected only inwomen but not in men
[185]. On the contrary, in a Chinese cohort of 3907 women, a longer
time to pregnancy was found in case of fixed evening and night
workers compared to day workers, but not in case of shift work
[193]. In a Finnish study involving 2672 women, the intermediate
chronotype resulted with a higher risk for infertility (OR 1.62, 95%CI
1.09e2.40) [163]. Finally, two studies enrolling 1176 and 255 men,
respectively, highlighted an association between short sleep and
lower fecundability (OR 0.62, 95%CI 0.45e0.87) [194] and shift
work as a risk factor for infertility (OR 3.60, 95%CI 1.12e11.57) [195].
Considering these data, it is not possible to conclude in favour or
against a causal role of sleep dysregulation and reduction of natural
fecundability. This could be due, at least in part, to the limited
number of studies available and the high heterogeneity among
clinical settings considered.

5.4. Sleep dysregulation and assisted reproduction

A low number of studies considered the role of sleep disorders
in the assisted reproduction setting. While the impact of assisted
reproductive technology (ART) paths on female sleep habits has
been described so far, less is known about the role of sleep
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Table 1

Characteristics of published studies investigating the relationships between sleep and human reproduction.

Year Authors Gender Patients’ characteristics Number (n) Age (mean ± SD)

(years)

Sleep parameters - methods Fertility parameters

2021 He H. et al. Females Healthy 2260 Mean 21 (range

17e30)

Sleep duration and quality - questionnaire Menstrual cycle pattern

2021 Stocker LJ et al. Females Couple infertility 44 cases vs 34

controls

Mean 35 (range

20e48)

Sleep quality, chronotype - Wrist-worn

actigraphy and questionnaire

IVF outcomes

2021 Pimolsri C et al. Females Couple infertility 48 Mean 33 (range

25e42)

Sleep duration and quality - Wrist-worn

actigraphy

IVF outcomes

2020 Michels KA

et al.

Females Healthy 259 24 [20e35]

median IQR

Sleep duration, quality, chronotype, shift

work - questionnaire

Sex hormones’ assessment

2020 Xing X et al. Females Healthy 1006 21.7 ± 2.8 Sleep duration and quality - questionnaire Menstrual cycle pattern

2020 Demirkol MK

et al.

Males Couple infertility 220 31.9 ± 5.0 Shift work - questionnaire Semen parameters

2020 Hvidt JEM et al. Males Couple infertility 104 34.0 ± 5.5 Sleep duration, quality, chronotype -

questionnaire

Semen parameters

2020 Green A et al. Males Healthy 116 35.2 ± 7.2 Sleep duration, quality, chronotype -

questionnaire

Semen parameters

2020 Du C-Q et al. Males Couple infertility 970 31.8 ± 6.0 Sleep quality - questionnaire Semen parameters and sex

hormones’ assessment

2020 Chen HG et al. Males Healthy 842 28.0 ± 5.3 Sleep duration and quality - questionnaire Semen parameters

2020 Liu K et al. Males Healthy 1346 34 [29e37]

median IQR

Sleep duration and quality - questionnaire Semen parameters and sex

hormones’ assessment

2019 Komada Y et al. Females Healthy 150 18.8 ± 0.7 Sleep quality, chronotype - questionnaire Menstrual cycle pattern

2019 Kang W et al. Females Healthy shift-workers 238 24.5 ± 1.3 Sleep quality - questionnaire Menstrual cycle pattern

2019 Pokhrel G et al. Males Underwent routine

semen analysis

1101 Not available Sleep duration - questionnaire Semen parameters

2019 Willis SK et al. Females Healthy 6873 Mean 29.9 Sleep duration, quality, shift work -

questionnaire

Time to pregnancy

2018 Kim T et al. Females Healthy 4445 33.6 ± 0.3 Sleep duration - questionnaire Menstrual cycle pattern

2018 Shi X et al. Males Healthy 328 38.2 ± 5.6 Sleep duration, quality, shift work -

questionnaire

Semen parameters and sperm

DFI

2018 Wise LA et al. Both Healthy 1176 couples Median F 29.5,

M > 21

Sleep duration, shift work - questionnaire Time to pregnancy

2018 Lyttle BMW

et al.a
Females Couple infertility

referring to IVF

50 Not available Sleep quality - questionnaire IVF outcomes

2017 Nam GE et al. Females Healthy 801 15.4 ± 0.2 Sleep duration - questionnaire Menstrual cycle pattern

2017 Liu MM et al. Males Healthy 981 Range 18-50 Sleep duration, chronotype - questionnaire Semen parameters and

antisperm antibody detection

2017 Vigan�o P et al. Males Couple infertility 382 39.0 [37.0e42.0]

median IQR

Sleep duration and quality - questionnaire Semen parameters

2017 Llaneza P et al.a Females Couple infertility

referring to IVF

200 24e41 Sleep duration, quality - questionnaire IVF outcomes

2017 Minguez-

Alarc�on L et al.

Females Couple infertility 473 35.0 [32.0e38.0]

median IQR

Shift work - questionnaire IVF outcomes

2017 Goldstein CA

et al.

Females Couple infertility

referring to IVF

22 32.5 [26e42]

median range

Sleep duration and quality - Wrist-worn

actigraphy and questionnaire

IVF outcomes

2016 Wang Y et al. Females Healthy shift-workers 473 28.7 ± 5.2 Shift work - questionnaire Menstrual cycle pattern

2016 Chen Q et al. Males Healthy 796 20 ± 0.5 Sleep duration and quality - questionnaire Semen parameters and sex

hormones’ assessment

2015 Lawson CC

et al.

Females Healthy shift-workers 6309 35.2 ± 6.1 Shift work - questionnaire Menstrual cycle pattern

2015 Eisenberg ML

et al.

Males Healthy 456 31.9 ± 4.9 Shift work - questionnaire Semen parameters

2015 Gaskins AJ

et al.

Females Healthy shift-workers 1739 Median 33 Shift work - questionnaire Time to pregnancy

2013 Jensen et al. Males Healthy 953 >18 Sleep duration and quality - questionnaire Semen parameters and sex

hormones’ assessment

2013 Toffol E et al. Females Healthy 2672 51.9 ± 13.7 Chronotype - questionnaire Menstrual cycle pattern and time

to pregnancy

2013 Park I et al.a Females Couple infertility 656 Not available Sleep duration - questionnaire IVF outcomes

2012 Wan GH et al. Females Healthy shift-workers 151 Median 27.7 Shift work - questionnaire Menstrual cycle pattern

2012 Wogatzky J

et al.

Males Couple infertility 1683 40.4 ± 5.9 Sleep duration and quality - questionnaire Semen parameters

2011 Lawson CC

et al.

Females Healthy shift-workers 71077 37.8 ± 4.3 Shift work - questionnaire Menstrual cycle pattern

2010 El-Helaly M

et al.

Males Couple infertility 255 30.1 ± 6.2 Shift work - questionnaire Semen parameters

2009 Negriff S et al. Females Healthy 210 15.7 ± 1.7 Chronotype - questionnaire Menstrual cycle pattern

2005 Gracia CR et al. Males Couple infertility vs

proven fertile men

650 cases vs 34.3 ± 0.4 vs

33.5 ± 0.5

Shift work - questionnaire Semen parameters

2003 Zhu JL et al. Females Proven fertility 21438 Not available Shift work - questionnaire Time to pregnancy

1998 Tuntiseranee P

et al.

Females Proven fertility 1496 Not available Shift work - questionnaire Time to pregnancy

1996 Bisanti L et al. Females Healthy 6630 Not available Shift work - questionnaire Time to pregnancy

1996 Bisanti L et al. Females Proven fertility 4035 Not available Shift work - questionnaire Time to pregnancy

DFI ¼ DNA fragmentation index; F ¼ females; IQR ¼ interquartile range; IVF ¼ in vitro fertilization; M ¼ males; SD ¼ standard deviation.
a Only study’s abstract available.
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dysregulation on ART success. Most studies are mainly descriptive,
underlining various degrees of sleep disturbances reported in small
cohorts of ART women in the absence of control groups [196]. Five
studies described the possible sleep influence on assisted repro-
duction outcomes, showing inconclusive results. One study did not
report associations between sleep dysregulation and retrieved/
cryopreserved oocytes and embryos [197]. On the contrary, a
negative correlation between sleep disorders and retrieved oocytes
number was highlighted in a cohort of 200 ART women [198], in a
cohort of 22 ART women [199], and in a cohort of 462 ART women
in case of nocturnal shift work [200]. Moreover, the largest retro-
spective study on this topic involving 656 IVF women detected a
higher pregnancy rate in average sleepers compared to long

sleepers (p ¼ 0.045) and a trend to statistical significance in com-
parison to short sleepers (p ¼ 0.090) [201]. A recent small,
controlled study highlighted a significantly reduced sleep duration
in women with recurrent implantation failure compared to control
group (p ¼ 0.030) [202]. Shorter sleep duration and later sleep
timing seemed to increase the odds of ART cycles interrupted prior
to embryo transfer, resulting possibly associated with poor ovarian
response or inadequate embryo development [203]. A similar
approach was performed by other authors, seeking for a seasonal
difference in ART success, although with inconclusive results
[204e208]. Although sleep disturbance could be influenced by
seasons, the real sleep pattern was not evaluated in these studies.

The influence of sleep dysregulation on ART outcome was

Fig. 3. Studies investigating the connection between sleep and human reproduction. Available studies were classified according to the fertility aspect (i.e. female fertility, male

fertility, natural fertility, medically assisted reproduction) and to the sleep characteristic (i.e. duration, quality, chronotype and circadian dysregulation) considered. Green boxes

indicate the detection of a significant association between sleep characteristics and fertility. Orange boxes showed studies without a significant association detected. (For inter-

pretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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suggested. However, it should be noted that in these studies the
sleep dysregulation was mainly evaluated only in the female
partner of the couple. It is well known that the psychological
distress due to ART could reduce the chance of the assisted repro-
duction success itself [209]. Many trials tried to consider the
strength of this correlation. Probably, the evaluation of the sleep
habits of both partners should be included in this context and
future studies should consider this behavioural aspect in the
baseline couple characteristics.

6. Conclusions

In conclusion, several physio-pathological mechanisms have
been advocated trying to explain the connection between sleep and
human fertility. However, it would be simplistic to consider them
separately, since a complex network of interconnected molecular
pathways acts synergically to obtain a fine regulation of circadian
homeostasis, essential for reproductive physiology.

Although we can assume that sleep disruptions represent a
potential damaging factor for human health, including reproduc-
tive health, no clear evidence is available on the clinical effect of
sleep dysregulation so far. Starting from these considerations,
future studies should be designed on this specific topic, aimed to
unravel the complex interconnection between sleep and fertility. To
this purpose, future studies should use the most validated tool to
properly evaluate sleep disturbances, in order to obtain reliable
results. This approach could also allow to evaluate the impact of the
effectiveness of infertility treatments according to sleep
disturbances.
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[11] Kaya C, Aykaç A, Kaya Y, Taş M. The effect of modifiable lifestyle factors on
semen quality. Rev Int Androl 2020;18(4):151e8.

[12] Rosa-Villagr�an L, Barrera N, Montes J, Riso C, Sapiro R. Decline of semen
quality over the last 30 years in Uruguay. Basic and clinical andrology
2021;31(1):8.

[13] Ricci E, Al Beitawi S, Cipriani S, Candiani M, Chiaffarino F, Vigan�o P, et al.
Semen quality and alcohol intake: a systematic review and meta-analysis.
Reprod Biomed Online 2017;34(1):38e47.

[14] Hassanzadeh-Taheri M, Khalili MA, Hosseininejad Mohebati A, Zardast M,
Hosseini M, Palmerini MG, et al. The detrimental effect of cell phone radia-
tion on sperm biological characteristics in normozoospermic. Andrologia
2022;54(1):e14257.

[15] Gautam R, Priyadarshini E, Nirala J, Rajamani P. Impact of nonionizing
electromagnetic radiation on male infertility: an assessment of the mecha-
nism and consequences. Int J Radiat Biol 2021:1e22.

[16] Lateef OM, Akintubosun MO. Sleep and reproductive health. J Circadian
Rhythms 2020;18:1.

[17] Beroukhim G, Esencan E, Seifer DB. Impact of sleep patterns upon female
neuroendocrinology and reproductive outcomes: a comprehensive review.
Reprod Biol Endocrinol : RBE (Rev Bras Entomol) 2022;20(1):16.

[18] Caetano G, Bozinovic I, Dupont C, L�eger D, L�evy R, Sermondade N. Impact of
sleep on female and male reproductive functions: a systematic review. Fertil
Steril 2021;115(3):715e31.

[19] Siegel JM. Do all animals sleep? Trends Neurosci 2008;31(4):208e13.
[20] Nollet M, Wisden W, Franks NP. Sleep deprivation and stress: a reciprocal

relationship. Interface Focus 2020;10(3):20190092.
[21] Schmidt MH. The energy allocation function of sleep: a unifying theory of

sleep, torpor, and continuous wakefulness. Neurosci Biobehav Rev 2014;47:
122e53.

[22] Parmeggiani PL. Thermoregulation and sleep. SUPPL Front Biosci 2003;8:
s557e67.

[23] Schmidek WR, Zachariassen KE, Hammel HT. Total calorimetric measure-
ments in the rat: influences of the sleep-wakefulness cycle and of the
environmental temperature. Brain Res 1983;288(1):261e71.

[24] Killick R, Banks S, Liu PY. Implications of sleep restriction and recovery on
metabolic outcomes. J. Clin. Endocrinol. Metabol. 2012;97(11):3876e90.

[25] Hori T, Sugita Y, Koga E, Shirakawa S, Inoue K, Uchida S, et al. Proposed
supplements and amendments to 'A manual of standardized terminology,
techniques and scoring system for sleep stages of human subjects', the
rechtschaffen & kales (1968) standard. Psychiatr Clin Neurosci 2001;55(3):
305e10.

[26] Nicolaides NC, Vgontzas AN, Kritikou I, Chrousos G. HPA Axis and sleep. In:
Feingold KR, Anawalt B, Boyce A, Chrousos G, de Herder WW, Dhatariya K,
et al., editors. Endotext. South dartmouth (MA): MDText.com, Inc. Copyright
© 2000-2021. MDText.com, Inc.; 2000.

[27] Hickie IB, Naismith SL, Robillard R, Scott EM, Hermens DF. Manipulating the
sleep-wake cycle and circadian rhythms to improve clinical management of
major depression. BMC Med 2013;11(1).

[28] Goel N, Basner M, Rao H, Dinges DF. Chapter seven - circadian rhythms, sleep
deprivation, and human performance. In: Gillette MU, editor. Progress in
molecular biology and translational science, vol. 119. Academic Press; 2013.
p. 155e90.

[29] Dickmeis T, Weger BD, Weger M. The circadian clock and glucocorticoids–
interactions across many time scales. Mol Cell Endocrinol 2013;380(1e2):
2e15.

[30] Kume K, Zylka MJ, Sriram S, Shearman LP, Weaver DR, Jin X, et al. mCRY1 and
mCRY2 are essential components of the negative limb of the circadian clock
feedback loop. Cell 1999;98(2):193e205.

[31] Nader N, Chrousos GP, Kino T. Interactions of the circadian CLOCK system
and the HPA axis. Trends Endocrinol Metabol: TEM (Trends Endocrinol
Metab) 2010;21(5):277e86.

[32] Partch CL, Green CB, Takahashi JS. Molecular architecture of the mammalian
circadian clock. Trends Cell Biol 2014;24(2):90e9.

[33] Porwal A, Yadav YC, Pathak K, Yadav R. An update on assessment, thera-
peutic management, and patents on insomnia. 2021 BioMed Res Int 2021:
6068952.

[34] Buysse DJ, Reynolds 3rd CF, Hauri PJ, Roth T, Stepanski EJ, Thorpy MJ, et al.
Diagnostic concordance for DSM-IV sleep disorders: a report from the APA/
NIMH DSM-IV field trial. Am J Psychiatr 1994;151(9):1351e60.

[35] Ford DE, Kamerow DB. Epidemiologic study of sleep disturbances and psy-
chiatric disorders. An opportunity for prevention? JAMA 1989;262(11):
1479e84.

[36] Vgontzas AN, Liao D, Bixler EO, Chrousos GP, Vela-Bueno A. Insomnia with
objective short sleep duration is associated with a high risk for hypertension.
Sleep 2009;32(4):491e7.

[37] Vgontzas AN, Liao D, Pejovic S, Calhoun S, Karataraki M, Bixler EO. Insomnia
with objective short sleep duration is associated with type 2 diabetes: a
population-based study. Diabetes Care 2009;32(11):1980e5.

[38] Fernandez-Mendoza J, Calhoun S, Bixler EO, Pejovic S, Karataraki M, Liao D,
et al. Insomnia with objective short sleep duration is associated with deficits
in neuropsychological performance: a general population study. Sleep
2010;33(4):459e65.

[39] Li Y, Vgontzas AN, Fernandez-Mendoza J, Bixler EO, Sun Y, Zhou J, et al.

G. Spaggiari, M. Romeo, L. Casarini et al. Sleep Medicine 98 (2022) 13e25

21

http://refhub.elsevier.com/S1389-9457(22)01047-4/sref1
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref1
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref1
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref2
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref2
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref2
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref2
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref3
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref3
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref3
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref3
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref4
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref4
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref4
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref4
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref5
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref5
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref5
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref5
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref5
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref6
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref6
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref6
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref6
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref7
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref7
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref7
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref7
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref8
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref8
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref8
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref9
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref9
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref9
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref9
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref10
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref10
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref10
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref11
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref11
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref11
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref11
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref12
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref12
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref12
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref12
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref13
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref13
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref13
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref13
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref13
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref14
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref14
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref14
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref14
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref15
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref15
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref15
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref15
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref16
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref16
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref17
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref17
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref17
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref18
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref18
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref18
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref18
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref18
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref18
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref19
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref19
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref20
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref20
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref21
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref21
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref21
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref21
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref22
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref22
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref22
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref23
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref23
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref23
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref23
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref24
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref24
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref24
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref25
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref25
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref25
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref25
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref25
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref25
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref25
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref26
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref26
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref26
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref26
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref27
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref27
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref27
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref28
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref28
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref28
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref28
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref28
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref29
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref29
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref29
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref29
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref29
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref30
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref30
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref30
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref30
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref31
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref31
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref31
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref31
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref32
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref32
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref32
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref33
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref33
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref33
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref34
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref34
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref34
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref34
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref35
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref35
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref35
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref35
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref36
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref36
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref36
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref36
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref37
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref37
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref37
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref37
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref38
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref38
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref38
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref38
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref38
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref39


Insomnia with physiological hyperarousal is associated with hypertension.
Hypertension 2015;65(3):644e50.

[40] Fernandez-Mendoza J, Vgontzas AN, Liao D, Shaffer ML, Vela-Bueno A,
Basta M, et al. Insomnia with objective short sleep duration and incident
hypertension: the Penn State Cohort. Hypertension 2012;60(4):929e35.

[41] Vgontzas AN, Kales A. Sleep and its disorders. Annu Rev Med 1999;50:
387e400.

[42] Yi H, Shin K, Shin C. Development of the sleep quality scale. J Sleep Res
2006;15(3):309e16.

[43] Zhang L, Zhao ZX. Objective and subjective measures for sleep disorders.
Neurosci Bull 2007;23(4):236e40.

[44] Borba DA, Reis RS, Lima P, Facundo LA, Narciso FV, Silva A, et al. How many
days are needed for a reliable assessment by the Sleep Diary? Sleep Sci
2020;13(1):49e53.

[45] Bastien CH, Valli�eres A, Morin CM. Validation of the Insomnia Severity Index
as an outcome measure for insomnia research. Sleep Med 2001;2(4):
297e307.

[46] Morin CM. Insomnia: psychological assessment and management. 1993.
[47] Morin CM, Belleville G, B�elanger L, Ivers H. The Insomnia Severity Index:

psychometric indicators to detect insomnia cases and evaluate treatment
response. Sleep 2011;34(5):601e8.

[48] Mollayeva T, Thurairajah P, Burton K, Mollayeva S, Shapiro CM, Colantonio A.
The Pittsburgh sleep quality index as a screening tool for sleep dysfunction
in clinical and non-clinical samples: a systematic review and meta-analysis.
Sleep Med Rev 2016;25:52e73.

[49] Chiu HY, Chen PY, Chuang LP, Chen NH, Tu YK, Hsieh YJ, et al. Diagnostic
accuracy of the Berlin questionnaire, STOP-BANG, STOP, and Epworth
sleepiness scale in detecting obstructive sleep apnea: a bivariate meta-
analysis. Sleep Med Rev 2017;36:57e70.

[50] Gentili A, Weiner DK, Kuchibhatla M, Edinger JD. Test-retest reliability of the
Pittsburgh sleep quality index in nursing home residents. J Am Geriatr Soc
1995;43(11):1317e8.

[51] Keenan S. An overview of polysomnography. Handbook Clin Neurophysiol
2005;6.

[52] Jafari B, Mohsenin V. Polysomnography. Clin Chest Med 2010;31(2):287e97.
[53] Littner M, Kushida CA, Anderson WM, Bailey D, Berry RB, Davila DG, et al.

Practice parameters for the role of actigraphy in the study of sleep and
circadian rhythms: an update for 2002. Sleep 2003;26(3):337e41.

[54] Chesson Jr A, Hartse K, Anderson WM, Davila D, Johnson S, Littner M, et al.
Practice parameters for the evaluation of chronic insomnia. An American
academy of sleep medicine report. Standards of practice committee of the
American academy of sleep medicine. Sleep 2000;23(2):237e41.

[55] Sadeh A, McGuire JP, Sachs H, Seifer R, Tremblay A, Civita R, et al. Sleep and
psychological characteristics of children on a psychiatric inpatient unit. J Am
Acad Child Adolesc Psychiatry 1995;34(6):813e9.

[56] Ancoli-Israel S, Cole R, Alessi C, Chambers M, Moorcroft W, Pollak CP. The
role of actigraphy in the study of sleep and circadian rhythms. Sleep
2003;26(3):342e92.

[57] Practice parameters for the use of actigraphy in the clinical assessment of
sleep disorders. Am Sleep Disord Assoc Sleep 1995;18(4):285e7.

[58] Roenneberg T, Pilz LK, Zerbini G, Winnebeck EC. Chronotype and social jet-
lag: a (self-) critical review. Biology 2019;8(3).

[59] Liu S, Wing YK, Hao Y, Li W, Zhang J, Zhang B. The associations of long-time
mobile phone use with sleep disturbances and mental distress in technical
college students: a prospective cohort study. Sleep 2019;42(2).

[60] Lunn RM, Blask DE, Coogan AN, Figueiro MG, Gorman MR, Hall JE, et al.
Health consequences of electric lighting practices in the modern world: a
report on the National Toxicology Program's workshop on shift work at
night, artificial light at night, and circadian disruption. Sci Total Environ
2017;607e608:1073e84.

[61] Kim SM, Neuendorff N, Alaniz RC, Sun Y, Chapkin RS, Earnest DJ. Shift work
cycle-induced alterations of circadian rhythms potentiate the effects of high-
fat diet on inflammation and metabolism. Faseb J : off publ Federation Am
Soc Exp Biol 2018;32(6):3085e95.

[62] Crnko S, Du Pr�e BC, Sluijter JPG, Van Laake LW. Circadian rhythms and the
molecular clock in cardiovascular biology and disease. Nat Rev Cardiol
2019;16(7):437e47.

[63] Stevens RG, Hansen J, Costa G, Haus E, Kauppinen T, Aronson KJ, et al.
Considerations of circadian impact for defining 'shift work' in cancer studies:
IARC Working Group Report. Occup Environ Med 2011;68(2):154e62.

[64] Rahman SA, Grant LK, Gooley JJ, Rajaratnam SMW, Czeisler CA, Lockley SW.
Endogenous circadian regulation of female reproductive hormones. J. Clin.
Endocrinol. Metabol. 2019;104(12):6049e59.

[65] Reiter RJ, Sharma R, Ma Q, Rorsales-Corral S, de Almeida Chuffa LG. Mela-
tonin inhibits Warburg-dependent cancer by redirecting glucose oxidation
to the mitochondria: a mechanistic hypothesis. Cell Mol Life Sci 2020;77(13):
2527e42.

[66] Russo M, Forte G, Montanino Oliva M, Lagan�a AS, Unfer V. Melatonin and
myo-inositol: supporting reproduction from the oocyte to birth. Int J Mol Sci
2021;22(16).

[67] Baumgartner JE, Edwards MS. Pineal tumors. Neurosurg Clin 1992;3(4):
853e62.

[68] Olcese JM. Melatonin and female reproduction: an expanding universe. Front
Endocrinol 2020;11:85.

[69] Reiter RJ, Tan DX, Korkmaz A, Rosales-Corral SA. Melatonin and stable

circadian rhythms optimize maternal, placental and fetal physiology. Hum
Reprod Update 2014;20(2):293e307.

[70] Minguini IP, Luquetti CM, Baracat MCP, Maganhin CC, Nunes CO, Sim~oes RS,
et al. Melatonin effects on ovarian follicular cells: a systematic review. 2019
Rev Assoc Med Bras 1992;65(8):1122e7.

[71] Chuffa LG, Amorim JP, Teixeira GR, Mendes LO, Fioruci BA, Pinheiro PF, et al.
Long-term melatonin treatment reduces ovarian mass and enhances tissue
antioxidant defenses during ovulation in the rat. Braz J Med Biol Res
2011;44(3):217e23.

[72] Zhang L, Liu Y, Li M, Zhu X, Shi Y. Effect of a high-calorie diet and constant
light exposure on female reproduction, metabolism and immune inflam-
mation: a comparative study of different mouse models. Am J Reprod
Immunol 2021;86(5):e13479.

[73] Fang Y, Zhang J, Li Y, Guo X, Li J, Zhong R, et al. Melatonin-induced deme-
thylation of antioxidant genes increases antioxidant capacity through RORa
in cumulus cells of prepubertal lambs. Free Radic Biol Med 2019;131:
173e83.

[74] Tamura H, Nakamura Y, Korkmaz A, Manchester LC, Tan DX, Sugino N, et al.
Melatonin and the ovary: physiological and pathophysiological implications.
Fertil Steril 2009;92(1):328e43.

[75] Cruz MH, Leal CL, Cruz JF, Tan DX, Reiter RJ. Essential actions of melatonin in
protecting the ovary from oxidative damage. Theriogenology 2014;82(7):
925e32.

[76] Khan HL, Bhatti S, Abbas S, Kaloglu C, Qurat-Ul-Ain Zahra S, Khan YL, et al.
Melatonin levels and microRNA (miRNA) relative expression profile in the
follicular ambient microenvironment in patients undergoing in vitro fertil-
ization process. J Assist Reprod Genet 2021;38(2):443e59.

[77] Asgari Z, Ghasemian F, Ramezani M, Bahadori MH. The effect of melatonin on
the developmental potential and implantation rate of mouse embryos. Cell J
2012;14(3):203e8.

[78] He C, Wang J, Li Y, Zhu K, Xu Z, Song Y, et al. Melatonin-related genes
expressed in the mouse uterus during early gestation promote embryo im-
plantation. J Pineal Res 2015;58(3):300e9.

[79] Gray CA, Taylor KM, Ramsey WS, Hill JR, Bazer FW, Bartol FF, et al. Endo-
metrial glands are required for preimplantation conceptus elongation and
survival. Biol Reprod 2001;64(6):1608e13.

[80] Mejlhede MAB, Jepsen JB, Knudsen UB. Oral melatonin supplementation
during in vitro fertilization treatment: a systematic PRISMA review and
meta-analysis of randomized controlled trials. Gynecol Endocrinol : Off J Int
Soc Gynecol Endocrinol 2021:1e7.

[81] Laughlin GA, Loucks AB, Yen SS. Marked augmentation of nocturnal mela-
tonin secretion in amenorrheic athletes, but not in cycling athletes: unal-
tered by opioidergic or dopaminergic blockade. J. Clin. Endocrinol. Metabol.
1991;73(6):1321e6.

[82] Karasek M, Pawlikowski M, Nowakowska-Jankiewicz B, Kolodziej-
Maciejewska H, Zieleniewski J, Cieslak D, et al. Circadian variations in plasma
melatonin, FSH, LH, and prolactin and testosterone levels in infertile men.
J Pineal Res 1990;9(2):149e57.

[83] Bergiannaki JD, Soldatos CR, Paparrigopoulos TJ, Syrengelas M, Stefanis CN.
Low and high melatonin excretors among healthy individuals. J Pineal Res
1995;18(3):159e64.

[84] Yu K, Deng SL, Sun TC, Li YY, Liu YX. Melatonin regulates the synthesis of
steroid hormones on male reproduction: a review. Molecules 2018;23(2).

[85] Rossi SP, Windschuettl S, Matzkin ME, Terradas C, Ponzio R, Puigdomenech E,
et al. Melatonin in testes of infertile men: evidence for anti-proliferative and
anti-oxidant effects on local macrophage and mast cell populations. An-
drology 2014;2(3):436e49.

[86] Palnitkar G, Phillips CL, Hoyos CM, Marren AJ, Bowman MC, Yee BJ. Linking
sleep disturbance to idiopathic male infertility. Sleep Med Rev 2018;42:
149e59.

[87] Malmir M, Naderi Noreini S, Ghafarizadeh A, Faraji T, Asali Z. Ameliorative
effect of melatonin on apoptosis, DNA fragmentation, membrane integrity
and lipid peroxidation of spermatozoa in the idiopathic asthenoter-
atospermic men: in vitro. Andrologia 2021;53(2):e13944.

[88] Awad H, Halawa F, Mostafa T, Atta H. Melatonin hormone profile in infertile
males. Int J Androl 2006;29(3):409e13.

[89] Oladele CA, Akintayo CO, Badejogbin OC, Oniyide AA, Omoaghe AO,
Agunbiade TB, et al. Melatonin ameliorates endocrine dysfunction and
defective sperm integrity associated with high-fat diet-induced obesity in
male Wistar rats. Andrologia 2021:e14242.

[90] Venditti M, Ben Rhouma M, Romano MZ, Messaoudi I, Reiter RJ, Minucci S.
Altered expression of DAAM1 and PREP induced by cadmium toxicity is
counteracted by melatonin in the rat testis. Genes 2021;12(7).

[91] Zhao F, Whiting S, Lambourne S, Aitken RJ, Sun YP. Melatonin alleviates heat
stress-induced oxidative stress and apoptosis in human spermatozoa. Free
Radic Biol Med 2021;164:410e6.

[92] Bashandy SAE, Ebaid H, Al-Tamimi J, Ahmed-Farid OA, Omara EA,
Alhazza IM. Melatonin alleviated potassium dichromate-induced oxidative
stress and reprotoxicity in male rats. 2021 BioMed Res Int 2021:3565360.

[93] Yamazaki S, Numano R, Abe M, Hida A, Takahashi R, Ueda M, et al. Resetting
central and peripheral circadian oscillators in transgenic rats. Science (New
York, NY) 2000;288(5466):682e5.

[94] Dolatshad H, Campbell EA, O'Hara L, Maywood ES, Hastings MH,
Johnson MH. Developmental and reproductive performance in circadian
mutant mice. Hum Reprod 2006;21(1):68e79.

G. Spaggiari, M. Romeo, L. Casarini et al. Sleep Medicine 98 (2022) 13e25

22

http://refhub.elsevier.com/S1389-9457(22)01047-4/sref39
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref39
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref39
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref40
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref40
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref40
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref40
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref41
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref41
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref41
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref42
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref42
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref42
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref43
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref43
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref43
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref44
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref44
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref44
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref44
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref45
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref45
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref45
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref45
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref45
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref46
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref47
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref47
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref47
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref47
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref47
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref48
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref48
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref48
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref48
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref48
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref49
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref49
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref49
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref49
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref49
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref50
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref50
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref50
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref50
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref51
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref51
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref52
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref52
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref53
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref53
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref53
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref53
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref54
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref54
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref54
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref54
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref54
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref55
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref55
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref55
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref55
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref56
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref56
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref56
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref56
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref57
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref57
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref57
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref58
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref58
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref59
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref59
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref59
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref60
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref60
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref60
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref60
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref60
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref60
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref60
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref61
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref61
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref61
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref61
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref61
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref62
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref62
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref62
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref62
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref62
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref63
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref63
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref63
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref63
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref64
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref64
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref64
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref64
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref65
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref65
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref65
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref65
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref65
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref66
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref66
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref66
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref66
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref67
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref67
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref67
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref68
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref68
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref69
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref69
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref69
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref69
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref70
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref70
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref70
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref70
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref70
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref71
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref71
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref71
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref71
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref71
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref72
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref72
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref72
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref72
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref73
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref73
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref73
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref73
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref73
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref74
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref74
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref74
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref74
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref75
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref75
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref75
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref75
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref76
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref76
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref76
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref76
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref76
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref77
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref77
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref77
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref77
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref78
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref78
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref78
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref78
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref79
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref79
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref79
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref79
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref80
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref80
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref80
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref80
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref80
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref81
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref81
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref81
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref81
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref81
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref82
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref82
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref82
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref82
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref82
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref83
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref83
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref83
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref83
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref84
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref84
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref85
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref85
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref85
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref85
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref85
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref86
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref86
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref86
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref86
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref87
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref87
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref87
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref87
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref88
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref88
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref88
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref89
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref89
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref89
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref89
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref90
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref90
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref90
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref91
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref91
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref91
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref91
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref92
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref92
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref92
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref93
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref93
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref93
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref93
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref94
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref94
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref94
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref94


[95] Sciarra F, Franceschini E, Campolo F, Gianfrilli D, Pallotti F, Paoli D, et al.
Disruption of circadian rhythms: a crucial factor in the etiology of infertility.
Int J Mol Sci 2020;21(11).

[96] Johnson MH, Lim A, Fernando D, Day ML. Circadian clockwork genes are
expressed in the reproductive tract and conceptus of the early pregnant
mouse. Reprod Biomed Online 2002;4(2):140e5.

[97] Kennaway DJ, Varcoe TJ, Mau VJ. Rhythmic expression of clock and clock-
controlled genes in the rat oviduct. Mol Hum Reprod 2003;9(9):503e7.

[98] Alvarez JD, Chen D, Storer E, Sehgal A. Non-cyclic and developmental stage-
specific expression of circadian clock proteins during murine spermato-
genesis. Biol Reprod 2003;69(1):81e91.

[99] Hamatani T, Carter MG, Sharov AA, Ko MS. Dynamics of global gene
expression changes during mouse preimplantation development. Dev Cell
2004;6(1):117e31.

[100] Sen A, Hoffmann HM. Role of core circadian clock genes in hormone release
and target tissue sensitivity in the reproductive axis. Mol Cell Endocrinol
2020;501:110655.

[101] Sellix MT. Circadian clock function in the mammalian ovary. J Biol Rhythm
2015;30(1):7e19.

[102] Marinkovic DZ, Medar MLJ, Becin AP, Andric SA, Kostic TS. Growing up under
constant light: a challenge to the endocrine function of the Leydig cells. Front
Endocrinol 2021;12:653602.

[103] Suyama A, Iwata N, Soejima Y, Nakano Y, Yamamoto K, Nada T, et al. Roles of
NR5A1 and NR5A2 in the regulation of steroidogenesis by Clock gene and
bone morphogenetic proteins by human granulosa cells. Endocr J
2021;68(11):1283e91.

[104] Henderson HL, Townsend J, Tortonese DJ. Direct effects of prolactin and
dopamine on the gonadotroph response to GnRH. J Endocrinol 2008;197(2):
343e50.

[105] Basaria S. Male hypogonadism. Lancet (London, England) 2014;383(9924):
1250e63.

[106] King DP, Zhao Y, Sangoram AM, Wilsbacher LD, Tanaka M, Antoch MP, et al.
Positional cloning of the mouse circadian clock gene. Cell 1997;89(4):
641e53.

[107] Liang X, Cheng S, Jiang X, He X, Wang Y, Jiang Z, et al. The noncircadian
function of the circadian Clock gene in the regulation of male fertility. J Biol
Rhythm 2013;28(3):208e17.

[108] Boden MJ, Varcoe TJ, Voultsios A, Kennaway DJ. Reproductive biology of
female Bmal1 null mice. Reproduction (Cambridge, England) 2010;139(6):
1077e90.

[109] Liu Y, Johnson BP, Shen AL, Wallisser JA, Krentz KJ, Moran SM, et al. Loss of
BMAL1 in ovarian steroidogenic cells results in implantation failure in female
mice. Proc Natl Acad Sci U S A 2014;111(39):14295e300.

[110] Baburski AZ, Sokanovic SJ, Bjelic MM, Radovic SM, Andric SA, Kostic TS.
Circadian rhythm of the Leydig cells endocrine function is attenuated during
aging. Exp Gerontol 2016;73:5e13.

[111] Alvarez JD, Hansen A, Ord T, Bebas P, Chappell PE, Giebultowicz JM, et al. The
circadian clock protein BMAL1 is necessary for fertility and proper testos-
terone production in mice. J Biol Rhythm 2008;23(1):26e36.

[112] Zheng Y, Liu C, Li Y, Jiang H, Yang P, Tang J, et al. Loss-of-function mutations
with circadian rhythm regulator Per1/Per2 lead to premature ovarian
insufficiency. Biol Reprod 2019;100(4):1066e72.

[113] Chavan R, Preitner N, Okabe T, Strittmatter LM, Xu C, Ripperger JA, et al. REV-
ERBa regulates Fgf21 expression in the liver via hepatic nuclear factor 6. Biol
Open 2017;6(1):1e7.

[114] Zhang J, Zhao L, Li Y, Dong H, Zhang H, Zhang Y, et al. Circadian clock reg-
ulates granulosa cell autophagy through NR1D1-mediated inhibition of
ATG5. Am J Physiol Cell Physiol 2021;1(322). https://doi.org/10.1152/
ajpcell.00267.2021.

[115] Kovanen L, Saarikoski ST, Aromaa A, Lonnqvist J, Partonen T. ARNTL (BMAL1)
and NPAS2 gene variants contribute to fertility and seasonality. PLoS One
2010;5(4):e10007.

[116] Shen O, Ding X, Nie J, Xia Y, Wang X, Tong J, et al. Variants of the CLOCK gene
affect the risk of idiopathic male infertility in the Han-Chinese population.
Chronobiol Int 2015;32(7):959e65.

[117] Zhang J, Ding X, Li Y, Xia Y, Nie J, Yi C, et al. Association of CLOCK gene
variants with semen quality in idiopathic infertile Han-Chinese males.
Reprod Biomed Online 2012;25(5):536e42.

[118] Zhang P, Li C, Gao Y, Leng Y. Altered circadian clock gene expression in the
sperm of infertile men with asthenozoospermia. J Assist Reprod Genet
2022;39(1). https://doi.org/10.1007/s10815-021-02375-y.

[119] Cherubini JM, Cheng JL, Williams JS, MacDonald MJ. Sleep deprivation and
endothelial function: reconciling seminal evidence with recent perspectives.
Am J Physiol Heart Circ Physiol 2021;320(1):H29e35.

[120] Santi D, Spaggiari G, Greco C, Lazzaretti C, Paradiso E, Casarini L, et al. The
"hitchhiker's guide to the galaxy" of endothelial dysfunction markers in
human fertility. Int J Mol Sci 2021;22(5).

[121] Chen M, Xu Y, Miao B, Zhao H, Luo L, Shi H, et al. Expression pattern of
circadian genes and steroidogenesis-related genes after testosterone stim-
ulation in the human ovary. J Ovarian Res 2016;9(1):56.

[122] Li S, Zhai J, Liu J, Hong Y, Zhao W, Zhao A, et al. BMAL1 facilitates trophoblast
migration and invasion via SP1-DNMT1/DAB2IP pathway in recurrent
spontaneous abortion. Oncotarget 2017;8(52):89451e64.

[123] Lv S, Wang N, Ma J, Li WP, Chen ZJ, Zhang C. Impaired decidualization caused
by downregulation of circadian clock gene BMAL1 contributes to human

recurrent miscarriage. Biol Reprod 2019;101(1):138e47.
[124] Bayon V, Leger D, Gomez-Merino D, Vecchierini MF, Chennaoui M. Sleep debt

and obesity. Ann Med 2014;46(5):264e72.
[125] Cho JW, Duffy JF. Sleep, sleep disorders, and sexual dysfunction. World J

Men'S Health 2019;37(3):261e75.
[126] Kling JM, Manson JE, Naughton MJ, Temkit M, Sullivan SD, Gower EW, et al.

Association of sleep disturbance and sexual function in postmenopausal
women. Menopause 2017;24(6):604e12.

[127] Nev�símalov�a S. Sleep and sleep-related disorders in women. Cas Lek Cesk
2019;158(7e8):321e2.

[128] Itani O, Jike M, Watanabe N, Kaneita Y. Short sleep duration and health
outcomes: a systematic review, meta-analysis, and meta-regression. Sleep
Med 2017;32:246e56.

[129] Campagne DM. Should fertilization treatment start with reducing stress?
Hum Reprod 2006;21(7):1651e8.

[130] Brigante G, Spaggiari G, Rossi B, Granata A, Simoni M, Santi D. A prospective,
observational clinical trial on the impact of COVID-19-related national
lockdown on thyroid hormone in young males. Sci Rep 2021;11(1):7075.
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[170] Demirkol MK, Yıldırım A, Gıca Ş, Do�gan NT, Resim S. Evaluation of the effect
of shift working and sleep quality on semen parameters in men attending
infertility clinic. Andrologia 2021;53(8):e14116.

[171] Hvidt JEM, Knudsen UB, Zachariae R, Ingerslev HJ, Philipsen MT,
Frederiksen Y. Associations of bedtime, sleep duration, and sleep quality
with semen quality in males seeking fertility treatment: a preliminary study.
Basic and clinical andrology 2020;30:5.

[172] Green A, Barak S, Shine L, Kahane A, Dagan Y. Exposure by males to light
emitted from media devices at night is linked with decline of sperm quality
and correlated with sleep quality measures. Chronobiol Int 2020;37(3):
414e24.

[173] Chen HG, Sun B, Chen YJ, Chavarro JE, Hu SH, Xiong CL, et al. Sleep duration
and quality in relation to semen quality in healthy men screened as potential
sperm donors. Environ Int 2020;135:105368.

[174] Shi X, Chan CPS, Waters T, Chi L, Chan DYL, Li TC. Lifestyle and demographic
factors associated with human semen quality and sperm function. Syst Biol
Reprod Med 2018;64(5):358e67.

[175] Liu MM, Liu L, Chen L, Yin XJ, Liu H, Zhang YH, et al. Sleep deprivation and
late bedtime impair sperm health through increasing antisperm antibody
production: a prospective study of 981 healthy men. Med Sci Mon Int Med J
Exp Clin Res : international medical journal of experimental and clinical
research 2017;23:1842e8.

[176] Pokhrel G, Yihao S, Wangcheng W, Khatiwada SU, Zhongyang S, Jianqiao Y,
et al. The impact of sociodemographic characteristics, lifestyle, work expo-
sure and medical history on semen parameters in young Chinese men: a
cross-sectional study. Andrologia 2019;51(8):e13324.

[177] Wogatzky J, Wirleitner B, Stecher A, Vanderzwalmen P, Neyer A, Spitzer D,
et al. The combination matters–distinct impact of lifestyle factors on sperm
quality: a study on semen analysis of 1683 patients according to MSOME
criteria. Reprod Biol Endocrinol : RBE (Rev Bras Entomol) 2012;10:115.

[178] Chen Q, Yang H, Zhou N, Sun L, Bao H, Tan L, et al. Inverse U-shaped asso-
ciation between sleep duration and semen quality: longitudinal observa-
tional study (MARHCS) in chongqing, China. Sleep 2016;39(1):79e86.

[179] Jensen TK, Andersson AM, Skakkebæk NE, Joensen UN, Blomberg Jensen M,
Lassen TH, et al. Association of sleep disturbances with reduced semen
quality: a cross-sectional study among 953 healthy young Danish men. Am J

Epidemiol 2013;177(10):1027e37.
[180] Du CQ, Yang YY, Chen J, Feng L, Lin WQ. Association between sleep quality

and semen parameters and reproductive hormones: a cross-sectional study
in zhejiang, China. Nat Sci Sleep 2020;12:11e8.

[181] Vigan�o P, Chiaffarino F, Bonzi V, Salonia A, Ricci E, Papaleo E, et al. Sleep
disturbances and semen quality in an Italian cross sectional study. Basic and
clinical andrology 2017;27:16.

[182] Eisenberg ML, Chen Z, Ye A, Buck Louis GM. Relationship between physical
occupational exposures and health on semen quality: data from the Longi-
tudinal Investigation of Fertility and the Environment (LIFE) Study. Fertil
Steril 2015;103(5):1271e7.

[183] Gracia CR, Sammel MD, Coutifaris C, Guzick DS, Barnhart KT. Occupational
exposures and male infertility. Am J Epidemiol 2005;162(8):729e33.

[184] Tuntiseranee P, Olsen J, Geater A, Kor-anantakul O. Are long working hours
and shiftwork risk factors for subfecundity? A study among couples from
southern Thailand. Occup Environ Med 1998;55(2):99e105.

[185] Bisanti L, Olsen J, Basso O, Thonneau P, Karmaus W. Shift work and sub-
fecundity: a European multicenter study. European study group on infertility
and subfecundity. J Occup Environ Med 1996;38(4):352e8.

[186] Liu K, Hou G, Wang X, Chen H, Shi F, Liu C, et al. Adverse effects of circadian
desynchrony on the male reproductive system: an epidemiological and
experimental study. Hum Reprod 2020;35(7):1515e28.

[187] Esteves SC, Santi D, Simoni M. An update on clinical and surgical in-
terventions to reduce sperm DNA fragmentation in infertile men. Andrology
2020;8(1):53e81.

[188] Santi D, Spaggiari G, Simoni M. Sperm DNA fragmentation index as a
promising predictive tool for male infertility diagnosis and treatment man-
agement. RBM Online 2018;37(3):315e26. https://doi.org/10.1016/
j.rbmo.2018.06.023.

[189] Santi D, Spaggiari G, Simoni M. Sperm DNA fragmentation index as a
promising predictive tool for male infertility diagnosis and treatment man-
agement - meta-analyses. Reprod Biomed Online 2018;37(3):315e26.

[190] Villani MT, Morini D, Spaggiari G, Falbo AI, Melli B, La Sala GB, et al. Are
sperm parameters able to predict the success of assisted reproductive
technology? A retrospective analysis of over 22,000 assisted reproductive
technology cycles. Andrology 2021;10(2):310e21. https://doi.org/10.1111/
andr.13123.

[191] Willis SK, Hatch EE, Wesselink AK, Rothman KJ, Mikkelsen EM, Wise LA.
Female sleep patterns, shift work, and fecundability in a North American
preconception cohort study. Fertil Steril 2019;111(6). 1201-12010.e1.

[192] Gaskins AJ, Rich-Edwards JW, Lawson CC, Schernhammer ES, Missmer SA,
Chavarro JE. Work schedule and physical factors in relation to fecundity in
nurses. Occup Environ Med 2015;72(11):777e83.

[193] Zhu JL, Hjollund NH, Boggild H, Olsen J. Shift work and subfecundity: a causal
link or an artefact? Occup Environ Med 2003;60(9):E12.

[194] Wise LA, Rothman KJ, Wesselink AK, Mikkelsen EM, Sorensen HT,
McKinnon CJ, et al. Male sleep duration and fecundability in a North
American preconception cohort study. Fertil Steril 2018;109(3):453e9.

[195] El-Helaly M, Awadalla N, Mansour M, El-Biomy Y. Workplace exposures and
male infertility - a case-control study. Int J Occup Med Environ Health
2010;23(4):331e8.

[196] Huang LH, Kuo CP, Lu YC, Lee MS, Lee SH. Association of emotional distress
and quality of sleep among women receiving in-vitro fertilization treatment.
Taiwan J Obstet Gynecol 2019;58(1):168e72.

[197] Brianna Lyttle, Lawson Angela, Klock Susan, Smith Kristin, Ralph Kazer,
Jennifer Hirshfeld-Cytron, et al. Sleep disturbance and ovarian stimulation
outcomes in infertility and fertility preservation patients. J Reprod Med
2018;63(3):292e8.

[198] Llaneza P, Llaneza D, Fernandez-Ferrera C. High frequency of sleep disorders
and oocyte retrieval. Fertil Steril 2017;108(3):e352.

[199] Goldstein CA, Lanham MS, Smith YR, O'Brien LM. Sleep in women under-
going in vitro fertilization: a pilot study. Sleep Med 2017;32:105e13.

[200] Mínguez-Alarc�on L, Souter I, Williams PL, Ford JB, Hauser R, Chavarro JE,
et al. Occupational factors and markers of ovarian reserve and response
among women at a fertility centre. Occup Environ Med 2017;74(6):426e31.

[201] Park I, Sun HG, Jeon GH, Jo JD, Kim SG, Lee KH. The more, the better? the
impact of sleep on IVF outcomes. Fertil Steril 2013;100(3):S466.

[202] Stocker LJ, Cagampang FR, Lu S, Ladyman T, Cheong YC. Is sleep deficit
associated with infertility and recurrent pregnancy losses? Results from a
prospective cohort study. Acta Obstet Gynecol Scand 2021;100(2):302e13.

[203] Pimolsri C, Lyu X, Goldstein C, Fortin CN, Mumford SL, Smith YR, et al.
Objective sleep duration and timing predicts completion of in vitro fertil-
ization cycle. J Assist Reprod Genet 2021;38(10):2687e96. https://doi.org/
10.1007/s10815-021-02260-8.

[204] Singh A, Joseph T, Karuppusami R, Kunjummen AT, Kamath MS,
Mangalaraj AM. Seasonal influence on assisted reproductive technology
outcomes: a retrospective analysis of 1409 cycles. J Hum Reprod Sci
2021;14(3):293e9.

[205] Liu X, Bai H, Mol BW, Shi W, Gao M, Shi J. Seasonal variability does not
impact in vitro fertilization success. Sci Rep 2019;9(1):17185.

[206] Braga DP, Setti A, Figueira Rde C, Iaconelli Jr A, Borges Jr E. Seasonal vari-
ability in the fertilization rate of women undergoing assisted reproduction
treatments. Gynecol Endocrinol : Off J Int Soc Gynecol Endocrinol
2012;28(7):549e52.

[207] Wood S, Quinn A, Troupe S, Kingsland C, Lewis-Jones I. Seasonal variation in

G. Spaggiari, M. Romeo, L. Casarini et al. Sleep Medicine 98 (2022) 13e25

24

http://refhub.elsevier.com/S1389-9457(22)01047-4/sref152
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref152
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref153
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref153
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref153
https://doi.org/10.1210/clinem/dgab474
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref155
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref155
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref155
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref156
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref156
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref156
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref156
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref157
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref157
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref157
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref157
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref158
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref158
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref158
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref158
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref158
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref158
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref158
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref159
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref159
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref159
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref160
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref160
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref160
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref160
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref161
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref161
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref161
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref161
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref161
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref162
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref162
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref162
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref163
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref163
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref163
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref163
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref164
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref164
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref164
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref164
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref164
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref165
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref165
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref165
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref165
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref166
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref166
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref166
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref167
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref167
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref167
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref168
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref168
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref168
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref168
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref169
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref169
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref169
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref169
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref170
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref170
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref170
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref170
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref170
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref170
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref170
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref170
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref170
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref171
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref171
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref171
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref171
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref172
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref172
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref172
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref172
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref172
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref173
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref173
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref173
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref174
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref174
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref174
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref174
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref175
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref175
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref175
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref175
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref175
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref175
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref176
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref176
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref176
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref176
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref177
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref177
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref177
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref177
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref178
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref178
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref178
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref178
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref179
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref179
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref179
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref179
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref179
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref180
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref180
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref180
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref180
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref181
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref181
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref181
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref181
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref182
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref182
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref182
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref182
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref182
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref183
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref183
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref183
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref184
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref184
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref184
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref184
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref185
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref185
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref185
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref185
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref186
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref186
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref186
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref186
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref187
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref187
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref187
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref187
https://doi.org/10.1016/j.rbmo.2018.06.023
https://doi.org/10.1016/j.rbmo.2018.06.023
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref189
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref189
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref189
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref189
https://doi.org/10.1111/andr.13123
https://doi.org/10.1111/andr.13123
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref191
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref191
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref191
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref192
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref192
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref192
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref192
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref193
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref193
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref194
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref194
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref194
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref194
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref195
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref195
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref195
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref195
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref196
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref196
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref196
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref196
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref197
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref197
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref197
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref197
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref197
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref198
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref198
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref199
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref199
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref199
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref200
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref200
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref200
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref200
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref200
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref201
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref201
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref202
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref202
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref202
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref202
https://doi.org/10.1007/s10815-021-02260-8
https://doi.org/10.1007/s10815-021-02260-8
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref204
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref204
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref204
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref204
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref204
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref205
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref205
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref206
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref206
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref206
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref206
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref206
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref207


assisted conception cycles and the influence of photoperiodism on outcome
in in vitro fertilization cycles. Hum Fertil 2006;9(4):223e9.

[208] Rojansky N, Benshushan A, Meirsdorf S, Lewin A, Laufer N, Safran A. Seasonal
variability in fertilization and embryo quality rates in women undergoing
IVF. Fertil Steril 2000;74(3):476e81.

[209] Villani MT, Morini D, Spaggiari G, Simoni M, Aguzzoli L, Santi D. Spontaneous
pregnancies among infertile couples during assisted reproduction lockdown
for COVID-19 pandemic. Andrology 2021;9(4):1038e41. https://doi.org/
10.1111/andr.12973.

G. Spaggiari, M. Romeo, L. Casarini et al. Sleep Medicine 98 (2022) 13e25

25

http://refhub.elsevier.com/S1389-9457(22)01047-4/sref207
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref207
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref207
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref208
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref208
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref208
http://refhub.elsevier.com/S1389-9457(22)01047-4/sref208
https://doi.org/10.1111/andr.12973
https://doi.org/10.1111/andr.12973

	Human fertility and sleep disturbances: A narrative review
	1. Introduction
	2. Sleep physiology
	3. Sleep dysregulation
	3.1. How to measure sleep dysregulation
	3.2. Clinical classification of sleep dysregulation

	4. Pathophysiologic mechanisms underlying the relationship between sleep dysregulation and infertility
	4.1. Circadian dysrhythmia - the alteration in melatonin secretion
	4.2. Circadian dysrhythmia - the altered expression of CLOCK genes
	4.3. The hormonal dysregulation
	4.4. The inflammation response dysregulation

	5. Association between sleep dysregulation and human reproduction
	5.1. Sleep dysregulation and female reproduction
	5.2. Sleep dysregulation and male reproduction
	5.3. Sleep dysregulation and natural conception
	5.4. Sleep dysregulation and assisted reproduction

	6. Conclusions
	Declaration of competing interest
	Acknowledgements and funding
	References


